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Disclosed herein is an antenna comprising: a first dielectric
element having a first slit formed thereon; a first radiator
formed on the first dielectric element; a second dielectric
element coupled to the first dielectric element in such a fash-
ion as to be fit into the first slit of the first dielectric element;
and a second radiator formed on the second dielectric element
and coupled electrically with the first radiator through the
coupling between the first dielectric element and the second
dielectric element. The present invention provides an antenna
which can maximize an electrical length thereof in a limited
space, can be designed even in a three-dimensional space, and
can be fabricated simply at low cost.
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Altis Law Group, Inc. (57) ABSTRACT
ATTN: Steven Reiss . . . . -
A printed antenna includes a feeding portion, a radiating
288 SOUTH MAYO AVENUE portion, a grounding portion, and a short portion. The feeding
CITY OF INDUSTRY, CA 91789 (US) portion is operable to feed electromagnetic signals. The radi-
ating portion is connected to the feeding portion, to radiate the
. . electromagnetic signals. The radiating portion includes a first
(73)  Assignees: %(]))BIIJ(;"IITIIQJ; IghPR;hC ISI((j)(h)T radiator and a second radiator. The first radiator is “L.” shape,
(Shen .en) * with a first end electrically connected to the feeding portion.
LTD., Tu-Cheng (CN); HON HAI The second radiator is formed by a plurality of radiating
PRECISION INDUSTRY CO., sections connected one by one. A first end of the second
LTD., Tu-Cheng (TW) radiator is connected to a second end of the first radiator, a
second end of the second radiator is floating and facing the
feeding portion. A first end of the short portion is connected to
21) Appl. No.: 12/430,109 2P P
2D ppL.- 1O ’ a common node of the first radiator and the second radiator,
and a second end of the short portion is connected to the
(22) Filed: Apr. 27, 2009 grounding portion.

300

321

320

//”10

322
A

( )
3221 3222 3224 32233225

3212 3211
340 330 310

)

7]

7

200




[image: image4.emf]Acrobat 文件

[image: image5.png]US 20100253581A1

a2y Patent Application Publication (o) Pub. No.: US 2010/0253581 Al

a9 United States

TSOU 43) Pub. Date: Oct. 7, 2010
(54) MULTIBAND ANTENNA AND PORTABLE 30) Foreign Application Priority Data
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ATTN: Steven Reiss
288 SOUTH MAYO AVENUE 67 ABSTRACT
CITY OF INDUSTRY, CA 91789 (US) A multiband antenna includes a feed end, a grounding end, a
. first radiating arm, a connecting portion, a second radiating
(73)  Assignee: CHI MEI COMMUNICATION arm and a third radiating arm. The feed end and the grounding
SYSTEMS, INC., Tu-Cheng City end are connected to the first radiating arm to form an
(TW) F-shaped antenna, and obtain a first resonance frequency. The
second radiating arm generates a coupling effect with the first
(21) Appl. No.: 12/485,127 radiating arm, and obtains a second resonance frequency. The
third radiating arm generates a coupling effect with the sec-
(22) Filed: Jun. 16, 2009 ond radiating arm, and obtains a third resonance frequency.
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DIGITAL BROADCASTING ANTENNA
STRUCTURE

Inventor: Gary WANG, Taoyuan County

(TW)
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Muncy, Geissler, Olds & Lowe, PLL.C
4000 Legato Road, Suite 310
FAIRFAX, VA 22033 (US)
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Filed: Mar. 15, 2010

Foreign Application Priority Data

............................... 0982005406

(TW)

Publication Classification

(51) Int.CL

HO4L 27/00 (2006.01)
(52) US.CL it 375/295

(57) ABSTRACT

A digital broadcasting antenna structure includes a substrate
having at least a first and a second face; a main antenna
arranged on the first face; an amplifier arranged on the first
face and electrically connected to the main antenna; a com-
pensating unit arranged on the second face and electrically
connected to the main antenna; a bandwidth modulating unit
arranged on the second face and electrically connected to the
compensating unit; and a grounding section arranged on the
second face and electrically connected to the bandwidth
modulating unit. The digital broadcasting antenna structure
can receive digital broadcasting signals without being
restricted to any specific receiving direction, and is applicable
to low, intermediate and high frequency bands to therefore
achieve the effects of miniaturization, high bandwidth and
low return loss.
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Assignee:
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Filed:

Apr. 9,2010

(60)

D

(52)

&7

Related U.S. Application Data

Provisional application No. 61/168,119, filed on Apr.
9, 2009.

Publication Classification

Int. Cl1.
HOIL 29/868 (2006.01)
HOIL 21/329 (2006.01)
US.CL ... 257/656; 438/478; 257/E29.336;
257/E21.352
ABSTRACT

A semiconductor patch antenna for microwave radiation hav-
ing a wide pin-junction or pn-junction with the depletion
region or embodiments having a separating buried oxide
(Si0,) layer between p- and n-doped regions as the natural
resonator volume. Embodiments that do not include a metal
ground plane and/or a metal patch are disclosed.
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WARE FRESSOLA VAN DER SLUYS & ADOL-
PHSON, LLP
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(21) Appl. No.: 12/803,094

(22) Filed: Jun. 18,2010

Related U.S. Application Data

(62) Division of application No. 11/478,839, filed on Jun.
30, 2006, now Pat. No. 7,755,547.

Publication Classification

(51) Int.CL
HO1Q 9/00 (2006.01)
H01Q 1/24 (2006.01)
(52) US.Cl oo 343/702; 343/749
(57) ABSTRACT

A radio antenna assembly for use in a communication device
has an antenna element disposed adjacent to a ground plane to
form a physical relationship with the ground plane. A
mechanical device is used to change the physical relationship
for changing the operating impedance of the antenna element
or shifting the frequency band of the antenna assembly. The
physical relationship can be changed by mechanically chang-
ing the shape of the antenna element. When the antenna
element comprises a first radiating element and a second
radiating element disposed at a lateral distance from the first
radiating element, the physical relationship can be changed
by changing the distance. When a physical object is disposed
between the antenna element and the ground plane, the physi-
cal relationship can be changed by moving or twisting the
physical object. The object can be electrically conducting,
dielectric or magnetic.
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(22) Filed: Apr. 12,2010

Related U.S. Application Data

(63) Continuation-in-part of application No. 11/847,207,
filed on Aug. 29, 2007, now abandoned, Continuation-

in-part of application No. 12/059,346, filed on Mar. 31,
2008, now Pat. No. 7,777,686.

(60) Provisional application No. 61/168,550, filed on Apr.

10, 2009.
Publication Classification
(51) Int.ClL
HO01Q 9/28 (2006.01)
HO01Q 1/00 (2006.01)
(52) US.CL ..o 343/730;, 343/795
57 ABSTRACT

A multi-layer reactively loaded isolated magnetic (IMD)
dipole with improved bandwidth and efficiency characteris-
tics to be used in wireless communications and other appli-
cable systems. The multi-layer IMD antenna comprises a first
element positioned above a ground plane, a second element
positioned above a ground plane and coupled to the first
portion. Reactive components are integrated into one or both
elements to optimize the frequency response of the antenna.
The range of frequencies covered to be determined by the
shape, size, and number of elements in the physical configu-
ration of the components. Portions of or the entire ground
plane can be removed beneath the elements.
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Publication Classification

(51) Int.CL

HO1Q 1/40 (2006.01)
(CZ R VR & R 343/873
(57) ABSTRACT

Antenna assemblies for wireless communications in explo-
sive environments are described. An example antenna assem-
bly has a housing, a base member at one end of the housing,
and an antenna extending through the base member and into
the housing. A sealing compound within the base member
encapsulates the antenna to seal the antenna at the base mem-
ber.

/1 00

110





[image: image16.emf]Acrobat 文件

[image: image17.png]US 20100265141A1

a2y Patent Application Publication (o) Pub. No.: US 2010/0265141 A1l

a9 United States

Hsu 43) Pub. Date: Oct. 21, 2010
(54) ANTENNA AND WIRELESS TRANSCEIVER Publication Classification
USING THE SAME (51) Int.CL
H01Q 1/52 (2006.01)
(75) Inventor: Chia-Jui Hsu, Hsinchu (TW) HO01Q 1724 (2006.01)
(52) US.Cl .ccoeviinvinicericcreea 343/702;343/841
Correspondence Address: (57 ABSTRACT
EDWARDS ANGELL PALMER & DODGE LLP An antenna and a wireless transceiver are provided. The
P.0. BOX 55874 antenna includes: a substrate having first and second surfaces
BOSTON, MA 02205 (US) with circuits thereon; and two shield boxes located on the first
and second surfaces for covering the circuits thereon. The
. . shield boxes each comprise an antenna section and a shield
(73)  Assignee: RALINK TECHNOL,OGY section. The antenna sections are disposed at one side of the
CORPORATION, Hsinchu (TW) shield section and aligned with a margin of the substrate, and
include signal ends electrically connected to the circuits and
. grounding ends electrically connected to the shield sections.
(1) Appl. No:: 12/427,120 The first antenna section is disposed on a diagonal opposite of
the second antenna section flush with substrate margin or
(22) Filed: Apr. 21, 2009 aligned with the substrate margin, thereby maximizing the
distance between the two antennas disposed on the substrate,
and preventing the two antennas from electromagnetic inter-
30) Foreign Application Priority Data ference. The antennas are disposed on sides of the shield
sections flush with substrate margins and thereby are space-
Apr. 21,2009 (TW) ceoeriirececenecrcencnen 097114435 saving.
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Publication Classification

(51) Int.CL

HO1Q 9/04 (2006.01)

HO1Q 1/24 (2006.01)
(52) US.Cl ooooooooooeeeeeveeeec, 343/702; 343/700 MS
(57) ABSTRACT

A dual-band antenna includes a feed portion, a ground por-
tion, a radiating portion and a fine-tuning portion. The feed
portion is operable to feed electromagnetic signals. The radi-
ating portion includes a first radiator, a second radiator and a
connecting portion. The first radiator is elongated and has a
first end electrically connected to the ground portion, and a
second end of the first radiator is floating. The second radiator
is U shaped, with two open ends floating. The connecting
portion is connected to the first radiator, the second radiator
and the feed portion. The feed portion feeds electromagnetic
signal to the first radiator and the second radiator via the
connecting portion. The fine-tuning portion is arranged
around the second radiator, operable to control operating
frequency bands of the second radiator.
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The invention relates to a dual-feed antenna. The dual-feed
(73) Assignees: SILITEK ELECTRONIC antenna includes a substrate, a first antenna unit and a second
(GUANGZHOU) CO., LTD., antenna unit. The second antenna unit includes a second
Guangzhou (CN); LITE-ON radiating unit and a second grounding unit. The second radi-
TECHNOLOGY ating unit includes a second radiator which has a first groove.
CORPORATION, Taipei City The first groove has a first bottom and a pair of first arms. The
(TW) second grounding unit includes a first sub-grounding-area
and a second sub-grounding-area. The second sub-ground-
(21) Appl. No.: 12/574,034 ing-area has a second groove which includes a second bottom
and a pair of second arms. The first sub-grounding-area is
(22) Filed: Oct. 6, 2009 cross-wise connected with the second sub-grounding-area at
the bottom of the groove, and the second arms symmetrically
(30) Foreign Application Priority Data distribute to both sides of the first sub-grounding-area, and
the first groove has an opening direction opposite to the
Apr. 16,2009  (CN) .oooveereereirenn, 200910038776.1 opening direction of the second groove.
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Publication Classification

(51) Int.CL

HOIQ 1/38 (2006.01)

HOIQ 1/48 (2006.01)
(52) US.Cl ooooooooooeeeeeveeeec, 343/848; 343/700 MS
(57) ABSTRACT

A multi-band antenna apparatus using a multiple frequency
band is provided. The apparatus includes a substrate body
formed in a flat plate structure having a preset thickness and
in which at least one dielectric plate is stacked, a power
supply line, disposed at the substrate body and connected to
an external power source, for forming an electromagnetic
field when power is supplied from the external power source,
a radiation line, separated from the power supply line using
the dielectric plate as the boundary in the substrate body, for
forming an overlapping area overlapped with the power sup-
ply line along one axis through at least a portion, and for
resonating in a frequency band determined according to the
overlapping area when the electromagnetic field is formed,
and a ground plate disposed in at least one an upper ground
area and a lower ground area of the substrate body, for
grounding the radiation line by contacting with the radiation
line.
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ggg’ 5::5;1;?‘{,1:%11?_%%1155}/ A multi-band antenna includes a base plate having two oppo-

City (,TW) ’ g site transverse edges and two opposite longitudinal edges

respectively connected to the two transverse edges. A high

. frequency radiating element and a capacitance element are

ﬁ%rrsei?;?élgil(cf ﬁ(}iﬁ: & LEE respectively bent downward from the two transverse edges of

3458 ELLICO:FT CENTER DRIVE-SUITE 101 the base plate and then extend in a transverse direction. A

ELLICOTT CITY, MD 21043 (US) feeding point is defined at one end of the capacitance element

? adjacent to the base plate. A low frequency radiating element

. extends from one longitudinal edge of the base plate. An

(21) Appl. No:: 12/385,773 inductance element extends from the other longitudinal edge

- of the base plate and has a transverse border exceeding the

(22) Filed: Apr. 20,2009 base plate in a longitudinal direction. A grounding element is

Publication Classificati bent downward from the transverse border of the inductance

ublication Classification element and then extends in the same direction as the high

(51) Int.CL frequency radiating element to be spaced from the capaci-

HO01Q 1736 (2006.01) tance element.
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MERCHANT & GOULD PC
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MINNEAPOLIS, MN 55402-0903 (US)

(73) Assignee: Wistron NeWeb Corp., Hsichih
(TW)

(21) Appl. No.: 12/579,041

(22) Filed: Oct. 14,2009

Publication Classification

(51) Int.CL

HO1Q 5/00 (2006.01)

HO1Q 9/04 (2006.01)
(52) USeCl oo, 343/700 MS
(57) ABSTRACT

A dual-band antenna includes a ground plane, a loop antenna,
and a monopole antenna. The loop antenna is connected to the
ground plane, and has a radiator that forms a loop. The radia-
tor has a first end and a second end adjacent to the first end,
and is capable of resonating at a first frequency band. The
monopole antenna has one end connected to the first end of
the radiator of the loop antenna, and is capable of resonating
at a second frequency band. A feed point is disposed at a
connection between the first end of the radiator of the loop

(30) Foreign Application Priority Data antenna and the monopole antenna. A ground point is dis-
posed at the radiator of the loop antenna proximate to the
Apr. 22,2009  (TW) e 098206683 second end of the radiator.
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(54) ANTENNA PATTERN FRAME AND METHOD 30) Foreign Application Priority Data
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(75) Inventors: Jae Suk SUNG, Yongin (KR); Ha Publication Classification
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Yong Shik NA, Hwaseong (KR); HOIQ 1/38 (2006.01)
Dae Seong JEON, Suwon (KR); B29C 45/14 (2006.01)
Duk Woo LEE, Suwon (KR); Dae
Kyu LEE, Suwon (KR); Sang Woo (52) US.CL ... 343/700 MS; 264/272.15; 425/577
BAE, Suwon (KR); Dae Ki LIM,
Seongnam (KR); Sung Eun CHO, (57) ABSTRACT
(SIE\I){V)O n (KR); Nam ITSEO, Seoul An antenna pattern frame according to an aspect of the inven-
tion may include: a radiator having an antenna pattern portion
Correspondence Address: transmitting and receiving a signal and a connection terminal
LOWE HAUPTMAN HAM & BERNER, LLP portion allowing the signal to be transmitted to and received
1700 DIAGONAL ROAD, SUITE 300 from a circuit board of an electronic device; a connection
ALEXANDRIA, VA 22314 (US) portion partially forming the radiator and connecting the
antenna pattern portion and the connection terminal portion
(73) Assignee: Samsung Electro-Mechanics Co., to be arranged in different planes; and a radiator frame manu-
Ltd., Suwon (KR) factured by injection molding on the radiator so that the
antenna pattern portion is provided on one side of the radiator
(21)  Appl. No.: 12/649,912 frame and the connection terminal portion is provided on the
other side thereof while the antenna pattern portion is embed-
(22) Filed: Dec. 30, 2009 ded in the electronic device case.
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ANNANDALE, VA 22003 (US) A miniature wire antenna includes N rectangular metal plates
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(@)

An electronic device case having an antenna pattern embed-
ded therein according to an aspect of the invention may
include: a radiator having an antenna pattern portion trans-
mitting and receiving a signal and a connection terminal
portion allowing the signal to be transmitted to and received
from a circuit board of an electronic device; a connection
portion partially forming the radiator and connecting the
antenna pattern portion and the connection terminal portion
to be arranged in different planes; a radiator frame manufac-
tured by injection molding on the radiator so that the antenna
pattern portion of the radiator is provided on one side of the
radiator frame and the connection terminal portion is pro-
vided on the other side thereof; and a case frame covering the
one side of the radiator frame on which the antenna pattern
portion is provided so that the antenna pattern portion is
embedded between the case frame and the radiator frame.
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An antenna pattern frame according to an aspect of the inven-
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transmitting and receiving a signal; a ground portion extend-
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the antenna pattern portion to be embedded in the electronic
device case.
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transmitting and receiving a signal and a connection terminal
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portion partially forming the radiator and connecting the
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pattern portion may be provided on one side of the radiator
frame and the connection terminal portion may be provided
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from being loosened from the radiator frame during injection
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Antenna assemblies for wireless communications in explo-
sive environments are described. An example antenna assem-
bly has a housing, a base member at one end of the housing,
and an antenna extending through the base member and into
the housing. A sealing compound within the base member
encapsulates the antenna to seal the antenna at the base mem-
ber.
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ANTENNA APPARATUS FOR EXPLOSIVE
ENVIRONMENTS

FIELD OF THE DISCLOSURE

[0001] This disclosure relates generally to antenna appara-
tus for wireless communications in explosive environments
and, more particularly, to antenna apparatus having an end
encapsulated at a base member of a housing.

BACKGROUND

[0002] Facilities for the manufacture, storage, transporta-
tion or use of flammable materials such as, for example,
hydrocarbons are hazardous environments due to the possi-
bility of an accidental ignition by a flame or a spark in the
environment. Therefore, regulations and standards to mini-
mize the possibility of fires or explosions govern the con-
struction of buildings and the use of equipment such as, for
example, explosion-proof equipment, in such hazardous
environments. The regulations and standards include sealing
and/or restriction requirements so that hazardous gases can-
not reach an electric arc or spark cannot ignite a fire or
explosion in the hazardous environment. The term “explo-
sion-proof” is used to mean a designated piece of equipment
or structure will not permit an ignition source such as a spark
or flame to propagate to the atmosphere and, if an explosion
does occur within the equipment or structure, the explosion
will be safely contained within an enclosure and pressure
from the explosion will be safely relieved.

[0003] Explosion-proof antenna assemblies are used to
transmit and/or receive wireless communications in hazard-
ous environments. The antenna may be contained or housed
within a radome to isolate the antenna from the surrounding
hazardous environment. Typically, the antenna is connected
to a conductive wire or cable that extends through an enclo-
sure or fitting at an end of the radome. The enclosure must
provide a flame-tight engagement with the wire or cable and
the radome so that a spark or explosion cannot exit the
radome.

SUMMARY

[0004] An antenna assembly for use in an explosive envi-
ronment comprises a housing, a base member at one end of
the housing, an antenna extending though the base member
and into the housing, and a sealing compound within the base
member and the antenna extending into and through the seal-
ing compound, the sealing compound encapsulating the
antenna to seal the antenna at the base member.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG.1 is a partially cut-away schematic illustration
of an example antenna assembly for use in an explosive
environment.

[0006] FIG.2 is a partially cut-away schematic illustration
of'another example antenna assembly for use in an explosive
environment.

[0007] FIG. 3 is a partial schematic illustration of an
example antenna encapsulated in a sealing compound at a
base member.

[0008] FIG.4 is a schematic illustration of another example
antenna assembly having an antenna with an integrated cir-
cuit mounted thereon, for use in an explosive environment.
[0009] FIG. 5 is a partial schematic illustration of another
example antenna assembly for use in an explosive environ-
ment.
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[0010] FIG. 6 is a partial schematic illustration of another
example antenna assembly for use in an explosive environ-
ment.

[0011] FIG. 7 is a partial schematic illustration of yet
another example antenna assembly for use in an explosive
environment.

DETAILED DESCRIPTION
[0012] In general, the example antenna assemblies for
wireless communications in explosive environments

described herein may be utilized for communications by vari-
ous types of devices and in various environments. Addition-
ally, while the examples disclosed herein are described in
connection with explosion-proof wireless communications in
explosive environments such as the hydrocarbon processing
industry, the examples described herein may be more gener-
ally applicable to a variety of communications for different
purposes.

[0013] FIG. 1 is a partially cut-away schematic illustration
of an example antenna assembly 100 for use in an explosive
environment. The example antenna assembly 100 includes a
radome or housing 110 typically made of a plastic material
such as, for example, Noryl® from General Electric Com-
pany of Schenectady, N.Y., a printed circuit board antenna
120, a metal base member or enclosure 130, a sealing com-
pound or explosion-proof encapsulant material 140 located
within the base member 130, and a coaxial cable 150 con-
nected to the antenna 120. The sealing compound 140 may
comprise any of numerous potting compounds such as, for
example, Stycast® epoxy resins from Emerson & Cuming,
Inc. of Canton, Mass.

[0014] The coaxial cable 150 may be connected to other
circuitry or electrical components for the example antenna
assembly 100 such as, for example, an integrated circuit (not
shown). The housing 110 may be attached to the base member
130 by any of numerous types of connections such as, for
example, threaded, snap-fit, press-fit, and/or adhesive con-
nections. The antenna 120 extends from an antenna end 122
located outside of the antenna assembly 100, through the base
member 130 and into the housing 110. The coaxial cable 150
is connected, for example, by solder to a circuit 124 printed on
the antenna 120. The antenna 120 is encapsulated within the
sealing compound 140 at the end member 130 to position and
maintain the antenna 120 within the housing 110. As clearly
shown in FIG. 1, the antenna 120 extends into and through
both the end member 130 and the sealing compound 140.
[0015] The example antenna assembly 100 shown in FIG. 1
provides a low cost explosion-proof antenna assembly.
Antennas, particularly high frequency antennas, which are
connected to a non-coaxial conductive wire, are typically
subject to undesirable impedance changes caused by the dif-
ferent types of materials of the wire, an end member, and an
antenna. To maintain proper control of antenna impedance for
impedance matching, coaxial cable is generally used. Addi-
tionally, when a conductive wire or a coaxial cable extends
through a sealing material to the antenna, the conductive wire
or coaxial cable typically has its outer insulation removed or
stripped off to prevent any flame from passing between the
outer insulation and the inner wire or cable. However, the
example antenna assembly 100 includes a printed circuit
board antenna 120 that extends through the end member 130
and the sealing compound 140 to the antenna end 122 where
the coaxial cable 150 is connected. By extending the printed
circuit board antenna 120 into and through the sealing com-
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pound 140 contained within the end member 130, the antenna
assembly 100 provides a flame-tight seal between the antenna
120, the sealing compound 140, and the end member 130,
eliminates the need to remove insulation from a conductive
wire or coaxial cable extending though an end member and a
sealing material, and significantly reduces impedance
changes.

[0016] FIG.2 is a partially cut-away schematic illustration
of another example antenna assembly 200 for use in an explo-
sive environment. The example antenna assembly 200
includes a radome or housing 210 typically made of a plastic
material, a printed circuit board antenna 220 including an
upper antenna portion 225 and a lower antenna portion 226, a
metal base member or enclosure 230 having a flange 231, a
flexible coil spring or resilient member 235 located within the
base member 230 and about the lower antenna portion 226 of
the antenna 220, an antenna base member 237, a sealing
compound or explosion-proof encapsulant material 240
located within the base member 230, and a coaxial cable 250
connected to the antenna 220. The coaxial cable 250 may be
connected to other circuitry or electrical components for the
example antenna assembly 200 such as, for example, an inte-
grated circuit (not shown).

[0017] In the present example antenna assembly 200, the
housing 210 is preferably attached or bonded to the antenna
base member 237 by any of numerous types of connections
such as, for example, threaded, snap-fit, press-fit, and/or
adhesive connections. The housing 210 has a housing end 211
loosely coupled to the base member 230 by, for example, an
overlapping fit as illustrated in FIG. 2 at the housing end 211
and the flange 231 of the end member 230, and including a
seal 212, such as, for example, an O-ring seal, between the
housing end 211 and the flange 231, to enable movement of
the housing 210 relative to the base member 230.

[0018] The antenna 220 extends from an antenna end 222 at
the lower antenna portion 226 located outside of the example
antenna assembly 200, through the base member 230, the
sealing compound 240, and the resilient member 235, to a
narrow-width antenna segment 227 supporting a flex circuit
228, and the upper antenna portion 225 in the housing 210.
The coaxial cable 250 is connected, for example, by solder to
a circuit 224 printed on antenna 220. The lower antenna
portion 226 is encapsulated within the sealing compound 240
at the end member 230 to position the antenna 220 within the
housing 210.

[0019] The example antenna assembly 200 provides an
enhanced flexibility of the antenna 220 within the housing
210. A first end 236 of the resilient member 235 is received
within the sealing compound 240 at the end member 230 to
position the resilient member 235 relative to the end member
230. The resilient member 235 extends upwardly to an upper
end 238 located slightly within the housing 210 and attached
to the antenna base member 237. The resilient member 235
flexibly couples the antenna base member 237 and the hous-
ing 210 to the end member 230. The narrow-width antenna
segment 227 supports the flex circuit 228 and connects the
lower antenna portion 226 to the upper antenna portion 225.
The antenna segment 227 is made of a flexible material such
as, for example, a Kapton® polyimide flexible substrate and
supports the flex circuit 228 that is connected to the circuit
224. The resilient member 235, the antenna segment 227, and
the flex circuit 228 enable movement of the upper antenna
portion 225 of the antenna 220 relative to the lower antenna
portion 226.

Oct. 14,2010

[0020] The example antenna assembly 200 shown in FIG. 2
also provides a low cost explosion-proof antenna assembly.
The lower antenna portion 226 of the printed circuit board
antenna 220 extends into and through both the end member
230 and the sealing compound 240 to the antenna end 222
where the coaxial cable 250 is connected. As previously
described above for the antenna assembly 100 of FIG. 1, the
antenna assembly 200 also accomplishes a flame-tight seal
between the antenna 220, the sealing compound 240 and the
end member 230, eliminates the need to remove of insulation
from a conductive wire or coaxial cable that extends though
known end members and sealing materials to an area outside
of'the housing, and significantly reduces impedance changes.
Additionally, the use of the resilient member 235, the narrow-
width antenna segment 227 and the flex circuit 228 enables
increased flexibility of the upper antenna portion 225 in the
housing 210. The increased flexibility of the upper antenna
portion 225 enables the antenna assembly 200 to better with-
stand the effects of an explosion within the housing 210
and/or impacts or other shocks to the housing 210, the end
member 230, the antenna end 222, and/or the coaxial cable
250.

[0021] FIG. 3 is a partial schematic illustration of an
example antenna 320 encapsulated in a sealing compound
340. Although only partially illustrated in FIG. 3, the example
antenna 320 may include all or part of the structural elements
or parts of the other antenna assemblies described herein. The
antenna 320 extends from a lower antenna portion 326 to an
antenna end 322. A metal end member 330 and a sealing
compound or explosion-proof encapsulant 340 are located
between the lower antenna portion 326 and the antenna end
322. The example antenna 320 extends into and through both
the schematically illustrated metal end member 330 and the
sealing compound 340. It should be appreciated by one of
ordinary skill in the art that the sealing compound 340 may be
retained by various methods including roughening or textur-
ing an inner surface 331 of the metal end member 330 such
that the sealing compound 340 may adhesively or structural
bind to the metal end member 330. Additionally, the example
antenna 320 includes one or more projections or lateral pro-
trusions or extensions 328 extending to points 329 to assist in
anchoring or attaching the example antenna 320 within the
metal end member 330 and the sealing compound 340.
Although illustrated as a pair of oppositely disposed projec-
tions or lateral protrusions or extensions 328, each extending
to a point 329, the lateral protrusions or extensions 328 may
have numerous shapes and forms such as, for example, part of
a rectangle, square, circle, oval, irregular pattern, diverging
segment ends, etc. and may be located, in alignment or non-
alignment, on one or both sides of the example antenna 320.
The presence of one or more of the lateral protrusions or
extensions 328 improves the fixed positioning of the example
antenna 320 within the metal end member 330 and the sealing
compound 340.

[0022] FIG. 4 is a schematic illustration of another example
antenna assembly 400 having an antenna 420 with an electri-
cal component such as an integrated circuit 480 mounted
thereon. The example antenna 420 may be contained within a
radome or housing 410, an end member 430 and a sealing
compound or explosion-proof encapsulant 440, shown as
dashed lines. Referring to the description of FIGS. 1 and 2,
the coaxial cables 150 and 250 are each attached at one end to
the antenna ends 122 and 222 of the antennas 120 and 220,
respectively, and are each connected at the other end to other
electrical systems, subsystems, or components such as, for
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example, a micro-chip, a microprocessor, an integrated cir-
cuit, etc. However, as shown in FIG. 4 selected electrical
systems, subsystems, or components may be mounted or
attached to the antenna 420. For example, FIG. 4 illustrates an
electrical component such as the integrated circuit 480
mounted or attached to a lower antenna portion 426 of the
antenna 420. The lower antenna portion 426 includes one or
more conductive paths 482 extending between electrical con-
nection(s) with the integrated circuit 480 and a connector 423
at an antenna end 422 to provide an electrical connection and
communication between the integrated circuit 480 and other
electrical systems, subsystems, or components.

[0023] FIG. 5 is a partial schematic illustration of another
example antenna assembly 500 for use in an explosive envi-
ronment. The example antenna assembly 500 includes a
radome or housing (not shown) connected to an end member
530, in a manner similar to that disclosed above for the other
examples. The housing is not illustrated so that printed circuit
board antenna 520 may be seen more clearly. The example
antenna assembly 500 includes the antenna 520, an electrical
component or device such as, for example, an integrated
circuit 580, one or more conductive paths 582 on the antenna
520, a connector 523, a metal base member or enclosure 530,
and a sealing compound or explosion-proof encapsulant
material 540 located within the base member 530. The
antenna 520 is encapsulated within the sealing compound 540
at the end member 530 to position and maintain a lower
antenna portion 526 within the end member 530. The end
member 530 includes a flange 531 having one or more open-
ings 533, each of which may receiver a fastener 535 such as,
for example, a screw, bolt, rivet, etc. The antenna 520 includes
an antenna end 522 at the lower antenna portion 526 located
outside of the end member 530 and extends into and through
the base member 530 and the sealing compound 540. The
lower antenna portion 526 is connected to an upper antenna
portion 525 by a narrow-width antenna segment 527. An
antenna circuit 524 is supported on the upper antenna portion
525. The connector 523 at the antenna end 522 provides an
electrical connection and communication between the
antenna 520 and other electrical systems, subsystems or com-
ponents.

[0024] The example antenna assembly 500 provides an
increased flexibility of the antenna 520 within its housing (not
shown). In particular, the narrow-width antenna segment 527
is more flexible than the larger-width lower antenna portion
526 and the upper antenna portion 525 and, thus, enables
movement of the upper antenna portion 525 relative to its
housing.

[0025] The example antenna assembly 500 shown in FIG. 5
provides a low cost explosion-proof antenna assembly. The
printed circuit board antenna 520 extends through the end
member 530 and the sealing compound 540 to the antenna
end 522 and the connector 523. The example antenna assem-
bly 500 provides a flame-tight seal between the antenna 520,
the sealing compound 540 and the end member 530, elimi-
nates the need to remove insulation from a conductive wire or
coaxial cable that extends though known end members and
sealing materials to an area outside of the housing, and sig-
nificantly reduces impedance changes. Additionally, the use
of the narrow-width antenna segment 527 further improves
the flexibility of the upper portion 525 of the antenna 520. The
increased flexibility of the upper portion 525 enables the
example antenna assembly 500 to better withstand impacts or
other shocks to the housing and/or the end member 530.
[0026] FIG. 6 is a partial schematic illustration of another
example antenna assembly 600 for use in an explosive envi-
ronment. The example antenna assembly 600 includes a
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radome or housing (not shown) connected to an end member
630, in a manner similar to that described herein for the other
examples. In F1G. 6, the housing is again not illustrated so that
printed circuit board antenna 620 may be seen more clearly.
The example antenna assembly 600 includes the antenna 620
mounted in the housing (not shown), a coaxial cable 650
extending between a circuit 624 on the antenna 620 and an
electrical component or device such as, for example, an inte-
grated circuit 680 on a lower platform 626, one or more
conductive paths 682 on the lower platform 626 extending to
a connector 623 at a lower platform end 622, a metal base
member or enclosure 630, and a sealing compound or explo-
sion-proof encapsulant material 640 located within the base
member 630. The lower platform 626 is encapsulated within
the sealing compound 640 at the end member 630 to position
and maintain the lower platform 626 within the end member
630. The end member 630 includes a flange 631 having one or
more openings 633, each of which may receive a fastener 635
such as, for example, a screw, bolt, rivet, etc. The lower
platform 626 extends from the platform end 622 located
outside of the end member 630, into and through the base
member 630 and the sealing compound 640. The connector
623 at the platform end 622 provides an electrical connection
and communication between the integrated circuit 680 and
other electrical systems, subsystems or components.

[0027] The example antenna assembly 600 also provides
flexibility of the antenna 620 within the its housing (not
shown). The coaxial cable 650 provides flexibility between
the lower platform 626 and the antenna 620 to enable move-
ment of the antenna 620 relative to the lower platform 626,
which is fixed in position within the end member 630 and the
sealing compound 640. Alternatively, the coaxial cable 650
may be a flexible electrical wire to connect the integrated
circuit 680 to the circuit 624 on the antenna 620.

[0028] The example antenna assembly 600 shown in FIG. 6
also provides another low cost explosion-proof antenna
assembly. The lower platform 626 extends through the end
member 630 and the sealing compound 640 to the lower
platform end 622 and the connector 623. The example
antenna assembly 600 provides a flame-tight seal between the
lower platform 626, the sealing compound 640 and the end
member 630, and eliminates the need to remove insulation
from a conductive wire or coaxial cable that extends through
known end members and sealing materials to an area outside
of'the housing. Additionally, the flexibility of the antenna 620
enables the example antenna assembly 600 to better with-
stand impacts or other shocks to the housing and/or the end
member 630.

[0029] FIG. 7 is a partial schematic illustration of yet
another example antenna assembly 700 for use in an explo-
sive environment. The example antenna 700 includes a
radome or housing (not shown) connected to an end member
730, in a manner similar to that described herein for the other
examples. The example antenna assembly 700 includes an
antenna 720 mounted in the housing (not shown), a flatribbon
cable 750 extending between an electrical component or
device such as, for example, an integrated circuit 780 on the
antenna 720 and one or more conductive paths 782 on a lower
platform 726, a connector 723 at a lower platform end 722, a
metal base member or enclosure 730, and a sealing compound
or explosion-proof encapsulant material 740 located within
the base member 730. As similarly described in connection
with the example antenna assembly 600 of FIG. 6, in FIG. 7
the lower platform 726 is encapsulated within the sealing
compound 740 at the end member 730 to position and main-
tain the lower platform 726 within the end member 730. The
end member 730 includes a flange 731, which may have one
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or more openings (not shown) each to receive a fastener such
as, for example, a screw, bolt, rivet, etc. The lower platform
726 extends from the platform end 722 located outside of the
end member 730, into and through the base member 730 and
the sealing compound 740. The connector 723 at the platform
end 722 provides an electrical connection and communica-
tion between the antenna 670 and other electronic systems or
subsystems. The flat ribbon cable 750 may flex to enable
movement of the antenna 720 relative to the lower platform
726, which is fixed in position within the end member 730 and
the sealing compound 740.

[0030] The example antenna assembly 700 shown in FIG. 7
provides yet another low cost explosion-proof antenna
assembly. The lower platform 726 extends through the end
member 730 and the sealing compound 740 to the lower
platform end 722 and the connector 723. The example
antenna assembly 700 provides a flame-tight seal between the
lower platform 726, the sealing compound 740 and the end
member 730, and eliminates the need to remove insulation
from a conductive wire or coaxial cable that extends through
known end members and sealing materials to an area outside
of the housing. Additionally, the use of the flat ribbon cable
750 improves the flexibility of the antenna 720 within its
housing. The increased flexibility of the antenna 720 enables
the example antenna assembly 700 to better withstand the
effects of an explosion within the its housing and/or impacts
or other shocks to the housing, the end member 730, the lower
platform end 722, or the connector 723.

[0031] Although certain example antennas have been
described herein, the scope of coverage of this patent is not
limited thereto. On the contrary, this patent covers all meth-
ods, apparatus and articles of manufacture fairly falling
within the scope of the appended claims either literally or
under the doctrine of equivalents. For example, one of ordi-
nary skill in the art should appreciate that the flex circuit
described herein may also be a narrowed portion of the
antenna, which may provide flexure and structural compli-
ance substantially similar to a flex circuit. Additionally, the
integrated circuit may be positioned within the sealing com-
pound or positioned above or below the metal end member, as
illustrated, without departing from the spirit and scope of the
disclosure.

What is claimed is:

1. An antenna assembly for use in an explosive environ-
ment, comprising:

a housing;

a base member at one end of the housing;

an antenna extending though the base member and into the

housing; and

a sealing compound within the base member and the

antenna extending into and through the sealing com-
pound, the sealing compound encapsulating the antenna
to seal the antenna at the base member.

2. The antenna assembly as defined in claim 1, wherein the
antenna comprises a printed circuit board.

3. The antenna assembly defined in claim 1, wherein a
coaxial cable is coupled to an end of the antenna located
outside the base member.

4. The antenna assembly as defined in claim 1, further
comprising a resilient member located at the base member
and coupled to the antenna, and the antenna including a flex
circuit adjacent the resilient member.

5. The antenna assembly as defined in claim 4, wherein the
antenna includes a segment having a narrow width, and
wherein the flex circuit is disposed on the segment.
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6. The antenna assembly as defined in claim 4, wherein a
first end of the resilient member is a least partially encapsu-
lated by the sealing compound.

7. The antenna assembly as defined in claim 6, wherein a
second end of the resilient member is operatively coupled to
the housing.

8. The antenna assembly as defined in claim 1, further
comprising a second base member at the one end of the
housing and coupled to a resilient member to operatively
couple the housing to the resilient member.

9. The antenna assembly as defined in claim 1, wherein the
antenna includes at least one lateral protrusion adjacent the
base member to fix the antenna within the sealing compound.

10. The antenna assembly as defined in claim 9, wherein
the antenna includes at least one lateral protrusion on each
side of the antenna.

11. The antenna assembly as defined in claim 9, wherein
the lateral protrusion has the shape of at least part of a rect-
angle, square, oval, circle, irregular pattern, or diverging
ends.

12. The antenna assembly as defined in claim 1, further
comprising an electrical component on the antenna, the elec-
trical component connected with conductive paths on the
antenna.

13. The antenna assembly as defined in claim 1, wherein
the antenna includes a segment having a narrow width, and
wherein the segment is disposed adjacent the base member to
provide flexibility of the antenna beyond the segment and
within the housing.

14. An antenna assembly for use in an explosive environ-
ment, comprising:

a housing;

a base member at one end of the housing;

aplatform extending though the base member to at least the

housing, the platform having at least one conductive
path;

an antenna within the housing;

an electrical connection between the conductive path and

the antenna; and

a sealing compound within the base member and the plat-

form extending into the sealing compound, the sealing
compound encapsulating the platform to seal the plat-
form at the base member.

15. The antenna assembly as defined in claim 14, further
comprising an electrical component on the platform and elec-
trically connected to the conductive path.

16. The antenna assembly as defined in claim 15, wherein
the electrical connection is at least one of a coaxial cable or a
flexible electrical wire.

17. The antenna assembly as defined in claim 14, further
comprising an electrical component on the antenna and con-
nected to the electrical connection.

18. The antenna assembly as defined in claim 17, where in
the electrical connection comprises a flexible ribbon cable.

19. The antenna assembly as defined in claim 14, wherein
the antenna comprises a printed circuit board

20. The antenna assembly as defined in claim 14, further
comprising a connector connected with the conductive path at
an end of the platform.

21. The antenna assembly as defined in claim 14, wherein
the base member includes an extension to enable attachment
of the base member to another object.

sk sk sk sk sk
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and a monopole antenna. The loop antenna is connected to the
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connection between the first end of the radiator of the loop
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DUAL-BAND ANTENNA

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority of Taiwanese Appli-
cation No. 098206683, filed on Apr. 22, 2009.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a dual-band
antenna, more particularly to a miniature dual-band antenna
for application to portable electronic devices.

[0004] 2. Description of the Related Art

[0005] In recent years, due to the development of wireless
communication and the growth of people’s demand for
mobile communication with each passing day, more and more
information is transmitted via wireless networks, resulting in
an increase in demand for wireless communication band-
width. Meanwhile, the demand for compact and lightweight
portable electronic devices capable of wireless communica-
tion has become one of the main considerations in designing
the appearance of the modern electronic devices. As such, the
design of an antenna disposed in a compact and lightweight
electronic device has a trend toward miniaturization.

[0006] However, due to the characteristics of antennas, the
reduction in antenna size usually compromises the antenna
performance as a result of physical limitations. Therefore,
designing a dual-band antenna structure that has sufficient
operating bandwidth and that is small enough is the main
point addressed in the present invention.

SUMMARY OF THE INVENTION

[0007] Therefore, an object of the present invention is to
provide a small, dual-band antenna that has sufficient operat-
ing bandwidth.

[0008] According to a first aspect, the dual-band antenna of
the present invention includes a ground plane, a loop antenna,
and a monopole antenna.

[0009] The loop antenna is connected to the ground plane,
and has a radiator that forms a loop. The radiator has a first
end and a second end adjacent to the first end. The monopole
antenna has one end connected to the first end of the radiator
of'the loop antenna. A feed point is disposed at a connection
between the first end of the radiator of the loop antenna and
said one end of the monopole antenna. A ground point is
disposed at the radiator of the loop antenna proximate to the
second end of the radiator.

[0010] The loop antenna is capable of resonating at a first
frequency band, and the monopole antenna is capable of
resonating at a second frequency band lower than the first
frequency band.

[0011] Preferably, the monopole antenna is formed inte-
grally with the loop antenna, extends outwardly from the first
end of the loop antenna, and further extends at one side of the
loop antenna. The ground plane and the monopole antenna
are disposed at different sides of the loop antenna, respec-
tively.

[0012] Preferably, for improving the impedance matching
of the monopole antenna, the dual-band antenna further
includes a plate body interconnecting the first end of the
radiator of the loop antenna and said one end of the monopole
antenna. The feed point is disposed at the plate body.
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[0013] Preferably, for reducing the dimensions of the dual-
band antenna, the dual-band antenna further includes a sub-
strate that has a first surface, a second surface opposite to the
first surface, and first and second conductive vias extending
through the first and second surfaces and spaced apart from
each other. The ground plane and the loop antenna are dis-
posed at the first surface of the substrate. The monopole
antenna includes a first radiator section and a second radiator
section. The first radiator section is disposed at the first sur-
face of the substrate, extends outwardly from the second
conductive via, and is disposed at one side of the loop
antenna. The second radiator section is disposed at the second
surface of the substrate and extends from the first conductive
via to the second conductive via. The first conductive via is
connected electrically to the first end of the loop antenna.
[0014] According to a second aspect, the dual-band
antenna of'this invention includes a loop antenna connected to
a ground plane, and a monopole antenna. The loop antenna
has a radiator that forms a loop. The radiator has a first end
and a second end, and defines a first slot that opens toward the
firstend. One end ofthe monopole antenna is connected to the
first end of the radiator of the loop antenna. The monopole
antenna and the loop antenna cooperate to form a second slot
that opens in a direction away from the first end of the radia-
tor. A feed point is disposed at a connection between the first
end of the radiator of the loop antenna and said one end of the
monopole antenna. A ground point is disposed at the loop
antenna.

[0015] The radiator of the loop antenna includes a first
linear segment, a second linear segment, and a connecting
segment interconnecting the first and second linear segments
and cooperating with the first and second linear segments to
form the first slot.

[0016] Alternatively, the radiator of the loop antenna
includes a first linear segment, a second linear segment, and a
ground-connecting segment connected to the ground plane
and the first linear segment. The first linear segment, the
second linear segment, and the ground-connecting segment
cooperate to form the first slot.

[0017] The monopole antenna includes a linear first radia-
tor section and a linear second radiator section connected to
the first radiator section. The first and second radiator sections
cooperate with the second linear segment of the radiator of the
loop antenna to form the second slot.

[0018] Preferably, the dual-band antenna further comprises
a substrate having a first surface and a second surface oppo-
site to the first surface. The first radiator section is disposed at
the first surface, and the second radiator section is disposed at
the second surface. The first and second ends of the radiator
are adjacent to each other.

[0019] This invention combines a loop antenna capable of
resonating at a high frequency band and a monopole antenna
capable of resonating at a low frequency band to produce the
effect of a dual-band antenna, thereby allowing the applica-
tion of the dual-band antenna in electronic devices that
require two communication frequency bands, such as note-
book computers. Furthermore, the dual-band antenna utilizes
the mirror effect of the ground plane to allow the lengths of
the loop antenna and the monopole antenna to be shortened to
a quarter of a wavelength at the resonant frequency, or even
shorter, thus achieving miniaturization of the dual-band
antenna.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Other features and advantages of the present inven-
tion will become apparent in the following detailed descrip-
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tion of the preferred embodiments with reference to the
accompanying drawings, of which:

[0021] FIG. 1 is a schematic diagram to illustrate the first
preferred embodiment of a dual-band antenna according to
this invention;

[0022] FIG. 2 is a VSWR plot obtained for the first pre-
ferred embodiment;

[0023] FIG. 3 is a schematic diagram to illustrate the sec-
ond preferred embodiment of a dual-band antenna according
to this invention;

[0024] FIG. 4 is a VSWR plot obtained for the second
preferred embodiment; and

[0025] FIGS. 5 and 6 are schematic diagrams respectively
showing first and second surfaces of a substrate of the third
preferred embodiment of a dual-band antenna according to
the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0026] Before the present invention is described in greater
detail, it should be noted that like elements are denoted by the
same reference numerals throughout the disclosure.

[0027] Referring to FIG. 1, the first preferred embodiment
of'a dual-band antenna according to this invention is shown to
include a ground plane 10, a loop antenna 20, and a monopole
antenna 30.

[0028] The ground plane 10 is a rectangular metal plate,
such as a copper foil.

[0029] The loop antenna 20 is a quarter-wavelength rectan-
gular loop antenna, is disposed at one side of the ground plane
10, and has a radiator 200 that forms a loop. The radiator 200
has a first end 201 and a second end 202 adjacent to the first
end 201. The radiator 200 defines a first slot 100 that opens
toward the first end 201.

[0030] The radiator 200 is a generally rectangular metal
strip that includes: a first linear segment 23 that has the second
end 202 and that is connected perpendicularly to the ground
plane 10; a second linear segment 24 that is spaced apart from
and parallel to the first linear segment 23; a rectangular con-
necting segment 25 that is distal from the second end 202 and
disposed at a same side of the first linear segment 23 and the
second linear segment 24, and that interconnects the first and
second linear segments 23, 24; and a third linear segment 26
that extends from one end of the second linear segment 24
opposite to the connecting segment 25, that has the first end
201, and that is perpendicular to the second linear segment 24.
Furthermore, the first linear segment 23, the second linear
segment 24, and the connecting segment 25 cooperate to form
the first slot 100.

[0031] In the present embodiment, a feed point 21 is dis-
posed at a connection between the first end 201 of the radiator
200 of the loop antenna 20 and one end of the monopole
antenna 30, and a ground point 22 is disposed at the first linear
segment 23 and is proximate to the second end 202 of the
radiator 200. The feed point 21 and the ground point 22 are
connected electrically and respectively to a signal line and a
ground line of a coaxial cable (not shown) for signal feeding
purposes.

[0032] Theloop antenna 20, through the mirror effect of the
ground plane 10, can effectively miniaturize the antenna size
to a quarter-wavelength of the operating frequency band.
Thus, by appropriately adjusting the lengths of the first linear
segment 23 and the second linear segment 24 of the radiator
200 of the loop antenna 20, the radiator 200 of the loop
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antenna 20 can resonate at a high frequency band, such as
2.4~2.5 GHz or 5.15~5.85 GHz, and the loop antenna 20 can
hence serve as a WL AN signal transceiver antenna.

[0033] The monopole antenna 30 has one end connected to
the first end 201 of the radiator 200 of the loop antenna 20,
extends outwardly from the first end 201 of the radiator 200,
and cooperates with the loop antenna 20 to form a second slot
101 that opens in a direction away from the first end 201 of the
radiator 200.

[0034] The monopole antenna 30 includes: a linear first
radiator section 31 that is longer than and that is parallel to
and spaced apart from the third linear segment 26; a connect-
ing section 32 that is connected to the first end 201 of the third
linear segment 26 and one end of the first radiator section 31
and that has the feed point 21 disposed thereat; and a linear
second radiator section 33 that extends from the other end of
the first radiator section 31 and that is parallel to and spaced
apart from the second linear segment 24 of the radiator 200 of
the loop antenna 20. The first radiator section 31, the second
radiator section 33, and the second linear segment 24 of the
loop antenna 20 cooperate to form the second slot 101.
[0035] The monopole antenna 30, through the mirror effect
of the ground plane 10, can miniaturize the antenna size to a
quarter-wavelength of the operating frequency band, such
that the overall length of the monopole antenna can be
adjusted appropriately. In an exemplary implementation of
the monopole antenna 30, when the length of' the first radiator
section 31 is 10 mm and the length of the second radiator
section 33 is 60 mm, the monopole antenna 30 can resonate at
a low frequency band.

[0036] On the other hand, the location at which the feed
point 21 is disposed can be adjusted, according to impedance
matching requirements, to any location at the connecting
section 32 of the monopole antenna 30, e.g., proximate to the
firstend 201 of the third linear segment 26 of the loop antenna
20 or proximate to said one end of the first radiator section 31
of the monopole antenna 30.

[0037] Furthermore, since signals are fed to the monopole
antenna 30 and the loop antenna 20 from the same feed point
21, anappropriate location of the feed point 21 can be selected
to adjust the impedance matching, thus allowing the mono-
pole antenna 30 and the loop antenna 20 to resonate at a
quarter-wavelength of the signals being transmitted and
received.

[0038] FIG. 2 illustrates a Voltage Standing Wave Ratio
(VSWR) plot obtained for the dual-band antenna of this
embodiment within the operating frequency band from 700
MHz to 2.5 GHz. The resonant bandwidth of the monopole
antenna 30 is 11% ((Highest frequency-Lowest frequency)/
Centre frequency, for VSWR of 3), and that of the loop
antenna 20 is 40%.

[0039] FIG. 3 illustrates the second preferred embodiment
of a dual-band antenna of this invention, which differs from
the first preferred embodiment in that a plate body 45 replaces
the third linear segment 26 of the radiator 200 of the loop
antenna 20 of the first embodiment and the connecting section
32 of the monopole antenna 30 of the first embodiment, i.e.,
one end (namely, the first end 401) of the second linear
segment 44 of the radiator 400 of the loop antenna 40 is
directly connected to the plate body 45. One end of the first
radiator section 51 of the monopole antenna 50 is directly
connected to the second radiator section 53, while the other
end thereof is directly connected to the plate body 45. The
feed point 41 is disposed at an appropriate location on the
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plate body 45, while the ground point 42 is disposed proxi-
mate to one end of the first linear segment 43 (namely, the
second end 402) of the radiator 400 of the loop antenna 40.
The first linear segment 43, the second linear segment 44, and
the connecting segment 435 of the radiator 400 cooperate to
form the first slot 100. The first radiator section 51 and the
second radiator section 53 of the monopole antenna 50 and
the second linear segment 44 of'the loop antenna 40 cooperate
to form the second slot 101 that opens in a direction away
from the first end 401 of the radiator 400 of the loop antenna
40. Moreover, the plate body 45 is capable of further improv-
ing the impedance matching of the monopole antenna 50,
allowing an increase in the operating bandwidth of the mono-
pole antenna 50.

[0040] FIG. 4 illustrates a Voltage Standing Wave Ratio
(VSWR) plot obtained for the dual-band antenna of this
embodiment within the operating frequency band from 700
MHz to 2.5 GHz. The low frequency resonant bandwidth of
the monopole antenna 30 is increased to 14%, while the high
frequency resonant bandwidth of the loop antenna 20 is main-
tained at 40%.

[0041] Referring to FIGS. 5 and 6, the third preferred
embodiment of a dual-band antenna of this invention com-
prises a substrate 60, a ground plane 70, a loop antenna 80,
and a monopole antenna 90.

[0042] The substrate 60 has a first surface 61 and a second
surface 62 opposite to the first surface 61. The length and
width of the substrate 60 are 22 mm and 16 mm, respectively.
The ground plane 70 is disposed at the first surface 61 of the
substrate 60 and has a rectangular shape.

[0043] The loop antenna 80 is connected to the ground
plane 70 and has a radiator 800 that forms a loop. The radiator
800 has a first end 801 and a second end 802, and forms a first
slot 501 that opens toward the first end 801.

[0044] Theradiator 800 includes: a ground-connecting seg-
ment 81 connected to the ground plane 70; a first linear
segment 82 extending from and perpendicular to the ground-
connecting section 81; a second linear segment 83 connected
to the first linear segment 82 and extending perpendicular to
the first linear segment 82; and a third linear segment 84
connected to the second linear segment 83 and extending
perpendicular to the second linear segment 83 and toward the
ground plane 70. An extending segment 85 extends from one
end of the third linear segment 84, i.e., the first end 801 of the
radiator 800, to one edge 63 of the substrate 60. The ground-
connecting segment 81, the first linear segment 82, and the
second linear segment 83 cooperate to define the first slot 501.
[0045] The first end 801 of the radiator 800 is adjacent to
one end of the ground-connecting segment 81 (namely, the
second end 802 of the radiator 800). A feed point 86 is
disposed at the extending segment 85, and a ground point 87
is disposed at the ground-connecting segment 81 of the radia-
tor 800. The feed point 86 and the ground point 87 are con-
nected electrically and respectively to a signal line and a
ground line of a coaxial cable (not shown) for signal feeding
purposes.

[0046] Furthermore, a first conductive via 88 is disposed at
the extending section 85 and extends through the first and
second surfaces 61, 62 of the substrate 60.

[0047] One end of the monopole antenna 90 is connected to
the first end 801 of the radiator 800 of the loop antenna 80 via
the extending segment 85. The monopole antenna 90 and the
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loop antenna 80 cooperate to form a second slot 502 that
opens in a direction away from the first end 801 of the radiator
800.

[0048] The monopole antenna 90 includes a linear first
radiator section 91 disposed at the first surface 61 of the
substrate 60, and a linear second radiator section 92 disposed
at the second surface 62 of the substrate 60.

[0049] The first radiator section 91 extends along another
edge 64 of the substrate 60 and is spaced apart and parallel to
the second linear segment 83 of the radiator 800 of the loop
antenna 80. A second conductive via 93 extends through the
first and second surfaces 61, 62 of the substrate 60 and is
proximate to the one end of the edge 63 of the substrate 60.
[0050] The second radiator section 92 extends along the
edge 63 of the substrate 60 and is connected electrically to the
first conductive via 88 and the second conductive via 93. The
second radiator section 92 is connected to the feed point 86 on
the first surface 61 of the substrate 60 via the first conductive
via 88 and the extending segment 85, and to the first radiator
section 91 via the second conductive via 93. Moreover, the
first radiator section 91 and the second linear segment 83 of
the radiator 800 of the loop antenna 80 cooperate to form the
second slot 502.

[0051] Compared to the first and second embodiments, the
present embodiment is capable of further reducing the size of
a dual-band antenna by disposing the ground plane 70, the
loop antenna 80, and the monopole antenna 90 on the sub-
strate 60; and by disposing radiator sections 91, 92 of the
monopole antenna 90 on the opposite surfaces 61, 62 of the
substrate 60 and connecting the radiator sections 91, 92 of the
monopole antenna 90 to each other and to the loop antenna 80
using conductive vias 88, 93.

[0052] In sum, these embodiments of this invention com-
bine a loop antenna capable of resonating at a high frequency
band and a monopole antenna capable of resonating at a low
frequency band to produce the effect of a dual-band antenna.
Furthermore, through the mirror effect of the ground plane,
the lengths of'the loop antenna and the monopole antenna can
be shortened to a quarter of a wavelength at the resonant
frequency, or even shorter, thus achieving miniaturization of
the dual-band antenna.

[0053] While the present invention has been described in
connection with what are considered the most practical and
preferred embodiments, it is understood that present inven-
tion is not limited to the disclosed embodiments but is
intended to cover various arrangements included within the
spirit and scope of the broadest interpretation so as to encom-
pass all such modifications and equivalent arrangements.

What is claimed is:

1. A dual-band antenna comprising:

a ground plane;

a loop antenna connected to said ground plane, said loop
antenna having a radiator that forms a loop, said radiator
having a first end and a second end adjacent to said first
end, and being capable of resonating at a first frequency
band;

a monopole antenna having one end connected to said first
end of said radiator of said loop antenna, and being
capable of resonating at a second frequency band;

a feed point disposed at a connection between said first end
of said radiator of said loop antenna and said one end of
said monopole antenna; and

a ground point disposed at said radiator of said loop
antenna proximate to said second end of said radiator.
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2. The dual-band antenna as claimed in claim 1, wherein
said loop antenna is a quarter-wavelength rectangular loop
antenna.

3. The dual-band antenna as claimed in claim 2, wherein
said monopole antenna is formed integrally with said loop
antenna, extends outwardly from said first end of said radia-
tor, and further extends at one side of said loop antenna.

4. The dual-band antenna as claimed in claim 3, wherein
said ground plane and said monopole antenna are disposed at
opposite sides of said loop antenna, respectively.

5. The dual-band antenna as claimed in claim 1, further
comprising a plate body interconnecting said first end of said
radiator of said loop antenna and said one end of said mono-
pole antenna, said feed point being disposed at said plate
body.

6. The dual-band antenna as claimed in claim 2, further
comprising a substrate having a first surface, a second surface
opposite to said first surface, and first and second conductive
vias extending through said first and second surfaces and
spaced apart from each other,

said ground plane and said loop antenna being disposed at
said first surface of said substrate,

said monopole antenna including a first radiator section
and a second radiator section, said first radiator section
being disposed at said first surface of said substrate,
extending outwardly from said second conductive via
and being disposed at one side of said loop antenna, said
second radiator section being disposed at said second
surface of said substrate and extending from said first
conductive via to said second conductive via,

said first conductive via being connected electrically to
said first end of said loop antenna.

7. The dual-band antenna as claimed in claim 6, wherein
said radiator of said loop antenna has a ground-connecting
segment connected to said ground plane, said ground-con-
necting segment having one end serving as said second end of
said radiator, said ground point being disposed at said ground-
connecting segment.

8. A dual-band antenna comprising:

a ground plane;

a loop antenna connected to said ground plane, said loop
antenna having a radiator that forms a loop, said radiator
having a first end and a second end and defining a first
slot that opens toward said first end;

a monopole antenna having one end connected to said first
end of said radiator of said loop antenna, said monopole
antenna and said loop antenna cooperating to form a
second slot that opens in a direction away from said first
end of said radiator;
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a feed point disposed at a connection between said first end
of said radiator of said loop antenna and said one end of
said monopole antenna; and

a ground point disposed at said loop antenna.

9. The dual-band antenna as claimed in claim 8, wherein
said radiator of said loop antenna includes a first linear seg-
ment, a second linear segment, and a connecting segment
interconnecting said first and second linear segments and
cooperating with said first and second linear segments to form
said first slot.

10. The dual-band antenna as claimed in claim 9, wherein
said monopole antenna includes a linear first radiator section
and a linear second radiator section connected to said first
radiator section, said first and second radiator sections coop-
erating with said second linear segment of said radiator of
said loop antenna to form said second slot.

11. The dual-band antenna as claimed in claim 8, wherein
said radiator of said loop antenna includes a ground-connect-
ing segment connected to said ground plane, a first linear
segment connected to said ground-connecting segment, and a
second linear segment connected to said first linear segment,
said ground-connecting segment and said first and second
linear segments cooperating to form said first slot.

12. The dual-band antenna as claimed in claim 11, further
comprising a substrate having a first surface and a second
surface opposite to said first surface,

said ground plane and said loop antenna being disposed at
said first surface of said substrate,

said monopole antenna including a linear first radiator
section and a linear second radiator section connected
electrically to said first radiator section,

said first radiator section being disposed at said first surface
of said substrate and cooperating with said second linear
segment of said radiator of said loop antenna to form
said second slot,

said second radiator section being disposed at said second
surface of said substrate and being connected electri-
cally to said first end of said radiator of said loop
antenna.

13. The dual-band antenna as claimed in claim 8, wherein
said first and second ends of said radiator of said loop antenna
are adjacent to each other.

14. The dual-band antenna as claimed in claim 8, wherein
said ground plane and said monopole antenna are disposed at
opposite sides of said loop antenna, respectively.

sk sk sk sk sk
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SLOT ANTENNA

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority of Taiwanese appli-
cation no. 098114018, filed on Apr. 28, 2009.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] This invention relates to an antenna, more particu-
larly to a slot antenna.

[0004] 2. Description of the Related Art

[0005] Circularly polarized antennas are omnidirectional,
mitigate Faraday Effect and multipath fading, and thus are
suitable for application in technologies such as radio fre-
quency identification (RFID), global positioning system
(GPS), and wireless local area network (WLAN). A conven-
tional circularly polarized slot antenna includes an open loop
antenna slot, and a perturbation slot that extends inwardly
from the open loop antenna slot and that is rectangular in
shape.

[0006] The aforementioned conventional circularly polar-
ized slot antenna is disadvantageous in that, since the pertur-
bation slot thereof has a relatively large width, the conven-
tional circularly polarized slot antenna has insufficient gain
and axial ratio bandwidth and is difficult to adjust to a desired
circularly polarized wave.

SUMMARY OF THE INVENTION

[0007] Therefore, the object of the present invention is to
provide a slot antenna that can overcome the aforesaid draw-
backs of the prior art.

[0008] According to the present invention, a slot antenna
comprises a dielectric substrate and an antenna body. The
antenna body is formed on the dielectric substrate, and
defines an open loop antenna slot that has opposite first and
second ends, and an open loop perturbation slot that extends
inwardly from the open loop antenna slot, and that has oppo-
site first and second ends, each of which is connected to a
respective one of the first and second ends of the open loop
antenna slot.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Other features and advantages of the present inven-
tion will become apparent in the following detailed descrip-
tion of the preferred embodiment with reference to the
accompanying drawings, of which:

[0010] FIG.1is a schematic view of the preferred embodi-
ment of a slot antenna according to the present invention;
[0011] FIG. 2 is a schematic view illustrating a dielectric
substrate of the preferred embodiment;

[0012] FIGS. 3 and 4 are schematic views illustrating
dimensions of the preferred embodiment in millimeter;
[0013] FIG. 5 is a plot illustrating a return loss of the pre-
ferred embodiment;

[0014] FIG. 6 is a smith chart illustrating a voltage standing
wave ratio (VSWR) of the preferred embodiment;

[0015] FIG. 7 shows a plot of a radiation pattern of the
preferred embodiment on the x-z plane when operated at 915
MHz;

[0016] FIG. 8 shows a plot of a radiation pattern of the
preferred embodiment on the y-z plane when operated at 915
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[0017] FIG. 9 is a plot illustrating an axial ratio of the
preferred embodiment; and

[0018] FIG. 10 is a plot illustrating a gain of the preferred
embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0019] Referring to FIGS. 1 and 2, the preferred embodi-
ment of a slot antenna 10 according to this invention is shown
to include a dielectric substrate 2 and an antenna body 1.
[0020] The slot antenna 10 of this invention operates in a
radio frequency identification (RFID) ultra high frequency
(UHF) range from 902 MHz to 928 MHZ, and has a low
profile, as illustrated in FIG. 4.

[0021] The dielectric substrate 2 has opposite first and sec-
ond surfaces 21, 22, is generally square in shape, and has four
sides 23, 24, 25, 26. Moreover, in this embodiment, the
dielectric substrate 2 is made of FR4.

[0022] In some embodiments, the dielectric substrate 2 is
made from a ceramic material.

[0023] The antenna body 1 is formed on the first surface 21
of the dielectric substrate 2, is a conductive foil, defines an
open loop antenna slot 11, an open loop perturbation slot 12,
a coupling slot 13, and an impedance matching slot 14, and
has inner and outer regions 41, 42.

[0024] The open loop antenna slot 11 has opposite first and
second ends 111, 112. In this embodiment, the open loop
antenna slot 11 has a constant radius of curvature.

[0025] The open loop perturbation slot 12 extends radially
and inwardly from the open loop antenna slot 11, and has
opposite first and second ends 121, 122, each of which is
connected to a respective one of the first and second ends 111,
112 of the open loop antenna slot 11. In this embodiment, the
open loop perturbation slot 12 is generally U-shaped. More-
over, in this embodiment, the open loop perturbation slot 12
has a narrow width, as illustrated in FIG. 3.

[0026] It is noted that the open loop perturbation slot 12
provides two orthogonal resonant modes that are excited in
equal amplitude and that are 90° out of phase, thereby per-
mitting the slot antenna 10 of this invention to radiate a
circularly polarized wave.

[0027] The outer region 42 surrounds the open loop
antenna slot 11, and has four sides, each of which is flush with
a respective one of the sides 23, 24, 25, 26 of the dielectric
substrate 2.

[0028] The slot antenna 10 further includes a grounding
point 15 provided in the outer region 42 and disposed proxi-
mate to the side 23 of the dielectric substrate 2.

[0029] The coupling slot 13 extends radially and outwardly
from the open loop antenna slot 11 at a position between the
first and second ends 111, 112 of the open loop antenna slot
11, is generally rectangular in shape, and has a distal end
distal from the open loop antenna slot 11.

[0030] The inner region 41 is defined by the open loop
antenna slot 11 and has a center 43.

[0031] The antenna body 1 further defines a first imaginary
straight line (L) that passes through the open loop perturba-
tion slot 12 and the center 43 of the inner region 41, and a
second imaginary straight line (L,) that passes through the
coupling slot 13 and the center 43 of the inner region 41. In
this embodiment, the first and second imaginary straight lines
(L, L,) define therebetween a 135°-degree angle, thereby
permitting the slot antenna 10 to radiate a right-hand circu-

larly polarized wave.
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[0032] In an alternative embodiment, the first and second
imaginary straight lines (L, L,) define therebetween a 45°-
degree angle or a 225°-degree angle, thereby permitting the
slot antenna 10 to radiate a left-hand circularly polarized
wave.

[0033] In yet another embodiment, the first and second
imaginary straight lines (L,, L,) define therebetween an angle
such that the slot antenna 10 radiates an elliptically polarized
wave.

[0034] The slot antenna 10 further includes a feeding ele-
ment 3 formed on the second surface 22 of the dielectric
substrate 2. The feeding element 3 is in the form of a micros-
trip line, and has opposite first and second ends 31, 32 that are
respectively proximate to and distal from the side 23 of the
dielectric substrate 2.

[0035] In this embodiment, the coupling slot 13 and the
feeding element 3 overlap each other. Moreover, in this
embodiment, the coupling slot 13 and the feeding element 3
are transverse to each other. Further, in this embodiment, the
open loop perturbation slot 12 and the first end 31 of the
feeding element 3 define a first distance therebetween, and the
open loop perturbation slot 12 and the second end 32 of the
feeding element 3 define a second distance therebetween less
than the first distance.

[0036] The slot antenna 10 further includes a feeding point
33 provided on the first end of the feeding element 3.

[0037] It is noted that signals are fed to the slot antenna 10
through the feeding element 3 via the feeding point 33.

[0038] The impedance matching slot 14 is disposed in the
outer region 42 and extends from the distal end of the cou-
pling slot 13. In this embodiment, the impedance matching
slot 14 is generally circular in shape.

[0039] Itis noted that the impedance matching slot 14 oper-
ates as an open stub and is used for impedance matching of the
slot antenna 10.

[0040] Based from experimental results, as illustrated in
FIGS. 5 and 6, the slot antenna 10 of this invention, when
operated in the frequency range from 830 MHz to 990 MHz,
achieves a return loss of less than 10 dB and a voltage stand-
ing wave ratio (VSWR) of 2.0, respectively. Moreover, as
illustrated in FIGS. 7 and 8, the slot antenna 10 of this inven-
tion, when operated at 915 MHz, has a 3 dB beamwidth of
100° and 50°, respectively. These indicate that the slot
antenna 10 of this invention has a substantially omnidirec-
tional radiation pattern when operated at 915 MHz. Further,
as illustrated in FIG. 9, the slot antenna 10 of this invention,
when operated in the frequency range from 898 MHz to 932
MHz, achieves an axial ratio of less than 3 dB and an axial
ratio bandwidth of 3.72%. Still further, as illustrated in FIG.
10, the slot antenna 10 of this invention, when operated in the
RFID UHF range, has a gain that varies between 0 to 1.5 dBi.
This indicates that the slot antenna 10 of this invention has a
stable transmission and reception efficiencies when operated
in the RFID UHF range.

[0041] While the present invention has been described in
connection with what is considered the most practical and
preferred embodiment, it is understood that this invention is
not limited to the disclosed embodiment but is intended to
cover various arrangements included within the spirit and
scope of the broadest interpretation so as to encompass all

such modifications and equivalent arran%ements.
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What is claimed is:

1. A slot antenna, comprising:

a dielectric substrate; and

an antenna body formed on said dielectric substrate, said

antenna body defining an open loop antenna slot that has
opposite first and second ends, and an open loop pertur-
bation slot that extends inwardly from said open loop
antenna slot, and that has opposite first and second ends,
each of which is connected to a respective one of said
first and second ends of said open loop antenna slot.

2. The slot antenna as claimed in claim 1, wherein said
open loop perturbation slot is generally U-shaped.

3. The slot antenna as claimed in claim 1, wherein said
open loop perturbation slot extends radially from said open
loop antenna slot.

4. The slot antenna as claimed in claim 1, wherein said
open loop antenna slot has a constant radius of curvature.

5. The slot antenna as claimed in claim 1, wherein said
antenna body has an outer region that surrounds said open
loop antenna slot,

said slot antenna further comprising a grounding point

provided in said outer region.

6. The slot antenna as claimed in claim 1, wherein said
antenna body further defines a coupling slot that extends
outwardly from said open loop antenna slot at a position
between said first and second ends of said open loop antenna
slot.

7. The slot antenna as claimed in claim 6, wherein said
antenna body has an inner region that is defined by said open
loop antenna slot and that has a center,

said antenna body further defining a first imaginary straight

line that passes through said open loop perturbation slot
and said center of said inner region, and a second imagi-
nary straight line that passes through said coupling slot
and said center of said inner region, the first and second
imaginary straight lines defining therebetween one of
135°-degree angle, 45°-degree angle, and 225°-degree
angle.

8. The slot antenna as claimed in claim 6, wherein said
coupling slot extends radially from said open loop antenna
slot.

9. The slot antenna as claimed in claim 6, wherein said
coupling slot is generally rectangular in shape.

10. The slot antenna as claimed in claim 6, wherein said
coupling slot has a distal end distal from said open loop
antenna slot,

said antenna body further defines an impedance matching

slot that extends from said distal end of said coupling
slot.

11. The slot antenna as claimed in claim 10, wherein said
dielectric substrate has opposite first and second surfaces,

said open loop antenna slot, said open loop perturbation

slot, said coupling slot, and said impedance matching
slot being disposed on said first surface of said dielectric
substrate,

said slot antenna further comprising a feeding element

formed on said second surface of said dielectric sub-
strate.

12. The slot antenna as claimed in claim 11, wherein said
dielectric substrate has a side,

said feeding element having opposite first and second ends

that are respectively disposed proximate to and distal
from said side of said dielectric substrate,

0100271277 provided by Patent Fetcher™, a product of Stroke of Color, Inc. - Page 9 of 10
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3

said open loop perturbation slot and said first end of said 14. The slot antenna as claimed in claim 11, wherein said
feeding element defining a first distance therebetween, coupling slot and said feeding element are transverse to each

said open loop perturbation slot and said second end of said other.
feeding element defining a second distance therebe- 15. The slot antenna as claimed in claim 11, wherein said
tween less than the first distance. feeding element is in the form of a microstrip line.

13. The slot antenna as claimed in claim 11, wherein said

coupling slot and said feeding element overlap each other. ok ow R
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(57) ABSTRACT

An antenna pattern frame according to an aspect of the inven-
tion may include: a radiator having an antenna pattern portion
transmitting and receiving a signal; a ground portion extend-
ing from the antenna pattern portion; a connection portion
connecting the antenna pattern portion and the ground portion
to be arranged in different planes; and a radiator frame manu-
factured by injection molding on the radiator so that the
antenna pattern portion may be provided on one side of the
radiator frame and the connection terminal portion may be
provided on the other side thereof, the radiator frame allowing
the antenna pattern portion to be embedded in the electronic
device case.
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ANTENNA PATTERN FRAME, METHOD AND
MOLD FOR MANUFACTURING THE SAME,
AND ELECTRONIC DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the priority of Korean Patent
Application No. 10-2009-0035637 filed on Apr. 23, 2009, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an antenna pattern
frame having an antenna radiator on a surface thereof, a
method and mold for manufacturing the same, and an elec-
tronic device, and more particularly, to an antenna pattern
frame having, on a surface thereof, an antenna radiator
embedded in an electronic device case, a method and mold for
manufacturing the same, and an electronic device.

[0004] 2. Description of the Related Art

[0005] Mobile communications terminals such as cellular
phones, personal digital assistants (PDAs) and laptop com-
puters, which support wireless communications, are indis-
pensable devices in modern society. Functions including
CDMA, wireless LANs, GSM and DMB have been added to
these mobile communications terminals. One of the most
important components that enable these functions is associ-
ated with antennas.

[0006] Antennas being used in these mobile communica-
tions terminals have advanced from external antennas, such
as rod antennas or helical antennas, to internal antennas that
are disposed inside terminals.

[0007] External antennas are susceptible to damage by
external shock, while internal antennas increase the volume
of terminals.

[0008] In order to solve these problems, research has been
undertaken to manufacture antennas that are formed inte-
grally with mobile communications terminals.

[0009] In order that antennas are formed integrally with
terminals, a method of bonding flexible antennas to terminal
bodies using adhesives is used. Recently, a method of forming
antenna films by molding has been proposed.

[0010] However, when flexible antennas are bonded by
simply using adhesives, the reliability of these antennas is
reduced as the adhesiveness decreases. Besides, this also
causes harm to the appearance of the terminals, lessening
emotional quality for consumers.

[0011] In addition, when antenna films are used, product
stability can be ensured. However, a process of bonding an
antenna to a film is difficult to perform and manufacturing
costs are also increased.

SUMMARY OF THE INVENTION

[0012] An aspect of the present invention provides an
antenna pattern frame having an antenna radiator with a
ground portion fixed to a surface thereof, a method of manu-
facturing the same, and a mold for manufacturing the same.
[0013] An aspect of the present invention also provides an
electronic device having a case in which an antenna radiator
having a ground portion is embedded.

[0014] According to an aspect of the present invention,
there is provided an antenna pattern frame including: a radia-
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tor having an antenna pattern portion transmitting and receiv-
ing a signal; a ground portion extending from the antenna
pattern portion; a connection portion connecting the antenna
pattern portion and the ground portion to be arranged in
different planes; and a radiator frame manufactured by injec-
tion molding on the radiator so that the antenna pattern por-
tion may be provided on one side of the radiator frame and the
connection terminal portion may be provided on the other
side thereof, the radiator frame allowing the antenna pattern
portion to be embedded in the electronic device case.

[0015] The radiator may further include a connection ter-
minal portion provided in a different plane from the antenna
pattern portion, provided on the other side of the radiator
frame and transmitting the signal to a circuit board of the
electronic device.

[0016] Theconnection portion may be provided by bending
the radiator, the ground portion may be provided by bending
the connection portion, and the connection portion may be
provided through the radiator frame.

[0017] The ground portion may be supported by a ground
portion support stepped with respect to the radiator frame.
[0018] A contact pinhole may be provided in the radiator so
that a contact pin of a mold is inserted into the contact pin hole
during injection molding to thereby prevent a movement of
the radiator inside the mold.

[0019] A guide pin hole may be provided in the radiator so
that a guide pin of a mold is inserted into the guide pin hole
during injection molding to thereby prevent a movement of
the radiator inside the mold.

[0020] According to another aspect of the present inven-
tion, there is provided a method of manufacturing an antenna
pattern frame, the method including: providing a radiator
having an antenna pattern portion receiving a signal, a ground
portion arranged in a different plane from the antenna pattern
portion, and a connection portion connecting the antenna
pattern portion and the ground portion; arranging the radiator
in a mold having a space receiving the radiator; and injecting
a resin material into the space through a resin material injec-
tion portion provided in the mold so that the resin material
injected into the space forms a radiator frame allowing the
antenna pattern portion to be embedded in an electronic
device case.

[0021] A guide pin, a contact pin or a guide pin and a
contact pin, formed in the mold, may be inserted into or make
contact with a guide pin hole, a contact pin hole or a guide pin
hole and a contact pin hole formed in the radiator.

[0022] The method may further include forming a connec-
tion terminal portion on the other side of the radiator frame,
wherein the connection terminal portion is arranged in the
mold having a recess receiving the connection terminal por-
tion.

[0023] The antenna pattern portion may be arranged in
contact with one surface of the mold, and the ground portion
orthe connection terminal portion may be arranged in contact
with the other surface of the mold.

[0024] According to another aspect of the present inven-
tion, there is provided a mold of manufacturing an electronic
device case, the mold including: an upper or lower mold
receiving a radiator having an antenna pattern portion, a
ground portion, and a connection portion connecting the
antenna pattern portion and the ground portion to be arranged
in different planes; and a resin material injection portion
provided through the upper mold, the lower mold, or the
upper and lower molds, the resin material injection portion
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through which a resin material is injected into a space created
between the upper and lower molds when the upper and lower
molds are joined so that the space therebetween forms a
radiator frame allowing the antenna pattern portion to be
embedded in the electronic device case.

[0025] A guide pin, a contact pin or a guide pin and a
contact pin, inserted into or making contact with a guide pin
hole, a contact pin hole or a guide pin hole and a contact pin
hole provided in the radiator frame, may be provided in the
upper mold, the lower mold or the upper and lower molds.
[0026] The mold may further include a connection terminal
portion provided on the other side of the radiator frame,
wherein a radiator support portion forming recess may be
provided in the upper mold, the lower mold, or the upper and
lower molds to form a radiator support portion receiving the
connection terminal portion and supporting the connection
terminal portion.

[0027] According to another aspect of the present inven-
tion, there is provided an electronic device including: a radia-
tor frame manufactured by injection molding on a radiator
having an antenna pattern portion, a ground portion and a
connection portion connecting the ground portion and the
connection portion to be arranged in different planes so that
the antenna pattern portion may be provided on one side of the
radiator frame and the ground portion may be provided on the
other side thereof; a case coupled with the radiator frame so
that the antenna pattern portion is embedded in the case, and
receiving the radiator frame so that the ground portion is
connected to a ground; and a circuit board electrically con-
nected to the radiator.

[0028] The radiator may include a connection terminal por-
tion provided on the other side of the radiator frame, and the
connection terminal portion may make contact with the cir-
cuit board to transmit a signal thereto.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The above and other aspects, features and other
advantages of the present invention will be more clearly
understood from the following detailed description taken in
conjunction with the accompanying drawings, in which:
[0030] FIG. 1 is a schematic perspective view, with a cut-
out portion, a case of a mobile communications terminal,
which is an electronic device, according to an exemplary
embodiment of the present invention;

[0031] FIG. 2 is a schematic perspective view illustrating
an antenna pattern frame according to a first embodiment of
the present invention;

[0032] FIG. 3 is a rear perspective view illustrating the
antenna pattern frame of FIG. 2;

[0033] FIG. 4 is a cross-sectional view taken along the line
A-A of FIGS. 2 and 3;

[0034] FIG. 5 is a schematic sectional view illustrating an
antenna pattern frame according to a second embodiment of
the present invention;

[0035] FIG. 6 is a schematic sectional view illustrating an
antenna pattern frame according to a third embodiment of the
present invention;

[0036] FIG. 7 is a schematic sectional view illustrating an
antenna pattern frame according to a fourth embodiment of
the present invention;

[0037] FIG. 8 is a schematic perspective view illustrating a
radiator that is used to manufacture an antenna pattern frame
according to an exemplary embodiment of the present inven-
tion

’ This PDF of U.S. Published Application 20100271272 provided by P

Oct. 28, 2010

[0038] FIG. 9 is a schematic sectional view illustrating a
first embodiment of a mold for manufacturing an antenna
pattern frame in order to illustrate a method of manufacturing
an antenna pattern frame according to an exemplary embodi-
ment of the present invention;

[0039] FIG. 10 is a schematic view illustrating how a resin
material is injected into the mold of FIG. 9;

[0040] FIG. 11 is a schematic sectional view illustrating a
second embodiment of a mold for manufacturing an antenna
pattern frame in order to illustrate a method of manufacturing
an antenna pattern frame according to an exemplary embodi-
ment of the present invention;

[0041] FIG. 12 is a schematic view illustrating how a resin
material is injected into the mold of FIG. 11;

[0042] FIG. 13 is a schematic sectional view illustrating a
third embodiment of a mold for manufacturing an antenna
pattern frame in order to illustrate a method of manufacturing
an antenna pattern frame according to an exemplary embodi-
ment of the present invention;

[0043] FIG. 14 is a schematic view illustrating how a resin
material is injected into the mold of FIG. 13;

[0044] FIGS. 15A through 15D are schematic perspective
views illustrating the shape of an antenna radiator that is used
to fix a radiator having an antenna pattern to an antenna
pattern frame according to an exemplary embodiment of the
present invention;

[0045] FIG. 16 is an exploded perspective view illustrating
a case of a mobile communications terminal that is an elec-
tronic device having an antenna pattern radiator is embedded
therein according to an exemplary embodiment of the present
invention;

[0046] FIG. 17 is a schematic view illustrating a first
embodiment of a method of manufacturing an electronic
device case having an antenna pattern radiator embedded
therein according to an exemplary embodiment of the present
invention;

[0047] FIG. 18 is a schematic view illustrating a mold for
manufacturing an electronic device case that is used to per-
form a second embodiment of a method of manufacturing an
electronic device case having an antenna pattern radiator
embedded therein according to an exemplary embodiment of
the present invention;

[0048] FIG. 19 is a schematic view illustrating how a resin
material is injected into the mold of FIG. 18;

[0049] FIG. 20 is a schematic perspective view illustrating
an antenna pattern radiator having a ground portion according
to another exemplary embodiment of the present invention;
[0050] FIG. 21 is a schematic perspective view illustrating
an antenna pattern radiator having a ground portion according
to another exemplary embodiment of the present invention;
[0051] FIG. 22 is a schematic sectional view illustrating a
mold for manufacturing an antenna pattern frame that is used
to perform a method of manufacturing an antenna pattern
frame having a ground portion according to another exem-
plary embodiment of the present invention; and

[0052] FIG. 23 is a schematic exploded perspective view
illustrating a laptop computer that is an electronic device to
which an antenna pattern frame having a ground portion is
applied according to another exemplary embodiment of the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0053] Exemplary embodiments of the present invention
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panying drawings. The invention may, however, be embodied
in many different forms and should not be construed as being
limited to the embodiments set forth herein. While those
skilled in the art could readily devise many other varied
embodiments that incorporate the teachings of the present
invention through the addition, modification or deletion of
elements, such embodiments may fall within the scope of the
present invention.

[0054] In the drawings, the shapes and dimensions may be
exaggerated for clarity, and the same reference numerals will
be used throughout to designate the same or like components.
[0055] FIG. 1 is a schematic perspective view illustrating,
with a cut-out portion, a case of a mobile communications
terminal that is an electronic device according to an exem-
plary embodiment of the invention. FIG. 2 is a schematic
perspective view illustrating an antenna pattern frame accord-
ing to a first embodiment of the invention. FIG. 3 is a rear
perspective view illustrating the antenna pattern frame of
FIG. 2. FIG. 4 is a cross-sectional view taken along the line
A-A of FIGS. 2 and 3.

[0056] Referring to FIGS. 1 through 4, a radiator 220 hav-
ing an antenna pattern formed thereon according to this
embodiment is embedded in a case 120 of a mobile commu-
nications terminal 100. In order that the radiator 220 having
the antenna pattern thereon is embedded in the case 120, an
antenna pattern frame 200 needs to be provided so that the
radiator 220 having the antenna pattern thereon is formed on
a radiator frame 210.

[0057] The antenna pattern frame 200, provided to form the
antenna pattern inside the electronic device case according to
this embodiment, may include the radiator 220 having an
antenna pattern portion 222 and connection terminal portions
224, and the radiator frame 210.

[0058] The radiator 220 may be formed of a conductive
material, such as aluminum or copper. Further, the radiator
220 may receive external signals and transmit the received
external signals to a signal processor of the electronic device
such as the mobile communications terminal 100. Further, the
radiator 220 includes the antenna pattern portion 222 which s
a meander line antenna pattern.

[0059] The connection terminal portions 224 transmit the
received external signals to the electronic device. The con-
nection terminal portions 224 may be formed by bending,
forming or drawing a portion of the radiator 220. Alterna-
tively, the connection terminal portions 224 may be manufac-
tured separately from the radiator 220 and be then connected
to the radiator 220 (see FIG. 7).

[0060] The radiator frame 210 may have a three-dimen-
sional structure consisting of a straight portion 260 having a
flat profile and a curved portion 240 with a curvature. The
radiator 220 may have flexibility such that the radiator 220
can be disposed along the curved portion 240 of the radiator
frame 210.

[0061] The radiator frame 210 is produced by injection
molding. While the antenna pattern portion 222 may be
formed on one side 210a of the radiator frame 210, the con-
nection terminal portions 224 may be formed on the other side
2105 opposite to the one side 210a.

[0062] The radiator 220, which is embedded in the elec-
tronic device case 120, has the antenna pattern portion 222
receiving external signals and the connection terminal por-
tions 224 transmitting the received external signals to the
electronic device that may be arranged in the different planes.
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[0063] The one side 210a of the radiator frame 210, on
which the antenna pattern portion 222 is formed, is bonded to
the inside of the electronic device case 120, so that the
antenna pattern can be embedded in the electronic device case
120.

[0064] Alternatively, the antenna pattern may be embedded
in the electronic device case 120 by placing the antenna
pattern frame 200 in a mold and performing insert molding.
[0065] Therefore, the antenna pattern frame 200 serves as a
first injection molded part so that the radiator 220 having the
antenna pattern portion 222 thereon is placed within the elec-
tronic device case 120.

[0066] The radiator 220 and the radiator frame 210 may
have the same boundary, which increases the fluidity of mate-
rials, such as resin, during a second injection molding process
in which the antenna pattern frame 200 is placed within the
mold after the first injection molding process.

[0067] Guide pin holes 225 may be formed in the radiator
220. Guide pins 328 (see FIG. 9) of a mold 300 are inserted
into the guide pin holes 225 during molding to thereby pre-
vent the movement of the radiator 220 on the radiator frame
210.

[0068] Contact pinholes 223 may be formed in the radiator
220 so that contact pins 326 (see FIG. 9) of the mold 300 are
inserted into the contact pin holes 223 during injection mold-
ing, thereby preventing the movement of the radiator 220 on
the radiator frame 210.

[0069] The contact pins 326 and the guide pins 328 may be
formed on the radiator 220. After injection molding is com-
pleted, portions of the radiator frame 210 located under the
contact pins 326 are filled, while holes are formed in portions
of' the radiator frame 210 located under the guide pins 328.
[0070] The contact pins 326 to be inserted into the contact
pin holes 223, formed in the radiator 220, prevent the hori-
zontal movement of the radiator 220 in the mold 300 during
the first injection molding process. Furthermore, the guide
pins 328 to be inserted into the guide pin holes 225, formed in
the radiator 220, prevent the vertical movement of the radiator
220 in the mold 300 during the first injection molding pro-
cess.

[0071] Various embodiments of the antenna pattern frame
200 configured as described above will now be described in
detail.

Antenna Pattern Frame According to First
Embodiment

[0072] FIGS. 2 through 4 are views illustrating an antenna
pattern frame according to a first embodiment of the inven-
tion.

[0073] The radiator 220 of the antenna pattern frame 200
according to the first embodiment may be bent to form the
connection terminal portions 224, the antenna pattern portion
222, and connection portions 226 connected therebetween.
[0074] The connection portions 226 may connect the
antenna pattern portion 222 and the connection terminal por-
tions 224 to be arranged in the different planes. The connec-
tion terminal portions 224 that are not embedded in the elec-
tronic device case may be exposed on the other side 21056 of
the antenna pattern frame 200.

[0075] That is, the radiator 220 is bent on the basis of the
connection portions 226 to form the antenna pattern portion
222 and the connection terminal portions 224, so that the
radiator 220 can be realized to have a three-dimensional
curved surface.
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[0076] Inorderto support the radiator 220 having the three-
dimensional curved surface, radiator support portions 250
may protrude from the other side 2104 of the radiator frame
210.

[0077] Theradiator support portions 250 can firmly support
the connection portions 226 and the connection terminal por-
tions 224 that are exposed on the other side 2105.

Antenna Pattern Frame According to Second
Embodiment

[0078] FIG. 5 is a schematic sectional view illustrating an
antenna pattern frame according to a second embodiment of
the invention.

[0079] Referring to FIG. 5, similarly to the first embodi-
ment, described with reference to FIGS. 2 through 4, the
radiator 220 of the antenna pattern frame 200 according to the
second embodiment may be bent to form the connection
terminal portions 224 and the antenna pattern portion 222,
and the connection portions 226 connected therebetween.
[0080] However, the connection portions 226 according to
the second embodiment may be formed through the radiator
support portions 250 that protrude from the other side of the
radiator frame 210.

Antenna Pattern Frame According to Third
Embodiment

[0081] FIG. 6isaview illustrating an antenna pattern frame
according to a third embodiment of the invention.

[0082] Referring to FIG. 6, similarly to the above-de-
scribed first and second embodiments, the radiator 220 of the
antenna pattern frame 200 may be bent to form the connection
terminal portions 224 and the antenna pattern portion 222,
and the connection portions 226 connected therebetween.
[0083] The radiator frame 210 according to the third
embodiment does not have the radiator support portions 250
that protrude from the other side 210a of the antenna pattern
frame 200. The bottom of the radiator support portions 250 is
at the same level as that of the radiator frame 210. Further, the
connection portions 226 according to the third embodiment
may be formed through the radiator frame 210 or the radiator
support portions 250.

Antenna Pattern Frame According to Fourth
Embodiment

[0084] FIG.7isaview illustrating an antenna pattern frame
according to a fourth embodiment of the invention.

[0085] Referring to FIG. 7, the antenna pattern frame 200
according to the fourth embodiment may include a connec-
tion terminal 270 that is separated from the antenna pattern
portion 222.

[0086] The connection terminal 270 may be an elastic body
that connects the antenna pattern portion 222 and a circuit
board 140 to each other.

[0087] In particular, the connection terminal 270 may be a
C-clip or a pogo-pin that allows for an electrical connection
between the antenna pattern portion 222 and the circuit board
140. A hole may be formed in the radiator frame 210 so that
the connection terminal 270 can be inserted into the hole.
[0088] Hereinafter, a method and mold for manufacturing
the antenna pattern frame 200 according to the above-de-
scribed various embodiments will now be described in detail.
[0089] FIG. 8 is a schematic perspective view illustrating a
radiator that is used to manufacture an antenna pattern frame

Oct. 28, 2010

according to an exemplary embodiment of the invention. FIG.
9 is a schematic sectional view illustrating a first embodiment
of'a mold for manufacturing an antenna pattern frame in order
to illustrate a method of manufacturing an antenna pattern
frame according to an exemplary embodiment of the inven-
tion. FIG. 10 is a schematic view illustrating how a resin
material is injected into the mold of in FIG. 9.

[0090] Hereinafter, a method of manufacturing the antenna
pattern frame 200 according to an exemplary embodiment of
the invention will be described with reference to FIGS. 8
through 10.

[0091] First, as shown in FIG. 8, the radiator 220 has the
antenna pattern portion 222 and the connection terminal por-
tions 224 that are arranged in the different planes. The
antenna pattern portion 222 receives external signals. The
connection terminal portions 224 are in contact with the cir-
cuit board of the electronic device to thereby transmit the
received external signals to the electronic device.

[0092] Both the guide pin holes 225 and the contact pin
holes 223 may be formed in the radiator 220.

[0093] The radiator 220 may have a three-dimensional
structure. Specifically, the radiator 220 is bent to form the
antenna pattern portion 222 and the connection terminal por-
tions 224, and the connection terminal portions 226 con-
nected therebetween.

[0094] Afterthe radiator 220 is provided, the radiator 220 is
placed in an inner space 350 of the mold 300.

[0095] The inner space 350 is created when an upper mold
320 and a lower mold 340 are joined. A recess, formed in the
upper mold 320 or the lower mold 340, becomes the inner
space 350 when the upper mold 320 and the lower mold 340
are joined.

[0096] When the upper mold 320 and the lower mold 340
are joined, the guide pins 328, the contact pins 326, or the
guide pins 328 and the contact pins 326, formed in the upper
mold 320 or the lower mold 340, are inserted into or make
contact with the guide pin holes 225, the contact pin holes
223, or the guide pin holes 225 and the contact pin holes 223,
formed in the antenna pattern portion 222, so that the radiator
220 can be fixed in the inner space 350.

[0097] A resin material is injected into the inner space 350
to form the radiator frame 210, so that the antenna pattern
portion 222 is embedded in the electronic device case 120.
[0098] Here, theinner space 350 of the upper or lower mold
320 or 340 is curved so that the radiator frame 210 has a
curved portion 240.

[0099] The resin material is injected so that the bottom of
the radiator 220 is at the same level as that of the radiator
frame 210. Therefore, when the radiator frame 210 is put in
the mold for injection molding in order to manufacture the
electronic device case 120 in which the antenna pattern is
embedded, the flowability of the resin can be improved.

Mold for Manufacturing Antenna Pattern Frame
According to First Embodiment

[0100] Referring to FIGS. 9 and 10, the mold 300 for manu-
facturing the antenna pattern frame 200 will be described in
detail.

[0101] The mold 300 for manufacturing the electronic
device case 120 having the antenna pattern portion 222
embedded therein according to an exemplary embodiment of
the invention may include the upper and lower molds 320 and
340 and the resin material injection portion 370.
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[0102] The radiator 220 may be received between the upper
and lower molds 320 and 340 while the antenna pattern por-
tion 222 receiving an external signal and the connection ter-
minal portions 224 in contact with the circuit board 140 of the
electronic device are arranged in the different planes.

[0103] The resin material injection portion 370 is a passage
through which a resin material flows. The resin material injec-
tion portion may be formed in the upper mold 320, the lower
mold 340 or the upper and lower molds 320 and 340. When
the upper and lower molds 320 and 340 are joined, the resin
material is injected into the inner space 350 between the upper
and lower molds 320 and 340 so that the resin material filling
the inner space 350 forms the radiator frame 210 that allows
the antenna pattern portion 222 to be placed within the elec-
tronic device case 120.

[0104] The guide pins 328, the contact pins 326 or the guide
pins 328 and the contact pins 326, formed on the radiator 220,
may be inserted into or make contact with the guide pin holes
225, the contact pin holes 223 or the guide pin holes 225 and
the contact pin holes 223, formed in any one of the upper mold
320, the lower mold 340 or the upper and lower molds 320 and
340.

[0105] The inner space 350 between the upper and lower
molds 320 and 340 may have a space allowing the radiator
frame 210 to have the curved portion 240.

[0106] Furthermore, the inner space 350 of the upper and
lower molds 320 and 340 may receive the connection terminal
portions 224 and have radiator support portion forming
recesses 346 to thereby form the radiator support portions 250
that support the connection terminal portions 224.

[0107] Further, compression pins 324 may be provided on
the upper mold 320, the lower mold 340 or the upper and
lower molds 320 and 340. The compression pins 324 com-
press the connection terminal portions 224 arranged in the
radiator support portion forming recesses 346 so that the
connection terminal portions 224 make contact with the
radiator support portion forming recesses 346.

[0108] The compression pins 324 may prevent the resin
material from flowing under the connection terminal portions
224. If the connection terminal portions 224 are partially
covered with the injection molding material, this may cause
an unstable electrical connection. The compression pins 324
can prevent this unstable electrical connection.

Mold for Manufacturing Antenna Pattern Frame
According to Second Embodiment

[0109] FIG. 11 is a schematic sectional view illustrating a
second embodiment of a mold for manufacturing an antenna
pattern frame to illustrate a method of manufacturing an
antenna pattern frame according to an exemplary embodi-
ment of the invention. FIG. 12 is a schematic view illustrating
how a resin material is injected into the mold of FIG. 11.
[0110] With reference to FIGS. 11 and 12, the antenna
pattern frame mold 300 according to the second embodiment
is substantially the same as the mold for manufacturing an
antenna pattern frame according to the first embodiment
except as described herein below.

[0111] According to the second embodiment, at least one of
the guide pins or contact pins that prevent the movement of
the radiator may be inserted into the mold 300 due to the flow
of the resin material into the mold.

[0112] These guide pins or contact pins may be defined as
flow pins 345. The flow pins 345, arranged in the inner space
350 of the mold 300, support the radiator 220 before a resin
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material is injected and may move from the inner space 350
toward the mold 300 as the injection molding material is
injected.

[0113] Theuseofthe flow pins 345 can minimize pin marks
unlike other pins fixed to the mold 300.

Mold for Manufacturing Antenna Pattern Frame
According to Third Embodiment

[0114] FIG. 13 is a schematic sectional view illustrating a
third embodiment of a mold for manufacturing an antenna
pattern frame to illustrate a method of manufacturing an
antenna pattern frame according to an exemplary embodi-
ment of the invention. FIG. 14 is a schematic view illustrating
how a resin material is injected into the mold of FIG. 13.
[0115] Referring to FIGS. 13 and 14, like the second
embodiment, the antenna pattern frame mold 300 according
to the third embodiment is substantially the same as the
antenna pattern frame mold according to the first embodiment
except as described herein below.

[0116] According to the third embodiment, magnets 380
may be formed in the radiator support portion forming
recesses 346 in which the connection terminal portions 224
are mounted.

[0117] Similarly to the compression pins 324, the magnets
380 can prevent the resin material from flowing under the
connection terminal portions 224 and prevent an unstable
electrical connection caused when the connection terminal
portions 244 are partially covered with the injection molding
material.

[Antenna Pattern Frame for Preventing L.oosening of Radia-
tor and Method of Manufacturing the Same]

[0118] Hereinafter, an antenna pattern frame including a
radiator frame having an antenna pattern firmly fixed thereto,
and a method of manufacturing an antenna pattern portion
frame preventing loosening by firmly fixing the antenna pat-
tern portion to the radiator frame will be described.

[0119] FIGS. 15A through 15D are schematic perspective
views illustrating the shape of an antenna radiator that is used
to perform a method of fixing a radiator having an antenna
pattern portion formed thereon according to an exemplary
embodiment to an antenna pattern frame.

[0120] With reference to FIGS. 15A through 15D, various
embodiments of a radiator are described in which the radiator
220 having contact surface extensions 227 is fixed to the
antenna pattern frame 200.

[0121] As for the antenna pattern frame 200 to which the
radiator 220, shown in FIGS. 15A through 15D is applied, the
radiator 220 having the contact surface extensions 227
formed thereon may be replaced with the radiator 220 of the
antenna pattern frame 200, shown in FIGS. 2 through 7.
[0122] That is, the antenna pattern frame 200, shown in
FIGS. 15A through 15D, may include the radiator 220, the
radiator frame 210 and the contact surface extensions 227.
[0123] As for the radiator 220 and the radiator frame 210 of
FIGS. 15A through 15D, the description of the radiator 220
and the radiator frame 210 with reference to FIGS. 2 through
4 may be repeated.

[0124] However, the radiator 220 having the contact sur-
face extensions 227 prevents the loosening of the radiator 220
from the radiator frame 210 when injection molding is per-
formed to manufacture the radiator frame 210.
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[0125] When a resin material is fed into the mold in which
the radiator 220 is placed for injection molding, the contact
surface extensions 227 can increase the contact area with the
resin material, so that the radiator 220 can be firmly fixed to
the radiator frame 210.

[0126] As shown in FIG. 15A, the contact surface exten-
sions 227 may be blades 2274 that extend from the edges of
the radiator 220, are bent, and are inserted into the radiator
frame 210.

[0127] Furthermore, as shown in FIG. 15B, the contact
surface extensions 227 may be holes 2275 that are formed in
the radiator 220. An injection molding material flows through
the holes 2275 to thereby increase the contact surface and fix
the radiator 220 in an accurate position.

[0128] As shown in FIG. 15C, the contact surface exten-
sions 227 may be embossed into the radiator 220 to thereby
increase the contact area between the radiator 220 and the
injection molding material and determine the accurate posi-
tion.

[0129] AsshowninFIG. 15D, the contact surface extension
227 may be formed by bending the edges of the end of the
antenna pattern portion 222 of the radiator 220 downward,
and the bent contact extension 227 may be inserted into the
radiator frame 210.

[0130] The antenna pattern frame 200 according to an
exemplary embodiment of the invention that prevents the
loosening of the radiator 220 can be applied to the antenna
pattern frame as described with reference to FIGS. 2 through
7.

[0131] As for the method of manufacturing an antenna
pattern frame that can prevent loosening by firmly fixing the
antenna pattern portion to the radiator frame 210, the descrip-
tion of the injection molding methods with reference to FIGS.
8 through 14 may be repeated except that the radiator 220
having the contact surface extensions 227 formed to increase
the contact area with the molding injection material is put into
the mold 30 during injection molding.

[Electronic Device Case Having Antenna Pattern Radiator
Embedded Therein, Method and Mold for Manufacturing the
Same, and Mobile Communications Terminal]

[0132] FIG. 16 is an exploded perspective view illustrating
a case of a mobile communications terminal that is an elec-
tronic device having an antenna pattern radiator embedded
therein according to an exemplary embodiment of the inven-
tion.

[0133] Referring to FIG. 16, the electronic device case 120
having the antenna pattern radiator 220 embedded therein
according to this embodiment includes the radiator 220, the
radiator frame 210 and a case frame 130.

[0134] The descriptions of the embodiments, shown in
FIGS. 2 through 7, will substitute for a description of the
radiator 220 and the radiator frame 210.

[0135] The case frame 130 covers one side of the radiator
frame 210 having the antenna pattern portion 222 formed
thereon, so that the antenna pattern portion 222 is embedded
between the radiator frame 210 and the case frame 130.
[0136] The radiator frame 210 and the case frame 130 are
formed integrally with each other. As viewed from bottom of
the electronic device case 120, the antenna pattern portion
222 may not been seen but the connection terminal portions
224 may be seen.

[0137] The radiator frame 210, the case frame 130, or the
radiator frame 210 and the case frame 130 may be manufac-

Oct. 28, 2010

tured using injection molding. Particularly, the radiator frame
210 and the case frame 130 are manufactured as different
injection molded parts, the radiator frame 210 having the
radiator 220 formed thereon is bonded to the case frame 130.
[0138] The case frame 130 may be formed by using injec-
tion molding on the radiator frame 210, thereby performing
double injection molding. That is, the radiator frame 210 is
put into the mold, and insert injection molding is performed,
so that the radiator frame 210 and the case frame 130 can be
formed integrally with each other.

[0139] When put into a mold 500 for manufacturing the
electronic device case, guide pins or contact pins (not shown),
formed on the mold 500, may be inserted into the guide pin
holes 225 or the contact pin holes 223, formed in the radiator
frame 210, thereby preventing the movement of the antenna
pattern frame 200 inside the mold 500.

[0140] Hereinafter, a method of manufacturing an elec-
tronic device case will be described in detail with reference to
FIGS. 16 through 19.

[0141] According to the method of manufacturing an elec-
tronic device case according to an exemplary embodiment of
the invention, the radiator 220 is provided in which the
antenna pattern portion 222 receiving an external signal and
the connection terminal portions 224 making contact with the
connection terminals 144 of the circuit board 140 of the
electronic device are arranged in the different planes.

[0142] The radiator 220 is placed in the inner space 350 of
the upper mold 300 or the lower mold 350 to manufacture the
radiator frame 210, and a resin material is fed into the upper
and lower molds, thereby manufacturing the radiator frame
210 having the radiator 220 formed on one side of the radiator
frame 210.

[0143] Furthermore, in order that the radiator 220 is embed-
ded between the radiator frame 210 and the case frame 130,
the radiator frame 210 and the case frame 130 are formed
integrally with each other to manufacture the electronic
device case 120 in which the antenna is embedded.

[0144] FIG. 17 is a schematic view illustrating a first
embodiment of a method of manufacturing an electronic
device case having an antenna pattern radiator embedded
therein according an exemplary embodiment of the invention.

[0145] Referring to FIG. 17, the case frame 130 is a sepa-
rate injection molded part that includes a radiator receiving
recess 122 having a shape corresponding to that of the radia-
tor frame 210. By bonding the radiator frame 210 to the
radiator receiving recess 122, the electronic device case 120
having the antenna pattern radiator embedded therein can be
manufactured.

[0146] An adhesive layer 410 is formed on the surface of
the radiator 220 of the antenna pattern frame 200.

[0147] FIG. 18 is a schematic view illustrating a mold for
manufacturing an electronic device case that is used to per-
form a second embodiment of a method of manufacturing an
electronic device case having an antenna pattern radiator
embedded therein according to an exemplary embodiment of
the invention. FIG. 19 is a schematic view illustrating how a
resin material is injected into the mold of FIG. 18.

[0148] Referring to FIGS. 18 and 19, the electronic device
case 120 having the antenna pattern radiator 220 embedded
therein is manufactured in such a way that the radiator frame
210 is arranged in the mold 500 for manufacturing an elec-
tronic device case that has the inner space 550 having a shape
corresponding to the case frame, and the resin material is fed
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into the mold 550, thereby forming radiator frame 210 inte-
grally with the electronic device case 120.

[0149] That is, the radiator frame 210 and the case frame
130 may be formed integrally with each other.

[0150] Here, injection molding for manufacturing the
antenna pattern frame 200 is referred to as a first injection
molding process, and injection molding for manufacturing
the electronic device case 120 is referred to as a second
injection molding process. Like the first injection molding
process, the movement of the antenna pattern frame 200
inside the mold 500 can be prevented during the second
injection molding process.

[0151] Furthermore, the inner space 550 of the mold 500
may include a curve generation portion 524 that allows the
electronic device case 120 to be curved.

[0152] The mold of'the electronic device case for manufac-
turing the electronic device case 120 having the antenna pat-
tern embedded therein during the second injection molding
process may include the upper or lower mold 520 or 540 and
a resin material injection portion 570. The upper or lower
mold 520 and 540 receives the radiator frame 210 including
the radiator 220 having the antenna pattern portion 222
receiving an external signal and the connection terminal por-
tions 224 making contact with the circuit board of the elec-
tronic device while the antenna pattern portion 222 and the
connection terminal portions 224 are formed in the different
planes. The resin material injection portion 570 is formed in
the upper mold 520, the lower mold 540, or the upper and
lower molds 520 and 540. A resin material flows through the
resin material injection portion 570 into the inner space 550
created when the upper and lower molds 520 and 540 are
joined, so that the resin material filling the inner space 550
forms the electronic device case 120.

[0153] Like the radiator 220, guide pin holes or contact pin
holes are formed in the radiator frame 210. The guide pins or
the contact pins, formed in the mold 500, may be inserted into
these guide pin holes or contact pin holes, so that the move-
ment of the radiator frame 210 inside the mold 500 can be
prevented.

[0154] The electronic device case having the antenna pat-
tern embedded therein can be applied to the mobile commu-
nications terminal 100.

[0155] That is, the mobile communications terminal 100,
that is, an electronic device having an antenna pattern embed-
ded therein according to an exemplary embodiment of the
invention may include the radiator frame 210, the case frame
130 and the circuit board 140.

[0156] As for the radiator frame 210 and the case frame
130, all of the above-described embodiments and the manu-
facturing methods thereof can be applied.

[0157] Thus, the above description will substitute for a
detailed description of the mobile communications terminal
100.

[Electronic Device to which Antenna Pattern Frame Having a
Ground Portion is Applied]

[0158] FIG. 20 is a schematic perspective view illustrating
an antenna pattern frame having a ground portion according
to another exemplary embodiment of the invention. FIG. 21 is
a schematic view illustrating an antenna pattern radiator hav-
ing a ground portion according to another exemplary embodi-
ment of the invention.

[0159] An antenna pattern frame 600 having a ground por-
tion according to another exempl embodiment of the
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invention may be widely used for a laptop computer requiring
noise reduction among electronic devices having antenna
patterns embedded in a case.

[0160] The antenna pattern frame 600 having a ground
portion according to another exemplary embodiment of the
invention may include a radiator 620, a ground portion 626
and a radiator frame 610.

[0161] The antenna pattern frame 600 according to this
embodiment is different from the antenna pattern frame 200,
shown in FIGS. 2 through 7, in that the ground portion 626
extends from the radiator 620. The radiator frame 610 may be
modified in order to form the ground portion 626.

[0162] The ground portion 626 may be supported by a
ground portion support 612 that is stepped with respect to the
radiator frame 610.

[0163] The antenna pattern portion 622 may be formed on
one side 6104 of the radiator frame 610 or connection termi-
nal portions 624 may be formed on the other side 6105 oppo-
site to the one side 610a.

[0164] The radiator frame 610 may be configured so that
the antenna pattern portion 622 is embedded in the electronic
device case.

[0165] Like the antenna pattern frame 200, shown in FIGS.
2 through 7, the radiator 620 of the antenna pattern frame 600
may include the connection terminal portions 624 that are
formed on the other side 6105 of the radiator frame 610 so as
to transmit the external signal to the circuit board.

[0166] Furthermore, the radiator 620 is bent to form con-
nection portions 628, which are then bent to form the ground
portion 626. The ground portions 626 may be formed through
the radiator frame 610. As the connection portions 628 are
formed through the radiator frame 610, the radiator 620 can
be firmly fixed to the radiator frame 610.

[0167] Further, contact pinholes 623 that prevent the move-
ment of the radiator 620 inside a mold 700 may be formed in
the radiator 620.

[0168] Contact pins 728 of the mold 700 may be inserted
into the contact pin holes 623 during injection molding to
thereby prevent the movement of the radiator 620 inside the
mold 700.

[0169] Guide pin holes 625 may be formed in the radiator
620. Guide pins 726 of the mold 700 may be inserted into the
guide pin holes 625 during injection molding to thereby pre-
vent the movement of the radiator 620 inside the mold 700.

[0170] FIG. 22 is a schematic sectional view illustrating a
mold for manufacturing an antenna pattern frame that is used
to perform a method of manufacturing an antenna pattern
frame having a ground portion according to another exem-
plary embodiment.

[0171] According to the method of manufacturing an
antenna pattern frame having a ground portion according to
another exemplary embodiment of the invention, first, the
radiator 620 may be provided in which the antenna pattern
portion 622 receiving the external signal and the ground por-
tion 626 may be arranged in the different planes.

[0172] The radiator 620 may be placed in the mold 700 that
has an inner space 750 receiving the radiator 620.

[0173] Afterthe radiator 620 is arranged in the mold 700, a
resin material is injected into the inner space 750 through the
resin material injection portion 770, formed in the mold 700,
so that the resin material filling the inner space 750 forms the
radiator frame 610 that allows the radiator 620 to be embed-
ded in the electronic device case.
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[0174] When the radiator 620 is arranged in the mold 700,
the guide pins 726, the contact pins 728 or the guide pins 726
and the contact pins 728 formed on the mold 700 may be
inserted into or make contact with the guide pin holes 625, the
contact pin holes 623, or the guide pin holes 625 and the
contact pin holes 623 formed in the radiator 620.

[0175] Recesses may be formed in the inner space 750 so as
to receive the connection terminal portions 624 therein. Injec-
tion molding may be performed by arranging the connection
terminal portions 624 in the recesses.

[0176] Themold 700 for manufacturing the antenna pattern
frame having the ground portion according to another exem-
plary embodiment of the invention may include an upper
mold 720 or a lower mold 740 and the resin material injection
portion 770. The upper or lower molds 720 or 740 receives the
radiator 620 having the antenna pattern portion 622 receiving
an external signal and the ground portion 626 while the
antenna pattern portion 622 and the ground portion 626 are
arranged in the different planes. The resin material injection
portion 770 is formed in the upper mold 720, the lower mold
740, or the upper and lower molds 720 and 740. A resin
material is injected into the inner space 750 through the resin
material injection portion 770 so that the resin material filling
the inner space 750 forms the antenna pattern frame 600 that
allows the radiator 620 to be embedded in the electronic
device case.

[0177] Furthermore, the guide pins 726, the contact pins
728 or the guide pins 726 and the contact pins 728 may be
formed in the upper or lower mold 720 or 740 and be inserted
into the guide pine holes 625, the contact pin holes 623, or the
guide pin holes 625 and the contact pin holes 623 formed in
the radiator frame 610.

[0178] The connection terminal portions 624 may be
received in the upper mold 720, the lower mold 740, or the
upper and lower molds 720 and 740.

[0179] FIG. 23 is a schematic exploded perspective view
illustrating a laptop computer that is an electronic device to
which an antenna pattern frame having a ground portion
according to another exemplary embodiment to the invention
is applied.

[0180] As for the radiator frame 610 having the antenna
pattern portion 622, the connection terminal portions 624,
and the ground portion 626, the antenna pattern portion 622
may be embedded in a case of a laptop computer, which is an
electronic device 800.

[0181] That is, the electronic device 800 according to this
embodiment may include the radiator frame 610, a case 820
and a circuit board 600.

[0182] As for the radiator frame 610, all of the above-
described embodiments and manufacturing methods thereof
may be applied.

[0183] Therefore, the above description will substitute for a
detailed description of the electronic device 800.

[0184] As set forth above, according to an antenna pattern
frame and a method and mold for manufacturing the same
according to an exemplary embodiment of the invention, a
radiator having an antenna pattern portion can be embedded
in an electronic device case, thereby reducing the vulnerabil-
ity of an external antenna according to the related art to
external shocks and preventing an increase in the volume of
an internal antenna.

[0185] Furthermore, since an antenna of flexible materials
can be embedded in the electronic device case, the durability
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and performance of the antenna can be improved in compari-
son with the use of the adhesive.

[0186] Furthermore, since the antenna can be embedded in
the electronic device case without using a protective film, the
case can be formed into a three-dimensional shape, such as a
curved surface, thereby diversifying the appearance thereof.
[0187] Moreover, since an antenna film is not used, a manu-
facturing process can be performed with ease, and manufac-
turing costs can be reduced.

[0188] In addition, since the radiator and the connection
terminal portions can be firmly supported against the antenna
pattern frame, the loosening of the antenna pattern portion
from a frame can be prevented, and the antenna pattern por-
tion can be firmly connected to the circuit board of the elec-
tronic device.

[0189] Furthermore, since this antenna pattern frame can
be applied to any kind of electronic devices requiring anten-
nas, various applications of the antenna pattern frame can be
made.

[0190] While the present invention has been shown and
described in connection with the exemplary embodiments, it
will be apparent to those skilled in the art that modifications
and variations can be made without departing from the spirit
and scope of the invention as defined by the appended claims.

What is claimed is:

1. An antenna pattern frame comprising:

a radiator having an antenna pattern portion transmitting
and receiving a signal;

a ground portion extending from the antenna pattern por-
tion;

a connection portion connecting the antenna pattern por-
tion and the ground portion to be arranged in different
planes; and

a radiator frame manufactured by injection molding on the
radiator so that the antenna pattern portion is provided
on one side of the radiator frame and the connection
terminal portion is provided on the other side thereof, the
radiator frame allowing the antenna pattern portion to be
embedded in the electronic device case.

2. The antenna pattern frame of claim 1, wherein the radia-
tor further comprises a connection terminal portion provided
in a different plane from the antenna pattern portion, provided
on the other side of the radiator frame and transmitting the
signal to a circuit board of the electronic device.

3. The antenna pattern frame of claim 1, wherein the con-
nection portion is provided by bending the radiator, the
ground portion is provided by bending the connection por-
tion, and the connection portion is provided through the radia-
tor frame.

4. The antenna pattern frame of claim 1, wherein the
ground portion is supported by a ground portion support
stepped with respect to the radiator frame.

5. The antenna pattern frame of claim 1, wherein a contact
pin hole is provided in the radiator so that a contact pin of a
mold is inserted into the contact pin hole during injection
molding to thereby prevent a movement of the radiator inside
the mold.

6. The antenna pattern frame of claim 1, wherein a guide
pin hole is provided in the radiator so that a guide pin of a
mold is inserted into the guide pin hole during injection
molding to thereby prevent a movement of the radiator inside
the mold.

7. A method of manufacturing an antenna pattern frame,
the method comprising:

2 : e 1 g2
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providing a radiator having an antenna pattern portion
receiving a signal, a ground portion arranged in a differ-
ent plane from the antenna pattern portion, and a con-
nection portion connecting the antenna pattern portion
and the ground portion;

arranging the radiator in a mold having a space receiving

the radiator; and

injecting a resin material into the space through a resin

material injection portion provided in the mold so that
the resin material injected into the space forms a radiator
frame allowing the antenna pattern portion to be embed-
ded in an electronic device case.

8. The method of claim 7, wherein a guide pin, a contact pin
or a guide pin and a contact pin, formed in the mold, are
inserted into or make contact with a guide pin hole, a contact
pin hole or a guide pin hole and a contact pin hole formed in
the radiator.

9. The method of claim 7, further comprising forming a
connection terminal portion on the other side of the radiator
frame,

wherein the connection terminal portion is arranged in the

mold having a recess receiving the connection terminal
portion.

10. The method of claim 9, wherein the antenna pattern
portion is arranged in contact with one surface of the mold,
and the ground portion or the connection terminal portion is
arranged in contact with the other surface of the mold.

11. A mold of manufacturing an electronic device case, the
mold comprising:

an upper or lower mold receiving a radiator having an

antenna pattern portion, a ground portion, and a connec-
tion portion connecting the antenna pattern portion and
the ground portion to be arranged in different planes; and

a resin material injection portion provided through the

upper mold, the lower mold, or the upper and lower
molds, the resin material injection portion through
which a resin material is injected into a space created
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between the upper and lower molds when the upper and
lower molds are joined so that the space therebetween
forms a radiator frame allowing the antenna pattern por-
tion to be embedded in the electronic device case.

12. The mold of claim 11, wherein a guide pin, a contact pin
or a guide pin and a contact pin, inserted into or making
contact with a guide pin hole, a contact pin hole or a guide
pinhole and a contact pin hole provided in the radiator frame,
are provided in the upper mold, the lower mold or the upper
and lower molds.

13. The mold of claim 11, further comprising a connection
terminal portion provided on the other side of the radiator
frame,

wherein a radiator support portion forming recess is pro-
vided in the upper mold, the lower mold, or the upper
and lower molds to form a radiator support portion
receiving the connection terminal portion and support-
ing the connection terminal portion.

14. An electronic device comprising:

a radiator frame manufactured by injection molding on a
radiator having an antenna pattern portion, a ground
portion and a connection portion connecting the ground
portion and the connection portion to be arranged in
different planes so that the antenna pattern portion is
provided on one side of the radiator frame and the
ground portion is provided on the other side thereof;

a case coupled with the radiator frame so that the antenna
pattern portion is embedded in the case, and receiving
the radiator frame so that the ground portion is con-
nected to a ground; and

a circuit board electrically connected to the radiator.

15. The electronic device of claim 14, wherein the radiator
comprises a connection terminal portion provided on the
other side of the radiator frame, and

the connection terminal portion makes contact with the
circuit board to transmit a signal thereto.
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ANTENNA PATTERN FRAME AND METHOD
AND MOLD FOR MANUFACTURING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the priority of Korean Patent
Application No. 10-2009-0035633 filed on Apr. 23, 2009, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an antenna pattern
frame having an antenna radiator formed on a surface thereof
and a method and mold for manufacturing the same, and more
particularly, to an antenna pattern frame having, on a surface
thereof, an antenna radiator embedded in an electronic device
case, and a method and mold for manufacturing the same.
[0004] 2. Description of the Related Art

[0005] Mobile communications terminals such as cellular
phones, personal digital assistants (PDAs) and laptop com-
puters, which support wireless communications, are indis-
pensable devices in modern society. Functions including
CDMA, wireless LANs, GSM and DMB have been added to
these mobile communications terminals. One of the most
important components that enable these functions is associ-
ated with antennas.

[0006] Antennas being used in these mobile communica-
tions terminals have advanced from external antennas, such
as rod antennas or helical antennas, to internal antennas that
are disposed inside terminals.

[0007] External antennas are susceptible to damage by
external shock, while internal antennas increase the volume
of terminals.

[0008] In order to solve these problems, research has been
undertaken to manufacture antennas that are formed inte-
grally with mobile communications terminals.

[0009] In order that antennas are formed integrally with
terminals, a method of bonding flexible antennas to terminal
bodies using adhesives is used. Recently, a method of forming
antenna films by molding has been proposed.

[0010] However, when flexible antennas are bonded by
simply using adhesives, the reliability of these antennas is
reduced as the adhesiveness decreases. Besides, this also
causes harm to the appearance of the terminals, lessening
emotional quality for consumers.

[0011] In addition, when antenna films are used, product
stability can be ensured. However, a process of bonding an
antenna to a film is difficult to perform and manufacturing
costs are also increased.

SUMMARY OF THE INVENTION

[0012] An aspect of the present invention provides an
antenna pattern frame having an antenna radiator formed on a
surface thereotf and coupled with an electronic device case so
that the antenna radiator is embedded in the electronic device
case.

[0013] An aspect of the present invention also provides a
method and mold for manufacturing an antenna pattern frame
having a radiator on a surface thereof, the radiator to be
embedded in an electronic case device.
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[0014] An aspect of the present invention also provides a
method of manufacturing an antenna pattern frame having an
antenna radiator formed on a surface thereof that can prevent
the loosening of the antenna radiator from the surface of the
antenna pattern frame by fixing the antenna radiator in close
contact with the surface of the antenna pattern frame.

[0015] An aspect of the present invention also provides an
electronic device case in which an antenna radiator is embed-
ded.

[0016] An aspect of the present invention also provides a
method and mold for manufacturing an electronic device case
in which an antenna radiator is embedded.

[0017] An aspect of the present invention also provides a
frame having an antenna radiator with a ground connection
terminal portion fixed to a surface thereof, and a method and
mold for manufacturing the frame.

[0018] An aspect of the present invention also provides an
electronic device using a case in which an antenna radiator is
embedded.

[0019] According to an aspect of the present invention,
there is provided an antenna pattern frame including: a radia-
tor having an antenna pattern portion transmitting and receiv-
ing a signal and a connection terminal portion allowing the
signal to be transmitted to and received from a circuit board of
an electronic device; a connection portion partially forming
the radiator and connecting the antenna pattern portion and
the connection terminal portion to be arranged in different
planes; and a radiator frame manufactured by injection mold-
ing on the radiator so that the antenna pattern portion is
provided on one side of the radiator frame and the connection
terminal portion is provided on the other side thereof while
the antenna pattern portion is embedded in the electronic
device case.

[0020] The radiator may be bent to provide the connection
portion, and the connection portion may then be bent to
provide the connection terminal portion.

[0021] The connection terminal portion may be supported
in contact with a radiator support portion protruding from the
other side of the radiator frame.

[0022] The connection portion may be provided through
the radiator support portion protruding from the other side of
the radiator frame.

[0023] A guide pin hole may be provided in the radiator so
that a guide pin of a mold is inserted into the guide pin hole
during injection molding to thereby prevent a movement of
the radiator in the mold.

[0024] A contact pinhole may be provided in the radiator so
that a contact pin of a mold is inserted into the contact pin hole
during injection molding to thereby prevent a movement of
the radiator in the mold.

[0025] The radiator may be flexible such that the radiator is
arranged along a curved portion of the radiator frame.

[0026] According to another aspect of the present inven-
tion, there is provided an antenna pattern frame including: a
radiator having an antenna pattern portion transmitting and
receiving a signal; a connection terminal separated from the
antenna pattern portion and having a connection terminal
portion allowing the signal of the antenna pattern portion to
be transmitted to or received from a circuit board of an elec-
tronic device; and an antenna pattern frame manufactured by
injection molding while the radiator makes contact with the
connection terminal so that the antenna pattern portion is





US 2010/0271265 Al

provided on one side of the antenna pattern frame and the
connection terminal portion is provided on the other side
thereof.

[0027]

[0028] According to another aspect of the present inven-
tion, there is provided a method of manufacturing an antenna
pattern frame, the method including: providing a radiator
having an antenna pattern portion transmitting and receiving
a signal, a connection terminal portion making contact with a
circuit board of an electronic device, and a connection portion
connecting the antenna pattern portion and the connection
terminal portion to be arranged in different planes; arranging
the radiator in an internal space inside an upper or lower mold
for manufacturing a radiator frame; and injecting a resin
material into the internal space to form the radiator frame
having the antenna pattern portion embedded in the electronic
device case, wherein the resin material injected into the inter-
nal space forms the radiator frame having the antenna pattern
portion formed on one side thereof and the connection termi-
nal portion formed on the other side thereof opposite to the
one side.

[0029] A guide pin, a contact pin or a guide pin and a
contact pin, formed in the upper or lower mold, may be
inserted into or make contact with a guide pin hole, a contact
pin hole or a guide pin hole and a contact pin hole formed in
the antenna pattern portion when the upper and lower molds
are joined.

[0030] The radiator may be bent to form the connection
portion, and the connection portion may then be bent to form
the connection terminal portion.

[0031]

[0032] Injection molding may be performed such that the
antenna pattern portion is arranged in contact with one sur-
face of one of the upper and lower molds, and the connection
terminal portion is arranged in contact with one surface of the
other mold.

[0033] According to another aspect of the present inven-
tion, there is provided a mold for manufacturing an antenna
pattern frame, the mold including: an upper or lower mold
receiving a radiator having an antenna pattern portion trans-
mitting and receiving a signal, a connection terminal portion
connected to a circuit board of an electronic device, and a
connection portion connecting the antenna pattern portion
and the connection terminal portion to be arranged in differ-
ent planes; and a resin material injection portion provided
through the upper mold, the lower mold, or the upper and
lower molds, the resin material injection portion through
which a resin material is injected into an internal space cre-
ated between the upper and lower molds when the upper and
lower molds are joined so that the internal space between the
upper and lower molds is embedded in a case of the electronic
device, wherein the resin material filling the internal space
therebetween forms the radiator frame having the antenna
pattern portion on one side thereof and the connection termi-
nal portion on the other side thereof opposite to the one side.
[0034] A guide pin, a contact pin or a guide pin and a
contact pin may be provided in the upper mold, the lower
mold, or the upper and lower molds so that the guide pin, the
contact pin or the guide pin and the contact pin are inserted
into or make contact with a guide pin hole, a contact pin hole
or a guide pin hole and a contact pin hole provided in the
radiator.

The connection terminal may be an elastic body.

The internal space may have a curved portion.
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[0035] At least one of the guide pin and the contact pin
preventing a movement of the radiator may be introduced into
the upper or lower mold as the resin material flows therein.
[0036] The internal space between the upper and lower
molds may have an internal space so that the radiator frame
has a curved portion corresponding to the internal space.
[0037] The internal space between the upper and lower
molds may receive the connection terminal portion and have
a radiator support portion forming recess to form a radiator
support portion supporting the connection terminal portion.
[0038] A compression pin compressing the connection ter-
minal portion, arranged in the radiator support portion form-
ing recess, may be provided on the upper mold, the lower
mold or the upper and lower molds.

[0039] A magnet may be provided in a portion of the radia-
tor support portion forming recess, where the connection
terminal portion is mounted.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] The above and other aspects, features and other
advantages of the present invention will be more clearly
understood from the following detailed description taken in
conjunction with the accompanying drawings, in which:
[0041] FIG. 1 is a schematic perspective view, with a cut-
out portion, a case of a mobile communications terminal,
which is an electronic device, according to an exemplary
embodiment of the present invention;

[0042] FIG. 2 is a schematic perspective view illustrating
an antenna pattern frame according to a first embodiment of
the present invention;

[0043] FIG. 3 is a rear perspective view illustrating the
antenna pattern frame of FIG. 2;

[0044] FIG. 4 is a cross-sectional view taken along the line
A-A of FIGS. 2 and 3;

[0045] FIG. 5 is a schematic sectional view illustrating an
antenna pattern frame according to a second embodiment of
the present invention;

[0046] FIG. 6 is a schematic sectional view illustrating an
antenna pattern frame according to a third embodiment of the
present invention;

[0047] FIG. 7 is a schematic sectional view illustrating an
antenna pattern frame according to a fourth embodiment of
the present invention;

[0048] FIG. 8 is a schematic perspective view illustrating a
radiator that is used to manufacture an antenna pattern frame
according to an exemplary embodiment of the present inven-
tion;

[0049] FIG. 9 is a schematic sectional view illustrating a
first embodiment of a mold for manufacturing an antenna
pattern frame in order to illustrate a method of manufacturing
an antenna pattern frame according to an exemplary embodi-
ment of the present invention;

[0050] FIG. 10 is a schematic view illustrating how a resin
material is injected into the mold of FIG. 9;

[0051] FIG. 11 is a schematic sectional view illustrating a
second embodiment of a mold for manufacturing an antenna
pattern frame in order to illustrate a method of manufacturing
an antenna pattern frame according to an exemplary embodi-
ment of the present invention;

[0052] FIG. 12 is a schematic view illustrating how a resin
material is injected into the mold of FIG. 11;

[0053] FIG. 13 is a schematic sectional view illustrating a
third embodiment of a mold for manufacturing an antenna
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pattern frame in order to illustrate a method of manufacturing
an antenna pattern frame according to an exemplary embodi-
ment of the present invention;

[0054] FIG. 14 is a schematic view illustrating how a resin
material is injected into the mold of FIG. 13;

[0055] FIGS. 15A through 15D are schematic perspective
views illustrating the shape of an antenna radiator that is used
to fix a radiator having an antenna pattern to an antenna
pattern frame according to an exemplary embodiment of the
present invention;

[0056] FIG. 16 is an exploded perspective view illustrating
a case of a mobile communications terminal that is an elec-
tronic device having an antenna pattern radiator is embedded
therein according to an exemplary embodiment of the present
invention;

[0057] FIG. 17 is a schematic view illustrating a first
embodiment of a method of manufacturing an electronic
device case having an antenna pattern radiator embedded
therein according to an exemplary embodiment of the present
invention;

[0058] FIG. 18 is a schematic view illustrating a mold for
manufacturing an electronic device case that is used to per-
form a second embodiment of a method of manufacturing an
electronic device case having an antenna pattern radiator
embedded therein according to an exemplary embodiment of
the present invention;

[0059] FIG. 19 is a schematic view illustrating how a resin
material is injected into the mold of FIG. 18;

[0060] FIG. 20 is a schematic perspective view illustrating
an antenna pattern radiator having a ground portion according
to another exemplary embodiment of the present invention;
[0061] FIG. 21 is a schematic perspective view illustrating
an antenna pattern radiator having a ground portion according
to another exemplary embodiment of the present invention;
[0062] FIG. 22 is a schematic sectional view illustrating a
mold for manufacturing an antenna pattern frame that is used
to perform a method of manufacturing an antenna pattern
frame having a ground portion according to another exem-
plary embodiment of the present invention; and

[0063] FIG. 23 is a schematic exploded perspective view
illustrating a laptop computer that is an electronic device to
which an antenna pattern frame having a ground portion is
applied according to another exemplary embodiment of the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0064] Exemplary embodiments of the present invention
will now be described in detail with reference to the accom-
panying drawings. The invention may, however, be embodied
in many different forms and should not be construed as being
limited to the embodiments set forth herein. While those
skilled in the art could readily devise many other varied
embodiments that incorporate the teachings of the present
invention through the addition, modification or deletion of
elements, such embodiments may fall within the scope of the
present invention.

[0065] In the drawings, the shapes and dimensions may be
exaggerated for clarity, and the same reference numerals will
be used throughout to designate the same or like components.
[0066] FIG. 1 is a schematic perspective view illustrating,
with a cut-out portion, a case of a mobile communications
terminal that is an electronic device according to an exem-
plary embodiment of the invention. FIG. 2 is a schematic
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perspective view illustrating an antenna pattern frame accord-
ing to a first embodiment of the invention. FIG. 3 is a rear
perspective view illustrating the antenna pattern frame of
FIG. 2. FIG. 4 is a cross-sectional view taken along the line
A-A of FIGS. 2 and 3.

[0067] Referring to FIGS. 1 through 4, a radiator 220 hav-
ing an antenna pattern formed thereon according to this
embodiment is embedded in a case 120 of a mobile commu-
nications terminal 100. In order that the radiator 220 having
the antenna pattern thereon is embedded in the case 120, an
antenna pattern frame 200 needs to be provided so that the
radiator 220 having the antenna pattern thereon is formed on
a radiator frame 210.

[0068] The antenna pattern frame 200, provided to form the
antenna pattern inside the electronic device case according to
this embodiment, may include the radiator 220 having an
antenna pattern portion 222 and connection terminal portions
224, and the radiator frame 210.

[0069] The radiator 220 maybe formed of a conductive
material, such as aluminum or copper. Further, the radiator
220 may receive external signals and transmit the received
external signals to a signal processor of the electronic device
such as the mobile communications terminal 100. Further, the
radiator 220 includes the antenna pattern portion 222 which is
a meander line antenna pattern.

[0070] The connection terminal portions 224 transmit the
received external signals to the electronic device. The con-
nection terminal portions 224 may be formed by bending,
forming or drawing a portion of the radiator 220. Alterna-
tively, the connection terminal portions 224 may be manufac-
tured separately from the radiator 220 and be then connected
to the radiator 220 (see FIG. 7).

[0071] The radiator frame 210 may have a three-dimen-
sional structure consisting of a straight portion 260 having a
flat profile and a curved portion 240 with a curvature. The
radiator 220 may have flexibility such that the radiator 220
can be disposed along the curved portion 240 of the radiator
frame 210.

[0072] The radiator frame 210 is produced by injection
molding. While the antenna pattern portion 222 may be
formed on one side 210a of the radiator frame 210, the con-
nection terminal portions 224 may be formed on the other side
2105 opposite to the one side 210a.

[0073] The radiator 220, which is embedded in the elec-
tronic device case 120, has the antenna pattern portion 222
receiving external signals and the connection terminal por-
tions 224 transmitting the received external signals to the
electronic device that may be arranged in the different planes.
[0074] The one side 210a of the radiator frame 210, on
which the antenna pattern portion 222 is formed, is bonded to
the inside of the electronic device case 120, so that the
antenna pattern can be embedded in the electronic device case
120.

[0075] Alternatively, the antenna pattern may be embedded
in the electronic device case 120 by placing the antenna
pattern frame 200 in a mold and performing insert molding.
[0076] Therefore, the antenna pattern frame 200 serves as a
first injection molded part so that the radiator 220 having the
antenna pattern portion 222 thereon is placed within the elec-
tronic device case 120.

[0077] The radiator 220 and the radiator frame 210 may
have the same boundary, which increases the fluidity of mate-
rials, such as resin, during a second injection molding process
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in which the antenna pattern frame 200 is placed within the
mold after the first injection molding process.

[0078] Guide pin holes 225 may be formed in the radiator
220. Guide pins 328 (see FIG. 9) of a mold 300 are inserted
into the guide pin holes 225 during molding to thereby pre-
vent the movement of the radiator 220 on the radiator frame
210.

[0079] Contact pin holes 223 may be formed in the radiator
220 so that contact pins 326 (see FIG. 9) of the mold 300 are
inserted into the contact pin holes 223 during injection mold-
ing, thereby preventing the movement of the radiator 220 on
the radiator frame 210.

[0080] The contact pins 326 and the guide pins 328 may be
formed on the radiator 220. After injection molding is com-
pleted, portions of the radiator frame 210 located under the
contact pins 326 are filled, while holes are formed in portions
of the radiator frame 210 located under the guide pins 328.
[0081] The contact pins 326 to be inserted into the contact
pin holes 223, formed in the radiator 220, prevent the hori-
zontal movement of the radiator 220 in the mold 300 during
the first injection molding process. Furthermore, the guide
pins 328 to be inserted into the guide pin holes 225, formed in
the radiator 220, prevent the vertical movement of the radiator
220 in the mold 300 during the first injection molding pro-
cess.

[0082] Various embodiments of the antenna pattern frame
200 configured as described above will now be described in
detail.

[0083] [Antenna Pattern Frame According to First Embodi-
ment]
[0084] FIGS. 2 through 4 are views illustrating an antenna

pattern frame according to a first embodiment of the inven-
tion.

[0085] The radiator 220 of the antenna pattern frame 200
according to the first embodiment may be bent to form the
connection terminal portions 224, the antenna pattern portion
222, and connection portions 226 connected therebetween.
[0086] The connection portions 226 may connect the
antenna pattern portion 222 and the connection terminal por-
tions 224 to be arranged in the different planes. The connec-
tion terminal portions 224 that are not embedded in the elec-
tronic device case may be exposed on the other side 21056 of
the antenna pattern frame 200.

[0087] That is, the radiator 220 is bent on the basis of the
connection portions 226 to form the antenna pattern portion
222 and the connection terminal portions 224, so that the
radiator 220 can be realized to have a three-dimensional
curved surface.

[0088] Inorderto support the radiator 220 having the three-
dimensional curved surface, radiator support portions 250
may protrude from the other side 2104 of the radiator frame
210.

[0089] Theradiator support portions 250 can firmly support
the connection portions 226 and the connection terminal por-
tions 224 that are exposed on the other side 2105.

[0090] [Antenna Pattern Frame According to Second
Embodiment]
[0091] FIG. 5 is a schematic sectional view illustrating an

antenna pattern frame according to a second embodiment of
the invention.

[0092] Referring to FIG. 5, similarly to the first embodi-
ment, described with reference to FIGS. 2 through 4, the
radiator 220 of the antenna pattern frame 200 according to the
second embodiment may be bent to form the connection
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terminal portions 224 and the antenna pattern portion 222,
and the connection portions 226 connected therebetween.
[0093] However, the connection portions 226 according to
the second embodiment may be formed through the radiator
support portions 250 that protrude from the other side of the
radiator frame 210.

[0094] [Antenna Pattern Frame According to Third
Embodiment]
[0095] FIG. 6 is aview illustrating an antenna pattern frame

according to a third embodiment of the invention.

[0096] Referring to FIG. 6, similarly to the above-de-
scribed first and second embodiments, the radiator 220 of the
antenna pattern frame 200 may be bent to form the connection
terminal portions 224 and the antenna pattern portion 222,
and the connection portions 226 connected therebetween.
[0097] The radiator frame 210 according to the third
embodiment does not have the radiator support portions 250
that protrude from the other side 210a of the antenna pattern
frame 200. The bottom of the radiator support portions 250 is
at the same level as that of the radiator frame 210. Further, the
connection portions 226 according to the third embodiment
may be formed through the radiator frame 210 or the radiator
support portions 250.

[0098] [Antenna Pattern Frame According to Fourth
Embodiment]
[0099] FIG. 7 is aview illustrating an antenna pattern frame

according to a fourth embodiment of the invention.

[0100] Referring to FIG. 7, the antenna pattern frame 200
according to the fourth embodiment may include a connec-
tion terminal 270 that is separated from the antenna pattern
portion 222.

[0101] The connection terminal 270 may be an elastic body
that connects the antenna pattern portion 222 and a circuit
board 140 to each other.

[0102] In particular, the connection terminal 270 may be a
C-clip or a pogo-pin that allows for an electrical connection
between the antenna pattern portion 222 and the circuit board
140. A hole may be formed in the radiator frame 210 so that
the connection terminal 270 can be inserted into the hole.
[0103] Hereinafter, a method and mold for manufacturing
the antenna pattern frame 200 according to the above-de-
scribed various embodiments will now be described in detail.
[0104] FIG. 8 is a schematic perspective view illustrating a
radiator that is used to manufacture an antenna pattern frame
according to an exemplary embodiment of the invention. FIG.
9 is a schematic sectional view illustrating a first embodiment
of'a mold for manufacturing an antenna pattern frame in order
to illustrate a method of manufacturing an antenna pattern
frame according to an exemplary embodiment of the inven-
tion. FIG. 10 is a schematic view illustrating how a resin
material is injected into the mold of in FIG. 9.

[0105] Hereinafter, a method of manufacturing the antenna
pattern frame 200 according to an exemplary embodiment of
the invention will be described with reference to FIGS. 8
through 10.

[0106] First, as shown in FIG. 8, the radiator 220 has the
antenna pattern portion 222 and the connection terminal por-
tions 224 that are arranged in the different planes. The
antenna pattern portion 222 receives external signals. The
connection terminal portions 224 are in contact with the cir-
cuit board of the electronic device to thereby transmit the
received external signals to the electronic device.

[0107] Both the guide pin holes 225 and the contact pin
holes 223 may be formed in the radiator 220.
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[0108] The radiator 220 may have a three-dimensional
structure. Specifically, the radiator 220 is bent to form the
antenna pattern portion 222 and the connection terminal por-
tions 224, and the connection terminal portions 226 con-
nected therebetween.

[0109] Afterthe radiator 220 is provided, the radiator 220 is
placed in an inner space 350 of the mold 300.

[0110] The inner space 350 is created when an upper mold
320 and a lower mold 340 are joined. A recess, formed in the
upper mold 320 or the lower mold 340, becomes the inner
space 350 when the upper mold 320 and the lower mold 340
are joined.

[0111] When the upper mold 320 and the lower mold 340
are joined, the guide pins 328, the contact pins 326, or the
guide pins 328 and the contact pins 326, formed in the upper
mold 320 or the lower mold 340, are inserted into or make
contact with the guide pinholes 225, the contact pinholes 223,
or the guide pinholes 225 and the contact pin holes 223,
formed in the antenna pattern portion 222, so that the radiator
220 can be fixed in the inner space 350.

[0112] A resin material is injected into the inner space 350
to form the radiator frame 210, so that the antenna pattern
portion 222 is embedded in the electronic device case 120.
[0113] Here, the inner space 350 of the upper or lower mold
320 or 340 is curved so that the radiator frame 210 has a
curved portion 240.

[0114] The resin material is injected so that the bottom of
the radiator 220 is at the same level as that of the radiator
frame 210. Therefore, when the radiator frame 210 is put in
the mold for injection molding in order to manufacture the
electronic device case 120 in which the antenna pattern is
embedded, the flowability of the resin can be improved.
[0115] [Mold For Manufacturing Antenna Pattern Frame
According to First Embodiment]

[0116] Referring to FIGS.9 and 10, the mold 300 for manu-
facturing the antenna pattern frame 200 will be described in
detail.

[0117] The mold 300 for manufacturing the electronic
device case 120 having the antenna pattern portion 222
embedded therein according to an exemplary embodiment of
the invention may include the upper and lower molds 320 and
340 and the resin material injection portion 370.

[0118] The radiator 220 may be received between the upper
and lower molds 320 and 340 while the antenna pattern por-
tion 222 receiving an external signal and the connection ter-
minal portions 224 in contact with the circuit board 140 of the
electronic device are arranged in the different planes.

[0119] The resin material injection portion 370 is a passage
through which a resin material flows. The resin material injec-
tion portion may be formed in the upper mold 320, the lower
mold 340 or the upper and lower molds 320 and 340. When
the upper and lower molds 320 and 340 are joined, the resin
material is injected into the inner space 350 between the upper
and lower molds 320 and 340 so that the resin material filling
the inner space 350 forms the radiator frame 210 that allows
the antenna pattern portion 222 to be placed within the elec-
tronic device case 120.

[0120] The guide pins 328, the contact pins 326 or the guide
pins 328 and the contact pins 326, formed on the radiator 220,
may be inserted into or make contact with the guide pin holes
225, the contact pin holes 223 or the guide pin holes 225 and
the contact pin holes 223, formed in any one of the upper mold
320, the lower mold 340 or the upper and lower molds 320 and
340.
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[0121] The inner space 350 between the upper and lower
molds 320 and 340 may have an internal space allowing the
radiator frame 210 to have the curved portion 240.

[0122] Furthermore, the inner space 350 of the upper and
lower molds 320 and 340 may receive the connection terminal
portions 224 and have radiator support portion forming
recesses 346 to thereby form the radiator support portions 250
that support the connection terminal portions 224.

[0123] Further, compression pins 324 may be provided on
the upper mold 320, the lower mold 340 or the upper and
lower molds 320 and 340. The compression pins 324 com-
press the connection terminal portions 224 arranged in the
radiator support portion forming recesses 346 so that the
connection terminal portions 224 make contact with the
radiator support portion forming recesses 346.

[0124] The compression pins 324 may prevent the resin
material from flowing under the connection terminal portions
224. If the connection terminal portions 224 are partially
covered with the injection molding material, this may cause
an unstable electrical connection. The compression pins 324
can prevent this unstable electrical connection.

[0125] [Mold For Manufacturing Antenna Pattern Frame
According to Second Embodiment]

[0126] FIG. 11 is a schematic sectional view illustrating a
second embodiment of a mold for manufacturing an antenna
pattern frame to illustrate a method of manufacturing an
antenna pattern frame according to an exemplary embodi-
ment of the invention. FIG. 12 is a schematic view illustrating
how a resin material is injected into the mold of FIG. 11.
[0127] With reference to FIGS. 11 and 12, the antenna
pattern frame mold 300 according to the second embodiment
is substantially the same as the mold for manufacturing an
antenna pattern frame according to the first embodiment
except as described herein below.

[0128] According to the second embodiment, at least one of
the guide pins or contact pins that prevent the movement of
the radiator may be inserted into the mold 300 due to the flow
of the resin material into the mold.

[0129] These guide pins or contact pins may be defined as
flow pins 345. The flow pins 345, arranged in the inner space
350 of the mold 300, support the radiator 220 before a resin
material is injected and may move from the inner space 350
toward the mold 300 as the injection molding material is
injected.

[0130] Theuseofthe flow pins 345 can minimize pin marks
unlike other pins fixed to the mold 300.

[0131] [Mold For Manufacturing Antenna Pattern Frame
According to Third Embodiment]

[0132] FIG. 13 is a schematic sectional view illustrating a
third embodiment of a mold for manufacturing an antenna
pattern frame to illustrate a method of manufacturing an
antenna pattern frame according to an exemplary embodi-
ment of the invention. FIG. 14 is a schematic view illustrating
how a resin material is injected into the mold of FIG. 13.
[0133] Referring to FIGS. 13 and 14, like the second
embodiment, the antenna pattern frame mold 300 according
to the third embodiment is substantially the same as the
antenna pattern frame mold according to the first embodiment
except as described herein below.

[0134] According to the third embodiment, magnets 380
may be formed in the radiator support portion forming
recesses 346 in which the connection terminal portions 224
are mounted.
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[0135] Similarly to the compression pins 324, the magnets
380 can prevent the resin material from flowing under the
connection terminal portions 224 and prevent an unstable
electrical connection caused when the connection terminal
portions 244 are partially covered with the injection molding
material.

[0136] [Antenna Pattern Frame For Preventing Loosening
of Radiator and Method of Manufacturing the Same]

[0137] Hereinafter, an antenna pattern frame including a
radiator frame having an antenna pattern portion firmly fixed
thereto, and a method of manufacturing an antenna pattern
frame preventing loosening by firmly fixing the antenna pat-
tern portion to the radiator frame will be described.

[0138] FIGS. 15A through 15D are schematic perspective
views illustrating the shape of an antenna radiator that is used
to perform a method of fixing a radiator having an antenna
pattern formed thereon according to an exemplary embodi-
ment to an antenna pattern frame.

[0139] With reference to FIGS. 15A through 15D, various
embodiments of a radiator are described in which the radiator
220 having contact surface extensions 227 is fixed to the
antenna pattern frame 200.

[0140] As for the antenna pattern frame 200 to which the
radiator 220, shown in FIGS. 15A through 15D is applied, the
radiator 220 having the contact surface extensions 227
formed thereon may be replaced with the radiator 220 of the
antenna pattern frame 200, shown in FIGS. 2 through 7.
[0141] That is, the antenna pattern frame 200, shown in
FIGS. 15A through 15D, may include the radiator 220, the
radiator frame 210 and the contact surface extensions 227.
[0142] As for the radiator 220 and the radiator frame 210 of
FIGS. 15A through 15D, the description of the radiator 220
and the radiator frame 210 with reference to FIGS. 2 through
4 may be repeated.

[0143] However, the radiator 220 having the contact sur-
face extensions 227 prevents the loosening of the radiator 220
from the radiator frame 210 when injection molding is per-
formed to manufacture the radiator frame 210.

[0144] When a resin material is fed into the mold in which
the radiator 220 is placed for injection molding, the contact
surface extensions 227 can increase the contact area with the
resin material, so that the radiator 220 can be firmly fixed to
the radiator frame 210.

[0145] As shown in FIG. 15A, the contact surface exten-
sions 227 may be blades 2274 that extend from the edges of
the radiator 220, are bent, and are inserted into the radiator
frame 210.

[0146] Furthermore, as shown in FIG. 15B, the contact
surface extensions 227 may be holes 2275 that are formed in
the radiator 220. An injection molding material flows through
the holes 2275 to thereby increase the contact surface and fix
the radiator 220 in an accurate position.

[0147] As shown in FIG. 15C, the contact surface exten-
sions 227 may be embossed into the radiator 220 to thereby
increase the contact area between the radiator 220 and the
injection molding material and determine the accurate posi-
tion.

[0148] AsshowninFIG. 15D, the contact surface extension
227 maybe formed by bending the edges of the end of the
antenna pattern portion 222 of the radiator 220 downward,
and the bent contact extension 227 may be inserted into the
radiator frame 210.

[0149] The antenna pattern frame 200 according to an
exemplary embodiment of the invention that prevents the
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loosening of the radiator 220 can be applied to the antenna
pattern frame as described with reference to FIGS. 2 through
7.

[0150] As for the method of manufacturing an antenna
pattern frame that can prevent loosening by firmly fixing the
antenna pattern portion to the radiator frame 210, the descrip-
tion of the injection molding methods with reference to FIGS.
8 through 14 may be repeated except that the radiator 220
having the contact surface extensions 227 formed to increase
the contact area with the molding injection material is put into
the mold 30 during injection molding.

[0151] [Electronic Device Case Having Antenna Pattern
Radiator Embedded Therein, Method and Mold for Manufac-
turing the Same, and Mobile Communications Terminal]
[0152] FIG. 16 is an exploded perspective view illustrating
a case of a mobile communications terminal that is an elec-
tronic device having an antenna pattern radiator embedded
therein according to an exemplary embodiment of the inven-
tion.

[0153] Referring to FIG. 16, the electronic device case 120
having the antenna pattern radiator 220 embedded therein
according to this embodiment includes the radiator 220, the
radiator frame 210 and a case frame 130.

[0154] The descriptions of the embodiments, shown in
FIGS. 2 through 7, will substitute for a description of the
radiator 220 and the radiator frame 210.

[0155] The case frame 130 covers one side of the radiator
frame 210 having the antenna pattern portion 222 formed
thereon, so that the antenna pattern portion 222 is embedded
between the radiator frame 210 and the case frame 130.
[0156] The radiator frame 210 and the case frame 130 are
formed integrally with each other. As viewed from bottom of
the electronic device case 120, the antenna pattern portion
222 may not been seen but the connection terminal portions
224 may be seen.

[0157] The radiator frame 210, the case frame 130, or the
radiator frame 210 and the case frame 130 may be manufac-
tured using injection molding. Particularly, the radiator frame
210 and the case frame 130 are manufactured as different
injection molded parts, the radiator frame 210 having the
radiator 220 formed thereon is bonded to the case frame 130.
[0158] The case frame 130 may be formed by using injec-
tion molding on the radiator frame 210, thereby performing
double injection molding. That is, the radiator frame 210 is
put into the mold, and insert injection molding is performed,
so that the radiator frame 210 and the case frame 130 can be
formed integrally with each other.

[0159] When put into a mold 500 for manufacturing the
electronic device case, guide pins or contact pins (not shown),
formed on the mold 500, maybe inserted into the guide pin-
holes 225 or the contact pin holes 223, formed in the radiator
frame 210, thereby preventing the movement of the antenna
pattern frame 200 inside the mold 500.

[0160] Hereinafter, a method of manufacturing an elec-
tronic device case will be described in detail with reference to
FIGS. 16 through 19.

[0161] According to the method of manufacturing an elec-
tronic device case according to an exemplary embodiment of
the invention, the radiator 220 is provided in which the
antenna pattern portion 222 receiving an external signal and
the connection terminal portions 224 making contact with the
connection terminals 144 of the circuit board 140 of the
electronic device are arranged in the different planes.
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[0162] The radiator 220 is placed in the inner space 350 of
the upper mold 300 or the lower mold 350 to manufacture the
radiator frame 210, and a resin material is fed into the upper
and lower molds, thereby manufacturing the radiator frame
210 having the radiator 220 formed on one side of the radiator
frame 210.

[0163] Furthermore, in order that the radiator 220 is embed-
ded between the radiator frame 210 and the case frame 130,
the radiator frame 210 and the case frame 130 are formed
integrally with each other to manufacture the electronic
device case 120 in which the antenna is embedded.

[0164] FIG. 17 is a schematic view illustrating a first
embodiment of a method of manufacturing an electronic
device case having an antenna pattern radiator embedded
therein according an exemplary embodiment of the invention.
[0165] Referring to FIG. 17, the case frame 130 is a sepa-
rate injection molded part that includes a radiator receiving
recess 122 having a shape corresponding to that of the radia-
tor frame 210. By bonding the radiator frame 210 to the
radiator receiving recess 122, the electronic device case 120
having the antenna pattern radiator embedded therein can be
manufactured.

[0166] An adhesive layer 410 is formed on the surface of
the radiator 220 of the antenna pattern frame 200.

[0167] FIG. 18 is a schematic view illustrating a mold for
manufacturing an electronic device case that is used to per-
form a second embodiment of a method of manufacturing an
electronic device case having an antenna pattern radiator
embedded therein according to an exemplary embodiment of
the invention. FIG. 19 is a schematic view illustrating how a
resin material is injected into the mold of FIG. 18.

[0168] Referring to FIGS. 18 and 19, the electronic device
case 120 having the antenna pattern radiator 220 embedded
therein is manufactured in such a way that the radiator frame
210 is arranged in the mold 500 for manufacturing an elec-
tronic device case that has the inner space 550 having a shape
corresponding to the case frame, and the resin material is fed
into the mold 550, thereby forming radiator frame 210 inte-
grally with the electronic device case 120.

[0169] That is, the radiator frame 210 and the case frame
130 may be formed integrally with each other.

[0170] Here, injection molding for manufacturing the
antenna pattern frame 200 is referred to as a first injection
molding process, and injection molding for manufacturing
the electronic device case 120 is referred to as a second
injection molding process. Like the first injection molding
process, the movement of the antenna pattern frame 200
inside the mold 500 can be prevented during the second
injection molding process.

[0171] Furthermore, the inner space 550 of the mold 500
may include a curve generation portion 524 that allows the
electronic device case 120 to be curved.

[0172] The mold ofthe electronic device case for manufac-
turing the electronic device case 120 having the antenna pat-
tern embedded therein during the second injection molding
process may include the upper or lower mold 520 or 540 and
a resin material injection portion 570. The upper or lower
mold 520 and 540 receives the radiator frame 210 including
the radiator 220 having the antenna pattern portion 222
receiving an external signal and the connection terminal por-
tions 224 making contact with the circuit board of the elec-
tronic device while the antenna pattern portion 222 and the
connection terminal portions 224 are formed in the different
planes. The resin material injection portion 570 is formed in
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the upper mold 520, the lower mold 540, or the upper and
lower molds 520 and 540. A resin material flows through the
resin material injection portion 570 into the inner space 550
created when the upper and lower molds 520 and 540 are
joined, so that the resin material filling the inner space 550
forms the electronic device case 120.

[0173] Like the radiator 220, guide pin holes or contact pin
holes are formed in the radiator frame 210. The guide pins or
the contact pins, formed in the mold 500, may be inserted into
these guide pin holes or contact pin holes, so that the move-
ment of the radiator frame 210 inside the mold 500 can be
prevented.

[0174] The electronic device case having the antenna pat-
tern embedded therein can be applied to the mobile commu-
nications terminal 100.

[0175] That is, the mobile communications terminal 100,
that is, an electronic device having an antenna pattern embed-
ded therein according to an exemplary embodiment of the
invention may include the radiator frame 210, the case frame
130 and the circuit board 140.

[0176] As for the radiator frame 210 and the case frame
130, all of the above-described embodiments and the manu-
facturing methods thereof can be applied.

[0177] Thus, the above description will substitute for a
detailed description of the mobile communications terminal
100.

[0178] [Electronic Device to Which Antenna Pattern Frame
Having a Ground Portion Is Applied]

[0179] FIG. 20 is a schematic perspective view illustrating
an antenna pattern frame having a ground portion according
to another exemplary embodiment of the invention. FIG. 21 is
a schematic view illustrating an antenna pattern radiator hav-
ing a ground portion according to another exemplary embodi-
ment of the invention.

[0180] An antenna pattern frame 600 having a ground por-
tion according to another exemplary embodiment of the
invention may be widely used for a laptop computer requiring
noise reduction among electronic devices having antenna
patterns embedded in a case.

[0181] The antenna pattern frame 600 having a ground
portion according to another exemplary embodiment of the
invention may include a radiator 620, a ground portion 626
and a radiator frame 610.

[0182] The antenna pattern frame 600 according to this
embodiment is different from the antenna pattern frame 200,
shown in FIGS. 2 through 7, in that the ground portion 626
extends from the radiator 620. The radiator frame 610 may be
modified in order to form the ground portion 626.

[0183] The ground portion 626 may be supported by a
ground portion support 612 that is stepped with respect to the
radiator frame 610.

[0184] The antenna pattern portion 622 may be formed on
one side 6104 of the radiator frame 610 or connection termi-
nal portions 624 may be formed on the other side 6105 oppo-
site to the one side 610a.

[0185] The radiator frame 610 may be configured so that
the antenna pattern portion 622 is embedded in the electronic
device case.

[0186] Like the antenna pattern frame 200, shown in FIGS.
2 through 7, the radiator 620 of the antenna pattern frame 600
may include the connection terminal portions 624 that are
formed on the other side 6105 of the radiator frame 610 so as
to transmit the external signal to the circuit board.
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[0187] Furthermore, the radiator 620 is bent to form con-
nection portions 628, which are then bent to form the ground
portion 626. The ground portions 626 may be formed through
the radiator frame 610. As the connection portions 628 are
formed through the radiator frame 610, the radiator 620 can
be firmly fixed to the radiator frame 610.

[0188] Further, contact pinholes 623 that prevent the move-
ment of the radiator 620 inside a mold 700 may be formed in
the radiator 620.

[0189] Contact pins 728 of the mold 700 may be inserted
into the contact pin holes 623 during injection molding to
thereby prevent the movement of the radiator 620 inside the
mold 700.

[0190] Guide pin holes 625 may be formed in the radiator
620. Guide pins 726 of the mold 700 may be inserted into the
guide pin holes 625 during injection molding to thereby pre-
vent the movement of the radiator 620 inside the mold 700.
[0191] FIG. 22 is a schematic sectional view illustrating a
mold for manufacturing an antenna pattern frame that is used
to perform a method of manufacturing an antenna pattern
frame having a ground portion according to another exem-
plary embodiment.

[0192] According to the method of manufacturing an
antenna pattern frame having a ground portion according to
another exemplary embodiment of the invention, first, the
radiator 620 may be provided in which the antenna pattern
portion 622 receiving the external signal and the ground por-
tion 626 may be arranged in the different planes.

[0193] The radiator 620 may be placed in the mold 700 that
has an inner space 750 receiving the radiator 620.

[0194] After the radiator 620 is arranged in the mold 700, a
resin material is injected into the inner space 750 through the
resin material injection portion 770, formed in the mold 700,
so that the resin material filling the inner space 750 forms the
radiator frame 610 that allows the radiator 620 to be embed-
ded in the electronic device case.

[0195] When the radiator 620 is arranged in the mold 700,
the guide pins 726, the contact pins 728 or the guide pins 726
and the contact pins 728 formed on the mold 700 may be
inserted into or make contact with the guide pin holes 625, the
contact pin holes 623, or the guide pin holes 625 and the
contact pin holes 623 formed in the radiator 620.

[0196] Recesses may be formed in the inner space 750 so as
to receive the connection terminal portions 624 therein. Injec-
tion molding may be performed by arranging the connection
terminal portions 624 in the recesses.

[0197] Themold 700 for manufacturing the antenna pattern
frame having the ground portion according to another exem-
plary embodiment of the invention may include an upper
mold 720 or a lower mold 740 and the resin material injection
portion 770. The upper or lower molds 720 or 740 receives the
radiator 620 having the antenna pattern portion 622 receiving
an external signal and the ground portion 626 while the
antenna pattern portion 622 and the ground portion 626 are
arranged in the different planes. The resin material injection
portion 770 is formed in the upper mold 720, the lower mold
740, or the upper and lower molds 720 and 740. A resin
material is injected into the inner space 750 through the resin
material injection portion 770 so that the resin material filling
the inner space 750 forms the antenna pattern frame 600 that
allows the radiator 620 to be embedded in the electronic
device case.

[0198] Furthermore, the guide pins 726, the contact pins
728 or the guide pins 726 and the contact pins 728 may be
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formed in the upper or lower mold 720 or 740 and be inserted
into the guide pine holes 625, the contact pin holes 623, or the
guide pin holes 625 and the contact pin holes 623 formed in
the radiator frame 610.

[0199] The connection terminal portions 624 may be
received in the upper mold 720, the lower mold 740, or the
upper and lower molds 720 and 740.

[0200] FIG. 23 is a schematic exploded perspective view
illustrating a laptop computer that is an electronic device to
which an antenna pattern frame having a ground portion
according to another exemplary embodiment to the invention
is applied.

[0201] As for the radiator frame 610 having the antenna
pattern portion 622, the connection terminal portions 624,
and the ground portion 626, the antenna pattern portion 622
may be embedded in a case of a laptop computer, which is an
electronic device 800.

[0202] That is, the electronic device 800 according to this
embodiment may include the radiator frame 610, a case 820
and a circuit board 600.

[0203] As for the radiator frame 610, all of the above-
described embodiments and manufacturing methods thereof
may be applied.

[0204] Therefore, the above description will substitute for a
detailed description of the electronic device 800.

[0205] As set forth above, according to an antenna pattern
frame and a method and mold for manufacturing the same
according to an exemplary embodiment of the invention, a
radiator having an antenna pattern portion can be embedded
in an electronic device case, thereby reducing the vulnerabil-
ity of an external antenna according to the related art to
external shocks and preventing an increase in the volume of
an internal antenna.

[0206] Furthermore, since an antenna of flexible materials
can be embedded in the electronic device case, the durability
and performance of the antenna can be improved in compari-
son with the use of the adhesive.

[0207] Furthermore, since the antenna can be embedded in
the electronic device case without using a protective film, the
case can be formed into a three-dimensional shape, such as a
curved surface, thereby diversifying the appearance thereof.
[0208] Moreover, since an antenna film is not used, a manu-
facturing process can be performed with ease, and manufac-
turing costs can be reduced.

[0209] In addition, since the radiator and the connection
terminal portions can be firmly supported against the antenna
pattern frame, the loosening of the antenna pattern portion
from a frame can be prevented, and the antenna pattern por-
tion can be firmly connected to the circuit board of the elec-
tronic device.

[0210] Furthermore, since this antenna pattern frame can
be applied to any kind of electronic devices requiring anten-
nas, various applications of the antenna pattern frame can be
made.

[0211] While the present invention has been shown and
described in connection with the exemplary embodiments, it
will be apparent to those skilled in the art that modifications
and variations can be made without departing from the spirit
and scope of the invention as defined by the appended claims.

1. An antenna pattern frame comprising:

a radiator having an antenna pattern portion transmitting
and receiving a signal and a connection terminal portion
allowing the signal to be transmitted to and received
from a circuit board of an electronic device;
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a connection portion partially forming the radiator and
connecting the antenna pattern portion and the connec-
tion terminal portion to be arranged in different planes;
and

aradiator frame manufactured by injection molding on the
radiator so that the antenna pattern portion is provided
on one side of the radiator frame and the connection
terminal portion is provided on the other side thereof
while the antenna pattern portion is embedded in the
electronic device case.

2. The antenna pattern frame of claim 1, wherein the radia-
tor is bent to provide the connection portion, and the connec-
tion portion is then bent to provide the connection terminal
portion.

3. The antenna pattern frame of claim 1, wherein the con-
nection terminal portion is supported in contact with a radia-
tor support portion protruding from the other side of the
radiator frame.

4. The antenna pattern frame of claim 1, wherein the con-
nection portion is provided through the radiator support por-
tion protruding from the other side of the radiator frame.

5. The antenna pattern frame of claim 1, wherein a guide
pin hole is provided in the radiator so that a guide pin of a
mold is inserted into the guide pin hole during injection
molding to thereby prevent a movement of the radiator in the
mold.

6. The antenna pattern frame of claim 1, wherein a contact
pin hole is provided in the radiator so that a contact pin of a
mold is inserted into the contact pin hole during injection
molding to thereby prevent a movement of the radiator in the
mold.

7. The antenna pattern frame of claim 1, wherein the radia-
tor is flexible such that the radiator is arranged along a curved
portion of the radiator frame.

8. An antenna pattern frame comprising:

a radiator having an antenna pattern portion transmitting

and receiving a signal;

a connection terminal separated from the antenna pattern
portion and having a connection terminal portion allow-
ing the signal of the antenna pattern portion to be trans-
mitted to or received from a circuit board of an electronic
device; and

an antenna pattern frame manufactured by injection mold-
ing while the radiator makes contact with the connection
terminal so that the antenna pattern portion is provided
onone side of the antenna pattern frame and the connec-
tion terminal portion is provided on the other side
thereof.

9. The antenna pattern frame of claim 8, wherein the con-

nection terminal is an elastic body.

10. A method of manufacturing an antenna pattern frame,
the method comprising:

providing a radiator having an antenna pattern portion
transmitting and receiving a signal, a connection termi-
nal portion making contact with a circuit board of an
electronic device, and a connection portion connecting
the antenna pattern portion and the connection terminal
portion to be arranged in different planes;

arranging the radiator in an internal space inside an upper
or lower mold for manufacturing a radiator frame; and

injecting a resin material into the internal space to form the
radiator frame having the antenna pattern portion
embedded in the electronic device case,
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wherein the resin material injected into the internal space
forms the radiator frame having the antenna pattern por-
tion formed on one side thereof and the connection ter-
minal portion formed on the other side thereof opposite
to the one side.

11. The method of claim 10, wherein a guide pin, a contact
pin or a guide pin and a contact pin, formed in the upper or
lower mold, are inserted into or make contact with a guide pin
hole, a contact pin hole or a guide pin hole and a contact pin
hole formed in the antenna pattern portion when the upper and
lower molds are joined.

12. The method of claim 10, wherein the radiator is bent to
form the connection portion, and the connection portion is
then bent to form the connection terminal portion.

13. The method of claim 10, wherein the internal space has
a curved portion.

14. The method of claim 10, wherein injection molding is
performed such that the antenna pattern portion is arranged in
contact with one surface of one of the upper and lower molds,
and the connection terminal portion is arranged in contact
with one surface of the other mold.

15. A mold for manufacturing an antenna pattern frame, the
mold comprising:

an upper or lower mold receiving a radiator having an
antenna pattern portion transmitting and receiving a sig-
nal, a connection terminal portion connected to a circuit
board of an electronic device, and a connection portion
connecting the antenna pattern portion and the connec-
tion terminal portion to be arranged in different planes;
and

a resin material injection portion provided through the
upper mold, the lower mold, or the upper and lower
molds, the resin material injection portion through
which a resin material is injected into an internal space
created between the upper and lower molds when the
upper and lower molds are joined so that the internal
space between the upper and lower molds is embedded
in a case of the electronic device,

wherein the resin material filling the internal space ther-
ebetween forms the radiator frame having the antenna
pattern portion on one side thereof and the connection
terminal portion on the other side thereof opposite to the
one side.

16. The mold of claim 15, wherein a guide pin, a contact pin
or a guide pin and a contact pin are provided in the upper
mold, the lower mold, or the upper and lower molds so that the
guide pin, the contact pin or the guide pin and the contact pin
are inserted into or make contact with a guide pin hole, a
contact pin hole or a guide pin hole and a contact pin hole
provided in the radiator.

17. The mold of claim 16, wherein at least one of the guide
pin and the contact pin preventing a movement of the radiator
is introduced into the upper or lower mold as the resin mate-
rial flows therein.

18. The mold of claim 15, wherein the internal space
between the upper and lower molds has an internal space so
that the radiator frame has a curved portion corresponding to
the internal space.
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19. The mold of claim 15, wherein the internal space
between the upper and lower molds receives the connection
terminal portion and has a radiator support portion forming
recess to form a radiator support portion supporting the con-
nection terminal portion.

20. The mold of claim 19, wherein a compression pin
compressing the connection terminal portion, arranged in the
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radiator support portion forming recess, is provided on the
upper mold, the lower mold or the upper and lower molds.

21. The mold of claim 19, wherein a magnet is provided in
a portion of the radiator support portion forming recess,
where the connection terminal portion is mounted.

sk sk sk sk sk
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EMBEDDED ANTENNA APPARATUS

PRIORITY

[0001] This application claims priority under 35 U.S.C.
§119(a) to an application filed in the Korean Intellectual
Property Office on Apr. 22, 2009, and assigned Serial No.
10-2009-0035085, the content of which is incorporated
herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates generally to an
antenna apparatus and, more particularly, to an embedded
antenna apparatus of a communication terminal.

[0004] 2. Description of the Related Art

[0005] Wireless communication systems generally provide
various kinds of multimedia services, such as Global Posi-
tioning System (GPS) services, BLUETOOTH® communi-
cation services, Internet services, etc. In order for the wireless
communication system to effectively provide multimedia ser-
vice without failure, a large amount of data must be transmit-
ted at a guaranteed high transmission rate. In order to provide
a guaranteed high transmission rate, various studies and
research projects for improving performance of an antenna
apparatus of a communication terminal are being conducted,
since an antenna apparatus substantially controls transmis-
sion and reception of data for multimedia services.

[0006] Many communication terminals are lightweight,
and have relatively small dimensions, in order to improve
portability. When some antenna apparatuses such as road
antennae or helical antennae protrude from communication
terminals, the communication terminal is not carried as eas-
ily, and the antenna apparatus may be easily damaged. There-
fore, antenna apparatuses have recently been implemented in
the form of an embedded antenna apparatus that is mounted
inside a communication terminal. Such embedded antenna
apparatuses may radiate at a preset frequency band.

[0007] Conventional embedded antenna apparatuses radi-
ate at a relatively narrow frequency band. A mobile commu-
nication terminal including only a single embedded antenna
cannot use many various multimedia services provided
through wireless communications systems. Due to this limi-
tation, a communication terminal may have a plurality of
antenna devices in order to use a relatively extended fre-
quency band. However, it is difficult to produce a small com-
munication terminal that includes multiple embedded
antenna devices.

SUMMARY OF THE INVENTION

[0008] The present invention has been made to address at
least the above problems and/or disadvantages, and to provide
at least the advantages described below. Accordingly, the
present invention provides an embedded antenna apparatus of
a communication terminal.

[0009] Inaccordance with one aspect of the present inven-
tion, an embedded antenna apparatus is provided. The embed-
ded antenna apparatus includes a plate board having a feeding
pad disposed on a side of the board; a radiation device includ-
ing at least two radiation lines formed on the side of the board,
the two radiation lines respectively extending from the feed-
ing pad and radiating at a preset frequency band when electric
power is fed through the feeding pad; and a ground plate
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mounted on aside of the board and contacting one end of each
of the radiation lines to ground the radiation device.

[0010] In accordance with another aspect of the present
invention, an embedded antenna apparatus of a communica-
tion terminal is provided. The embedded antenna apparatus
includes a plate board having a feeding pad disposed on a side
of the board; a device carrier mounted on a side of the board
to expose the feeding pad; aradiation device including at least
two radiation lines extending from the feeding pad to a sur-
face ofthe device carrier along different paths, the at least two
radiation lines radiating at a preset frequency band when
electric power is fed through the feeding pad; and a ground
plate having a flat plate shape mounted in an edge of the side
of the board and disposed perpendicular to the side of the
board, and contacting one end each of the at least two radia-
tion lines to ground the radiation device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The patent or application file contains at least one
drawing executed in color. Copies of this patent or patent
application publication with color drawing(s) will be pro-
vided by the Office upon request and payment of the neces-
sary fee.

[0012] The objects, features and advantages of the present
invention will be more apparent from the following detailed
description in conjunction with the accompanying drawings,
in which:

[0013] FIG. 1 is a perspective diagram illustrating an
antenna apparatus according to an embodiment of the present
invention;

[0014] FIG. 2 is diagram illustrating an exploded perspec-
tive view of the antenna apparatus FIG. 1;

[0015] FIG. 3 is a graph illustrating radiation characteristic
of the antenna apparatus of FIG. 1;

[0016] FIG. 4 is a graph illustrating radiation characteristic
of the antenna apparatus of FIG. 1;

[0017] FIG. 5 is a graph illustrating radiation efficiency of
the antenna apparatus of FIG. 1;

[0018] FIG. 6 is a diagram illustrating current distribution
when the antenna apparatus of FIG. 1 radiates;

[0019] FIG. 7 is a diagram illustrating current distribution
when the antenna apparatus of FIG. 1 radiates;

[0020] FIG. 8 is a diagram illustrating dielectric absorption
when the antenna apparatus of FIG. 1 radiates;

[0021] FIG. 9 is a perspective diagram illustrating an
antenna apparatus according to another embodiment of the
present invention;

[0022] FIG. 10 is a perspective diagram illustrating an
antenna apparatus according to still another embodiment of
the present invention; and

[0023] FIG. 11 a perspective view illustrating an example
of'a communication terminal to which an antenna apparatus
according to an embodiment of the present invention is
mounted.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE PRESENT INVENTION

[0024] Hereinafter, embodiments of the present invention
are described in detail with reference to the accompanying
drawings. The same reference symbols are used throughout
the drawings to refer to the same or like parts. Detailed
descriptions of well-known functions and structures incorpo-
rated herein may be omitted to avoid obscuring the subject
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matter of the present invention. Definitions of specific terms
or words used in the specification and the claims should be
construed in accordance with the spirit of the invention.
[0025] FIG. 1 is a perspective view illustrating an antenna
apparatus according to an embodiment of the present inven-
tionand FIG. 2 is an exploded perspective view of the antenna
apparatus FIG. 1. The antenna apparatus of FIG. 1 may be
used as an embedded antenna apparatus.

[0026] Referring to FIGS. 1 and 2, an antenna apparatus
100 according to an embodiment of the present invention
includes a board 110, a device carrier 120, a radiation device
130, and a ground plate 140.

[0027] The board 110 feeds electric power to supports the
antenna apparatus 100. The board 110 has a flat plate with at
least four corners. The board 110 may be a Printed Circuit
Board (PCB). More specifically, the board 110 is made of a
dielectric substance having power-feeding lines. For
example, the board 110 may be a dielectric having conduc-
tivity o of 0.002. In this case, the power-feeding lines may
have a via, and are connected to a power source through an
end thereof.

[0028] The board 110 includes a feeding pad 111 disposed
at a side thereof. The feeding pad 111 is connected to the
power-feeding lines. More specifically, electric power is fed
from the power source to the feeding pad 111 through the
power-feeding lines. One side of the board 110 may be
divided into an antenna region 113 and a body region 115. The
feeding pad 111 is formed in the antenna region 113.
Although not depicted, various electronic functional groups
may be mounted in the body region 115 separately from the
antenna apparatus 100.

[0029] The device carrier 120 is provided to separate com-
ponents of the antenna apparatus 100. The device carrier 120
has a plate structure having a preset thickness, and is made of
adielectric substance. The device carrier 120 may be made of
a dielectric similar to or different from a dielectric of the
board 110, including a dielectric having a relative high loss
ratio. For example, the device carrier 120 may be made of a
dielectric having conductivity of 0.02 and permittivity € of
4.6. The device carrier 120 is mounted in the antenna region
113 of'the board 110. In this case, the device carrier 120 may
have a shape for mounting various parts of the antenna appa-
ratus 100 in the antenna region 113, excluding for the feeding
pad 111. The device carrier 120 may have a shape that corre-
sponds to the antenna region 113 and protrudes parallel to the
antenna region 113.

[0030] The radiation device 130 transmits and receives
electromagnetic waves in the antenna apparatus 100, may be
made from a metal. The radiation device 130 comes into
contact with the feeding pad 111 and is formed on surfaces of
the antenna region 113 and the device carrier 120. At least
some of the radiation device 130 is separated from a side of
the board 110 by the device carrier 120. Electric power is fed
through the feeding pad 111 and is applied to the radiation
device 130, which radiates at a preset frequency band.
[0031] Asshown in FIGS. 1 and 2, the radiation device 130
branches out from the feeding pad 111. More specifically, the
radiation device 130 includes at least two radiation lines 131
and 133 that come into contact with the feeding pad 111. The
radiation lines 131 and 133 extend along the side and an upper
side of the device carrier 120, and may extend from the
feeding pad 111 to the antenna region 113 via the device
carrier 120. The radiation lines 131 and 133 may have at least
one bending portion. More specifically, the radiation lines
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131 and 133 may be bent at corners of the boundary regions
orsurfaces of the board 110 and the device carrier 120 to form
the bending portion. The radiation lines 131 and 133 may be
one of a meander type, a spiral type, a step type, and a loop
type.

[0032] Due the branch-structure of the radiation device
130, a capacitance of the radiation device 130 is compara-
tively greater than a capacitance of radiation devices having
non-branched structures. The capacitance of the radiation
device 130 is determined by an exposed area of the device
carrier 120 within the radiation device 130. More specifically,
the capacitance is determined by a distance between segment
feeding lines extending in the same direction in the respective
radiation lines 131 and 133. When the capacitance of the
radiation device 130 increases, the radiation device 130 may
radiate at a relative high frequency band and a low frequency
band. For example, the relative high frequency band may be a
communication band according to the Global System for
Mobile communications (GSM) and a Code Division Mul-
tiple Access (CDMA) scheme. The low frequency band may
be a Long Term Evolution (LTE) communication band.

[0033] The ground plate 140 grounds the antenna apparatus
100. The ground plate 140 has a flat plate having at least two
neighboring corners, and is mounted at an edge of a side of the
board 110. More specifically, the ground plate 140 is mounted
on the board 110 through the two neighboring corners. The
ground plate 140 may be restrictively mounted in the antenna
region 113 or over the antenna region 113 and the body region
115. The ground plate 140 is disposed perpendicular to a side
of'the board 110, such that an area of a side of the ground plate
140 contacting the board 110 is narrower than an area of the
opposite side thereof corresponding to the device carrier 120.
The ground plate 140 comes into contact with the radiation
device 130, and contacts the opposite end of any one of the
radiation lines 131 and 133. When the electric power is fed to
the radiation device 130, the ground plate 140 grounds the
radiation device 130.

[0034] The ground plate 140 may have various patterned
structures. For example, the ground plate 140 may have a
plurality of grooves 141 that may contact a side of the board
110. More specifically, the ground plate 140 may down-
wardly branch from a side of the board 110 perpendicular to
the board 110. A total volume occupied by the ground plate
140 or a volume of an area overlapping the ground plate over
the board 110 is reduced, so that the frequency band for the
radiation of the radiation device 130 can be adjusted.

[0035] Radiation characteristics of the antenna apparatus
100 according to an embodiment of the present invention will
be described as follows with reference to FIGS. 3 and 4.
FIGS. 3 and 4 are graphs illustrating radiation characteristics
of the antenna apparatus of FIG. 1.

[0036] The antenna apparatus 100, as illustrated in FIGS. 3
and 4, radiates in a Super Wide Band (SWB). When the
electric power is fed from the power source through the feed-
ing pad 111, the radiation device 130 radiates at a frequency
band corresponding to about 718 MHz to 1,220 MHz. The
radiation device 130 radiates at a frequency band having a
bandwidth occupying about just over 50% of a bandwidth of
a center frequency. In other words, the antenna apparatus 100
may use the LTE communication band corresponding to a
frequency band from 704 MHz to 787 MHz, and may further
use the GSM and CDMA communication band correspond-
ing to a band from 824 MHz to 960 MHz.
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[0037] Radiation efficiency of the antenna apparatus 100
according to an embodiment of the present invention will be
described as follows. FIG. 5 is a graph illustrating radiation
efficiency of the antenna apparatus of FIG. 1.

[0038] The antenna apparatus 100 according to an embodi-
ment of the present invention, as illustrated in FIG. 5, has
relatively high radiation efficiency at a wideband. When the
electric power is fed through the feeding pad 111, the antenna
apparatus 100 radiates with radiation efficiency of about just
over 50% at LTE, GSM, and CDMA communication bands.
The antenna apparatus 100 has a relatively high gain as well
as the radiation efficiency at a peculiar frequency as listed in
following Table 1.

TABLE 1
Frequency (MHz) Gain (dBi) Radiation efficiency (%)
704 0.16 63
750 -0.17 44
787 -2.64 30
824 -0.31 52
890 1.40 77
960 1.59 78
[0039] The surface current distribution at the radiation of

the antenna apparatus 100 is described as follows with refer-
ence to FIGS. 6 and 7. FIGS. 6 and 7 are diagrams illustrating
current distribution when the antenna apparatus of FIG. 1
radiates.

[0040] When the antenna apparatus 100 radiates at a pecu-
liar frequency such as 750 MHz, 750 MHz, or 787 MHz, such
as in the LTE communication band ranging from 704 MHz to
787 MHz, current is distributed at the antenna apparatus 100
as illustrated in FIG. 6. When the antenna apparatus 100
radiates at a peculiar frequency such as 824 MHz, 89 MHz, or
960 MHz, such as in CDMA communication bands ranging
from 824 MHz to 960 MHz, current is distributed at the
antenna apparatus 100 as illustrated in FIG. 7.

[0041] The dielectric absorption of the antenna apparatus
100 is described as follows with reference to FIG. 8. FIG. 81s
a diagram illustrating dielectric absorption when the antenna
apparatus of FIG. 1 radiates.

[0042] When the antenna apparatus 100 radiates at a pecu-
liar frequency such as 704 MHz, 750 MHz, 787 MHz, 824
MHz, or 960 MHz, the dielectric absorption is carried out in
the antenna apparatus 100 as illustrated in FIG. 8. When the
electric power is fed to the radiation device 130 through the
feeding pad 111, the dielectric absorption is carried out by the
device carrier 120 relatively and effectively. This shows that
a relatively high loss of efficiency occurs in the device carrier
120, when the apparatus 100 radiates at these peculiar fre-
quencies. Therefore, the antenna apparatus 100 may use a
wide bandwidth including the LTE, GSM, and CDMA com-
munication bands through the device carrier 120 more effec-
tively.

[0043] Although the ground plate 140 has a plurality of
grooves in the above-described embodiment illustrated in
FIGS. 1-2, the present invention is not limited thereto.
Ground plates in accordance with embodiments of the present
invention may be implemented in various forms. FIGS. 9 and
10 illustrate examples of other such ground plates and
antenna apparatuses according to other embodiments of the
present invention.
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[0044] FIG. 9 is a perspective diagram illustrating an
antenna apparatus according to another embodiment of the
present invention.

[0045] Referring to FIG. 9, an antenna apparatus 200
according to another embodiment of the present invention
includes a board 210, a device carrier 220, a radiation device
230, and a ground plate 240. In this embodiment, basic con-
figuration of the antenna apparatus 200 is identical to that of
the antenna apparatus according to the previously described
embodiment of FIGS. 1 and 2, and a description thereof will
be omitted.

[0046] However, the ground plate 240 may have a single
groove 241. In this case, the groove 241 of the ground plate
240 may contact a side of the board 210. In other words, the
ground plate 240 may branch downwardly from a side of the
board 210 perpendicular to the board 210. A total volume of
the ground plate 240 or the volume of an overlapping area of
the ground plate 240 over the board 210 is reduced so that the
frequency band for the radiation of the radiation device 230
can be adjusted. More specifically, the ground plate 240 may
be tuned into various shapes by patterning so that the perfor-
mance of the antenna apparatus 200 can be minutely adjusted.
[0047] FIG. 10 is a perspective diagram illustrating an
antenna apparatus according to still another embodiment of
the present invention. FIG. 11 a perspective diagram illustrat-
ing an example of a communication terminal to which
antenna apparatuses according to embodiments of the present
invention may be mounted.

[0048] Referring to FIG. 10, an antenna apparatus 300
according to another embodiment of the present invention
includes a board 310, a device carrier 320, a radiation device
330, and a ground plate 340. A basic configuration of the
antenna apparatus 300 is identical to that of previously
described embodiments of the present invention, and there-
fore, a description thereof will be omitted.

[0049] However, the ground plate 340 may have at least one
hole 341 penetrating the ground plate 340. The hole 341 may
be parallel to a side of the board 310. Total volume of the
ground plate 340 or the volume of an overlapping area of the
ground plate 340 over the board 310 is reduced so that the
frequency band for the radiation of the radiation device 330
can be adjusted. In other words, the ground plate 340 may be
tuned into various shapes by patterning so that performance
of the antenna apparatus 300 can be minutely adjusted. The
antenna apparatus 300, as illustrated in FIG. 11, may be
coupled with a body 400 of a communication terminal
through a body region 315 of the board 310. By doing so, the
antenna apparatus 300 is inserted into the communication
terminal for the installation.

[0050] As described above, in an embedded antenna appa-
ratus of acommunication terminal according to embodiments
of the present invention, the radiation device is implemented
with a branched structure in order to increase the number of
frequency bands that can be used the antenna apparatus. More
specifically, an antenna apparatus according to embodiments
of the present invention can use a relatively high frequency
band as well as a relatively low frequency band. For example,
an antenna apparatus according to embodiments of the
present invention may use the LTE, GSM, and CDMA com-
munication bands. Due to these advantages, a communication
terminal according to embodiments of the present invention
may use the expanded frequency band through a single
antenna apparatus, allowing such a communication terminal
to be relatively small. Therefore, a communication terminal
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according to embodiments of the present invention can use
various multimedia services within various wireless commu-
nication systems through a single antenna apparatus.

[0051] In an embedded antenna apparatus of a communi-
cation terminal according to embodiments of the present
invention, a ground plate is disposed perpendicular to a side
of the board so that a performance of the antenna apparatus
can be improved. In other words, the contact area between the
ground plate and the board is reduced so that loss generated
through the board can be prevented. The ground plate may be
patterned in various shapes and is easily tuned so that the
performance of the antenna apparatus can be minutely
adjusted, which allows the antenna apparatus according to
embodiments of the present invention to use the expanded
frequency band more effectively.

[0052] In an embedded antenna apparatus of a communi-
cation terminal according to embodiments of the present
invention, a radiation device is mounted on a board through
the device carrier, such that a performance of the antenna
apparatus can be improved. More specifically, the device
carrier is made of dielectric so that a relatively high loss may
be generated from the device carrier when the antenna appa-
ratus radiates, which the antenna apparatus according to
embodiments of the present invention to use the expanded
frequency band more effectively.

[0053] Embodiments of the present invention are provided
for the easy description and understanding of the present
invention with specific examples but do not limit the scope of
the present invention. It will be appreciated by those skilled in
the art that various changes and modifications may be prac-
ticed without departing from the spirit of the present inven-
tion.

What is claimed is:

1. An embedded antenna apparatus of a communication
terminal comprising:

aplate board having a feeding pad disposed on a side of the
board;

a radiation device including at least two radiation lines
formed on the side of the board, the two radiation lines
respectively extending from the feeding pad and radiat-
ing at a preset frequency band when electric power is fed
through the feeding pad; and

a ground plate mounted on a side of the board and contact-
ing one end of each of the radiation lines to ground the
radiation device.

2. The embedded antenna apparatus of a communication
terminal of claim 1, wherein the ground plate includes a flat
plate mounted in an edge of the side of the board and disposed
perpendicular to the side of the board.
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3. The embedded antenna apparatus of a communication
terminal of claim 1, further comprising a device carrier
mounted on the side of the board to expose the feeding pad,
and

wherein the radiation device is disposed on a surface of the
device carrier.

4. The embedded antenna apparatus of a communication
terminal of claim 2, wherein the ground plate has at least one
groove contacting the side of the board.

5. The embedded antenna apparatus of a communication
terminal of claim 2, wherein the ground plate has at least one
hole, such that a longest side of the hole is parallel to the side
of'the board and the hole penetrates the ground plate.

6. The embedded antenna apparatus of a communication
terminal of claim 1, wherein the two radiation lines include at
least one bending portion, and

wherein the two radiation lines comprise at least one of a
meander type radiation line, a spiral type radiation line,
a step type radiation line, and a loop type radiation line.

7. The embedded antenna apparatus of a communication
terminal of claim 1, wherein the frequency band corresponds
to Long Term Evolution (LTE), Global System for Mobile
communications (GSM), and Code Division Multiple Access
(CDMA) communication bands.

8. An embedded antenna apparatus of a communication
terminal comprising:

aplate board having a feeding pad disposed on a side of the
board;

a device carrier mounted on a side of the board to expose
the feeding pad;

a radiation device including at least two radiation lines
extending from the feeding pad to a surface of the device
carrier along different paths, the at least two radiation
lines radiating at a preset frequency band when electric
power is fed through the feeding pad; and

a ground plate having a flat plate shape mounted in an edge
ofthe side of the board and disposed perpendicular to the
side of the board, and contacting one end each of the at
least two radiation lines to ground the radiation device.

9. The embedded antenna apparatus of a communication
terminal of claim 8, wherein the ground plate has at least one
groove contacting the side of the board.

10. The embedded antenna apparatus of a communication
terminal of claim 8, wherein the ground plate has at least one
hole, such that a longest side of the hole is parallel to the side
of'the board and the hole penetrates the ground plate.

11. The embedded antenna apparatus of a communication
terminal of claim 8, wherein the at least two radiation lines
extend from the feeding pad to the side of the board via the
device carrier.
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tion may include: a radiator having an antenna pattern portion
transmitting and receiving a signal and a connection terminal
portion allowing the signal to be transmitted to and received
from a circuit board of an electronic device; a connection
portion partially forming the radiator and connecting the
antenna pattern portion and the connection terminal portion
to be arranged in different planes; a radiator frame manufac-
tured by injection molding on the radiator so that the antenna
pattern portion may be provided on one side of the radiator
frame and the connection terminal portion may be provided
on the other side thereof, while the antenna pattern portion is
embedded in the electronic device case; and a contact surface
extension provided on the radiator to prevent the radiator
from being loosened from the radiator frame during injection
molding of the radiator frame, and increasing a contact area
with respect to the radiator frame.
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ANTENNA PATTERN FRAME AND METHOD
OF MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the priority of Korean Patent
Application No. 10-2009-0035636 filed on Apr. 23, 2009, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an antenna pattern
frame having an antenna radiator formed on a surface thereof
and a method of manufacturing the same, and more particu-
larly, to an antenna pattern frame having, on a surface thereof,
an antenna radiator to be embedded in an electronic device
case, and a method of manufacturing the same.

[0004] 2. Description of the Related Art

[0005] Mobile communications terminals such as cellular
phones, personal digital assistants (PDAs) and laptop com-
puters, which support wireless communications, are indis-
pensable devices in modern society. Functions including
CDMA, wireless LANs, GSM and DMB have been added to
these mobile communications terminals. One of the most
important components that enable these functions is associ-
ated with antennas.

[0006] Antennas being used in these mobile communica-
tions terminals have advanced from external antennas, such
as rod antennas or helical antennas, to internal antennas that
are disposed inside terminals.

[0007] External antennas are susceptible to damage by
external shock, while internal antennas increase the volume
of terminals.

[0008] In order to solve these problems, research has been
undertaken to manufacture antennas that are formed inte-
grally with mobile communications terminals.

[0009] In order that antennas are formed integrally with
terminals, a method of bonding flexible antennas to terminal
bodies using adhesives is used. Recently, a method of forming
antenna films by molding has been proposed.

[0010] However, when flexible antennas are bonded by
simply using adhesives, the reliability of these antennas is
reduced as the adhesiveness decreases. Besides, this also
causes harm to the appearance of the terminals, lessening
emotional quality for consumers.

[0011] In addition, when antenna films are used, product
stability can be ensured. However, a process of bonding an
antenna to a film is difficult to perform and manufacturing
costs are also increased.

SUMMARY OF THE INVENTION

[0012] An aspect of the present invention provides an
antenna pattern frame and a method of manufacturing the
same that can prevent the loosening of an antenna radiator
from the surface of the antenna pattern frame by fixing the
antenna radiator in close contact with the frame surface.

[0013] According to an aspect of the present invention,
there is provided an antenna pattern frame including: a radia-
tor having an antenna pattern portion transmitting and receiv-
ing a signal and a connection terminal portion allowing the
signal to be transmitted to and received from a circuit board of
an electronic device; a connection portion partially forming
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the radiator and connecting the antenna pattern portion and
the connection terminal portion to be arranged in different
planes; a radiator frame manufactured by injection molding
on the radiator so that the antenna pattern portion may be
provided on one side of the radiator frame and the connection
terminal portion may be provided on the other side thereof,
while the antenna pattern portion is embedded in the elec-
tronic device case; and a contact surface extension provided
on the radiator to prevent the radiator from being loosened
from the radiator frame during injection molding of the radia-
tor frame, and increasing a contact area with respect to the
radiator frame.

[0014] The contact surface extension may extend from an
edge of the radiator, be bent, and be embedded into the radia-
tor frame.

[0015] The contact surface extension may be provided by
forming a hole in a surface of the radiator.

[0016] The contact surface extension may be embossed
into a surface of the radiator.

[0017] The contact surface extension may be provided by
bending a corner of the antenna pattern portion downward
and be embedded into the radiator frame.

[0018] The connection portion may be provided by bending
the radiator, and the connection terminal portion is then pro-
vided by bending the connection portion.

[0019] The connection terminal portion may be supported
in contact with a radiator support portion protruding from the
other side opposite to the one side of the radiator frame.
[0020] The connection portion may be provided through a
radiator support portion protruding from the other side oppo-
site to the one side of the radiator frame.

[0021] A guide pin hole may be provided in the radiator so
that a guide pin of a mold is inserted into the guide pin hole
during injection molding to thereby prevent a movement of
the radiator on the radiator frame.

[0022] A contact pinhole may be provided in the radiator so
that a contact pin of a mold is inserted into the contact pin hole
during injection molding to thereby prevent a movement of
the radiator on the radiator frame.

[0023] The antenna pattern portion may have a curvature,
and the radiator frame may have a curved portion so that the
antenna pattern portion having the curvature may be provided
on a surface thereof.

[0024] According to another aspect of the present inven-
tion, there is provided a method of manufacturing an antenna
pattern frame, the method including: forming a contact sur-
face extension on a radiator to increase a contact area with
respectto a resin material during injection molding, the radia-
tor having an antenna pattern portion transmitting and receiv-
ing a signal, a connection terminal portion making contact
with a circuit board of an electronic device, and a connection
portion connecting the antenna pattern portion and the con-
nection terminal portion to be arranged in different planes;
arranging the radiator having the contact surface extension
formed thereon in a space inside an upper or lower mold; and
injecting a resin material in the space so that the space inside
the upper or low mold forms a radiator frame allowing the
antenna pattern portion to be embedded in the electronic
device case.

[0025] A guide pin, a contact pin or a guide pin and a
contact pin, formed in the upper or lower mold, may be
inserted into or make contact with a guide pin hole, a contact
pin hole or a guide pin hole and a contact pin hole formed in
the radiator when the upper and lower molds are joined.
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[0026] The contact surface extension may extend from an
edge of the radiator, be bent, and be embedded into the radia-
tor frame by injection molding.

[0027] The contact surface extension may be provided by
forming a hole in a surface of the radiator, through which the
resin material being injected fills the space.

[0028] The contact surface extension may be embossed
into a surface of the radiator to increase the contact area with
respect to the resin material being injected.

[0029] The contact surface extension may be provided by
bending a corner of the antenna pattern portion and be embed-
ded into the radiator frame manufactured by injecting mold-
ing using the resin material.

[0030] The injection molding may be performed such that
the antenna pattern portion is arranged in contact with one
surface of one of the upper and lower molds, and the connec-
tion terminal portion is arranged in contact with one surface
of the other mold.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The above and other aspects, features and other
advantages of the present invention will be more clearly
understood from the following detailed description taken in
conjunction with the accompanying drawings, in which:
[0032] FIG. 1 is a schematic perspective view, with a cut-
out portion, a case of a mobile communications terminal,
which is an electronic device, according to an exemplary
embodiment of the present invention;

[0033] FIG. 2 is a schematic perspective view illustrating
an antenna pattern frame according to a first embodiment of
the present invention;

[0034] FIG. 3 is a rear perspective view illustrating the
antenna pattern frame of FIG. 2;

[0035] FIG. 4 is a cross-sectional view taken along the line
A-A of FIGS. 2 and 3;

[0036] FIG. 5 is a schematic sectional view illustrating an
antenna pattern frame according to a second embodiment of
the present invention;

[0037] FIG. 6 is a schematic sectional view illustrating an
antenna pattern frame according to a third embodiment of the
present invention;

[0038] FIG. 7 is a schematic sectional view illustrating an
antenna pattern frame according to a fourth embodiment of
the present invention;

[0039] FIG. 8 is a schematic perspective view illustrating a
radiator that is used to manufacture an antenna pattern frame
according to an exemplary embodiment of the present inven-
tion;

[0040] FIG. 9 is a schematic sectional view illustrating a
first embodiment of a mold for manufacturing an antenna
pattern frame in order to illustrate a method of manufacturing
an antenna pattern frame according to an exemplary embodi-
ment of the present invention;

[0041] FIG. 10 is a schematic view illustrating how a resin
material is injected into the mold of FIG. 9;

[0042] FIG. 11 is a schematic sectional view illustrating a
second embodiment of a mold for manufacturing an antenna
pattern frame in order to illustrate a method of manufacturing
an antenna pattern frame according to an exemplary embodi-
ment of the present invention;

[0043] FIG. 12 is a schematic view illustrating how a resin
material is injected into the mold of FIG. 11;

[0044] FIG. 13 is a schematic sectional view illustrating a
third embodiment of a mold for manufacturing an antenna
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pattern frame in order to illustrate a method of manufacturing
an antenna pattern frame according to an exemplary embodi-
ment of the present invention;

[0045] FIG. 14 is a schematic view illustrating how a resin
material is injected into the mold of FIG. 13;

[0046] FIGS. 15A through 15D are schematic perspective
views illustrating the shape of an antenna radiator that is used
to fix a radiator having an antenna pattern to an antenna
pattern frame according to an exemplary embodiment of the
present invention;

[0047] FIG. 16 is an exploded perspective view illustrating
a case of a mobile communications terminal that is an elec-
tronic device having an antenna pattern radiator is embedded
therein according to an exemplary embodiment of the present
invention;

[0048] FIG. 17 is a schematic view illustrating a first
embodiment of a method of manufacturing an electronic
device case having an antenna pattern radiator embedded
therein according to an exemplary embodiment of the present
invention;

[0049] FIG. 18 is a schematic view illustrating a mold for
manufacturing an electronic device case that is used to per-
form a second embodiment of a method of manufacturing an
electronic device case having an antenna pattern radiator
embedded therein according to an exemplary embodiment of
the present invention;

[0050] FIG. 19 is a schematic view illustrating how a resin
material is injected into the mold of FIG. 18;

[0051] FIG. 20 is a schematic perspective view illustrating
an antenna pattern radiator having a ground portion according
to another exemplary embodiment of the present invention;
[0052] FIG. 21 is a schematic perspective view illustrating
an antenna pattern radiator having a ground portion according
to another exemplary embodiment of the present invention;
[0053] FIG. 22 is a schematic sectional view illustrating a
mold for manufacturing an antenna pattern frame that is used
to perform a method of manufacturing an antenna pattern
frame having a ground portion according to another exem-
plary embodiment of the present invention; and

[0054] FIG. 23 is a schematic exploded perspective view
illustrating a laptop computer that is an electronic device to
which an antenna pattern frame having a ground portion is
applied according to another exemplary embodiment of the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0055] Exemplary embodiments of the present invention
will now be described in detail with reference to the accom-
panying drawings. The invention may, however, be embodied
in many different forms and should not be construed as being
limited to the embodiments set forth herein. While those
skilled in the art could readily devise many other varied
embodiments that incorporate the teachings of the present
invention through the addition, modification or deletion of
elements, such embodiments may fall within the scope of the
present invention.

[0056] In the drawings, the shapes and dimensions may be
exaggerated for clarity, and the same reference numerals will
be used throughout to designate the same or like components.
[0057] FIG. 1 is a schematic perspective view illustrating,
with a cut-out portion, a case of a mobile communications
terminal that is an electronic device according to an exem-
plary embodiment of the invention. FIG. 2 is a schematic
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perspective view illustrating an antenna pattern frame accord-
ing to a first embodiment of the invention. FIG. 3 is a rear
perspective view illustrating the antenna pattern frame of
FIG. 2. FIG. 4 is a cross-sectional view taken along the line
A-A of FIGS. 2 and 3.

[0058] Referring to FIGS. 1 through 4, a radiator 220 hav-
ing an antenna pattern formed thereon according to this
embodiment is embedded in a case 120 of a mobile commu-
nications terminal 100. In order that the radiator 220 having
the antenna pattern thereon is embedded in the case 120, an
antenna pattern frame 200 needs to be provided so that the
radiator 220 having the antenna pattern thereon is formed on
a radiator frame 210.

[0059] The antenna pattern frame 200, provided to form the
antenna pattern inside the electronic device case according to
this embodiment, may include the radiator 220 having an
antenna pattern portion 222 and connection terminal portions
224, and the radiator frame 210.

[0060] The radiator 220 may be formed of a conductive
material, such as aluminum or copper. Further, the radiator
220 may receive external signals and transmit the received
external signals to a signal processor of the electronic device
such as the mobile communications terminal 100. Further, the
radiator 220 includes the antenna pattern portion 222 which s
a meander line antenna pattern.

[0061] The connection terminal portions 224 transmit the
received external signals to the electronic device. The con-
nection terminal portions 224 may be formed by bending,
forming or drawing a portion of the radiator 220. Alterna-
tively, the connection terminal portions 224 may be manufac-
tured separately from the radiator 220 and be then connected
to the radiator 220 (see FIG. 7).

[0062] The radiator frame 210 may have a three-dimen-
sional structure consisting of a straight portion 260 having a
flat profile and a curved portion 240 with a curvature. The
radiator 220 may have flexibility such that the radiator 220
can be disposed along the curved portion 240 of the radiator
frame 210.

[0063] The radiator frame 210 is produced by injection
molding. While the antenna pattern portion 222 may be
formed on one side 210a of the radiator frame 210, the con-
nection terminal portions 224 may be formed on the other side
2105 opposite to the one side 210a.

[0064] The radiator 220, which is embedded in the elec-
tronic device case 120, has the antenna pattern portion 222
receiving external signals and the connection terminal por-
tions 224 transmitting the received external signals to the
electronic device that may be arranged in the different planes.
[0065] The one side 210a of the radiator frame 210, on
which the antenna pattern portion 222 is formed, is bonded to
the inside of the electronic device case 120, so that the
antenna pattern can be embedded in the electronic device case
120.

[0066] Alternatively, the antenna pattern may be embedded
in the electronic device case 120 by placing the antenna
pattern frame 200 in a mold and performing insert molding.
[0067] Therefore, the antenna pattern frame 200 serves as a
first injection molded part so that the radiator 220 having the
antenna pattern portion 222 thereon is placed within the elec-
tronic device case 120.

[0068] The radiator 220 and the radiator frame 210 may
have the same boundary, which increases the fluidity of mate-
rials, such as resin, during a second injection molding process
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in which the antenna pattern frame 200 is placed within the
mold after the first injection molding process.

[0069] Guide pin holes 225 may be formed in the radiator
220. Guide pins 328 (see FIG. 9) of a mold 300 are inserted
into the guide pin holes 225 during molding to thereby pre-
vent the movement of the radiator 220 on the radiator frame
210.

[0070] Contact pinholes 223 may be formed in the radiator
220 so that contact pins 326 (see FIG. 9) of the mold 300 are
inserted into the contact pin holes 223 during injection mold-
ing, thereby preventing the movement of the radiator 220 on
the radiator frame 210.

[0071] The contact pins 326 and the guide pins 328 may be
formed on the radiator 220. After injection molding is com-
pleted, portions of the radiator frame 210 located under the
contact pins 326 are filled, while holes are formed in portions
of' the radiator frame 210 located under the guide pins 328.
[0072] The contact pins 326 to be inserted into the contact
pin holes 223, formed in the radiator 220, prevent the hori-
zontal movement of the radiator 220 in the mold 300 during
the first injection molding process. Furthermore, the guide
pins 328 to be inserted into the guide pin holes 225, formed in
the radiator 220, prevent the vertical movement of the radiator
220 in the mold 300 during the first injection molding pro-
cess.

[0073] Various embodiments of the antenna pattern frame
200 configured as described above will now be described in
detail.

[Antenna Pattern Frame According to First Embodiment]

[0074] FIGS. 2 through 4 are views illustrating an antenna
pattern frame according to a first embodiment of the inven-
tion.

[0075] The radiator 220 of the antenna pattern frame 200
according to the first embodiment may be bent to form the
connection terminal portions 224, the antenna pattern portion
222, and connection portions 226 connected therebetween.
[0076] The connection portions 226 may connect the
antenna pattern portion 222 and the connection terminal por-
tions 224 to be arranged in the different planes. The connec-
tion terminal portions 224 that are not embedded in the elec-
tronic device case may be exposed on the other side 21056 of
the antenna pattern frame 200.

[0077] That is, the radiator 220 is bent on the basis of the
connection portions 226 to form the antenna pattern portion
222 and the connection terminal portions 224, so that the
radiator 220 can be realized to have a three-dimensional
curved surface.

[0078] Inorderto support the radiator 220 having the three-
dimensional curved surface, radiator support portions 250
may protrude from the other side 2104 of the radiator frame
210.

[0079] Theradiator support portions 250 can firmly support
the connection portions 226 and the connection terminal por-
tions 224 that are exposed on the other side 2105.

[Antenna Pattern Frame According to Second Embodiment]

[0080] FIG. 5 is a schematic sectional view illustrating an
antenna pattern frame according to a second embodiment of
the invention.

[0081] Referring to FIG. 5, similarly to the first embodi-
ment, described with reference to FIGS. 2 through 4, the
radiator 220 of the antenna pattern frame 200 according to the
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second embodiment may be bent to form the connection
terminal portions 224 and the antenna pattern portion 222,
and the connection portions 226 connected therebetween.
[0082] However, the connection portions 226 according to
the second embodiment may be formed through the radiator
support portions 250 that protrude from the other side of the
radiator frame 210.

[Antenna Pattern Frame According to Third Embodiment]

[0083] FIG. 6is aview illustrating an antenna pattern frame
according to a third embodiment of the invention.

[0084] Referring to FIG. 6, similarly to the above-de-
scribed first and second embodiments, the radiator 220 of the
antenna pattern frame 200 may be bent to form the connection
terminal portions 224 and the antenna pattern portion 222,
and the connection portions 226 connected therebetween.
[0085] The radiator frame 210 according to the third
embodiment does not have the radiator support portions 250
that protrude from the other side 210a of the antenna pattern
frame 200. The bottom of the radiator support portions 250 is
at the same level as that of the radiator frame 210. Further, the
connection portions 226 according to the third embodiment
may be formed through the radiator frame 210 or the radiator
support portions 250.

[Antenna Pattern Frame According to Fourth Embodiment]

[0086] FIG.7isaview illustrating an antenna pattern frame
according to a fourth embodiment of the invention.

[0087] Referring to FIG. 7, the antenna pattern frame 200
according to the fourth embodiment may include a connec-
tion terminal 270 that is separated from the antenna pattern
portion 222.

[0088] The connection terminal 270 may be an elastic body
that connects the antenna pattern portion 222 and a circuit
board 140 to each other.

[0089] In particular, the connection terminal 270 may be a
C-clip or a pogo-pin that allows for an electrical connection
between the antenna pattern portion 222 and the circuit board
140. A hole may be formed in the radiator frame 210 so that
the connection terminal 270 can be inserted into the hole.
[0090] Hereinafter, a method and mold for manufacturing
the antenna pattern frame 200 according to the above-de-
scribed various embodiments will now be described in detail.
[0091] FIG. 8 is a schematic perspective view illustrating a
radiator that is used to manufacture an antenna pattern frame
according to an exemplary embodiment of the invention. FIG.
9 is a schematic sectional view illustrating a first embodiment
of'a mold for manufacturing an antenna pattern frame in order
to illustrate a method of manufacturing an antenna pattern
frame according to an exemplary embodiment of the inven-
tion. FIG. 10 is a schematic view illustrating how a resin
material is injected into the mold of in FIG. 9.

[0092] Hereinafter, a method of manufacturing the antenna
pattern frame 200 according to an exemplary embodiment of
the invention will be described with reference to FIGS. 8
through 10.

[0093] First, as shown in FIG. 8, the radiator 220 has the
antenna pattern portion 222 and the connection terminal por-
tions 224 that are arranged in the different planes. The
antenna pattern portion 222 receives external signals. The
connection terminal portions 224 are in contact with the cir-
cuit board of the electronic device to thereby transmit the
received external signals to the electronic device.
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[0094] Both the guide pin holes 225 and the contact pin
holes 223 may be formed in the radiator 220.

[0095] The radiator 220 may have a three-dimensional
structure. Specifically, the radiator 220 is bent to form the
antenna pattern portion 222 and the connection terminal por-
tions 224, and the connection terminal portions 226 con-
nected therebetween.

[0096] Afterthe radiator 220 is provided, the radiator 220 is
placed in an inner space 350 of the mold 300.

[0097] The inner space 350 is created when an upper mold
320 and a lower mold 340 are joined. A recess, formed in the
upper mold 320 or the lower mold 340, becomes the inner
space 350 when the upper mold 320 and the lower mold 340
are joined.

[0098] When the upper mold 320 and the lower mold 340
are joined, the guide pins 328, the contact pins 326, or the
guide pins 328 and the contact pins 326, formed in the upper
mold 320 or the lower mold 340, are inserted into or make
contact with the guide pin holes 225, the contact pin holes
223, or the guide pin holes 225 and the contact pin holes 223,
formed in the antenna pattern portion 222, so that the radiator
220 can be fixed in the inner space 350.

[0099] A resin material is injected into the inner space 350
to form the radiator frame 210, so that the antenna pattern
portion 222 is embedded in the electronic device case 120.
[0100] Here, theinner space 350 of the upper or lower mold
320 or 340 is curved so that the radiator frame 210 has a
curved portion 240.

[0101] The resin material is injected so that the bottom of
the radiator 220 is at the same level as that of the radiator
frame 210. Therefore, when the radiator frame 210 is put in
the mold for injection molding in order to manufacture the
electronic device case 120 in which the antenna pattern is
embedded, the flowability of the resin can be improved.

[Mold for Manufacturing Antenna Pattern Frame According
to First Embodiment]

[0102] Referring to FIGS. 9 and 10, the mold 300 for manu-
facturing the antenna pattern frame 200 will be described in
detail.

[0103] The mold 300 for manufacturing the electronic
device case 120 having the antenna pattern portion 222
embedded therein according to an exemplary embodiment of
the invention may include the upper and lower molds 320 and
340 and the resin material injection portion 370.

[0104] The radiator 220 may be received between the upper
and lower molds 320 and 340 while the antenna pattern por-
tion 222 receiving an external signal and the connection ter-
minal portions 224 in contact with the circuit board 140 of the
electronic device are arranged in the different planes.

[0105] The resin material injection portion 370 is a passage
through which a resin material flows. The resin material injec-
tion portion may be formed in the upper mold 320, the lower
mold 340 or the upper and lower molds 320 and 340. When
the upper and lower molds 320 and 340 are joined, the resin
material is injected into the inner space 350 between the upper
and lower molds 320 and 340 so that the resin material filling
the inner space 350 forms the radiator frame 210 that allows
the antenna pattern portion 222 to be placed within the elec-
tronic device case 120.

[0106] The guide pins 328, the contact pins 326 or the guide
pins 328 and the contact pins 326, formed on the radiator 220,
may be inserted into or make contact with the guide pin holes
225, the contact pin holes 223 or the guide pin holes 225 and
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the contact pin holes 223, formed in any one of the upper mold
320, the lower mold 340 or the upper and lower molds 320 and
340.

[0107] The inner space 350 between the upper and lower
molds 320 and 340 may have a space allowing the radiator
frame 210 to have the curved portion 240.

[0108] Furthermore, the inner space 350 of the upper and
lower molds 320 and 340 may receive the connection terminal
portions 224 and have radiator support portion forming
recesses 346 to thereby form the radiator support portions 250
that support the connection terminal portions 224.

[0109] Further, compression pins 324 may be provided on
the upper mold 320, the lower mold 340 or the upper and
lower molds 320 and 340. The compression pins 324 com-
press the connection terminal portions 224 arranged in the
radiator support portion forming recesses 346 so that the
connection terminal portions 224 make contact with the
radiator support portion forming recesses 346.

[0110] The compression pins 324 may prevent the resin
material from flowing under the connection terminal portions
224. If the connection terminal portions 224 are partially
covered with the injection molding material, this may cause
an unstable electrical connection. The compression pins 324
can prevent this unstable electrical connection.

[Mold for Manufacturing Antenna Pattern Frame According
to Second Embodiment]

[0111] FIG. 11 is a schematic sectional view illustrating a
second embodiment of a mold for manufacturing an antenna
pattern frame to illustrate a method of manufacturing an
antenna pattern frame according to an exemplary embodi-
ment of the invention. FIG. 12 is a schematic view illustrating
how a resin material is injected into the mold of FIG. 11.
[0112] With reference to FIGS. 11 and 12, the antenna
pattern frame mold 300 according to the second embodiment
is substantially the same as the mold for manufacturing an
antenna pattern frame according to the first embodiment
except as described herein below.

[0113] According to the second embodiment, at least one of
the guide pins or contact pins that prevent the movement of
the radiator may be inserted into the mold 300 due to the flow
of the resin material into the mold.

[0114] These guide pins or contact pins may be defined as
flow pins 345. The flow pins 345, arranged in the inner space
350 of the mold 300, support the radiator 220 before a resin
material is injected and may move from the inner space 350
toward the mold 300 as the injection molding material is
injected.

[0115] Theuseofthe flow pins 345 can minimize pin marks
unlike other pins fixed to the mold 300.

[Mold for Manufacturing Antenna Pattern Frame According
to Third Embodiment]

[0116] FIG. 13 is a schematic sectional view illustrating a
third embodiment of a mold for manufacturing an antenna
pattern frame to illustrate a method of manufacturing an
antenna pattern frame according to an exemplary embodi-
ment of the invention. FIG. 14 is a schematic view illustrating
how a resin material is injected into the mold of FIG. 13.

[0117] Referring to FIGS. 13 and 14, like the second
embodiment, the antenna pattern frame mold 300 according
to the third embodiment is substantially the same as the
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antenna pattern frame mold according to the first embodiment
except as described herein below.

[0118] According to the third embodiment, magnets 380
may be formed in the radiator support portion forming
recesses 346 in which the connection terminal portions 224
are mounted.

[0119] Similarly to the compression pins 324, the magnets
380 can prevent the resin material from flowing under the
connection terminal portions 224 and prevent an unstable
electrical connection caused when the connection terminal
portions 244 are partially covered with the injection molding
material.

[Antenna Pattern Frame for Preventing L.oosening of Radia-
tor and Method of Manufacturing the Same]

[0120] Hereinafter, an antenna pattern frame including a
radiator frame having an antenna pattern portion firmly fixed
thereto, and a method of manufacturing an antenna pattern
frame preventing loosening by firmly fixing the antenna pat-
tern portion to the radiator frame will be described.

[0121] FIGS. 15A through 15D are schematic perspective
views illustrating the shape of an antenna radiator that is used
to perform a method of fixing a radiator having an antenna
pattern portion formed thereon according to an exemplary
embodiment to an antenna pattern frame.

[0122] With reference to FIGS. 15A through 15D, various
embodiments of a radiator are described in which the radiator
220 having contact surface extensions 227 is fixed to the
antenna pattern frame 200.

[0123] As for the antenna pattern frame 200 to which the
radiator 220, shown in FIGS. 15A through 15D is applied, the
radiator 220 having the contact surface extensions 227
formed thereon may be replaced with the radiator 220 of the
antenna pattern frame 200, shown in FIGS. 2 through 7.
[0124] That is, the antenna pattern frame 200, shown in
FIGS. 15A through 15D, may include the radiator 220, the
radiator frame 210 and the contact surface extensions 227.
[0125] As for the radiator 220 and the radiator frame 210 of
FIGS. 15A through 15D, the description of the radiator 220
and the radiator frame 210 with reference to FIGS. 2 through
4 may be repeated.

[0126] However, the radiator 220 having the contact sur-
face extensions 227 prevents the loosening of the radiator 220
from the radiator frame 210 when injection molding is per-
formed to manufacture the radiator frame 210.

[0127] When a resin material is fed into the mold in which
the radiator 220 is placed for injection molding, the contact
surface extensions 227 can increase the contact area with the
resin material, so that the radiator 220 can be firmly fixed to
the radiator frame 210.

[0128] As shown in FIG. 15A, the contact surface exten-
sions 227 may be blades 2274 that extend from the edges of
the radiator 220, are bent, and are inserted into the radiator
frame 210.

[0129] Furthermore, as shown in FIG. 15B, the contact
surface extensions 227 may be holes 2275 that are formed in
the radiator 220. An injection molding material flows through
the holes 2275 to thereby increase the contact surface and fix
the radiator 220 in an accurate position.

[0130] As shown in FIG. 15C, the contact surface exten-
sions 227 may be embossed into the radiator 220 to thereby
increase the contact area between the radiator 220 and the
injection molding material and determine the accurate posi-
tion.
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[0131] AsshowninFIG. 15D, the contact surface extension
227 may be formed by bending the edges of the end of the
antenna pattern portion 222 of the radiator 220 downward,
and the bent contact extension 227 may be inserted into the
radiator frame 210.

[0132] The antenna pattern frame 200 according to an
exemplary embodiment of the invention that prevents the
loosening of the radiator 220 can be applied to the antenna
pattern frame as described with reference to FIGS. 2 through
7.

[0133] As for the method of manufacturing an antenna
pattern frame that can prevent loosening by firmly fixing the
antenna pattern to the radiator frame 210, the description of
the injection molding methods with reference to FIGS. 8
through 14 may be repeated except that the radiator 220
having the contact surface extensions 227 formed to increase
the contact area with the molding injection material is put into
the mold 30 during injection molding.

[Electronic Device Case Having Antenna Pattern Radiator
Embedded Therein, Method and Mold for Manufacturing the
Same, and Mobile Communications Terminal]

[0134] FIG. 16 is an exploded perspective view illustrating
a case of a mobile communications terminal that is an elec-
tronic device having an antenna pattern radiator embedded
therein according to an exemplary embodiment of the inven-
tion.

[0135] Referring to FIG. 16, the electronic device case 120
having the antenna pattern radiator 220 embedded therein
according to this embodiment includes the radiator 220, the
radiator frame 210 and a case frame 130.

[0136] The descriptions of the embodiments, shown in
FIGS. 2 through 7, will substitute for a description of the
radiator 220 and the radiator frame 210.

[0137] The case frame 130 covers one side of the radiator
frame 210 having the antenna pattern portion 222 formed
thereon, so that the antenna pattern portion 222 is embedded
between the radiator frame 210 and the case frame 130.
[0138] The radiator frame 210 and the case frame 130 are
formed integrally with each other. As viewed from bottom of
the electronic device case 120, the antenna pattern portion
222 may not been seen but the connection terminal portions
224 may be seen.

[0139] The radiator frame 210, the case frame 130, or the
radiator frame 210 and the case frame 130 may be manufac-
tured using injection molding. Particularly, the radiator frame
210 and the case frame 130 are manufactured as different
injection molded parts, the radiator frame 210 having the
radiator 220 formed thereon is bonded to the case frame 130.
[0140] The case frame 130 may be formed by using injec-
tion molding on the radiator frame 210, thereby performing
double injection molding. That is, the radiator frame 210 is
put into the mold, and insert injection molding is performed,
so that the radiator frame 210 and the case frame 130 can be
formed integrally with each other.

[0141] When put into a mold 500 for manufacturing the
electronic device case, guide pins or contact pins (not shown),
formed on the mold 500, may be inserted into the guide
pinholes 225 or the contact pin holes 223, formed in the
radiator frame 210, thereby preventing the movement of the
antenna pattern frame 200 inside the mold 500.

[0142] Hereinafter, a method of manufacturing an elec-
tronic device case will be described in detail with reference to
FIGS. 16 through 19.

Oct. 28, 2010

[0143] According to the method of manufacturing an elec-
tronic device case according to an exemplary embodiment of
the invention, the radiator 220 is provided in which the
antenna pattern portion 222 receiving an external signal and
the connection terminal portions 224 making contact with the
connection terminals 144 of the circuit board 140 of the
electronic device are arranged in the different planes.

[0144] The radiator 220 is placed in the inner space 350 of
the upper mold 300 or the lower mold 350 to manufacture the
radiator frame 210, and a resin material is fed into the upper
and lower molds, thereby manufacturing the radiator frame
210 having the radiator 220 formed on one side of the radiator
frame 210.

[0145] Furthermore, in order that the radiator 220 is embed-
ded between the radiator frame 210 and the case frame 130,
the radiator frame 210 and the case frame 130 are formed
integrally with each other to manufacture the electronic
device case 120 in which the antenna is embedded.

[0146] FIG. 17 is a schematic view illustrating a first
embodiment of a method of manufacturing an electronic
device case having an antenna pattern radiator embedded
therein according an exemplary embodiment of the invention.
[0147] Referring to FIG. 17, the case frame 130 is a sepa-
rate injection molded part that includes a radiator receiving
recess 122 having a shape corresponding to that of the radia-
tor frame 210. By bonding the radiator frame 210 to the
radiator receiving recess 122, the electronic device case 120
having the antenna pattern radiator embedded therein can be
manufactured.

[0148] An adhesive layer 410 is formed on the surface of
the radiator 220 of the antenna pattern frame 200.

[0149] FIG. 18 is a schematic view illustrating a mold for
manufacturing an electronic device case that is used to per-
form a second embodiment of a method of manufacturing an
electronic device case having an antenna pattern radiator
embedded therein according to an exemplary embodiment of
the invention. FIG. 19 is a schematic view illustrating how a
resin material is injected into the mold of FIG. 18.

[0150] Referring to FIGS. 18 and 19, the electronic device
case 120 having the antenna pattern radiator 220 embedded
therein is manufactured in such a way that the radiator frame
210 is arranged in the mold 500 for manufacturing an elec-
tronic device case that has the inner space 550 having a shape
corresponding to the case frame, and the resin material is fed
into the mold 550, thereby forming radiator frame 210 inte-
grally with the electronic device case 120.

[0151] That is, the radiator frame 210 and the case frame
130 may be formed integrally with each other.

[0152] Here, injection molding for manufacturing the
antenna pattern frame 200 is referred to as a first injection
molding process, and injection molding for manufacturing
the electronic device case 120 is referred to as a second
injection molding process. Like the first injection molding
process, the movement of the antenna pattern frame 200
inside the mold 500 can be prevented during the second
injection molding process.

[0153] Furthermore, the inner space 550 of the mold 500
may include a curve generation portion 524 that allows the
electronic device case 120 to be curved.

[0154] The mold of'the electronic device case for manufac-
turing the electronic device case 120 having the antenna pat-
tern embedded therein during the second injection molding
process may include the upper or lower mold 520 or 540 and
a resin material injection portion 570. The upper or lower
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mold 520 and 540 receives the radiator frame 210 including
the radiator 220 having the antenna pattern portion 222
receiving an external signal and the connection terminal por-
tions 224 making contact with the circuit board of the elec-
tronic device while the antenna pattern portion 222 and the
connection terminal portions 224 are formed in the different
planes. The resin material injection portion 570 is formed in
the upper mold 520, the lower mold 540, or the upper and
lower molds 520 and 540. A resin material flows through the
resin material injection portion 570 into the inner space 550
created when the upper and lower molds 520 and 540 are
joined, so that the resin material filling the inner space 550
forms the electronic device case 120.

[0155] Like the radiator 220, guide pin holes or contact pin
holes are formed in the radiator frame 210. The guide pins or
the contact pins, formed in the mold 500, may be inserted into
these guide pin holes or contact pin holes, so that the move-
ment of the radiator frame 210 inside the mold 500 can be
prevented.

[0156] The electronic device case having the antenna pat-
tern embedded therein can be applied to the mobile commu-
nications terminal 100.

[0157] That is, the mobile communications terminal 100,
that is, an electronic device having an antenna pattern embed-
ded therein according to an exemplary embodiment of the
invention may include the radiator frame 210, the case frame
130 and the circuit board 140.

[0158] As for the radiator frame 210 and the case frame
130, all of the above-described embodiments and the manu-
facturing methods thereof can be applied.

[0159] Thus, the above description will substitute for a
detailed description of the mobile communications terminal
100.

[Electronic Device to which Antenna Pattern Frame Having a
Ground Portion is Applied]

[0160] FIG. 20 is a schematic perspective view illustrating
an antenna pattern frame having a ground portion according
to another exemplary embodiment of the invention. FIG. 21 is
a schematic view illustrating an antenna pattern radiator hav-
ing a ground portion according to another exemplary embodi-
ment of the invention.

[0161] An antenna pattern frame 600 having a ground por-
tion according to another exemplary embodiment of the
invention may be widely used for a laptop computer requiring
noise reduction among electronic devices having antenna
patterns embedded in a case.

[0162] The antenna pattern frame 600 having a ground
portion according to another exemplary embodiment of the
invention may include a radiator 620, a ground portion 626
and a radiator frame 610.

[0163] The antenna pattern frame 600 according to this
embodiment is different from the antenna pattern frame 200,
shown in FIGS. 2 through 7, in that the ground portion 626
extends from the radiator 620. The radiator frame 610 may be
modified in order to form the ground portion 626.

[0164] The ground portion 626 may be supported by a
ground portion support 612 that is stepped with respect to the
radiator frame 610.

[0165] The antenna pattern portion 622 may be formed on
one side 6104 of the radiator frame 610 or connection termi-
nal portions 624 may be formed on the other side 6105 oppo-
site to the one side 610a.
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[0166] The radiator frame 610 may be configured so that
the antenna pattern portion 622 is embedded in the electronic
device case.

[0167] Like the antenna pattern frame 200, shown in FIGS.
2 through 7, the radiator 620 of the antenna pattern frame 600
may include the connection terminal portions 624 that are
formed on the other side 6105 of the radiator frame 610 so as
to transmit the external signal to the circuit board.

[0168] Furthermore, the radiator 620 is bent to form con-
nection portions 628, which are then bent to form the ground
portion 626. The ground portions 626 may be formed through
the radiator frame 610. As the connection portions 628 are
formed through the radiator frame 610, the radiator 620 can
be firmly fixed to the radiator frame 610.

[0169] Further, contact pinholes 623 that prevent the move-
ment of the radiator 620 inside a mold 700 may be formed in
the radiator 620.

[0170] Contact pins 728 of the mold 700 may be inserted
into the contact pin holes 623 during injection molding to
thereby prevent the movement of the radiator 620 inside the
mold 700.

[0171] Guide pin holes 625 may be formed in the radiator
620. Guide pins 726 of the mold 700 may be inserted into the
guide pin holes 625 during injection molding to thereby pre-
vent the movement of the radiator 620 inside the mold 700.
[0172] FIG. 22 is a schematic sectional view illustrating a
mold for manufacturing an antenna pattern frame that is used
to perform a method of manufacturing an antenna pattern
frame having a ground portion according to another exem-
plary embodiment.

[0173] According to the method of manufacturing an
antenna pattern frame having a ground portion according to
another exemplary embodiment of the invention, first, the
radiator 620 may be provided in which the antenna pattern
portion 622 receiving the external signal and the ground por-
tion 626 may be arranged in the different planes.

[0174] The radiator 620 may be placed in the mold 700 that
has an inner space 750 receiving the radiator 620.

[0175] Afterthe radiator 620 is arranged in the mold 700, a
resin material is injected into the inner space 750 through the
resin material injection portion 770, formed in the mold 700,
so that the resin material filling the inner space 750 forms the
radiator frame 610 that allows the radiator 620 to be embed-
ded in the electronic device case.

[0176] When the radiator 620 is arranged in the mold 700,
the guide pins 726, the contact pins 728 or the guide pins 726
and the contact pins 728 formed on the mold 700 may be
inserted into or make contact with the guide pin holes 625, the
contact pin holes 623, or the guide pin holes 625 and the
contact pin holes 623 formed in the radiator 620.

[0177] Recesses may be formed in the inner space 750 so as
to receive the connection terminal portions 624 therein. Injec-
tion molding may be performed by arranging the connection
terminal portions 624 in the recesses.

[0178] Themold 700 for manufacturing the antenna pattern
frame having the ground portion according to another exem-
plary embodiment of the invention may include an upper
mold 720 or a lower mold 740 and the resin material injection
portion 770. The upper or lower molds 720 or 740 receives the
radiator 620 having the antenna pattern portion 622 receiving
an external signal and the ground portion 626 while the
antenna pattern portion 622 and the ground portion 626 are
arranged in the different planes. The resin material injection
portion 770 is formed in the upper mold 720, the lower mold
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740, or the upper and lower molds 720 and 740. A resin
material is injected into the inner space 750 through the resin
material injection portion 770 so that the resin material filling
the inner space 750 forms the antenna pattern frame 600 that
allows the radiator 620 to be embedded in the electronic
device case.

[0179] Furthermore, the guide pins 726, the contact pins
728 or the guide pins 726 and the contact pins 728 may be
formed in the upper or lower mold 720 or 740 and be inserted
into the guide pine holes 625, the contact pin holes 623, or the
guide pin holes 625 and the contact pin holes 623 formed in
the radiator frame 610.

[0180] The connection terminal portions 624 may be
received in the upper mold 720, the lower mold 740, or the
upper and lower molds 720 and 740.

[0181] FIG. 23 is a schematic exploded perspective view
illustrating a laptop computer that is an electronic device to
which an antenna pattern frame having a ground portion
according to another exemplary embodiment to the invention
is applied.

[0182] As for the radiator frame 610 having the antenna
pattern portion 622, the connection terminal portions 624,
and the ground portion 626, the antenna pattern portion 622
may be embedded in a case of a laptop computer, which is an
electronic device 800.

[0183] That is, the electronic device 800 according to this
embodiment may include the radiator frame 610, a case 820
and a circuit board 600.

[0184] As for the radiator frame 610, all of the above-
described embodiments and manufacturing methods thereof
may be applied.

[0185] Therefore, the above description will substitute for a
detailed description of the electronic device 800.

[0186] As set forth above, according to an antenna pattern
frame and a method and mold for manufacturing the same
according to an exemplary embodiment of the invention, a
radiator having an antenna pattern portion can be embedded
in an electronic device case, thereby reducing the vulnerabil-
ity of an external antenna according to the related art to
external shocks and preventing an increase in the volume of
an internal antenna.

[0187] Furthermore, since an antenna of flexible materials
can be embedded in the electronic device case, the durability
and performance of the antenna can be improved in compari-
son with the use of the adhesive.

[0188] Furthermore, since the antenna can be embedded in
the electronic device case without using a protective film, the
case can be formed into a three-dimensional shape, such as a
curved surface, thereby diversifying the appearance thereof.
[0189] Moreover, since an antenna film is not used, a manu-
facturing process can be performed with ease, and manufac-
turing costs can be reduced.

[0190] In addition, since the radiator and the connection
terminal portions can be firmly supported against the antenna
pattern frame, the loosening of the antenna pattern portion
from a frame can be prevented, and the antenna pattern por-
tion can be firmly connected to the circuit board of the elec-
tronic device.

[0191] Furthermore, since this antenna pattern frame can
be applied to any kind of electronic devices requiring anten-
nas, various applications of the antenna pattern frame can be
made.

[0192] While the present invention has been shown and
described in connection with the exemplary embodiments, it
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will be apparent to those skilled in the art that modifications
and variations can be made without departing from the spirit
and scope of the invention as defined by the appended claims.

What is claimed is:

1. An antenna pattern frame comprising:

a radiator having an antenna pattern portion transmitting
and receiving a signal and a connection terminal portion
allowing the signal to be transmitted to and received
from a circuit board of an electronic device;

a connection portion partially forming the radiator and
connecting the antenna pattern portion and the connec-
tion terminal portion to be arranged in different planes;

a radiator frame manufactured by injection molding on the
radiator so that the antenna pattern portion is provided
on one side of the radiator frame and the connection
terminal portion is provided on the other side thereof,
while the antenna pattern portion is embedded in the
electronic device case; and

a contact surface extension provided on the radiator to
prevent the radiator from being loosened from the radia-
tor frame during injection molding of the radiator frame,
and increasing a contact area with respect to the radiator
frame.

2. The antenna pattern frame of claim 1, wherein the con-
tact surface extension extends from an edge of the radiator, is
bent, and is embedded into the radiator frame.

3. The antenna pattern frame of claim 1, wherein the con-
tact surface extension is provided by forming a hole in a
surface of the radiator.

4. The antenna pattern frame of claim 1, wherein the con-
tact surface extension is embossed into a surface of the radia-
tor.

5. The antenna pattern frame of claim 1, wherein the con-
tact surface extension is provided by bending a corner of the
antenna pattern portion downward and is embedded into the
radiator frame.

6. The antenna pattern frame of claim 1, wherein the con-
nection portion is provided by bending the radiator, and the
connection terminal portion is then provided by bending the
connection portion.

7. The antenna pattern frame of claim 6, wherein the con-
nection terminal portion is supported in contact with a radia-
tor support portion protruding from the other side opposite to
the one side of the radiator frame.

8. The antenna pattern frame of claim 6, wherein the con-
nection portion is provided through a radiator support portion
protruding from the other side opposite to the one side of the
radiator frame.

9. The antenna pattern frame of claim 1, wherein a guide
pin hole is provided in the radiator so that a guide pin of a
mold is inserted into the guide pin hole during injection
molding to thereby prevent a movement of the radiator on the
radiator frame.

10. The antenna pattern frame of claim 1, wherein a contact
pin hole is provided in the radiator so that a contact pin of a
mold is inserted into the contact pin hole during injection
molding to thereby prevent a movement of the radiator on the
radiator frame.

11. The antenna pattern frame of claim 1, wherein the
antenna pattern portion has a curvature, and

the radiator frame has a curved portion so that the antenna
pattern portion having the curvature is provided on a
surface thereof.
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12. A method of manufacturing an antenna pattern frame,
the method comprising:

forming a contact surface extension on a radiator to

increase a contact area with respect to a resin material
during injection molding, the radiator having an antenna
pattern portion transmitting and receiving a signal, a
connection terminal portion making contact with a cir-
cuit board of an electronic device, and a connection
portion connecting the antenna pattern portion and the
connection terminal portion to be arranged in different
planes;

arranging the radiator having the contact surface extension

formed thereon in a space inside an upper or lower mold;
and

injecting a resin material in the space so that the space

inside the upper or low mold forms a radiator frame
allowing the antenna pattern portion to be embedded in
the electronic device case.

13. The method of claim 12, wherein a guide pin, a contact
pin or a guide pin and a contact pin, formed in the upper or
lower mold, are inserted into or make contact with a guide pin
hole, a contact pin hole or a guide pin hole and a contact pin
hole formed in the radiator when the upper and lower molds
are joined.
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14. The method of claim 12, wherein the contact surface
extension extends from an edge of the radiator, is bent, and is
embedded into the radiator frame by injection molding.

15. The method of claim 12, wherein the contact surface
extension is provided by forming a hole in a surface of the
radiator, through which the resin material being injected fills
the space.

16. The method of claim 12, wherein the contact surface
extension is embossed into a surface of the radiator to
increase the contact area with respect to the resin material
being injected.

17. The method of claim 12, wherein the contact surface
extension is provided by bending a corner of the antenna
pattern portion downward and is embedded into the radiator
frame manufactured by injecting molding using the resin
material.

18. The method of claim 12, wherein the injection molding
is performed such that the antenna pattern portion is arranged
in contact with one surface of one of the upper and lower
molds, and the connection terminal portion is arranged in
contact with one surface of the other mold.

sk sk sk sk sk
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ANTENNA SYSTEM HAVING COMPACT PIFA
RESONATOR WITH OPEN SECTIONS

RELATED APPLICATIONS

[0001] This application claims the benefit of provisional
application Ser. No. 61/104,255, filed Oct. 9, 2008, and incor-
porated by reference herein.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to antenna assemblies
for hand-held radio frequency transmitters and more particu-
larly to antenna assemblies for communications devices such
as cellular telephones.

BACKGROUND OF THE INVENTION

[0003] Handsets used in the cellular communications
industry benefit from optimum performance from antenna
systems in order to maximize the two-way voice or data link
between a remote base station and the handset. Most current
cellphone antennas utilize either dipole, or half-dipole anten-
nas, mounted external or internal to the handset, all of which
may be susceptible to RF radio frequency loss to the hand and
other inefficiencies related to their size and location on the
handset.

[0004] Known wireless communications devices (WCD)
utilize internally-mounted planar inverted “F” antennas
(PIFA). Prior art PIFA’s provide limited electrical perfor-
mance over the current wide frequency ranges used in WCDs
such as cellphones. One such band is the 1710-2170 MH
range, which includes the 1800-1900 MHz and UMTS bands
(world cellular and 3G bands). Prior art PIFA’s have narrow
bandwidth, omni- or near omni-radiation pattern, and rela-
tively low efficiency. The omni-radiation pattern derives from
the fact that the installation location of the PIFA resonator
causes the ground traces of the printed circuit board (PCB) to
be the primary radiating element of the antenna. Power loss to
the hand and head of the handset user dramatically reduces
antenna efficiency.

[0005] In a typical application, the link budget between a
base station and a handset of the prior art is degraded by 6 dB
within the high frequency range due to increased path loss, as
compared to the 800-900 MHz bands. Cellphones typically
operate at the same maximum power level in all frequency
bands, low and high, and therefore an antenna system capable
of recouping even a portion of the 6 dB loss would be highly
desirable. Additionally, an antenna system that reduces power
losses to the head and hand of the user is also highly desirable
given the reduction of SAR.

[0006] FIGS.15-17 depicttop, end and side views ofa prior
art PIFA resonator 150 having top leg 152, side leg 153, an RF
feed point leg 154, and a height dimension 155. FIGS. 18-19
depict top and side views of the PIFA resonator 150 as con-
nected to a ground plane conductor 157 of a wireless com-
munications device. Ground plane conductor 157 may be
formed by the ground traces of a PCB of the WCD, such as a
cellular handset. The resonator 150 is grounded to ground
plane conductor 157 at location 158 which is at or very near
the longitudinal edge 159 of the ground plane conductor 157.
Additional aspects of PIFA antenna systems and wireless
communications devices may be found in U.S. Pat. No. 7,230,
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574, entitled Oriented PIFA-type device and method of use
for reducing RF interference, incorporated by reference
herein.

SUMMARY OF THE INVENTION

[0007] An antenna system of the present invention utilizes
a uniquely oriented PIFA-fed conductor which minimizes
hand loss, provides a wide voltage standing wave ratio
(VSWR) bandwidth, high gain, and with resulting higher
efficiency than current antenna systems used on handsets.
[0008] An antenna system of the present invention includes
a ground plane conductor and a PIFA resonator with a top
portion having an open section proximate to its free end. The
open section may be defined between bridge conductor sec-
tion(s) or apertures in the top portion of the resonator. In one
embodiment, the top portion includes a bifurcated free end
defined between a pair of generally parallel legs. The open
section of the top portion permits a substantial reduction in
the height of the top leg relative to a ground plane conductor
of a wireless communications device. As a result, embodi-
ments of the present invention are substantially more compact
in size relative to prior art PIFA antenna systems.

[0009] An 1800-1900/UMTS band antenna system in
accordance with one embodiment of the present invention is
capable of improved efficiency as compared to prior art anten-
nas, particularly in the range of 3 to 10 dB. Embodiments of
the present invention present a substantial improvement over
the prior art with respect to PIFA top leg height above the
ground plane vs. antenna gain, bandwidth, and beamwidth in
the hemisphere away from the user’s head and body. The
oriented PIFA design of the present invention also greatly
reduces power loss to the user’s hand. The power that is
typically lost to the user’s head in prior art antennas is added
to that radiated out into the hemisphere away from the head by
the antenna embodiments of the present invention.

[0010] A device according to the present invention includes
a WCD implemented for operation over single or multiple
frequency-bands. An antenna may be incorporated within a
WCD at the time of manufacture, or may be provided as an
accessory or aftermarket item to be added to existing WCDs
having an external antenna port. The antenna of the present
invention is suitable for high-volume, low cost manufactur-
ing.

[0011] Other objects of the present invention include: the
provision of an antenna exhibiting high gain and a front-to-
back ratio which is substantially greater than known antenna
devices; the provision of an antenna suitable for integration
within or upon a WCD; the provision of an antenna having
wide bandwidth in one or more frequency bands; the provi-
sion of an antenna which radiates RF energy from a WCD
preferentially away from a user thereof;, and the provision of
an antenna promoting increased WCD battery life by reduc-
ing commanded RF power.

[0012] The foregoing has outlined rather broadly the fea-
tures and technical advantages of the present invention in
order that the detailed description of the invention that fol-
lows may be better understood. Additional features and
advantages of the invention will be described hereinafter
which form the subject of the claims of the invention. It
should be appreciated by those skilled in the art that the
conception and specific embodiment disclosed may be
readily utilized as a basis for modifying or designing other
structures for carrying out the same purposes of the present
invention. It should also be realized by those skilled in the art
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that such equivalent constructions do not depart from the
spirit and scope of the invention as set forth in the appended
claims. The novel features which are believed to be charac-
teristic of the invention, both as to its organization and method
of operation, together with further objects and advantages
will be better understood from the following description
when considered in connection with the accompanying fig-
ures. [tis to be expressly understood, however, that each of the
figures is provided for the purpose of illustration and descrip-
tion only and is not intended as a definition of the limits of the
present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a perspective view of a wireless commu-
nications device utilizing an antenna system of the present
invention.

[0014] FIG. 2 is atop plan view of a resonator portion of an
antenna system of a first embodiment of the present invention.
[0015] FIG. 3 is a side elevational view of the antenna
system portion of FIG. 2.

[0016] FIG. 4 is a side elevational view of the antenna
system portion of FIG. 2.

[0017] FIG. 5 is a top plan view of an antenna system of a
first embodiment of the present invention.

[0018] FIG. 6 is a side elevational view of the antenna
system of FIG. 5.

[0019] FIG. 7 is a top plan view of portions of an antenna
system of a second embodiment of the present invention.
[0020] FIG. 8 is a side elevational view of the antenna
system of FIG. 7.

[0021] FIG. 9 is a top plan view of portions of an antenna
system of a third embodiment of the present invention.
[0022] FIG. 10 is a side elevational view of the antenna
system of FIG. 9

[0023] FIG. 11 is a top plan view of portions of an antenna
system of a fourth embodiment of the present invention.
[0024] FIG. 12 is a side elevational view of the antenna
system of FIG. 11.

[0025] FIG. 13 is a top plan view of portions of an antenna
system of a fifth embodiment of the present invention.
[0026] FIG. 14 is a side elevational view of the antenna
system of FIG. 13.

[0027] FIGS. 15-19 illustrate various prior art antenna sys-
tems.

DETAILED DESCRIPTION OF THE DRAWINGS

[0028] The 1800-1900/UMTS band antenna system in
accordance with one embodiment of the present invention is
capable of improved efficiency as compared to prior art anten-
nas, particularly in the range of 3 to 10 dB. The improvement
in electrical efficiency derives at least in part from the instal-
lation location of the PIFA resonator.

[0029] Embodiments ofthe present invention present a sub-
stantial improvement over the prior art with respect to PIFA
top leg height above the ground plane vs. antenna gain, band-
width, and beamwidth in the hemisphere away from the user’s
head and body. Embodiments of a PIFA antenna system of the
present invention operate with excellent performance at a
height of 8.5 mm nominal, which is considerably shorter than
prior art top leg height. This reduction in top leg height
provides for compatibility with the current smaller WCD
sizes.
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[0030] Embodiments of the present invention realize a free
space gain over the 1710-2170 MHz range as +3.5 dBi mini-
mum and +4.5 dBi typical. In one example, the front-to-back
ratio is 25 dB peak, which nearly eliminates power lost into
the user’s head. The oriented PIFA design of the present
invention also greatly reduces power loss to the user’s hand.
The power that is typically lost to the user’s head in prior art
antennas is added to that radiated out into the hemisphere
away from the head by the antenna embodiments of the
present invention. The useable beamwidth in that hemisphere
is in excess of 180 degrees, which vastly increases the likeli-
hood of the handset reliably connecting to a nearby or distant
base station, when compared to prior art antennas.

[0031] The PIFA resonator of the present invention may be
manufactured in high volume by conventional methods such
as metal stamping, selective plating of dielectrics, or a com-
bination of metal stampings attached to a dielectric base.
[0032] Referring to FIG. 1, a device according to one
embodiment of the present invention is indicated as numeral
2. Device 2 includes a portable wireless device “PWD” 4 and
an antenna structure 6. Relative to a device user, in operation
PWD 4 includes a front side 8 which is nearer to the user than
a back side 10. PWD 4 has a top 12 and a bottom 14. In
operation, bottom 14 is between top 12 and the ground sur-
face upon which the user is positioned. PWD 4 is generally
aligned in operation so that its top 12 is above a user’s hand
which grasps the PWD. PWD 4 includes a ground plane 16,
typically a conductive plane within a printed wiring board
upon which electronic components 17 are secured. Antenna
structure 6 includes a ground plane element 16 and a config-
ured radiating conductor (resonator) element 20. Resonator
20 may include a plurality of planar surfaces or may be
configured to have some curvature or other shape. Resonator
20 may be formed as a metal part or may be a plating or
conductive layer disposed upon a support element. As would
be appreciated by one of ordinary skill in the art, signal
generating components 17 include a variety of digital and/or
analog components functioning to transmit, receive and pro-
cess rf signals to and from PIFA element 20.

[0033] FIGS. 2-15 depict devices having an antenna system
in accordance with the present invention. With reference to
FIGS. 2-6, resonator 20 includes an upwardly directed con-
ductor (top portion) 22 having a free end 24 defined by a pair
of'conductor legs 26 separated by an open section 28, a pair of
leg conductors 30, and a feed leg conductor 32. Leg conduc-
tors 30 are connected to ground plane 16 as indicated by
numeral 34 in FIG. 6. A feedpoint 40, having a desired imped-
ance, is defined upon leg conductor 32. Resonator portions
22, 26, 30 and 32 may be provided with differing widths
and/or thicknesses. A coaxline or a microstrip or other type of
transmission line may be used to couple the feedpoint to
signal electronics of PWD 4. In intended operation, free end
24 is located above leg elements 30, 32 relative to the ground
surface upon which the device user is positioned. Portion 22
of resonator 20 is spaced away from ground plane 16 a dis-
tance “H1”. The overall length of resonator 20 (D1+D2) can
be adjusted for resonance over the desired frequency range.
[0034] FIGS. 2-4 illustrate top, end and side views of PIFA
resonator 20 in accordance with the present invention. The
resonator 20 is suitable for an antenna system for operation
over the frequency range of 1710-2170 MHz. Top leg con-
ductors 26 may have a width in the range of 0.03-0.2 inch,
with a preferred width of 0.1 inch. Width, W1, may be in the
range of 0.3-1 inch, with a preferred value of 0.62 inch.
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Height, H1, may be in the range of 0.2-0.8 inch, with a
preferred value of 0.3 inch. Legs 30 may have a width in the
range 0f 0.03-0.31 inch. As shown, the top portion of resona-
tor 20 is bifurcated and substantially symmetric.

[0035] FIGS. 5 and 6 depict resonator 20 which is PIFA-fed
at location 40, with one end connected to the ground plane
conductor 16 at location 34. Ground plane conductor 16 may
be defined as a conductive ground layer(s) or ground trace on
a printed circuit board (PCB). Location 34 is considerable
removed from the end of ground plane conductor 16. This
provides a much more compact antenna which is less suscep-
tible to breakage during use on a WCD handset.

[0036] Overall length, D1+D2, is in the range of 1.2-1.8
inches, with a preferred length of 1.5 inches. Open section 28
is defined between the pair of legs 26. The overall length of
portion 22 is in the range of 0.2-1.2 inches, with a preferred
value of 0.83 inch. It is believed that open section 28 permits
a substantial reduction in height, H1, while maintaining
desired antenna performance characteristics. This reduction
in height permits PIFA resonator 20 to be installed in a wider
range of compact wireless communications devices relative
to prior art antenna systems. Distance, D3, may be in the
range of 0.5-1.5 inches, with a preferred value of 1.0 inch.
[0037] Referring to FIGS. 7 and 8, another embodiment 31
of'an antenna system in accordance with the present invention
is shown using plan and side views. PIFA resonator 20 is
shown electrically connected to ground plane 16 at location
34. The ground plane 16 has a loop extension 70, which has a
preferred length of 1.0 inch. A low impedance RF feed point
is provided generally across leg 40 and ground plane 16.
Additional disclosure of ground plane conductors having
loop extension can be found in U.S. patent application Ser.
No. 12/199,474, incorporated by reference herein for all pur-
poses.

[0038] FIGS. 9 and 10 depict another embodiment 90 of a
PIFA resonator in accordance with the present invention.
Conductors 92, 94 may be wire or have other cross sectional
shapes. Section 96 is open.

[0039] FIGS. 11 and 12 depict another embodiment 110 of
a PIFA resonator in accordance with the present invention.
Open areas 112 and bridge conductor segments 125, 129 and
leg 126 form the PIFA resonator 110. The conducting seg-
ments may be wire or have other cross sectional shapes.
[0040] FIGS. 13 and 14 illustrate yet another embodiment
130 ofa PIFA resonator of the present invention. Sections 132
are open, and sections 134, 136 are sheet conductors. Legs
138 may be wire or have other cross sectional shapes.
[0041] For each illustrated embodiments, the open sections
may be defined by perforations or apertured metal sections. In
other embodiments, a screen or other conductive element
may be positioned within open section 28, 96, 112, 132.
[0042] Although the present invention and its advantages
have been described in detail, it should be understood that
various changes, substitutions and alterations can be made
herein without departing from the spirit and scope of the
invention as defined by the appended claims. Moreover, the
scope of the present application is not intended to be limited
to the particular embodiments of the process, machine, manu-
facture, composition of matter, means, methods and steps
described in the specification. As one of ordinary skill in the
art will readily appreciate from the disclosure of the present
invention, processes, machines, manufacture, compositions
of'matter, means, methods, or steps, presently existing or later

to be develoged that gerform substantially the same function
This PDF of U.S.
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or achieve substantially the same result as the corresponding
embodiments described herein may be utilized according to
the present invention. Accordingly, the appended claims are
intended to include within their scope such processes,
machines, manufacture, compositions of matter, means,
methods, or steps.

1. An antenna system for a wireless communications
device comprising:

a ground plane conductor defined at least by portions of a
printed wiring board of the wireless communications
device, said ground plane conductor defining a pair of
longitudinal ends; and

a PIFA-fed resonator having a ground end and a free end,
with said ground end being electrically coupled to the
ground plane conductor at a ground point located a dis-
tance away from one of said pair of longitudinal ends,
and with the resonator defining a feed point within the
region between the ground point and said one longitu-
dinal end, wherein at least a portion of the resonator
between the feed point and the free end overlays the
ground plane conductor and another portion of the reso-
nator defines an open section relative to the ground plane
conductor.

2. The antenna system of claim 1 wherein a pair of leg

portions define the ground end of the resonator.

3. The antenna system of claim 1 wherein the open section
is defined between a pair of generally parallel conductors of a
top portion of the resonator.

4. The antenna system of claim 1 wherein the open section
includes a plurality of open segments with one or more bridge
portions extending between sides of the resonator.

5. The antenna system of claim 4 wherein the resonator
includes a sheet conductor at said ground end and a sheet
conductor at a top portion of said resonator.

6. The antenna system of claim 1 wherein the free end of
the resonator is positioned between one of said pair of longi-
tudinal ends of the ground plane conductor and the feed point.

7. An antenna system for a wireless communications
device comprising:

a ground plane conductor defined at least by portions of a
printed wiring board of the wireless communications
device, said ground plane conductor defining a pair of
longitudinal ends; and

a PIFA-formed resonator having a ground end and a free
end, with said ground end being electrically coupled to
the ground plane conductor at a ground point located a
distance away from one of the pair of longitudinal ends,
and with the conductor defining a feed point within the
region between the ground point and said one longitu-
dinal end, wherein said resonator includes a top portion
having a sheet conductor and an open section proximate
to said free end.

8. The antenna system of claim 7 wherein a pair of leg

portions define the ground end of the resonator.

9. The antenna system of claim 7 wherein the open section
is defined between a pair of generally parallel conductors of a
top portion of the resonator.

10. The antenna system of claim 7 wherein the open section
includes a plurality of open segments with one or more bridge
portions extending between sides of the resonator.

11. The antenna system of claim 10 wherein said resonator
includes a sheet conductor at said ground end and a sheet
conductor at a top portion of said resonator.

ublished Application 20100271279 provided by Patent Fetcher™, a product of Stroke of Color, Inc. - Page 9 of 10



http://www.PatentFetcher.com

http://www.StrokeOfColor.com



US 2010/0271279 Al

12. The antenna system of claim 7 wherein the free end of
the resonator is positioned between one of said pair of ends of
the ground plane conductor and the feed point.

13. The antenna system of claim 7 wherein the ground
plane conductor includes an extension portion defining an
open section, and with the free end of the resonator being
located between the open section and the feed point.

14. An antenna system for a wireless communications

device comprising:

a ground plane conductor defined at least by portions of a
printed wiring board of the wireless communications
device, said ground plane conductor defining a pair of
longitudinal ends and a pair of lateral sides, and said
ground plane conductor having an open ground plane
extension portion proximate to one of said pair of lon-
gitudinal ends; and

a PIFA-formed resonator having a ground end and a free
end, with said ground end being electrically coupled to
the ground plane conductor at a ground point located a
distance away from one of the pair of longitudinal ends,
and with the conductor defining a feed point within the

Oct. 28, 2010

region between the ground point and said one longitu-
dinal end, wherein a top leg of the resonator includes an
open section.

15. The antenna system of claim 14 wherein the open
section is positioned adjacent to said open ground plane
extension portion.

16. The antenna system of claim 14 wherein a pair of leg
portions define the ground end of the resonator.

17. The antenna system of claim 14 wherein the open
section is defined between a pair of generally parallel con-
ductors of a top portion of the resonator.

18. The antenna system of claim 14 wherein the open
section includes a plurality of open segments with one or
more bridge portions extending between sides of the resona-
tor.

19. The antenna system of claim 18 wherein the resonator
includes a sheet conductor at said ground end.

20. The antenna system of claim 19 wherein a resonator top
is defined as a sheet conductor, with said sheet conductor
being between said ground end and a plurality of open
sections.

This PDF of U.S. Published Application 20100271279 provided by Patent Fetcher™, a product of Stroke of Color, Inc. - Page 10 of 10



http://www.PatentFetcher.com

http://www.StrokeOfColor.com




_1349908172.pdf
US 20100271270A1

a2y Patent Application Publication o) Pub. No.: US 2010/0271270 A1l

a9 United States

SUNG et al. 43) Pub. Date: Oct. 28, 2010
(54) ELECTRONIC DEVICE CASE, METHOD AND 30) Foreign Application Priority Data
MOLD FOR MANUFACTURING THE SAME,
AND MOBILE COMMUNICATIONS Apr. 23,2009  (KR) oo 10-2009-0035635
TERMINAL Publication Classification
. (51) Imt.CL
(75) Inventors: Jae Suk SUNG, Yongin (KR); HOI1Q 1/40 (2006.01)
Sung Eun Cho, Suwon (KR); Ha HO01Q 1/24 (2006.01)
Ryong Hong, Hwaseong (KR); Dae B29C 45/14 (2006.01)
Kyu Lee, Suwon (KR?; Dae Seong B29C 45/00 (2006.01)
Jeon, Suwon (KR); Ki Won (52) US.CL oo, 343/702; 343/873; 264/272.11;
Chang, Suwon (KR); Tae Sung 425/542
Kim, Seoul (KR); Dae Ki Li
im, Seoul (RR); Dae Ki Lim, (57) ABSTRACT

Seongnam (KR); Hyun Do Park,
Yongin (KR); Nam II Seo, Seoul
(KR)

Correspondence Address:

LOWE HAUPTMAN HAM & BERNER, LLP
1700 DIAGONAL ROAD, SUITE 300
ALEXANDRIA, VA 22314 (US)

(73) Assignee: Samsung Electro-Mechanics Co.,

Itd., Suwon (KR)
(21) Appl. No.: 12/608,818

(22) Tiled: Oct. 29,2009

[
(@)

An electronic device case having an antenna pattern embed-
ded therein according to an aspect of the invention may
include: a radiator having an antenna pattern portion trans-
mitting and receiving a signal and a connection terminal
portion allowing the signal to be transmitted to and received
from a circuit board of an electronic device; a connection
portion partially forming the radiator and connecting the
antenna pattern portion and the connection terminal portion
to be arranged in different planes; a radiator frame manufac-
tured by injection molding on the radiator so that the antenna
pattern portion of the radiator is provided on one side of the
radiator frame and the connection terminal portion is pro-
vided on the other side thereof; and a case frame covering the
one side of the radiator frame on which the antenna pattern
portion is provided so that the antenna pattern portion is
embedded between the case frame and the radiator frame.
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ELECTRONIC DEVICE CASE, METHOD AND
MOLD FOR MANUFACTURING THE SAME,
AND MOBILE COMMUNICATIONS
TERMINAL

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the priority of Korean Patent
Application No. 10-2009-0035635 filed on Apr. 23, 2009, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an electronic device
case, a method and mold for manufacturing the same, and a
mobile communications terminal, and more particularly, to
an electronic device case having a radiator such that an
antenna radiator is embedded in an electronic device case, a
method and mold for manufacturing the same, and a mobile
communications terminal.

[0004] 2. Description of the Related Art

[0005] Mobile communications terminals such as cellular
phones, personal digital assistants (PDAs) and laptop com-
puters, which support wireless communications, are indis-
pensable devices in modern society. Functions including
CDMA, wireless LANs, GSM and DMB have been added to
these mobile communications terminals. One of the most
important components that enable these functions is associ-
ated with antennas.

[0006] Antennas being used in these mobile communica-
tions terminals have advanced from external antennas, such
as rod antennas or helical antennas, to internal antennas that
are disposed inside terminals.

[0007] External antennas are susceptible to damage by
external shock, while internal antennas increase the volume
of terminals.

[0008] In order to solve these problems, research has been
undertaken to manufacture antennas that are formed inte-
grally with mobile communications terminals.

[0009] In order that antennas are formed integrally with
terminals, a method of bonding flexible antennas to terminal
bodies using adhesives is used. Recently, a method of forming
antenna films by molding has been proposed.

[0010] However, when flexible antennas are bonded by
simply using adhesives, the reliability of these antennas is
reduced as the adhesiveness decreases. Besides, this also
causes harm to the appearance of the terminals, lessening
emotional quality for consumers.

[0011] In addition, when antenna films are used, product
stability can be ensured. However, a process of bonding an
antenna to a film is difficult to perform and manufacturing
costs are also increased.

SUMMARY OF THE INVENTION

[0012] An aspect of the present invention provides an elec-
tronic device case having an antenna radiator embedded
therein.

[0013] An aspect of the present invention also provides a
method and mold for manufacturing an electronic device case
having an antenna radiator embedded therein.

[0014] According to an aspect of the present invention,
there is provided an electronic device case having an antenna
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pattern embedded therein, the electronic case including: a
radiator having an antenna pattern portion transmitting and
receiving a signal and a connection terminal portion allowing
the signal to be transmitted to and received from a circuit
board of an electronic device; a connection portion partially
forming the radiator and connecting the antenna pattern por-
tion and the connection terminal portion to be arranged in
different planes; a radiator frame manufactured by injection
molding on the radiator so that the antenna pattern portion of
the radiator is provided on one side of the radiator frame and
the connection terminal portion is provided on the other side
thereof; and a case frame covering the one side of the radiator
frame on which the antenna pattern portion is provided so that
the antenna pattern portion is embedded between the case
frame and the radiator frame.

[0015] The case frame may be an injection molded part and
have a recess corresponding to the one side of the radiator
frame.

[0016] The case frame may be manufactured using injec-
tion molding on the radiator frame.

[0017] The radiator may be bent to provide the connection
terminal portion, the antenna pattern portion, and the connec-
tion portion connected therebetween.

[0018] The connection terminal portion may be supported
by a radiator support portion on the other side of the radiator
frame.

[0019] The connection terminal portion may be provided
through the radiator support portion on the other side of the
radiator frame.

[0020] The radiator frame, the case frame, or the radiator
frame and the case frame may have a curved portion so that
the radiator has a curvature.

[0021] According to another aspect of the present inven-
tion, there is provided an electronic device case having an
antenna pattern embedded therein, the electronic case includ-
ing: a radiator having an antenna pattern portion transmitting
and receiving a signal; a connection terminal separated from
the antenna pattern portion and having a connection terminal
portion allowing the signal of the antenna pattern portion to
be transmitted to or received from a circuit board of an elec-
tronic device; an antenna pattern frame manufactured by
injection molding so that the antenna pattern portion is pro-
vided on one side of the antenna pattern portion, the connec-
tion terminal portion is provided on the other side thereof, and
the radiator makes contact with the connection terminal; and
a case frame covering the one side of the antenna pattern
frame having the antenna pattern portion so that the antenna
pattern portion is embedded between the case frame and the
radiator frame.

[0022] According to another aspect of the present inven-
tion, there is provided a method of manufacturing an elec-
tronic device case, the method including: providing a radiator
having an antenna pattern portion transmitting and receiving
a signal, a connection terminal portion making contact with a
circuit board of an electronic device, and a connection portion
connecting the antenna pattern portion and the connection
terminal portion to be arranged in different planes; arranging
the radiator in a space inside an upper or lower mold for
manufacturing a radiator frame and injecting a resin material
therein to form the radiator frame having the antenna pattern
portion formed on one side thereof; and forming the radiator
frame integrally with a case frame so that the radiator is
embedded between the radiator frame and the case frame.
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[0023] The case frame may be a separate injection molded
part having a radiator receiving recess having a shape corre-
sponding to the radiator frame, and the radiator frame may be
bonded to the radiator receiving recess.

[0024] The double injection molding may be performed by
arranging the radiator frame in a mold for manufacturing an
electronic device case having a space corresponding to the
case frame, and injecting a resin material into the space.
[0025] The radiator frame may be manufactured by injec-
tion molding while the antenna pattern portion is arranged in
contact with one surface of one of the upper and lower molds,
and the connection terminal portion may be arranged in con-
tact with one surface of the other mold.

[0026] The injection molding may be performed while the
connection terminal portion is arranged in a radiator support
portion forming recess provided in the upper or lower mold
for manufacturing the radiator frame so that the connection
terminal portion is supported by a radiator support portion on
the other side of the radiator frame.

[0027] The injection molding may be performed while the
connection terminal portion is arranged in a radiator support
portion forming recess provided in the upper or lower mold
for manufacturing the radiator frame so that the connection
portion is formed through the radiator support portion on the
other side of the radiator frame.

[0028] The radiator frame, the case frame, or the radiator
frame and the case frame may have a curved portion so that
the radiator has a curvature.

[0029] According to another aspect of the present inven-
tion, there is provided a mold for manufacturing an electronic
device case, the mold including: an upper or lower mold for
manufacturing an electronic device case receiving a radiator
frame manufactured by injection molding on a radiator hav-
ing an antenna pattern portion transmitting and receiving a
signal, a connection terminal portion making contact with a
circuit board of the electronic device, and a connection por-
tion connecting the antenna pattern portion and the connec-
tion terminal portion to be arranged in different planes; and a
resin material injection portion provided through the upper
mold, the lower mold, or the upper and lower molds, the resin
material injection portion through which a resin material is
injected into a space created between the upper and lower
molds so that the resin material filling the space therebetween
forms a case of the electronic device when the upper and
lower molds are joined.

[0030] A guide pin, a contact pin or a guide pin and a
contact pin may be provided in the upper or lower mold for
manufacturing the electronic device case and be injected into
or make contact with a guide pin hole, a contact pin hole or a
guide pin hole and a contact pin hole provided in the radiator
frame.

[0031] The space created between the upper and lower
molds may have a shape corresponding to a curved portion of
the electronic device case.

[0032] According to another aspect of the present inven-
tion, there is provided a mobile communications terminal
including: a radiator frame manufactured by injection mold-
ing with a radiator having an antenna pattern portion, a con-
nection terminal portion and a connection portion connecting
the antenna pattern portion and the connection terminal por-
tion to be arranged in different planes, so that the antenna
pattern portion is provided on one side of the radiator frame
and the connection terminal portion is provided on the other
side thereof; a case frame covering the one side of the radiator
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frame on which the antenna frame is provided so that the
antenna pattern portion is embedded between the case frame
and the radiator frame; and a circuit board connected to the
connection terminal portion and transmitting and receiving a
signal of the radiator.

[0033] The case frame may be an injection molded part and
have a recess corresponding to the one side of the radiator
frame.

[0034] The case frame may be manufactured using injec-
tion molding on the radiator frame.

[0035] The radiator may be bent to provide the antenna
pattern portion, the connection terminal portion, and the con-
nection portion connected therebetween.

[0036] The connection terminal portion may be supported
by a radiator support portion on the other side of the radiator
frame.

[0037] The connection terminal portion may be formed
through the radiator support portion on the other side of the
radiator frame.

[0038] The radiator frame, the case frame, or the radiator
frame and the case frame may have a curved portion so that
the radiator has a curvature.

[0039] According to another aspect of the present inven-
tion, there is provided a mobile communications terminal
including: a radiator having an antenna pattern portion trans-
mitting and receiving a signal; a connection terminal sepa-
rated from the antenna pattern portion and having a connec-
tion terminal portion allowing the signal of the antenna
pattern portion to be transmitted to and received from a circuit
board of an electronic device; an antenna pattern frame manu-
factured by injection molding so that the antenna pattern
portion is provided on one side of the antenna pattern frame,
the connection terminal portion is provided on the other side
thereof, and the radiator makes contact with the connection
terminal; and a case frame covering the one side of the
antenna pattern frame on which the antenna pattern portion is
provided so that the antenna pattern portion is embedded
between the case frame and the antenna pattern frame.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] The above and other aspects, features and other
advantages of the present invention will be more clearly
understood from the following detailed description taken in
conjunction with the accompanying drawings, in which:
[0041] FIG. 1 is a schematic perspective view, with a cut-
out portion, a case of a mobile communications terminal,
which is an electronic device, according to an exemplary
embodiment of the present invention;

[0042] FIG. 2 is a schematic perspective view illustrating
an antenna pattern frame according to a first embodiment of
the present invention;

[0043] FIG. 3 is a rear perspective view illustrating the
antenna pattern frame of FIG. 2;

[0044] FIG. 4 is a cross-sectional view taken along the line
A-A of FIGS. 2 and 3;

[0045] FIG. 5 is a schematic sectional view illustrating an
antenna pattern frame according to a second embodiment of
the present invention;

[0046] FIG. 6 is a schematic sectional view illustrating an
antenna pattern frame according to a third embodiment of the
present invention;

[0047] FIG. 7 is a schematic sectional view illustrating an
antenna pattern frame according to a fourth embodiment of
the present invention;
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[0048] FIG. 8 is a schematic perspective view illustrating a
radiator that is used to manufacture an antenna pattern frame
according to an exemplary embodiment of the present inven-
tion;

[0049] FIG. 9 is a schematic sectional view illustrating a
first embodiment of a mold for manufacturing an antenna
pattern frame in order to illustrate a method of manufacturing
an antenna pattern frame according to an exemplary embodi-
ment of the present invention;

[0050] FIG. 10 is a schematic view illustrating how a resin
material is injected into the mold of FIG. 9;

[0051] FIG. 11 is a schematic sectional view illustrating a
second embodiment of a mold for manufacturing an antenna
pattern frame in order to illustrate a method of manufacturing
an antenna pattern frame according to an exemplary embodi-
ment of the present invention;

[0052] FIG. 12 is a schematic view illustrating how a resin
material is injected into the mold of FIG. 11;

[0053] FIG. 13 is a schematic sectional view illustrating a
third embodiment of a mold for manufacturing an antenna
pattern frame in order to illustrate a method of manufacturing
an antenna pattern frame according to an exemplary embodi-
ment of the present invention;

[0054] FIG. 14 is a schematic view illustrating how a resin
material is injected into the mold of FIG. 13;

[0055] FIGS. 15A through 15D are schematic perspective
views illustrating the shape of an antenna radiator that is used
to fix a radiator having an antenna pattern to an antenna
pattern frame according to an exemplary embodiment of the
present invention;

[0056] FIG. 16 is an exploded perspective view illustrating
a case of a mobile communications terminal that is an elec-
tronic device having an antenna pattern radiator is embedded
therein according to an exemplary embodiment of the present
invention;

[0057] FIG. 17 is a schematic view illustrating a first
embodiment of a method of manufacturing an electronic
device case having an antenna pattern radiator embedded
therein according to an exemplary embodiment of the present
invention;

[0058] FIG. 18 is a schematic view illustrating a mold for
manufacturing an electronic device case that is used to per-
form a second embodiment of a method of manufacturing an
electronic device case having an antenna pattern radiator
embedded therein according to an exemplary embodiment of
the present invention;

[0059] FIG. 19 is a schematic view illustrating how a resin
material is injected into the mold of FIG. 18;

[0060] FIG. 20 is a schematic perspective view illustrating
an antenna pattern radiator having a ground portion according
to another exemplary embodiment of the present invention;

[0061] FIG. 21 is a schematic perspective view illustrating
an antenna pattern radiator having a ground portion according
to another exemplary embodiment of the present invention;
[0062] FIG. 22 is a schematic sectional view illustrating a
mold for manufacturing an antenna pattern frame that is used
to perform a method of manufacturing an antenna pattern
frame having a ground portion according to another exem-
plary embodiment of the present invention; and

[0063] FIG. 23 is a schematic exploded perspective view
illustrating a laptop computer that is an electronic device to
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which an antenna pattern frame having a ground portion is
applied according to another exemplary embodiment of the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0064] Exemplary embodiments of the present invention
will now be described in detail with reference to the accom-
panying drawings. The invention may, however, be embodied
in many different forms and should not be construed as being
limited to the embodiments set forth herein. While those
skilled in the art could readily devise many other varied
embodiments that incorporate the teachings of the present
invention through the addition, modification or deletion of
elements, such embodiments may fall within the scope of the
present invention.

[0065] FIG. 1 is a schematic perspective view illustrating,
with a cut-out portion, a case of a mobile communications
terminal that is an electronic device according to an exem-
plary embodiment of the invention. FIG. 2 is a schematic
perspective view illustrating an antenna pattern frame accord-
ing to a first embodiment of the invention. FIG. 3 is a rear
perspective view illustrating the antenna pattern frame of
FIG. 2. FIG. 4 is a cross-sectional view taken along the line
A-A of FIGS. 2 and 3.

[0066] Referring to FIGS. 1 through 4, a radiator 220 hav-
ing an antenna pattern formed thereon according to this
embodiment is embedded in a case 120 of a mobile commu-
nications terminal 100. In order that the radiator 220 having
the antenna pattern thereon is embedded in the case 120, an
antenna pattern frame 200 needs to be provided so that the
radiator 220 having the antenna pattern thereon is formed on
a radiator frame 210.

[0067] The antenna pattern frame 200, provided to form the
antenna pattern inside the electronic device case according to
this embodiment, may include the radiator 220 having an
antenna pattern portion 222 and connection terminal portions
224, and the radiator frame 210.

[0068] The radiator 220 may be formed of a conductive
material, such as aluminum or copper. Further, the radiator
220 may receive external signals and transmit the received
external signals to a signal processor of the electronic device
such as the mobile communications terminal 100. Further, the
radiator 220 includes the antenna pattern portion 222 which is
a meander line antenna pattern.

[0069] The connection terminal portions 224 transmit the
received external signals to the electronic device. The con-
nection terminal portions 224 may be formed by bending,
forming or drawing a portion of the radiator 220. Alterna-
tively, the connection terminal portions 224 may be manufac-
tured separately from the radiator 220 and be then connected
to the radiator 220 (see FIG. 7).

[0070] The radiator frame 210 may have a three-dimen-
sional structure consisting of a straight portion 260 having a
flat profile and a curved portion 240 with a curvature. The
radiator 220 may have flexibility such that the radiator 220
can be disposed along the curved portion 240 of the radiator
frame 210.

[0071] The radiator frame 210 is produced by injection
molding. While the antenna pattern portion 222 may be
formed on one side 210a of the radiator frame 210, the con-
nection terminal portions 224 may be formed on the other side
2105 opposite to the one side 210a.
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[0072] The radiator 220, which is embedded in the elec-
tronic device case 120, has the antenna pattern portion 222
receiving external signals and the connection terminal por-
tions 224 transmitting the received external signals to the
electronic device that may be arranged in the different planes.
[0073] The one side 210a of the radiator frame 210, on
which the antenna pattern portion 222 is formed, is bonded to
the inside of the electronic device case 120, so that the
antenna pattern can be embedded in the electronic device case
120.

[0074] Alternatively, the antenna pattern may be embedded
in the electronic device case 120 by placing the antenna
pattern frame 200 in a mold and performing insert molding.
[0075] Therefore, the antenna pattern frame 200 serves as a
first injection molded part so that the radiator 220 having the
antenna pattern portion 222 thereon is placed within the elec-
tronic device case 120.

[0076] The radiator 220 and the radiator frame 210 may
have the same boundary, which increases the fluidity of mate-
rials, such as resin, during a second injection molding process
in which the antenna pattern frame 200 is placed within the
mold after the first injection molding process.

[0077] Guide pin holes 225 may be formed in the radiator
220. Guide pins 328 (see FIG. 9) of a mold 300 are inserted
into the guide pin holes 225 during molding to thereby pre-
vent the movement of the radiator 220 on the radiator frame
210.

[0078] Contact pinholes 223 may be formed in the radiator
220 so that contact pins 326 (see FIG. 9) of the mold 300 are
inserted into the contact pin holes 223 during injection mold-
ing, thereby preventing the movement of the radiator 220 on
the radiator frame 210.

[0079] The contact pins 326 and the guide pins 328 may be
formed on the radiator 220. After injection molding is com-
pleted, portions of the radiator frame 210 located under the
contact pins 326 are filled, while holes are formed in portions
of the radiator frame 210 located under the guide pins 328.
[0080] The contact pins 326 to be inserted into the contact
pin holes 223, formed in the radiator 220, prevent the hori-
zontal movement of the radiator 220 in the mold 300 during
the first injection molding process. Furthermore, the guide
pins 328 to be inserted into the guide pin holes 225, formed in
the radiator 220, prevent the vertical movement of the radiator
220 in the mold 300 during the first injection molding pro-
cess.

[0081] Various embodiments of the antenna pattern frame
200 configured as described above will now be described in
detail.

[Antenna Pattern Frame According to First Embodiment]

[0082] FIGS. 2 through 4 are views illustrating an antenna
pattern frame according to a first embodiment of the inven-
tion.

[0083] The radiator 220 of the antenna pattern frame 200
according to the first embodiment may be bent to form the
connection terminal portions 224, the antenna pattern portion
222, and connection portions 226 connected therebetween.
[0084] The connection portions 226 may connect the
antenna pattern portion 222 and the connection terminal por-
tions 224 to be arranged in the different planes. The connec-
tion terminal portions 224 that are not embedded in the elec-
tronic device case may be exposed on the other side 21056 of
the antenna pattern frame 200.
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[0085] That is, the radiator 220 is bent on the basis of the
connection portions 226 to form the antenna pattern portion
222 and the connection terminal portions 224, so that the
radiator 220 can be realized to have a three-dimensional
curved surface.

[0086] Inorderto support the radiator 220 having the three-
dimensional curved surface, radiator support portions 250
may protrude from the other side 2104 of the radiator frame
210.

[0087] Theradiator support portions 250 can firmly support
the connection portions 226 and the connection terminal por-
tions 224 that are exposed on the other side 2105.

[Antenna Pattern Frame According to Second Embodiment]

[0088] FIG. 5 is a schematic sectional view illustrating an
antenna pattern frame according to a second embodiment of
the invention.

[0089] Referring to FIG. 5, similarly to the first embodi-
ment, described with reference to FIGS. 2 through 4, the
radiator 220 of the antenna pattern frame 200 according to the
second embodiment may be bent to form the connection
terminal portions 224 and the antenna pattern portion 222,
and the connection portions 226 connected therebetween.
[0090] However, the connection portions 226 according to
the second embodiment may be formed through the radiator
support portions 250 that protrude from the other side of the
radiator frame 210.

[Antenna Pattern Frame According to Third Embodiment]

[0091] FIG. 6 is aview illustrating an antenna pattern frame
according to a third embodiment of the invention.

[0092] Referring to FIG. 6, similarly to the above-de-
scribed first and second embodiments, the radiator 220 of the
antenna pattern frame 200 may be bent to form the connection
terminal portions 224 and the antenna pattern portion 222,
and the connection portions 226 connected therebetween.
[0093] The radiator frame 210 according to the third
embodiment does not have the radiator support portions 250
that protrude from the other side 210a of the antenna pattern
frame 200. The bottom of the radiator support portions 250 is
at the same level as that of the radiator frame 210. Further, the
connection portions 226 according to the third embodiment
may be formed through the radiator frame 210 or the radiator
support portions 250.

[Antenna Pattern Frame According to Fourth Embodiment]

[0094] FIG. 7 is aview illustrating an antenna pattern frame
according to a fourth embodiment of the invention.

[0095] Referring to FIG. 7, the antenna pattern frame 200
according to the fourth embodiment may include a connec-
tion terminal 270 that is separated from the antenna pattern
portion 222.

[0096] The connection terminal 270 may be an elastic body
that connects the antenna pattern portion 222 and a circuit
board 140 to each other.

[0097] In particular, the connection terminal 270 may be a
C-clip or a pogo-pin that allows for an electrical connection
between the antenna pattern portion 222 and the circuit board
140. A hole may be formed in the radiator frame 210 so that
the connection terminal 270 can be inserted into the hole.
[0098] Hereinafter, a method and mold for manufacturing
the antenna pattern frame 200 according to the above-de-
scribed various embodiments will now be described in detail.
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[0099] FIG. 8 is a schematic perspective view illustrating a
radiator that is used to manufacture an antenna pattern frame
according to an exemplary embodiment of the invention. FIG.
9 is a schematic sectional view illustrating a first embodiment
of'a mold for manufacturing an antenna pattern frame in order
to illustrate a method of manufacturing an antenna pattern
frame according to an exemplary embodiment of the inven-
tion. FIG. 10 is a schematic view illustrating how a resin
material is injected into the mold of in FIG. 9.

[0100] Hereinafter, a method of manufacturing the antenna
pattern frame 200 according to an exemplary embodiment of
the invention will be described with reference to FIGS. 8
through 10.

[0101] First, as shown in FIG. 8, the radiator 220 has the
antenna pattern portion 222 and the connection terminal por-
tions 224 that are arranged in the different planes. The
antenna pattern portion 222 receives external signals. The
connection terminal portions 224 are in contact with the cir-
cuit board of the electronic device to thereby transmit the
received external signals to the electronic device.

[0102] Both the guide pin holes 225 and the contact pin
holes 223 may be formed in the radiator 220.

[0103] The radiator 220 may have a three-dimensional
structure. Specifically, the radiator 220 is bent to form the
antenna pattern portion 222 and the connection terminal por-
tions 224, and the connection terminal portions 226 con-
nected therebetween.

[0104] Afterthe radiator 220 is provided, the radiator 220 is
placed in an inner space 350 of the mold 300.

[0105] The inner space 350 is created when an upper mold
320 and a lower mold 340 are joined. A recess, formed in the
upper mold 320 or the lower mold 340, becomes the inner
space 350 when the upper mold 320 and the lower mold 340
are joined.

[0106] When the upper mold 320 and the lower mold 340
are joined, the guide pins 328, the contact pins 326, or the
guide pins 328 and the contact pins 326, formed in the upper
mold 320 or the lower mold 340, are inserted into or make
contact with the guide pin holes 225, the contact pin holes
223, or the guide pinholes 225 and the contact pin holes 223,
formed in the antenna pattern portion 222, so that the radiator
220 can be fixed in the inner space 350.

[0107] A resin material is injected into the inner space 350
to form the radiator frame 210, so that the antenna pattern
portion 222 is embedded in the electronic device case 120.
[0108] Here, the inner space 350 of the upper or lower mold
320 or 340 is curved so that the radiator frame 210 has a
curved portion 240.

[0109] The resin material is injected so that the bottom of
the radiator 220 is at the same level as that of the radiator
frame 210. Therefore, when the radiator frame 210 is put in
the mold for injection molding in order to manufacture the
electronic device case 120 in which the antenna pattern is
embedded, the flowability of the resin can be improved.

[Mold for Manufacturing Antenna Pattern Frame According
to First Embodiment]

[0110] Referring to FIGS.9 and 10, the mold 300 for manu-
facturing the antenna pattern frame 200 will be described in
detail.

[0111] The mold 300 for manufacturing the electronic
device case 120 having the antenna pattern portion 222
embedded therein according to an exemplary embodiment of
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the invention may include the upper and lower molds 320 and
340 and the resin material injection portion 370.

[0112] The radiator 220 may be received between the upper
and lower molds 320 and 340 while the antenna pattern por-
tion 222 receiving an external signal and the connection ter-
minal portions 224 in contact with the circuit board 140 of the
electronic device are arranged in the different planes.

[0113] The resin material injection portion 370 is a passage
through which a resin material flows. The resin material injec-
tion portion may be formed in the upper mold 320, the lower
mold 340 or the upper and lower molds 320 and 340. When
the upper and lower molds 320 and 340 are joined, the resin
material is injected into the inner space 350 between the upper
and lower molds 320 and 340 so that the resin material filling
the inner space 350 forms the radiator frame 210 that allows
the antenna pattern portion 222 to be placed within the elec-
tronic device case 120.

[0114] The guide pins 328, the contact pins 326 or the guide
pins 328 and the contact pins 326, formed on the radiator 220,
may be injected into or make contact with the guide pin holes
225, the contact pin holes 223 or the guide pin holes 225 and
the contact pin holes 223, formed in any one of the upper mold
320, the lower mold 340 or the upper and lower molds 320 and
340.

[0115] The inner space 350 between the upper and lower
molds 320 and 340 may have a space allowing the radiator
frame 210 to have the curved portion 240.

[0116] Furthermore, the inner space 350 of the upper and
lower molds 320 and 340 may receive the connection terminal
portions 224 and have radiator support portion forming
recesses 346 to thereby form the radiator support portions 250
that support the connection terminal portions 224.

[0117] Further, compression pins 324 may be provided on
the upper mold 320, the lower mold 340 or the upper and
lower molds 320 and 340. The compression pins 324 com-
press the connection terminal portions 224 arranged in the
radiator support portion forming recesses 346 so that the
connection terminal portions 224 make contact with the
radiator support portion forming recesses 346.

[0118] The compression pins 324 may prevent the resin
material from flowing under the connection terminal portions
224. If the connection terminal portions 224 are partially
covered with the injection molding material, this may cause
an unstable electrical connection. The compression pins 324
can prevent this unstable electrical connection.

[Mold for Manufacturing Antenna Pattern Frame According
to Second Embodiment]

[0119] FIG. 11 is a schematic sectional view illustrating a
second embodiment of a mold for manufacturing an antenna
pattern frame to illustrate a method of manufacturing an
antenna pattern frame according to an exemplary embodi-
ment of the invention. FIG. 12 is a schematic view illustrating
how a resin material is injected into the mold of FIG. 11.
[0120] With reference to FIGS. 11 and 12, the antenna
pattern frame mold 300 according to the second embodiment
is substantially the same as the mold for manufacturing an
antenna pattern frame according to the first embodiment
except as described herein below.

[0121] According to the second embodiment, at least one of
the guide pins or contact pins that prevent the movement of
the radiator may be inserted into the mold 300 due to the flow
of the resin material into the mold.
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[0122] These guide pins or contact pins may be defined as
flow pins 345. The flow pins 345, arranged in the inner space
350 of the mold 300, support the radiator 220 before a resin
material is injected and may move from the inner space 350
toward the mold 300 as the injection molding material is
injected.

[0123] Theuseofthe flow pins 345 can minimize pin marks
unlike other pins fixed to the mold 300.

[Mold for Manufacturing Antenna Pattern Frame According
to Third Embodiment]

[0124] FIG. 13 is a schematic sectional view illustrating a
third embodiment of a mold for manufacturing an antenna
pattern frame to illustrate a method of manufacturing an
antenna pattern frame according to an exemplary embodi-
ment of the invention. FIG. 14 is a schematic view illustrating
how a resin material is injected into the mold of FIG. 13.
[0125] Referring to FIGS. 13 and 14, like the second
embodiment, the antenna pattern frame mold 300 according
to the third embodiment is substantially the same as the
antenna pattern frame mold according to the first embodiment
except as described herein below.

[0126] According to the third embodiment, magnets 380
may be formed in the radiator support portion forming
recesses 346 in which the connection terminal portions 224
are mounted.

[0127] Similarly to the compression pins 324, the magnets
380 can prevent the resin material from flowing under the
connection terminal portions 224 and prevent an unstable
electrical connection caused when the connection terminal
portions 244 are partially covered with the injection molding
material.

[Antenna Pattern Frame for Preventing [.oosening of Radia-
tor and Method of Manufacturing the Same]

[0128] Hereinafter, an antenna frame including a radiator
frame having an antenna pattern firmly fixed thereto, and a
method of manufacturing an antenna frame preventing loos-
ening by firmly fixing the antenna pattern to the radiator
frame will be described.

[0129] FIGS. 15A through 15D are schematic perspective
views illustrating the shape of an antenna radiator that is used
to perform a method of fixing a radiator having an antenna
pattern formed thereon according to an exemplary embodi-
ment to an antenna pattern frame.

[0130] With reference to FIGS. 15A through 15D, various
embodiments of a radiator are described in which the radiator
220 having contact surface extensions 227 is fixed to the
antenna pattern frame 200.

[0131] As for the antenna pattern frame 200 to which the
radiator 220, shown in FIGS. 15A through 15D is applied, the
radiator 220 having the contact surface extensions 227
formed thereon may be replaced with the radiator 220 of the
antenna pattern frame 200, shown in FIGS. 2 through 7.
[0132] That is, the antenna pattern frame 200, shown in
FIGS. 15A through 15D, may include the radiator 220, the
radiator frame 210 and the contact surface extensions 227.
[0133] As for the radiator 220 and the radiator frame 210 of
FIGS. 15A through 15D, the description of the radiator 220
and the radiator frame 210 with reference to FIGS. 2 through
4 may be repeated.

[0134] However, the radiator 220 having the contact sur-
face extensions 227 prevents the loosening of the radiator 220
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from the radiator frame 210 when injection molding is per-
formed to manufacture the radiator frame 210.

[0135] When a resin material is fed into the mold in which
the radiator 220 is placed for injection molding, the contact
surface extensions 227 can increase the contact area with the
resin material, so that the radiator 220 can be firmly fixed to
the radiator frame 210.

[0136] As shown in FIG. 15A, the contact surface exten-
sions 227 may be blades 2274 that extend from the edges of
the radiator 220, are bent, and are inserted into the radiator
frame 210.

[0137] Furthermore, as shown in FIG. 15B, the contact
surface extensions 227 may be holes 2275 that are formed in
the radiator 220. An injection molding material flows through
the holes 2275 to thereby increase the contact surface and fix
the radiator 220 in an accurate position.

[0138] As shown in FIG. 15C, the contact surface exten-
sions 227 may be embossed into the radiator 220 to thereby
increase the contact area between the radiator 220 and the
injection molding material and determine the accurate posi-
tion.

[0139] Asshownin FIG. 15D, the contact surface extension
227 may be formed by bending the edges of the end of the
antenna pattern portion 222 of the radiator 220 downward,
and the bent contact extension 227 may be inserted into the
radiator frame 210.

[0140] The antenna pattern frame 200 according to an
exemplary embodiment of the invention that prevents the
loosening of the radiator 220 can be applied to the antenna
pattern frame as described with reference to FIGS. 2 through
7.

[0141] As for the method of manufacturing an antenna
frame that can prevent loosening by firmly fixing the antenna
pattern to the radiator frame 210, the description of the injec-
tion molding methods with reference to FIGS. 8 through 14
may be repeated except that the radiator 220 having the con-
tact surface extensions 227 formed to increase the contact
area with the molding injection material is put into the mold
30 during injection molding.

[Electronic Device Case Having Antenna Pattern Radiator
Embedded Therein, Method and Mold for Manufacturing the
Same, and Mobile Communications Terminal]

[0142] FIG. 16 is an exploded perspective view illustrating
a case of a mobile communications terminal that is an elec-
tronic device having an antenna pattern radiator embedded
therein according to an exemplary embodiment of the inven-
tion.

[0143] Referring to FIG. 16, the electronic device case 120
having the antenna pattern radiator 220 embedded therein
according to this embodiment includes the radiator 220, the
radiator frame 210 and a case frame 130.

[0144] The descriptions of the embodiments, shown in
FIGS. 2 through 7, will substitute for a description of the
radiator 220 and the radiator frame 210.

[0145] The case frame 130 covers one side of the radiator
frame 210 having the antenna pattern portion 222 formed
thereon, so that the antenna pattern portion 222 is embedded
between the radiator frame 210 and the case frame 130.
[0146] The radiator frame 210 and the case frame 130 are
formed integrally with each other. As viewed from bottom of
the electronic device case 120, the antenna pattern portion
222 may not been seen but the connection terminal portions
224 may be seen.
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[0147] The radiator frame 210, the case frame 130, or the
radiator frame 210 and the case frame 130 may be manufac-
tured using injection molding. Particularly, the radiator frame
210 and the case frame 130 are manufactured as different
injection molded parts, the radiator frame 210 having the
radiator 220 formed thereon is bonded to the case frame 130.
[0148] The case frame 130 may be formed by using injec-
tion molding on the radiator frame 210, thereby performing
double injection molding. That is, the radiator frame 210 is
put into the mold, and insert injection molding is performed,
so that the radiator frame 210 and the case frame 130 can be
formed integrally with each other.

[0149] When put into a mold 500 for manufacturing the
electronic device case, guide pins or contact pins (not shown),
formed on the mold 500, may be inserted into the guide pin
holes 225 or the contact pin holes 223, formed in the radiator
frame 210, thereby preventing the movement of the antenna
pattern frame 200 inside the mold 500.

[0150] Hereinafter, a method of manufacturing an elec-
tronic device case will be described in detail with reference to
FIGS. 16 through 19.

[0151] According to the method of manufacturing an elec-
tronic device case according to an exemplary embodiment of
the invention, the radiator 220 is provided in which the
antenna pattern portion 222 receiving an external signal and
the connection terminal portions 224 making contact with the
connection terminals 144 of the circuit board 140 of the
electronic device are arranged in the different planes.

[0152] The radiator 220 is placed in the inner space 350 of
the upper mold 300 or the lower mold 350 to manufacture the
radiator frame 210, and a resin material is fed into the upper
and lower molds, thereby manufacturing the radiator frame
210 having the radiator 220 formed on one side of the radiator
frame 210.

[0153] Furthermore, in order that the radiator 220 is embed-
ded between the radiator frame 210 and the case frame 130,
the radiator frame 210 and the case frame 130 are formed
integrally with each other to manufacture the electronic
device case 120 in which the antenna is embedded.

[0154] FIG. 17 is a schematic view illustrating a first
embodiment of a method of manufacturing an electronic
device case having an antenna pattern radiator embedded
therein according an exemplary embodiment of the invention.
[0155] Referring to FIG. 17, the case frame 130 is a sepa-
rate injection molded part that includes a radiator receiving
recess 122 having a shape corresponding to that of the radia-
tor frame 210. By bonding the radiator frame 210 to the
radiator receiving recess 122, the electronic device case 120
having the antenna pattern radiator embedded therein can be
manufactured.

[0156] An adhesive layer 410 is formed on the surface of
the radiator 220 of the antenna pattern frame 200.

[0157] FIG. 18 is a schematic view illustrating a mold for
manufacturing an electronic device case that is used to per-
form a second embodiment of a method of manufacturing an
electronic device case having an antenna pattern radiator
embedded therein according to an exemplary embodiment of
the invention. FIG. 19 is a schematic view illustrating how a
resin material is injected into the mold of FIG. 18.

[0158] Referring to FIGS. 18 and 19, the electronic device
case 120 having the antenna pattern radiator 220 embedded
therein is manufactured in such a way that the radiator frame
210 is arranged in the mold 500 for manufacturing an elec-
tronic device case that has the inner space 550 having a shape
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corresponding to the case frame, and the resin material is fed
into the mold 550, thereby forming radiator frame 210 inte-
grally with the electronic device case 120.

[0159] That is, the radiator frame 210 and the case frame
130 may be formed integrally with each other.

[0160] Here, injection molding for manufacturing the
antenna pattern frame 200 is referred to as a first injection
molding process, and injection molding for manufacturing
the electronic device case 120 is referred to as a second
injection molding process. Like the first injection molding
process, the movement of the antenna pattern frame 200
inside the mold 500 can be prevented during the second
injection molding process.

[0161] Furthermore, the inner space 550 of the mold 500
may include a curve generation portion 524 that allows the
electronic device case 120 to be curved.

[0162] The mold ofthe electronic device case for manufac-
turing the electronic device case 120 having the antenna pat-
tern embedded therein during the second injection molding
process may include the upper or lower mold 520 or 540 and
a resin material injection portion 570. The upper or lower
mold 520 and 540 receives the radiator frame 210 including
the radiator 220 having the antenna pattern portion 222
receiving an external signal and the connection terminal por-
tions 224 making contact with the circuit board of the elec-
tronic device while the antenna pattern portion 222 and the
connection terminal portions 224 are formed in the different
planes. The resin material injection portion 570 is formed in
the upper mold 520, the lower mold 540, or the upper and
lower molds 520 and 540. A resin material flows through the
resin material injection portion 570 into the inner space 550
created when the upper and lower molds 520 and 540 are
joined, so that the resin material filling the inner space 550
forms the electronic device case 120.

[0163] Like the radiator 220, guide pin holes or contact pin
holes are formed in the radiator frame 210. The guide pins or
the contact pins, formed in the mold 500, may be inserted into
these guide pin holes or contact pin holes, so that the move-
ment of the radiator frame 210 inside the mold 500 can be
prevented.

[0164] The electronic device case having the antenna pat-
tern embedded therein can be applied to the mobile commu-
nications terminal 100.

[0165] That is, the mobile communications terminal 100,
that is, an electronic device having an antenna pattern embed-
ded therein according to an exemplary embodiment of the
invention may include the radiator frame 210, the case frame
130 and the circuit board 140.

[0166] As for the radiator frame 210 and the case frame
130, all of the above-described embodiments and the manu-
facturing methods thereof can be applied.

[0167] Thus, the above description will substitute for a
detailed description of the mobile communications terminal
100.

[Electronic Device to which Antenna Pattern Frame Having a
Ground Portion is Applied]

[0168] FIG. 20 is a schematic perspective view illustrating
an antenna pattern frame having a ground portion according
to another exemplary embodiment of the invention. FIG. 21 is
a schematic view illustrating an antenna pattern radiator hav-
ing a ground portion according to another exemplary embodi-
ment of the invention.

[0169] An antenna pattern frame 600 having a ground por-
tion according to another exemplary embodiment of the
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invention may be widely used for a laptop computer requiring
noise reduction among electronic devices having antenna
patterns embedded in a case.

[0170] The antenna pattern frame 600 having a ground
portion according to another exemplary embodiment of the
invention may include a radiator 620, a ground portion 626
and a radiator frame 610.

[0171] The antenna pattern frame 600 according to this
embodiment is different from the antenna pattern frame 200,
shown in FIGS. 2 through 7, in that the ground portion 626
extends from the radiator 620. The radiator frame 610 may be
modified in order to form the ground portion 626.

[0172] The ground portion 626 may be supported by a
ground portion support 612 that is stepped with respect to the
radiator frame 610.

[0173] The antenna pattern portion 622 may be formed on
one side 6104 of the radiator frame 610 or connection termi-
nal portions 624 may be formed on the other side 6105 oppo-
site to the one side 610a.

[0174] The radiator frame 610 may be configured so that
the antenna pattern portion 622 is embedded in the electronic
device case.

[0175] Like the antenna pattern frame 200, shown in FIGS.
2 through 7, the radiator 620 of the antenna pattern frame 600
may include the connection terminal portions 624 that are
formed on the other side 6105 of the radiator frame 610 so as
to transmit the external signal to the circuit board.

[0176] Furthermore, the radiator 620 is bent to form con-
nection portions 628, which are then bent to form the ground
portion 626. The ground portions 626 may be formed through
the radiator frame 610. As the connection portions 628 are
formed through the radiator frame 610, the radiator 620 can
be firmly fixed to the radiator frame 610.

[0177] Further, contact pin holes 623 that prevent the move-
ment of the radiator 620 inside a mold 700 may be formed in
the radiator 620.

[0178] Contact pins 728 of the mold 700 may be inserted
into the contact pin holes 623 during injection molding to
thereby prevent the movement of the radiator 620 inside the
mold 700.

[0179] Guide pin holes 625 may be formed in the radiator
620. Guide pins 726 of the mold 700 may be inserted into the
guide pin holes 625 during injection molding to thereby pre-
vent the movement of the radiator 620 inside the mold 700.

[0180] FIG. 22 is a schematic sectional view illustrating a
mold for manufacturing an antenna pattern frame that is used
to perform a method of manufacturing an antenna pattern
frame having a ground portion according to another exem-
plary embodiment.

[0181] According to the method of manufacturing an
antenna pattern frame having a ground portion according to
another exemplary embodiment of the invention, first, the
radiator 620 may be provided in which the antenna pattern
portion 622 receiving the external signal and the ground por-
tion 626 may be arranged in the different planes.

[0182] The radiator 620 may be placed in the mold 700 that
has an inner space 750 receiving the radiator 620.

[0183] After the radiator 620 is arranged in the mold 700, a
resin material is injected into the inner space 750 through the
resin material injection portion 770, formed in the mold 700,
so that the resin material filling the inner space 750 forms the
radiator frame 610 that allows the radiator 620 to be embed-
ded in the electronic device case.
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[0184] When the radiator 620 is arranged in the mold 700,
the guide pins 726, the contact pins 728 or the guide pins 726
and the contact pins 728 formed on the mold 700 may be
injected into or make contact with the guide pin holes 625, the
contact pin holes 623, or the guide pin holes 625 and the
contact pin holes 623 formed in the radiator 620.

[0185] Recesses may be formed in the inner space 750 so as
to receive the connection terminal portions 624 therein. Injec-
tion molding may be performed by arranging the connection
terminal portions 624 in the recesses.

[0186] Themold 700 for manufacturing the antenna pattern
frame having the ground portion according to another exem-
plary embodiment of the invention may include an upper
mold 720 or a lower mold 740 and the resin material injection
portion 770. The upper or lower molds 720 or 740 receives the
radiator 620 having the antenna pattern portion 622 receiving
an external signal and the ground portion 626 while the
antenna pattern portion 622 and the ground portion 626 are
arranged in the different planes. The resin material injection
portion 770 is formed in the upper mold 720, the lower mold
740, or the upper and lower molds 720 and 740. A resin
material is injected into the inner space 750 through the resin
material injection portion 770 so that the resin material filling
the inner space 750 forms the antenna pattern frame 600 that
allows the radiator 620 to be embedded in the electronic
device case.

[0187] Furthermore, the guide pins 726, the contact pins
728 or the guide pins 726 and the contact pins 728 may be
formed in the upper or lower mold 720 or 740 and be inserted
into the guide pine holes 625, the contact pin holes 623, or the
guide pin holes 625 and the contact pin holes 623 formed in
the radiator frame 610.

[0188] The connection terminal portions 624 may be
received in the upper mold 720, the lower mold 740, or the
upper and lower molds 720 and 740.

[0189] FIG. 23 is a schematic exploded perspective view
illustrating a laptop computer that is an electronic device to
which an antenna pattern frame having a ground portion
according to another exemplary embodiment to the invention
is applied.

[0190] As for the radiator frame 610 having the antenna
pattern portion 622, the connection terminal portions 624,
and the ground portion 626, the antenna pattern portion 622
may be embedded in a case of a laptop computer, which is an
electronic device 800.

[0191] That is, the electronic device 800 according to this
embodiment may include the radiator frame 610, a case 820
and a circuit board 600.

[0192] As for the radiator frame 610, all of the above-
described embodiments and manufacturing methods thereof
may be applied.

[0193] Therefore, the above description will substitute for a
detailed description of the electronic device 800.

[0194] As set forth above, according to an antenna pattern
frame and a method and mold for manufacturing the same
according to an exemplary embodiment of the invention, a
radiator having an antenna pattern portion can be embedded
in an electronic device case, thereby reducing the vulnerabil-
ity of an external antenna according to the related art to
external shocks and preventing an increase in the volume of
an internal antenna.

[0195] Furthermore, since an antenna of flexible materials
can be embedded in the electronic device case, the durability
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and performance of the antenna can be improved in compari-
son with the use of the adhesive.

[0196] Furthermore, since the antenna can be embedded in
the electronic device case without using a protective film, the
case can be formed into a three-dimensional shape, such as a
curved surface, thereby diversifying the appearance thereof.
[0197] Moreover, since an antenna film is not used, a manu-
facturing process can be performed with ease, and manufac-
turing costs can be reduced.

[0198] In addition, since the radiator and the connection
terminal portions can be firmly supported against the antenna
pattern frame, the loosening of the antenna pattern portion
from a frame can be prevented, and the antenna pattern por-
tion can be firmly connected to the circuit board of the elec-
tronic device.

[0199] Furthermore, since this antenna pattern frame can
be applied to any kind of electronic devices requiring anten-
nas, various applications of the antenna pattern frame can be
made.

[0200] While the present invention has been shown and
described in connection with the exemplary embodiments, it
will be apparent to those skilled in the art that modifications
and variations can be made without departing from the spirit
and scope of the invention as defined by the appended claims.

What is claimed is:

1. An electronic device case having an antenna pattern
embedded therein, the electronic case comprising:

a radiator having an antenna pattern portion transmitting
and receiving a signal and a connection terminal portion
allowing the signal to be transmitted to and received
from a circuit board of an electronic device;

a connection portion partially forming the radiator and
connecting the antenna pattern portion and the connec-
tion terminal portion to be arranged in different planes;

aradiator frame manufactured by injection molding on the
radiator so that the antenna pattern portion of the radia-
tor is provided on one side of the radiator frame and the
connection terminal portion is provided on the other side
thereof;, and

a case frame covering the one side of the radiator frame on
which the antenna pattern portion is provided so that the
antenna pattern portion is embedded between the case
frame and the radiator frame.

2. The electronic device case of claim 1, wherein the case
frameis an injection molded part and has a recess correspond-
ing to the one side of the radiator frame.

3. The electronic device case of claim 1, wherein the case
frame is manufactured using injection molding on the radia-
tor frame.

4. The electronic device case of claim 1, wherein the radia-
tor is bent to provide the connection terminal portion, the
antenna pattern portion, and the connection portion con-
nected therebetween.

5. The electronic device case of claim 1, wherein the con-
nection terminal portion is supported by a radiator support
portion on the other side of the radiator frame.

6. The electronic device case of claim 1, wherein the con-
nection terminal portion is provided through the radiator sup-
port portion on the other side of the radiator frame.

7. The electronic device case of claim 1, wherein the radia-
tor frame, the case frame, or the radiator frame and the case
frame have a curved portion so that the radiator has a curva-
ture.
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8. An electronic device case having an antenna pattern
embedded therein, the electronic case comprising:

a radiator having an antenna pattern portion transmitting

and receiving a signal;

a connection terminal separated from the antenna pattern
portion and having a connection terminal portion allow-
ing the signal of the antenna pattern portion to be trans-
mitted to or received from a circuit board of an electronic
device;

an antenna pattern frame manufactured by injection mold-
ing so that the antenna pattern portion is provided on one
side of the antenna pattern portion, the connection ter-
minal portion is provided on the other side thereof, and
the radiator makes contact with the connection terminal;
and

a case frame covering the one side of the antenna pattern
frame having the antenna pattern portion so that the
antenna pattern portion is embedded between the case
frame and the radiator frame.

9. A method of manufacturing an electronic device case,

the method comprising:

providing a radiator having an antenna pattern portion
transmitting and receiving a signal, a connection termi-
nal portion making contact with a circuit board of an
electronic device, and a connection portion connecting
the antenna pattern portion and the connection terminal
portion to be arranged in different planes;

arranging the radiator in a space inside an upper or lower
mold for manufacturing a radiator frame and injecting a
resin material therein to form the radiator frame having
the antenna pattern portion formed on one side thereof;
and

forming the radiator frame integrally with a case frame so
that the radiator is embedded between the radiator frame
and the case frame.

10. The method of claim 9, wherein the case frame is a
separate injection molded part having a radiator receiving
recess having a shape corresponding to the radiator frame,
and

the radiator frame is bonded to the radiator receiving
recess.

11. The method of claim 9, wherein double injection mold-
ing is performed by arranging the radiator frame in a mold for
manufacturing an electronic device case having a space cor-
responding to the case frame, and injecting a resin material
into the space.

12. The method of claim 9, wherein the radiator frame is
manufactured by injection molding while the antenna pattern
portion is arranged in contact with one surface of one of the
upper and lower molds, and the connection terminal portion is
arranged in contact with one surface of the other mold.

13. The method of claim 9, wherein injection molding is
performed while the connection terminal portion is arranged
in a radiator support portion forming recess provided in the
upper or lower mold for manufacturing the radiator frame so
that the connection terminal portion is supported by a radiator
support portion on the other side of the radiator frame.

14. The method of claim 9, wherein injection molding is
performed while the connection terminal portion is arranged
in a radiator support portion forming recess provided in the
upper or lower mold for manufacturing the radiator frame so
that the connection portion is formed through the radiator
support portion on the other side of the radiator frame.
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15. The method of claim 9, wherein the radiator frame, the
case frame, or the radiator frame and the case frame have a
curved portion so that the radiator has a curvature.

16. A mold for manufacturing an electronic device case, the
mold comprising:

an upper or lower mold for manufacturing an electronic
device case receiving a radiator frame manufactured by
injection molding on a radiator having an antenna pat-
tern portion transmitting and receiving a signal, a con-
nection terminal portion making contact with a circuit
board of the electronic device, and a connection portion
connecting the antenna pattern portion and the connec-
tion terminal portion to be arranged in different planes;
and

a resin material injection portion provided through the
upper mold, the lower mold, or the upper and lower
molds, the resin material injection portion through
which a resin material is injected into a space created
between the upper and lower molds so that the resin
material filling the space therebetween forms a case of
the electronic device when the upper and lower molds
are joined.

17. The mold of claim 16, wherein a guide pin, a contact pin
or a guide pin and a contact pin are provided in the upper or
lower mold for manufacturing the electronic device case and
are injected into or make contact with a guide pin hole, a
contact pin hole or a guide pin hole and a contact pin hole
provided in the radiator frame.

18. The mold of claim 16, wherein the space created
between the upper and lower molds has a shape correspond-
ing to a curved portion of the electronic device case.

19. A mobile communications terminal comprising:

a radiator frame manufactured by injection molding on a
radiator having an antenna pattern portion, a connection
terminal portion and a connection portion connecting
the antenna pattern portion and the connection terminal
portion to be arranged in different planes, so that the
antenna pattern portion is provided on one side of the
radiator frame and the connection terminal portion is
provided on the other side thereof;

a case frame covering the one side of the radiator frame on
which the antenna frame is provided so that the antenna
pattern portion is embedded between the case frame and
the radiator frame; and
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a circuit board connected to the connection terminal por-
tion and transmitting and receiving a signal of the radia-
tor.

20. The mobile communications terminal of claim 19,
wherein the case frame is an injection molded part and has a
recess corresponding to the one side of the radiator frame.

21. The mobile communications terminal of claim 19,
wherein the case frame is manufactured using injection mold-
ing on the radiator frame.

22. The mobile communications terminal of claim 19,
wherein the radiator is bent to provide the antenna pattern
portion, the connection terminal portion, and the connection
portion connected therebetween.

23. The mobile communications terminal of claim 19,
wherein the connection terminal portion is supported by a
radiator support portion on the other side of the radiator
frame.

24. The mobile communications terminal of claim 19,
wherein the connection terminal portion is formed through
the radiator support portion on the other side of the radiator
frame.

25. The mobile communications terminal of claim 19,
wherein the radiator frame, the case frame, or the radiator
frame and the case frame have a curved portion so that the
radiator has a curvature.

26. A mobile communications terminal comprising:

a radiator having an antenna pattern portion transmitting

and receiving a signal;

a connection terminal separated from the antenna pattern
portion and having a connection terminal portion allow-
ing the signal of the antenna pattern portion to be trans-
mitted to and received from a circuit board of an elec-
tronic device;

an antenna pattern frame manufactured by injection mold-
ing so that the antenna pattern portion is provided on one
side of the antenna pattern frame, the connection termi-
nal portion is provided on the other side thereof, and the
radiator makes contact with the connection terminal;
and

a case frame covering the one side of the antenna pattern
frame on which the antenna pattern portion is provided
so that the antenna pattern portion is embedded between
the case frame and the antenna pattern frame.

sk sk sk sk sk
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MULTI-LOOP ANTENNA STRUCTURE AND
HAND-HELD ELECTRONIC DEVICE USING
THE SAME

[0001] This application claims the benefit of Taiwan appli-
cation Serial No. 98113943, filed Apr. 27, 2009, the subject
matter of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The subject application relates in general to an
antenna and a hand-held electronic device using the same,
and more particularly to a multi-loop antenna structure and a
hand-held electronic device using the same.

[0004] 2. Description of the Related Art

[0005] Referring to FIG. 1, a generally known loop antenna
is shown. The generally known loop antenna 10 includes a
feeding point 110, a grounding point 120 and a symmetric
radiating body 130. There is a complete loop between the
feeding point 110, the grounding point 120 and radiating
body 130. That is, the current flowing into the feeding point
110 equals the current flowing out of the grounding point 120,
therefore the generally known loop antenna 10 is also called
balance antenna. As the generally known loop antenna 10 is
big in size and the design of the mobile phone is directed
towards slimness, lightweight and compactness, the gener-
ally known loop antenna 10 is not widely used in the mobile
phone.

[0006] Referring to FIG. 2, a generally known open end
type antenna is shown. The open end type antenna 20 includes
a feeding point 210, a grounding point 220 and a radiating
body 230. The loop between the feeding point 210, the
grounding point 220 and the radiating body 230 is not a
complete loop. The current flowing into the feeding point 210
does not equal the current flowing out of the grounding point
220, therefore the open end type antenna 20 is also called
unbalance antenna. As the open end type antenna 20 is small
in size, most of the conventional mobile phones adopt the
open end type antenna 20 as a medium in wireless commu-
nication.

[0007] Referring to FIG. 3, a distribution diagram of fre-
quency band of a wireless communication system is shown.
Along with the advance in electronic technology, many wire-
less communication systems, such as the Bluetooth and wire-
less network (BT/WIFI), the Global System for Mobile Com-
munications (GSM), the Global Positioning System (GPS)
and the Digital Communication System (DCS)/the Personal
Communication Services (PCS)/the Universal Mobile Tele-
communications System (UMTS) are provided. As the fre-
quency bands of these wireless communication system are
not the same, if the mobile phone would like to support the
abovementioned wireless communication systems, at least
three antennas are needed to cover the Bluetooth and wireless
network (BT/WIFI) frequency band, the GPS frequency
band, the GSM frequency band and the DCS/PCS/UMTS
frequency band at the same time.

SUMMARY OF THE INVENTION

[0008] The subject application is directed to a multi-loop
antenna structure and a mobile communication device using
the same which have at least the following advantages:
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[0009] Firstly, only one multi-loop antenna structure would
suffice to cover several frequency bands such as the Bluetooth
and wireless network (BT/WIFI) frequency band, the GSM
frequency band, the GPS frequency band and the DCS/PCS/
UMTS frequency band.

[0010] Secondly, the antenna length is only a half of that of
generally known loop antenna.

[0011] Thirdly, the multi-loop antenna structure can be
folded as a three-dimensional structure and disposed on a
hand-held device having limited space.

[0012] According to a first aspect of the present invention,
a multi-loop antenna structure is 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
electrically connects one terminal of the high-frequency radi-
ating body and one terminal of the low-frequency radiating
body to a feeding point. The grounding connecting part
grounds the other terminal of the high-frequency radiating
body and the other terminal of 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 fre-
quency band, a third frequency band and a fourth frequency
band. The first folded loop antenna and the second folded
loop antenna are folded for forming a three-dimensional
structure.

[0013] According to a second aspect of the present inven-
tion, a hand-held electronic device is provided. The hand-held
electronic device includes a printed circuit board, an antenna
carrying part and a multi-loop antenna structure. The antenna
carrying part is coupled to the printed circuit board, and the
multi-loop antenna structure is disposed on the antenna car-
rying part. 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 electrically connects one terminal of
the high-frequency radiating body and one terminal of the
low-frequency radiating body to a feeding point. The ground-
ing connecting part grounds the other terminal of the high-
frequency radiating body and the other terminal of 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 frequency band, a third frequency band and a fourth
frequency band. The first folded loop antenna and the second
folded loop antenna are folded for forming a three-dimen-
sional structure.

[0014] The invention will become apparent from the fol-
lowing detailed description of the preferred but non-limiting
embodiments. The following description is made with refer-
ence to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 (Prior Art) shows a generally known loop
antenna,
[0016] FIG. 2 (Prior Art) shows a generally known open

end type antenna;
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[0017] FIG. 3 shows a distribution diagram of frequency
band of a wireless communication system;

[0018] FIG. 4 shows an explosion diagram of a multi-loop
antenna structure of a first embodiment of the invention;
[0019] FIG. 5 showsa 3-D diagram of a multi-loop antenna
structure of a first embodiment of the invention;

[0020] FIG. 6 shows another 3-D diagram of a multi-loop
antenna structure of a first embodiment of the invention;
[0021] FIG. 7 shows a generally known planar type first
balance antenna;

[0022] FIG. 8 shows an antenna of FIG. 7 being processed
according to image theory for forming a loop antenna of the
invention with reduced length;

[0023] FIG. 9 shows an antenna of FIG. 8 being folded for
forming a first folded loop antenna of the invention;

[0024] FIG. 10 shows a generally known planar type sec-
ond balance antenna;

[0025] FIG. 11 shows an antenna of FIG. 10 being pro-
cessed according to image theory for forming a loop antenna
of the invention with reduced length;

[0026] FIG. 12 shows an antenna of FIG. 11 denoting the
folding line of a second folded loop antenna of the invention;
[0027] FIG. 13 shows a voltage standing wave ratio
(VSWR) diagram of a multi-loop antenna structure 310 of the
invention;

[0028] FIG. 14 shows a return-loss diagram of a multi-loop
antenna structure 310 of the invention;

[0029] FIG. 15 shows a Smith chart of a multi-loop antenna
structure 310 of the invention;

[0030] FIG.16 shows an explosion diagram of a multi-loop
antenna structure of a second embodiment of the invention;
[0031] FIG. 17 shows a 3-D diagram of a multi-loop
antenna structure of a second embodiment of the invention;
[0032] FIG. 18 shows a 3-D diagram of a multi-loop
antenna structure of a second embodiment of the invention;
[0033] FIG. 19 shows a voltage standing wave ratio
(VSWR) diagram of a multi-loop antenna structure 510 of the
invention;

[0034] FIG. 20 shows a return-loss diagram of a multi-loop
antenna structure 510 of the invention; and

[0035] FIG. 21 shows a Smith chart of a multi-loop antenna
structure 510 of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0036] The subject application provides a multi-loop
antenna structure and a hand-held electronic device using the
same. The multi-loop antenna structure includes a high-fre-
quency radiating body, a low-frequency radiating body, a
feeding connecting part and a grounding connecting part. The
feeding connecting part electrically connects one terminal of
the high-frequency radiating body and one terminal of the
low-frequency radiating body to a feeding point. The ground-
ing connecting part grounds the other terminal of the high-
frequency radiating body and the other terminal of 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 frequency band, a third frequency band and a fourth
frequency band. The first folded loop antenna and the second
folded loop antenna are folded for forming a three-dimen-
sional structure. The hand-held electronic device further
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includes a printed circuit board and an antenna carrying part
in addition to the abovementioned multi-loop antenna struc-
ture. The antenna carrying part is coupled to the printed
circuit board, and the multi-loop antenna structure is disposed
on the antenna carrying part. A first embodiment and a second
embodiment are exemplified below.

First Embodiment

[0037] Referring to FIG. 4~FIG. 6. FIG. 4 shows an explo-
sion diagram of a multi-loop antenna structure of a first
embodiment of the invention. FIG. 5 and FIG. 6 respectively
show a 3-D diagram of a multi-loop antenna structure of a first
embodiment of the invention viewed at different angles. The
hand-held electronic device 30, such as a mobile phone, a
personal digital assistant (PDA) and another communication
device, includes a multi-loop antenna structure 310, an
antenna carrying part 320 and a printed circuit board 330. The
antenna carrying part 320 is coupled to the printed circuit
board 330, and the multi-loop antenna structure 310 is dis-
posed on the antenna carrying part 320. The multi-loop
antenna structure 310 includes a feeding connecting part 312,
a grounding connecting part 314, a similar U-shaped high-
frequency radiating body 316 and a similar S-shaped low-
frequency radiating body 318. The feeding connecting part
312 electrically connects one terminal of the high-frequency
radiating body 316 and one terminal of the low-frequency
radiating body 318 to a feeding point 3122. The grounding
connecting part 314 grounds the other terminal of the high-
frequency radiating body 316 and the other terminal of the
low-frequency radiating body 318. The grounding connect-
ing part 314 includes a grounding connecting element 3142,
wherein one terminal 380 of the grounding connecting ele-
ment 3142 connects the other terminal 390 of the high-fre-
quency radiating body 316, the other terminal 390 of the
low-frequency radiating body 318, and the other terminal of
the grounding connecting element 3142 to a grounding point
31422. The feeding connecting part 312 forms a first folded
loop antenna with the high-frequency radiating body 316 and
the grounding connecting part 314 for resonating at a first
frequency band. The feeding connecting part 312 forms a
second folded loop antenna with the low-frequency radiating
body 318 and the grounding connecting part 314 for resonat-
ing at a second frequency band, a third frequency band and a
fourth frequency band. The resonating frequency operating at
0.5 times of the wavelength of the first folded loop antenna
generates the first frequency band, and the resonating fre-
quencies operating at 0.5, 1 and 1.5 times of the wavelength of
the second folded loop antenna respectively generate the sec-
ond frequency band, the third frequency band and the fourth
frequency band.

[0038] The first frequency band is a DCS/PCS/UMTS fre-
quency band ranging from 1710 MHz to 2170 MHz. The
second frequency band is a GSM frequency band ranging
from 824 MHz to 960 MHz. The third frequency band is a
GPS frequency band of 1575 MHz. The fourth frequency
band is a Bluetooth and wireless network (BT/WIFI) fre-
quency band ranging from 2400 MHz to 2500 MHz. The first
folded loop antenna and the second folded loop antenna are
perpendicularly folded along the folding line 340, the folding
line 350, the folding line 360 and the folding line 370 for
forming a three-dimensional structure. The distances d1 and
d4 are 5 mm for example, the distance d2 is 11 mm for
example, and the distance d3 is 55 mm for example.
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[0039] Furthermore, the antenna carrying part 320 includes
a surface 320 (1), a surface 320 (2), a surface 320 (3) and a
surface 320 (4), wherein the surfaces 320 (1), 320 (2),320 (3)
and 320 (4) are not coplanar to each other. The surface 320 (1)
is perpendicular to the surfaces 320 (2), 320 (3) and 320 (4),
and the surface 320 (4) is perpendicular to the surfaces 320
(1), 320 (2) and 320 (3). The high-frequency radiating body
316 is perpendicularly folded along the folding line 350, so
that a part of the high-frequency radiating body 316 is dis-
posed on the surface 320 (1), and another part of the high-
frequency radiating body 316 is disposed on surface 320 (2).
The low-frequency radiating body 318 is perpendicularly
folded along the folding line 360 and the folding line 370, so
that a part of the low-frequency radiating body 318 is dis-
posed on surface 320 (2), another part of the low-frequency
radiating body 318 is disposed on surface 320 (4), and yet
another part of the low-frequency radiating body 318 is dis-
posed on the surface 320 (3). The feeding connecting part 312
is disposed on the surface 320 (2), and the grounding con-
necting part 314 is disposed on the surface 320 (3). One
terminal 380 of the grounding connecting element 3142 and
one terminal 390 of the low-frequency radiating body 318 are
coupled to each other on the surface 320 (3).

[0040] Referring to FIG. 7~-FIG. 9. FIG. 7 shows a gener-
ally known planar type first balance antenna. FIG. 8 shows an
antenna of FIG. 7 being processed according to image theory
for forming a loop antenna of the invention with reduced
length. FIG. 9 shows an antenna of FIG. 8 being folded for
forming a first folded loop antenna of the invention. One
terminal of the high-frequency radiating body 316 is electri-
cally connected to a feeding point 3122 through the feeding
connecting part 312, and one terminal of the high-frequency
radiating body 316 is electrically connected to the grounding
point 31422 through the grounding connecting element 3142
of the grounding connecting part 314 for forming the first
folded loop antenna 410 of FIG. 9.

[0041] The first folded loop antenna 410 corresponds to a
generally known planar type first balance antenna 420 of FIG.
7, which is a left-right-symmetric mapping structure. Accord-
ing to the image theory, the generally known planar type first
balance antenna 420 is further reduced to the loop antenna
430 of FIG. 8, so that the antenna length (can be viewed as a
current path) of the loop antenna 430 is about a half of the
generally known planar type first balance antenna 420. The
first folded loop antenna 410 of FIG. 9 is formed by folding
the grounding connecting element 3142 of the grounding
connecting part 314 of the loop antenna 430 and the ground-
ing point 31422 upwards. The first folded loop antenna 410
forms a three-dimensional structure when the first folded loop
antenna 410 is perpendicularly folded along the folding line
340 and the folding line 350.

[0042] Referring to FIG. 10~FIG. 12. FIG. 10 shows a
generally known planar type second balance antenna. FIG. 11
shows an antenna of FIG. 10 being processed according to the
image theory for forming a loop antenna of the invention with
reduced length. FIG. 12 shows an antenna of FIG. 11 denoting
the folding line of a second folded loop antenna of the subject
application. One terminal of the low-frequency radiating
body 318 is electrically connected to the feeding point 3122
through the feeding connecting part 312, and one terminal of
the low-frequency radiating body 318 is electrically con-

nected to t the grounding point 31422 through the ground
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connecting element 3142 of the grounding connecting part
314 for forming the second folded loop antenna 440 of FIG.
12.

[0043] The second folded loop antenna 440 corresponds to
the generally known planar type second balance antenna 450
of FIG. 10, which is a left-right-symmetric mapping struc-
ture. According to the image theory, the second balance
antenna 450 is further reduced to the loop antenna 460 of FIG.
11, so that the antenna length (can be viewed as a current path)
of'the loop antenna 460 is about a half of the second balance
antenna 450. The second folded loop antenna 440 of FIG. 12
is formed by folding the grounding connecting element 3142
of'the grounding connecting part 314 of the loop antenna 460
and the grounding point 31422 rightwards. The second folded
loop antenna 440 forms a three-dimensional structure when
the second folded loop antenna 440 is perpendicularly folded
along the folding line 360 and the folding line 370.

[0044] Due to the limited space of the portable electronic
device and the big size of the loop antenna, the loop antenna
was not commonly used in the hand-held electronic device,
and the open end type antenna such as the planar inverted-F
antenna (PIFA) was used instead. According to the image
theory, the subject application preferably reduces the length
of the loop antenna to be half of its original length, and the
reduced loop antenna is further folded as a three-dimensional
structure, so that the loop antenna can be disposed on the
hand-held device having limited space. As the loop antenna
canresonate at the operating frequency of 0.5, 1 and 1.5 times
of the wavelength, the subject application can resonate at
several frequency bands by using one multi-loop antenna
structure only.

[0045] Referring to FIG. 13~FIG. 15. FIG. 13 shows a
voltage standing wave ratio (VSWR) diagram of a multi-loop
antenna structure 310 of the invention. FIG. 14 shows a
return-loss diagram of a multi-loop antenna structure 310 of
the invention. FIG. 15 shows a Smith chart of a multi-loop
antenna structure 310 of the invention. The antenna effect of
the multi-loop antenna structure 310 and the feature of reso-
nating at a Bluetooth and wireless network (BT/WIFI) fre-
quency band, a GSM frequency band, a GPS frequency band
and a DCS/PCS/UMTS frequency band are indicated in FIG.
13-FIG. 15.

Second Embodiment

[0046] Referring to FIG. 16~FIG. 18. FIG. 16 shows an
explosion diagram of a multi-loop antenna structure of a
second embodiment of the invention. FIG. 17 shows a 3-D
diagram of a multi-loop antenna structure of a second
embodiment of the invention. FIG. 18 shows a 3-D diagram of
amulti-loop antenna structure of a second embodiment of the
invention. The second embodiment differs with the first
embodiment in that the high-frequency radiating body 316
and the low-frequency radiating body 318 of the multi-loop
antenna structure 510 respectively have the grounding con-
necting elements 5142 and 5144, but the grounding connect-
ing element 3142 is shared by the high-frequency radiating
body 316 and the low-frequency radiating body 318 of the
multi-loop antenna structure 310. In the present embodiment
of the invention, the grounding connecting part 514 includes
a grounding connecting element 5142 of the high-frequency
radiating body 316 and a grounding connecting element 5144
of the low-frequency radiating body 318. One terminal of the
grounding connecting element 5142 is connected to the other

terminal of the high-frequency radiating body 316, and the
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other terminal of the grounding connecting element 5142 is
connected to the grounding point 51422. One terminal of the
grounding connecting element 5144 is connected to the other
terminal of the low-frequency radiating body 318, and the
other terminal of the grounding connecting element 5142 is
connected to the grounding point 51442. That is, the other
terminal of the high-frequency radiating body 316 and the
other terminal of the low-frequency radiating body 318 are
respectively connected to the grounding point 51422 and the
grounding point 51442 through the grounding connecting
element 5142 and the grounding connecting element 5144.
Thus, the bandwidth of the high-frequency frequency band is
further increased. Referring to the bandwidth as disclosed in
the high-frequency frequency band of FIG. 14 and FIG. 20,
the commonly used index is —8 db. With such criterion being
given, the bandwidth of the high-frequency band of FIG. 14
(the high-frequency radiating body and the low-frequency
radiating body share the grounding connecting part 314) is
smaller than the ones of the high-frequency band of FIG. 20
(the high-frequency radiating body and the low-frequency
radiating body have their respective grounding connecting
part 514).

[0047] Referring to FIG. 19~FIG. 21. FIG. 19 shows a
voltage standing wave ratio (VSWR) diagram of a multi-loop
antenna structure 510 of the subject application. FIG. 20
shows a return-loss diagram of a multi-loop antenna structure
510 of the subject application. FIG. 21 shows a Smith chart of
a multi-loop antenna structure 510 of the subject application.
The antenna effect of the multi-loop antenna structure 510
and the feature of resonating at a Bluetooth and wireless
network (BT/WIFI) frequency band, a GSM frequency band,
a GPS frequency band and a DCS/PCS/UMTS frequency
band are indicated in FIG. 19~FIG. 21.

[0048] The multi-loop antenna structure and the hand-held
electronic device using the same disclosed in the above
embodiments of the invention have many advantages exem-
plified below:

[0049] Firstly, only one multi-loop antenna structure would
suffice to cover several frequency bands such as the Bluetooth
and wireless network (BT/WIFI) frequency band, the GSM
frequency band, the GPS frequency band and the DCS/PCS/
UMTS frequency band.

[0050] Secondly, the antenna length is only a half of that of
generally known loop antenna.

[0051] Thirdly, the multi-loop antenna structure can be
folded as a three-dimensional structure and disposed on a
hand-held device having limited space.

[0052] While the invention has been described by way of
example and in terms of a preferred embodiment, it is to be
understood that the invention is not limited thereto. On the
contrary, it is intended to cover various modifications and
similar arrangements and procedures, and the scope of the
appended claims therefore should be accorded the broadest
interpretation so as to encompass all such modifications and
similar arrangements and procedures.

What is claimed is:

1. A multi-loop antenna structure, comprising:

a high-frequency radiating body;

a low-frequency radiating body;

a feeding connecting part used for electrically connecting
one terminal of the high-frequency radiating body and
one terminal of the low-frequency radiating body to a

feeding point; and
This P%I‘—p
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a grounding connecting part used for grounding the other
terminal of the high-frequency radiating body and the
other terminal of the low-frequency radiating body,
wherein 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 radi-
ating body and the grounding connecting part for reso-
nating at a second frequency band, a third frequency
band and a fourth frequency band, and the first folded
loop antenna and the second folded loop antenna are
folded for forming a three-dimensional structure.

2. The multi-loop antenna structure according to claim 1,
wherein the high-frequency radiating body is a U-shaped
structure, and the low-frequency radiating body is an
S-shaped structure.

3. The multi-loop antenna structure according to claim 1,
wherein the grounding connecting part comprises:

a grounding connecting element, comprising:

a first terminal connected to the other terminal of the
high-frequency radiating body and the other terminal
of the low-frequency radiating body; and

a second terminal connected to a grounding point.

4. The multi-loop antenna structure according to claim 1,
wherein the grounding connecting part comprises:

a first grounding connecting element, comprising:

a first terminal connected to the other terminal of the
high-frequency radiating body; and

a second terminal connected to a grounding point; and

a second the grounding connecting element, comprising:
a third terminal connected to the other terminal of the

low-frequency radiating body; and

a fourth terminal connected to another grounding point.

5. The multi-loop antenna structure according to claim 1,
wherein the high-frequency radiating body is folded and dis-
posed on a plurality of non-coplanar planes.

6. The multi-loop antenna structure according to claim 1,
wherein the low-frequency radiating body is folded and dis-
posed on a plurality of non-coplanar planes.

7. The multi-loop antenna structure according to claim 1,
wherein the feeding connecting part, the grounding connect-
ing part, the high-frequency radiating body and the low-
frequency radiating body are disposed on a first surface, a
second surface, a third surface and a fourth surface of an
antenna carrying part, the first surface is perpendicular to the
second surface, the third surface and the fourth surface, and
the fourth surface is perpendicular to the first surface, the
second surface and the third surface.

8. according to claim 7 The multi-loop antenna structure,
wherein the high-frequency radiating body comprises:

a first part disposed on the first surface; and

a second part disposed on the second surface.

9. The multi-loop antenna structure according to claim 8,
wherein the low-frequency radiating body comprises:

a first part disposed on the second surface;

a second part disposed on the fourth surface; and

a third part disposed on the third surface.

10. The multi-loop antenna structure according to claim 9,
wherein the feeding connecting part is disposed on the second
surface, and the grounding connecting part is disposed on the
third surface.

11. The multi-loop antenna structure according to claim 1,
wherein the first folded loop antenna corresponds to a first
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balance antenna, and the current path of the first folded loop
antenna is a half of the length of the first balance antenna.

12. The multi-loop antenna structure according to claim 1,
wherein the second folded loop antenna corresponds to a
second balance antenna, and the current path of the second
folded loop antenna is a half of the length of the second
balance antenna.

13. The multi-loop antenna structure according to claim 1,
wherein the current path of the first folded loop antenna is a
half of the wavelength.

14. The multi-loop antenna structure according to claim 1,
wherein the current path of the second folded loop antenna is
a half of the wavelength.

15. The multi-loop antenna structure according to claim 1,
wherein the first frequency band is a DCS/PCS/UMTS fre-
quency band, the second frequency band is a GSM frequency
band, the third frequency band is a GPS frequency band, and
the fourth frequency band is a Bluetooth and wireless network
frequency band.

16. The multi-loop antenna structure according to claim
15, wherein the Bluetooth and the wireless network fre-
quency band substantially range from 2400 MHz to 2500
MHz, the GSM frequency band substantially ranges from 824
MHz to 960 MHz, the GPS frequency band substantially
ranges from 1575 MHz, the DCS/PCS/UMTS band1 substan-
tially ranges from 1710 MHz to 2170 MHz.

17. A hand-held electronic device, comprising:

a printed circuit board;

an antenna carrying part coupled to the printed circuit
board;

a multi-loop antenna structure disposed on the antenna
carrying part, wherein the multi-loop antenna structure
comprises:

a high-frequency radiating body;

a low-frequency radiating body;

a feeding connecting part used for electrically connect-
ing one terminal of the high-frequency radiating body
and one terminal of the low-frequency radiating body
to a feeding point; and

a grounding connecting part used for grounding the
other terminal of the high-frequency radiating body
and the other terminal of 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 connect-
ing part for resonating at a second frequency band, a
third frequency band and a fourth frequency band, and
the first folded loop antenna and the second folded
loop antenna are folded for forming a three-dimen-
sional structure.

18. The hand-held electronic device according to claim 17,
wherein the high-frequency radiating body is a U-shaped
structure, and the low-frequency radiating body is an
S-shaped structure.

19. The hand-held electronic device according to claim 17,
wherein the grounding connecting part comprises:

a grounding connecting element, comprising:

a first terminal connected to the other terminal of the
high-frequency radiating body and the other terminal
of the low-frequency radiating body; and

a second terminal connected to a grounding point.

20. The hand-held electronic device according to claim 17,
wherein the grounding connecting part comprises:
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a first grounding connecting element, comprising:
a first terminal connected to the other terminal of the
high-frequency radiating body; and
a second terminal connected to a grounding point; and
a second the grounding connecting element, comprising:
a third terminal connected to the other terminal of the
low-frequency radiating body; and
a fourth terminal connected to another grounding point.

21. The hand-held electronic device according to claim 17,
wherein the high-frequency radiating body is folded and dis-
posed on a plurality of non-coplanar planes.

22. The hand-held electronic device according to claim 17,
wherein the low-frequency radiating body is folded and dis-
posed on a plurality of non-coplanar planes.

23. The hand-held electronic device according to claim 17,
wherein the feeding connecting part, the grounding connect-
ing part, the high-frequency radiating body and the low-
frequency radiating body are disposed on a first surface, a
second surface, a third surface and a fourth surface of an
antenna carrying part, the first surface is perpendicular to the
second surface, the third surface and the fourth surface, and
the fourth surface is perpendicular to the first surface, the
second surface and the third surface.

24. The hand-held electronic device according to claim 23,
wherein the high-frequency radiating body comprises:

a first part disposed on the first surface; and

a second part disposed on the second surface.

25. The hand-held electronic device according to claim 24,
wherein the low-frequency radiating body comprises:

a first part disposed on the second surface;

a second part disposed on the fourth surface; and

a third part disposed on the third surface.

26. The hand-held electronic device according to claim 25,
wherein the feeding connecting part is disposed on the second
surface, and the grounding connecting part is disposed on the
third surface.

27. The hand-held electronic device according to claim 17,
wherein the first folded loop antenna corresponds to a first
balance antenna, and the current path of the first folded loop
antenna is a half of the length of the first balance antenna.

28. The hand-held electronic device according to claim 17,
wherein the second folded loop antenna corresponds to a
second balance antenna, and the current path of the second
folded loop antenna is a half of the length of the second
balance antenna.

29. The hand-held electronic device according to claim 17,
wherein the current path of the first folded loop antenna is a
half of the wavelength.

30. The hand-held electronic device according to claim 17,
wherein the current path of the second folded loop antenna is
a half of the wavelength.

31. The hand-held electronic device according to claim 17,
wherein the first frequency band is a DCS/PCS/UMTS fre-
quency band, the second frequency band is a GSM frequency
band, the third frequency band is a GPS frequency band, and
the fourth frequency band is a Bluetooth and wireless network
frequency band.

32. The hand-held electronic device according to claim 31,
wherein the Bluetooth and the wireless network frequency
band substantially range from 2400 MHz to 2500 MHz, the
GSM frequency band substantially ranges from 824 MHz to
960 MHz, the GPS frequency band substantially ranges from
1575 MHz, and the DCS/PCS/UMTS bandl substantially
ranges from 1710 MHz to 2170 MHz.
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MINIATURE WIRE ANTENNA

FIELD OF THE INVENTION

[0001] The invention relates to a wire antenna and, more
particularly, to a miniature wire antenna.

BACKGROUND OF THE INVENTION

[0002] As everyone knows, functions related to a wireless
local area network (WLAN), a global positioning system
(GPS) or a global system for mobile communication (GSM)
gradually become basic functions of a portable device. Thus,
the portable device should have multiple built-in antennas to
receive signals at different frequency bands. Since the size of
the portable device is smaller and smaller, the size of the
antenna is preferably smaller.

[0003] Generally, a chip antenna is the smallest antenna in
size. To take a WL AN antenna as an example, the size of the
chip antenna is less than 2 mmx5 mmx1 mm. However, the
chip antenna is expensive, and its efficiency is not good.
[0004] There is another type of antenna which is a printed
circuit board (PCB) antenna. The antenna is directly designed
on the PCB. The PCB antenna has a low cost, but it occupies
the largest area.

[0005] A wire antenna which is also called a monopole
antenna may be designed on the PCB. The antenna includes a
conducting line and a ground panel. The length of the con-
ducting line is one quarter of the wavelength of the resonance
frequency. Thus, the higher the resonance frequency is, the
shorter the conducting line is. The lower the resonance fre-
quency is, the longer the conducting line is. The conducting
line is too long, and thus it is difficult to use the wire antenna
in the mobile device directly.

[0006] To apply the wire antenna to the mobile device,
generally the conducting line is designed to be winding type
to reduce the area of the wire antenna. The winding conduct-
ing line may be a bent line or a serpent line.

[0007] Inaddition, in pages 11 to 14 of the periodical, IEEE
Antenna and wireless Propagation Letters 2007, a design of
miniaturized printed wire antenna using double-layer peri-
odic metallization is disclosed. In addition, in the periodical,
IEEE APS 2008, a miniaturized printed wire antenna utilizing
3D substrate metallization for wireless communication is
disclosed.

[0008] In the two periodicals, the wire antenna is designed
utilizing the idea of an artificial transmission line. In the first
periodical, a double-layer PCB is used, and the length of the
WLAN antenna is reduced to about 12 millimeter (mm). In
the second periodical, a three-layer PCB is used, and the
length of the WLAN antenna is further reduced to about 8
mm. However, since the resonance frequency of both the two
antennas cannot be tuned finely, the two antennas are hard to
be used practically.

SUMMARY OF THE INVENTION

[0009] The invention discloses a miniature wire antenna
which is different from the conventional miniature wire
antenna in structures, and the resonance frequency of the
miniature wire antenna also may be tuned finely.

[0010] The invention discloses a miniature wire antenna
whose designing idea is from an artificial transmission line.
The miniature wire antenna includes N rectangular metal
plates located at a first layer of a PCB, a tunable metal plate
located at the first layer of the PCB and N serpent lines located
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at a second layer of the PCB. The positions of the N serpent
lines correspond to the positions of the rectangular metal
plates. A first end of each of the serpent lines is connected to
the corresponding rectangular metal plate, and a second end
of'each of the serpent lines is connected to the next rectangu-
lar metal plate. A first end of the last serpent line is connected
to the corresponding rectangular metal plate, and a second
end of the last serpent line is connected to the tunable metal
plate.

[0011] These and other features, aspects and advantages of
the present invention will become better understood with
regard to the following description, appended claims, and
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1A and FIG. 1B are schematic diagrams show-
ing a microstrip line and an equivalent circuit thereof;
[0013] FIG. 1Cis aschematic diagram showing an artificial
transmission line;

[0014] FIG. 2 is a schematic diagram showing a wire
antenna in an embodiment of the invention;

[0015] FIG. 3A to FIG. 3D are schematic diagrams show-
ing a single band WL AN antenna in an embodiment of the
invention;

[0016] FIG. 4A to FIG. 4D are schematic diagrams show-
ing a GPS antenna;

[0017] FIG. 5A to FIG. 5D are schematic diagrams show-
ing a dual band WLAN antenna; and

[0018] FIG. 6A to FIG. 6D are schematic diagrams show-
ing an ultra wide band antenna.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0019] FIG. 1A and FIG. 1B are schematic diagrams show-
ing a microstrip line and an equivalent circuit thereof. The
microstrip line has a common guide-wave structure. The
microstrip line includes a thin substrate 10, a conductor 20
and a ground panel 30. An equivalent circuit module of a
small part of the microstrip line is shown in FIG. 1B, and it is
an inductance-capacitance (LC) lumped-element. A charac-
teristic impedance Z0, a wave number [} and a cutoff fre-
quency fc are obtained as follows:

Z0=—;
X

B=wVLC;

fe=1/anVLC.

[0020] When the ground panel 30 in FIG. 1A is removed,
the configuration may be used to design a monopole antenna
which is also called a wire antenna. Since the length of the
wire is about one quarter of the wavelength of the working
frequency, it is not commonly used.

[0021] FIG. 1Cis a schematic diagram showing an artificial
transmission line. That is, when multiple LC elements which
are designed by oneself connected in cascade, an artificial
transmission line is formed. If a ground layer in FIG. 1C is
removed, a miniature wire antenna is formed. Since the value
of the L.C is larger than that of the conventional microstrip
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line, the length of the wire antenna is less than one quarter of
the wavelength of the working frequency.

[0022] The wire antenna in the embodiment of the inven-
tion is formed by multiple rectangular metal plates and ser-
pent lines which are connected to each other. For example, a
rectangular metal plate and a serpent line are connected to
each other to be formed on a two-layer PCB. That is, the
rectangular metal plate may be disposed on the first layer of
the PCB, and the serpent line may be disposed on the second
layer of the PCB. In addition, the rectangular metal plate and
the serpent line are electrically connected to each other
through a via.

[0023] FIG. 2 is a schematic diagram showing the wire
antenna in an embodiment of the invention. When a ground
panel is disposed below the first layer 110 of the PCB, the
architecture may be considered as an artificial transmission
line. The rectangular metal plates 112 and 114 may be equiva-
lent to a capacitance element. The serpent lines 122 and 124
may be equivalent to an inductance element. The wire
antenna includes at least multiple rectangular metal plates
112 and 114, multiple serpent lines 122 and 124, multiple vias
140 and a tunable metal plate 130. The rectangular metal
plates 112 and 114 and the tunable metal plate 130 are located
atthe first layer 110 of the PCB, and the serpent lines 122 and
124 are located at the second layer 120 of the PCB. The
serpent line 122 is located in the corresponding area 126
above the rectangular metal plate 112. The serpent line 124 is
located in the corresponding area 128 above the rectangular
metal plate 114. In addition, one end of the serpent line 122 is
connected to the corresponding rectangular metal plate 112
through the via 140, and the other end of the serpent line 122
is connected to the next rectangular metal plate 114 through
the via 140. One end of the last serpent line 124 is connected
to the corresponding rectangular metal plate 114 through the
via 140, and the other end of the last serpent line 124 is
connected to the tunable metal plate 130 through the via 140.
Furthermore, the rectangular metal plates 112 and 114 and the
tunable metal plate 130 are rectangular metal plates, and the
designer may cut part of the tunable metal plate 130 to tune
the resonance frequency of the wire antenna.

[0024] In FIG. 2, the wire antenna having two rectangular
metal plates 112 and 114, two serpent lines 122 and 124 and
atunable metal plate 130 is taken as an example. The number
of the serpent lines and the number of the rectangular metal
plates are not limited. The following part illustrates embodi-
ments in which the wire antenna in the invention is used at
different frequencies.

[0025] FIG. 3A to FIG. 3D are schematic diagrams show-
ing the single band WLAN antenna in an embodiment of the
invention. As shown in FIG. 3A, the first layer 210 of the PCB
has three rectangular metal plates 212, 214 and 216 and a
tunable metal plate 230 located at a metal free region whose
size is mxxmy=10 mmx10 mm. The widths (w1) of the rect-
angular metal plates 212, 214 and 216 are 3.0 mm, and the
length (w+g) is 2.3 mm and the lengths (w) are 1.2 mm. The
intervals (2s) are 0.4 mm. The width (w1) of the tunable metal
plate 230 is 3.0 mm, and the length (L.2) is 2.0 mm.

[0026] As shown in FIG. 3B, the second layer 220 of the
PCB has three serpent lines 222, 224 and 226 located in the
metal free region whose size is mxxmy=10 mmx10 mm, and
the area outside the metal free region is the ground panel 250.
In addition, the serpent lines 222, 224 and 226 are located at
the corresponding area above the rectangular metal plates
212, 214 and 216. Two ends of each of the serpent lines 222,
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224 and 226 have a via 240, respectively, to be connected to
the corresponding rectangular metal plates 212, 214 and 216
or the tunable metal plate 230. In addition, the widths (s) of
the serpent lines 222, 224 and 226 are 0.2 mm. FIG.3C is a
schematic diagram showing the finished single band WLAN
antenna.

[0027] To make the wire antenna work at the right fre-
quency, the designer may cut part of the tunable metal plate
230 to tune the frequency of the wire antenna. FIG. 3D is a
schematic diagram showing the reflectance of the single band
WLAN antenna. The dashed line represents the reflectance
curve before the frequency is tuned. The solid line represents
the reflectance curve after the frequency is tuned.

[0028] In addition, when the frequency that the single band
WLAN antenna in FIG. 3C works at is 2.4 GHz, the efficiency
is 74.8%; when the frequency is 2.45 GHz, the efficiency is
77.1%, and the antenna gain is 3.05 dBi; when the frequency
is 2.5 GHz, the efficiency is 74.9%.

[0029] FIG. 4A to FIG. 4D are schematic diagrams show-
ing the GPS antenna. As shown in FIG. 4A, the first layer of
the PCB has seven rectangular metal plates 312, 313, 314,
315, 316, 317 and 318 and a tunable metal plate 330 located
in the metal free region whose size is mxxmy=10 mmx15
mm. The widths (w1) of the rectangular metal plates 312, 313,
314, 315, 316, 317 and 318 are 3.0 mm, the lengths (w)
thereof are 1.2 mm, and the intervals (2s) are 0.4 mm. The
width (w1) of the tunable metal plate 330 is 3.0 mm, and the
length (L.2) is 2.0 mm.

[0030] As shown in FIG. 4B, the second layer of the PCB
has seven serpent lines 322, 323, 324, 325, 326, 327 and 328
located in the metal free region whose size is mxxmy=10
mmx15 mm. The area outside the metal free region is the
ground panel. In addition, the serpent lines 322, 323, 324,
325, 326, 327 and 328 are located in the corresponding area
above the rectangular metal plates 312, 313, 314, 315, 316,
317 and 318. Two ends of each of the serpent lines 322, 323,
324, 325,326,327 and 328 have a via 340, respectively, to be
connected to the corresponding rectangular metal plates 312,
313, 314, 315, 316, 317 and 318 or the tunable metal plate
330. In addition, the widths of the serpent lines 322, 323,324,
325, 326, 327 and 328 are 0.2 mm. FIG. 4C is a schematic
diagram showing the finished GPS antenna.

[0031] To make the wire antenna operable at the correct
frequency, the designer may cut part of the tunable metal plate
330 to tune the frequency of the wire antenna. FIG. 4D is a
schematic diagram showing the reflectance of the GPS
antenna. The dashed line represents the reflectance curve
before the frequency is tuned, and the solid line represents the
reflectance curve after the frequency is tuned.

[0032] In FIG. 4C, when the GPS antenna works at the
frequency 1570 MHz, the efficiency is 50.1%, and the
antenna gain is 1.75 dBi.

[0033] FIG. 5A to FIG. 5D are schematic diagrams show-
ing a dual band WLAN antenna. As shown in FIG. 5A, the
first layer 510 of the PCB has three rectangular metal plates
512, 514 and 516, a tunable metal plate 530 and a wide band
wire antenna 560 located in a metal free region whose size is
mxxmy=10 mmx10 mm. The widths (w1) of the rectangular
metal plates 512, 514 and 516 are 3.0 mm, the length (w+g) is
2.2 mm and the lengths (w) are 1.2 mm. The intervals (2s) are
0.4 mm. The width (w1) of the tunable metal plate 530 is 3.0
mm, and the length (I.2) is 1.0 mm. In addition, the width
(wh) of the wide band wire antenna 560 is 1.0 mm, and the
length (Lh) is 7 mm.
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[0034] As shown in FIG. 5B, the second layer 520 of the
PCB has three serpent lines 522, 524 and 526 located in the
metal free region whose size is mxxmy=10 mmx10 mm. The
area outside the metal free region is the ground panel 550. In
addition, the serpent lines 522, 524 and 526 are located in the
corresponding area above the rectangular metal plates 512,
514 and 516. Two ends of each of the serpent lines 522, 524
and 526 have a via, respectively, to be connected to the cor-
responding rectangular metal plates 512, 514 or 516 or the
tunable metal plate 530. Furthermore, the widths (s) of the
serpent lines 522, 524 and 526 are 0.2 mm. FIG. 5C is a
schematic diagram showing the finished dual band WLAN
antenna.

[0035] To make the wire antenna operable at the correct
frequency, the designer may cut part of the tunable metal plate
530 to tune the frequency of the wire antenna. FIG. 5D is a
schematic diagram showing the reflectance of the dual band
WLAN antenna. The dashed line represents the reflectance
curve before the frequency is tuned, and the solid line repre-
sents the reflectance curve after the frequency is tuned.
[0036] In addition, the dual band WLAN antenna in FIG.
5C may work at the frequencies 2.5 GHz and 5.0 GHz. When
the frequency is 2.45 GHz, the efficiency is 61.1%, and the
antenna gain is 2.33 dBi. When the frequency is 5.0 GHz, the
efficiency is 48.6%, and the antenna gain is —-0.04 dBi. When
the frequency is 5.4925 GHz, the efficiency is 28.8%, and the
antenna gain is —1.59 dBi. When the frequency is 5.985 GHz,
the efficiency is 45%, and the antenna gain is 0.15 dBi.
[0037] FIG. 6A to FIG. 6D are schematic diagrams show-
ing an ultra wide band antenna. As shown in FIG. 6A, the first
layer 610 of the PCB has three rectangular metal plates 612,
614 and 616, a tunable metal plate 630 and a wide band wire
antenna 660 located in a metal free region whose size is
mxxmy=10 mmx10 mm. The widths (w1) of the rectangular
metal plate 612, 614 and 616 are 1.4 mm, and the length
(w+g) is 2.2 mm and the lengths w are 1.2 mm, and the
intervals (2s) are 0.4 mm. The width (w1) of the tunable metal
plate 630 is 1.4 mm. The length (L.2) is 2.5 mm. In addition,
the width (wh) of the wide band wire antenna 660 is 1.5 mm,
and the length (Lh) is 10 mm.

[0038] As shown in FIG. 6B, the second layer 620 of the
PCB has three serpent lines 622, 624 and 626 located in the
metal free region whose size is mxxmy=10 mmx10 mm. The
area outside the metal free region is the ground panel 650. In
addition, the serpent lines 622, 624 and 626 are located in the
corresponding area above the rectangular metal plates 612,
614 and 616. Two ends of each of the serpent lines 622, 624
and 626 have a via 640, respectively, to be connected to the
corresponding rectangular metal plates 612, 614, 616 or the
tunable metal plate 630. In addition, the widths (s) of the
serpent lines 622, 624 and 626 are 0.2 mm. FIG. 6C is a
schematic diagram showing the finished ultra wide band
antenna. FIG. 6D is a schematic diagram showing the reflec-
tance of the ultra wide band antenna.

[0039] In addition, the ultra wide band antenna in FIG. 6C
may work at the frequency 3.0 GHz and the 4.0 GHz. When
the frequency is 3.1 GHz, the efficiency is 62.2%, and the
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antenna gain is 2.33 dBi. When the frequency is 4.0 GHz, the
efficiency is 52.2%, and the antenna gain is 1.83 dBi. When
the frequency is 4.9 GHz, the efficiency is 40.9%, and the
antenna gain is -0.17 dBi.

[0040] Thus, the invention discloses a miniature wire
antenna, and the size of the antenna body is small. The reso-
nance frequency of the miniature wire antenna may be tuned
finely, and the miniature wire antenna is adapted to the por-
table device. In addition, as known from the four antenna
embodiments, the size of the single band WLAN antenna
body is substantially 3.0 mmx8.0 mm, the size of the GPS
antenna body is substantially 3.0 mmx14.2 mm, the size of
the dual band WLAN antenna body is substantially 5.0
mmx5.8 mm, and the size of the ultra wide band antenna body
is substantially 4.9 mmx8.3 mm.

[0041] Although the present invention has been described
in considerable detail with reference to certain preferred
embodiments thereof, the disclosure is not for limiting the
scope of the invention. Persons having ordinary skill in the art
may make various modifications and changes without depart-
ing from the scope and spirit of the invention. Therefore, the
scope of the appended claims should not be limited to the
description of the preferred embodiments described above.

What is claimed is:

1. A miniature wire antenna comprising:

N rectangular metal plates located at a first layer of a PCB;

a tunable metal plate located at the first layer of the PCB;

and

N serpent lines located at a second layer of the PCB;

wherein the positions of the N serpent lines correspond to

the positions of the N rectangular metal plates; a firstend
of each of the serpent lines is connected to the corre-
sponding rectangular metal plate, and a second end of
each ofthe serpent lines is connected to the next rectan-
gular metal plate; a first end of the last serpent line is
connected to the corresponding rectangular metal plate,
and a second end of the last serpent line is connected to
the tunable metal plate.

2. The miniature wire antenna according to claim 1,
wherein the tunable metal plate is a rectangular metal plate.

3. The miniature wire antenna according to claim 1,
wherein part of the tunable metal plate is a miniature wire
antenna.

4. The miniature wire antenna according to claim 1,
wherein the miniature wire antenna is a single band wireless
local area network (WLAN) antenna or a global positioning
system (GPS) antenna.

5. The miniature wire antenna according to claim 4,
wherein the miniature wire antenna is a dual band WLAN
antenna or an ultra wide band antenna.

6. The miniature wire antenna according to claim 1,
wherein the PCB further comprises multiple vias for connect-
ing the rectangular metal plates and the serpent lines.
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connecting portion. The first radiator is elongated and has a
first end electrically connected to the ground portion, and a
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DUAL-BAND ANTENNA AND ELECTRONIC
DEVICE EMPLOYING THE SAME

BACKGROUND
[0001] 1. Technical Field
[0002] Embodiments of the present disclosure relate to

antennas, and more particularly to a dual-band antenna.
[0003] 2. Description of Related Art

[0004] Antennas are necessary components in wireless
communication devices, such as those utilizing BLUE-
TOOTH and wireless local area network (WLAN) protocols.
In production, such antennas inevitably exhibit deviations in
shape or material. These deviations can lead to the antennas
functioning in different operating bands than those expected.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Many aspects of the disclosure can be better under-
stood with reference to the following drawings.

[0006] FIG. 1 is a schematic diagram of a dual-band
antenna according to the present disclosure;

[0007] FIG. 2 is a schematic diagram of another embodi-
ment of a dual-band antenna according to the present disclo-
sure;

[0008] FIG. 3 is a schematic diagram of an electronic
device employing a dual-band antenna such as, for example,
that of FIG. 1 according to the present disclosure;

[0009] FIG. 4 is a graph of a voltage standing wave ratio
(VSWR) of the dual-band antenna of FIG. 1;

[0010] FIG.5isatestchart showingan exemplary radiation
pattern on an X-Y plane when the dual-band antenna of FI1G.
1 operates ata frequency band of approximately 2.4 gigahertz
(GHz); and

[0011] FIG. 6isatestchart showing an exemplary radiation
pattern on an X-Y plane when the dual-band antenna of FI1G.
1 operates at a frequency band of approximately 5 GHz.

DETAILED DESCRIPTION

[0012] Referringto FIG. 1 and FIG. 2, two embodiments of
a dual-band antenna 10a and 104 are disclosed. The dual-
band antenna 10a and the dual-band antenna 105 comprise
the same components, and are centro-symmetric. The dual-
band antenna 10a comprises a feed portion 100, a ground
portion 200, a radiating portion 300, and a fine-tuning portion
400.

[0013] Theteed portion 100 is operable to feed electromag-
netic signals. In one embodiment, the feed portion 100 may be
a coaxial cable.

[0014] The ground portion 200 is substantially rectangular.
[0015] The radiating portion 300 is electrically connected
to the ground portion 200, and operable to radiate electro-
magnetic signals. The radiating portion 300 is curved, so as to
reduce the footprint of the dual-band antenna 10. The radiat-
ing portion 300 comprises a first radiator 310, a second radia-
tor 320, and a connecting portion 330.

[0016] The first radiator 310 is elongated. A firstend 311 of
the first radiator 310 is electrically connected to the ground
portion 200, and a second end of 312 of the first radiator 310
is floating. In one embodiment, the first radiator 310 is nar-
rower than the ground portion 200.

[0017] The second radiator 320 is asymmetrically U
shaped, and comprises two arms 321 with ends floating and a
closed end 322. An extension of the second radiator 320 is
elongated, and parallel with the first radiator 310.

Oct. 21, 2010

[0018] The fine-tuning portion 400 is annular, and arranged
around the second radiator 320. The fine-tuning portion 400 is
operable to control the operating frequency bands of the
second radiator 320. In one embodiment, the fine-tuning por-
tion 400 is an insulating ring, such as a plastic ring.

[0019] The fine-tuning portion 400 is arranged from the
closed end 322 of the second radiator 320 to the two open
ends 321. Due to a dielectric constant of the fine-tuning
portion 400 differing from that of air, a voltage standing wave
ratio (VSWR) of the second radiator 320 can be controlled by
the fine-tuning portion 400, so as to bring the actual VSWR to
within an expected range. Thus, the fine-tuning portion can
control the second radiator 320 to operate in a pre-determined
one or more frequency bands.

[0020] The fine-tuning portion 400 is fixed on the second
radiator 320 after controlling the second radiator 320 to oper-
ate in the frequency bands. In addition, the fine-tuning portion
400 is further operable to support the second radiator 320.

[0021] The connecting portion 330 is rectangular and con-
nected to the first radiator 310, the second radiator 320, and
the feed portion 100. The feed portion 100 is electrically
connected to the substantial middle of the connecting portion
330, and feeds the electromagnetic signals to the first radiator
310 and the second radiator 320 via the connecting portion
330. In one embodiment, the connecting portion 330 is con-
nected to the substantial middle of the first radiator 310 and
the second radiator 320, respectively. In another embodiment,
the shape and the length of the connecting portion 330 can be
altered to match the impedances of the first radiator 310 and
the second radiator 320.

[0022] The first radiator 310, the second radiator 320, and
the feed portion 100 collectively form a straight F antenna,
operating here in the frequency bands of approximately 2.4
GHz and 5 GHz, respectively, in one example.

[0023] Inoneembodiment, the ground portion 200, the first
radiator 310, one arm of the second radiator 320, and the
connecting portion 330 are in a first plane a. The second
radiator 320 is in a second plane b. The second plane b is
substantially perpendicular with the first plane a.

[0024] A projection of the second radiator 320 onto the first
plane a is elongated. The length of the projection of the
second radiator 320 is greater than the length of the first
radiator 310. Projections of the first radiator 310, the second
radiator 320, and the connecting portion 330 on the first plane
a collectively form a substantial H shape figure.

[0025] FIG. 3 is a schematic diagram of a first embodiment
of an electronic device 50. The electronic device 50 com-
prises the dual-band antenna 10a of FIG. 1 and a shielding
portion 20. The shielding portion 20 is a metal box of the
electronic device 50. The dual-band antenna 10a and the
shielding portion 20 are made in the same material, and
collectively form an integral piece, so as to save time and cost
to an assembly process of the electronic device 50. In another
embodiment, the shielding portion 20 may have two dual-
band antennas 10a and 105 as shown in FIG. 1 and FIG. 2 on
opposite sides.

[0026] In the illustrated embodiment, the ground portion
200 is electrically connected to a side of the shielding portion
20. The dual-band antenna 10q is connected to the shielding
portion 20 by the ground portion 200. The first radiator 310
and the second radiator 320 of the dual-band antenna 10a are
substantially parallel with the side of the shielding 200 con-
nected to the ground portion 200.

This PDF of U.S. Published Application 20100265142 provided by Patent Fetcher™, a product of Stroke of Color, Inc. - Page 8 of 9



http://www.PatentFetcher.com

http://www.StrokeOfColor.com



US 2010/0265142 Al

[0027] FIG. 4 is a graph showing a voltage standing wave
ratio (VSWR) of the dual-band antenna 10a of FIG. 1. As
shown, when the dual-band antenna 10a operates in the fre-
quency bands from 2.4 GHz to 2.5 GHz and from 5.15 GHz to
5.85 GHz, the VSWRs of the dual-band antenna 10a are less
than 2, therefore the return loss of the dual-band antenna 10a
will less than -10 dB, complying with the industry standard
on return loss. In addition, the operating frequency bands of
the dual-band antenna 10a cover a wide range of applications,
such as the IEEE 802.11a/b/g standard.

[0028] FIGS. 5-6 are test charts showing exemplary radia-
tion patterns on an X-Y plane when the dual-band antenna
10a operates at frequency bands of approximately 2.4 GHz
and 5 GHz, respectively. As shown, the dual-band antenna
104 has no obvious blind zone.

[0029] Although the features and elements of the present
disclosure are described as embodiments in particular com-
binations, each feature or element can be used alone or in
other various combinations within the principles of the
present disclosure to the full extent indicated by the broad
general meaning of the terms in which the appended claims
are expressed.

What is claimed is:

1. A dual-band antenna, comprising:

a feed portion operable to feed electromagnetic signals;

a ground portion;

a radiating portion, comprising:

afirst radiator being elongated, wherein a first end of the
first radiator is electrically connected to the ground
portion, and a second end of the first radiator is float-
ng;

a second radiator with two arms forming a U shape,
wherein ends of the second radiator are floating; and

a connecting portion connected to the first radiator, the
second radiator, and the feed portion, wherein the feed
portion feeds electromagnetic signals to the first
radiator and the second radiator via the connecting
portion; and

a fine-tuning portion arranged around the second radiator,

operable to control operating frequency bands of the
second radiator.

2. The dual-band antenna as claimed in claim 1, wherein
the fine-tuning portion is an insulation ring.

3. The dual-band antenna as claimed in claim 1, wherein
the feed portion is a coaxial cable.

4. The dual-band antenna as claimed in claim 3, wherein
the feed portion is electrically connected to the substantial
center of the connecting portion.

5. The dual-band antenna as claimed in claim 1, wherein
the ground portion, the first radiator, and the connecting por-
tion are on a first plane.

6. The dual-band antenna as claimed in claim 5, wherein
the second radiator is formed by bending a rectangular-
shaped portion into a second plane.

7. The dual-band antenna as claimed in claim 6, wherein
the second plane is substantially perpendicular to the first
plane.

Oct. 21, 2010

8. The dual-band antenna as claimed in claim 5, wherein a
projection of the second radiator on the first plane is elon-
gated.

9. The dual-band antenna as claimed in claim 8, wherein
projections of the first radiator, the second radiator, and the
connecting portion on the first plane collectively form a sub-
stantially H shape figure.

10. An electronic device, operable to radiate electromag-
netic signals, comprising:

a shielding portion;

a ground portion that is substantially rectangular, electri-

cally connected to the shielding portion;

a feed portion operable to feed electromagnetic signals;

a radiating portion, comprising:

an elongated first radiator, a first end of which is electri-
cally connected to the ground portion, and a second
end of which is floating;

a second radiator with two floating arms forming a U
shape; and

a connecting portion connected to the first radiator, the
second radiator and the feed portion, wherein the feed
portion feeds electromagnetic signal to the first radia-
tor and the second radiator via the connecting portion;
and

a fine-tuning portion arranged around the second radiator,

operable to control operating frequency bands of the
second radiator.

11. The electronic device as claimed in claim 10, wherein
the shielding portion is a metal box of the electronic device.

12. The electronic device as claimed in claim 11, wherein
the ground portion and the shielding collectively form an
integral piece.

13. The electronic device as claimed in claim 11, wherein
the fine-tuning portion is an insulation ring.

14. The electronic device as claimed in claim 10, wherein
the feed portion is a coaxial cable.

15. The electronic device as claimed in claim 14, wherein
the feed portion is electrically connected to the substantial
middle of the connecting portion.

16. The electronic device as claimed in claim 10, wherein
the ground portion, the first radiator, one arm of the second
radiator and the connecting portion are in a first plane.

17. The electronic device as claimed in claim 16, wherein
a projection of the second radiator on the first plane is elon-
gated.

18. The electronic device as claimed in claim 17, wherein
projections of the first radiator, the second radiator, and the
connecting portion on the first plane collectively form a sub-
stantial H shape figure.

19. The electronic device as claimed in claim 16, wherein
two arms of the second radiator are arranged on a second
plane.

20. The electronic device as claimed in claim 19, wherein
the second plane is perpendicular to the first plane.

sk sk sk sk sk
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A multi-band antenna apparatus using a multiple frequency
band is provided. The apparatus includes a substrate body
formed in a flat plate structure having a preset thickness and
in which at least one dielectric plate is stacked, a power
supply line, disposed at the substrate body and connected to
an external power source, for forming an electromagnetic
field when power is supplied from the external power source,
a radiation line, separated from the power supply line using
the dielectric plate as the boundary in the substrate body, for
forming an overlapping area overlapped with the power sup-
ply line along one axis through at least a portion, and for
resonating in a frequency band determined according to the
overlapping area when the electromagnetic field is formed,
and a ground plate disposed in at least one an upper ground
area and a lower ground area of the substrate body, for
grounding the radiation line by contacting with the radiation
line.
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MULTI-BAND ANTENNA APPARATUS

PRIORITY

[0001] This application claims the benefit under 35 U.S.C.
§119(a) of a Korean patent application filed on Apr. 15, 2009
in the Korean Intellectual Property Office and assigned Serial
No. 10-2009-0032766, the entire disclosure of which is
hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an antenna appara-
tus. More particularly, the present invention relates to a multi-
band antenna apparatus of a Pattern Overlapped Capacitor
Antenna (POCA) structure.

[0004] 2. Description of the Related Art

[0005] In a conventional wireless communication system,
various multimedia services such as a Global Positioning
System (GPS), Bluetooth, and Internet are provided. In this
case, in order to provide an efficient multimedia service, a
transmission rate for transmitting a large amount of data for
the multimedia service at a high speed should be guaranteed.
As aresult, research for improving performance of an antenna
apparatus in a communication terminal is performed because
the antenna apparatus substantially transmits and receives
data for a multimedia service.

[0006] Further, in the wireless communication system, in
order to improve portability of the communication terminal,
thickness and size of the communication terminal should
decrease. When at least a portion of an antenna apparatus such
as a road antenna or a helical antenna protrudes from outside
the communication terminal, the communication terminal
cannot be easily carried and the antenna apparatus may be
frequently damaged. Thereby, a built-in antenna apparatus in
which the antenna apparatus is mounted within the commu-
nication terminal is embodied.

[0007] However, with the built-in antenna apparatus within
the communication terminal, the antenna apparatus resonates
at a relatively narrow frequency band. Consequently, as the
communication terminal provides a plurality of antenna
devices, an extended frequency band can be used. However, it
is difficult to decrease the size of the communication termi-
nal. That is, it is impossible to use various multimedia ser-
vices in various wireless communication systems through a
single antenna device in the communication terminal.
[0008] Therefore, a need exists for a multi-band antenna
apparatus and a method for extending a frequency band.

SUMMARY OF THE INVENTION

[0009] An aspect of the present invention is to address at
least the above-mentioned problems and/or disadvantages
and to provide at least the advantages described below.
Accordingly, an aspect of the present invention is to provide
an antenna apparatus that can use a multiple frequency band.
[0010] In accordance with an aspect of the present inven-
tion, an antenna apparatus that can use a multiple frequency
band is provided. The apparatus includes a substrate body
formed in a flat plate structure having a preset thickness and
in which at least one dielectric plate is stacked, a power
supply line, disposed at the substrate body and connected to
an external power source, for forming an electromagnetic
field when power is supplied from the external power source,
a radiation line, separated from the power supply line using
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the dielectric plate as a boundary in the substrate body, for
forming an overlapping area overlapped with the power sup-
ply line along one axis through at least an end portion, and for
resonating in a frequency band determined according to the
overlapping area when the electromagnetic field is formed,
and a ground plate, disposed in at least one of both surfaces of
the substrate body, for grounding the radiation line while
having contact with the radiation line.

[0011] The frequency band may be determined through at
least one of an area of the overlapping area and a separation
thickness of the overlapping area according to the substrate
body.

[0012] The antenna apparatus may further include a ground
line for connecting the radiation line and the ground plate.
[0013] In accordance with another aspect of the present
invention, an antenna apparatus including a substrate body
using a multiple frequency band is provided. The apparatus
includes a power supply line, disposed at the substrate body
and connected to an external power source, for forming an
electromagnetic field when power is supplied from the exter-
nal power source, a radiation line, separated from the power
supply line using the dielectric plate as a boundary in the
substrate body, for forming an overlapping area overlapped
with the power supply line along one axis through at least an
end portion, and for resonating in a frequency band deter-
mined according to the overlapping area when the electro-
magnetic field is formed, a ground plate, disposed in at least
one of an upper ground area and a lower ground area of the
substrate body, for grounding the radiation line while having
contact with the radiation line, and a ground line for connect-
ing the radiation line and the ground plate.

[0014] Other aspects, advantages, and salient features of
the invention will become apparent to those skilled in the art
from the following detailed description, which, taken in con-
junction with the annexed drawings, discloses exemplary
embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The above and other aspects, features, and advan-
tages of certain exemplary embodiments of the present inven-
tion will be more apparent from the following detailed
description taken in conjunction with the accompanying
drawings, in which:

[0016] FIG. 1 is a perspective view illustrating an antenna
apparatus according to an exemplary embodiment of the
present invention;

[0017] FIG. 2 is a perspective view illustrating a rear sur-
face of an antenna apparatus of according to an exemplary
embodiment of the present invention;

[0018] FIG. 3 is a circuit diagram illustrating an equivalent
circuit of an antenna apparatus according to an exemplary
embodiment of the present invention;

[0019] FIG. 4 is a diagram illustrating an operation charac-
teristic of an antenna apparatus according to an exemplary
embodiment of the present invention;

[0020] FIG. 5 is a diagram illustrating an operation charac-
teristic of an antenna apparatus according to an exemplary
embodiment of the present invention;

[0021] FIG. 6 is a diagram illustrating operation efficiency
of an antenna apparatus according to an exemplary embodi-
ment of the present invention;
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[0022] FIGS. 7A and 7B are diagrams illustrating a change
of an operation characteristic according to tuning of an
antenna apparatus according to exemplary embodiments of
the present invention;

[0023] FIG. 8 is a plan view illustrating an antenna appa-
ratus according to an exemplary embodiment of the present
invention;

[0024] FIG. 9 is an exploded view illustrating an antenna
apparatus according to exemplary embodiments of the
present invention; and

[0025] FIGS. 10A, 10B, 10C, 10D and 10E are diagrams
illustrating a change of an operation characteristic according
to tuning of the antenna apparatus according to an exemplary
embodiment of the present invention.

[0026] Throughout the drawings, it should be noted that
like reference numbers are used to depict the same or similar
elements, features, and structures.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0027] The following description with reference to the
accompanying drawings is provided to assist in a comprehen-
sive understanding of exemplary embodiments of the inven-
tion as defined by certain claims and their equivalents. It
includes various specific details to assist in that understanding
but these are to be regarded as merely exemplary. Accord-
ingly, those of ordinary skill in the art will recognize that
various changes and modifications of the embodiments
described herein can be made without departing from the
scope and spirit of the invention. Also, descriptions of well-
known functions and constructions are omitted for clarity and
conciseness.

[0028] The terms and words used in the following descrip-
tion and claims are not limited to the bibliographical mean-
ings, but, are merely used by the inventor to enable a clear and
consistent understanding of the invention. Accordingly, it
should be apparent to those skilled in the art that the following
description of exemplary embodiments of the present inven-
tion are provided for illustration purpose only and not for the
purpose of limiting the invention as defined by the appended
claims and their equivalents.

[0029] It is to be understood that the singular forms “a,”
“an,” and “the” include plural referents unless the context
clearly dictates otherwise. Thus, for example, reference to “a
component surface” includes reference to one or more of such
surfaces.

[0030] FIG. 1 is a perspective view illustrating an antenna
apparatus according to an exemplary embodiment of the
present invention. FIG. 2 is a perspective view illustrating a
rear surface of an antenna apparatus according to an exem-
plary embodiment of the present invention.

[0031] In an exemplary implementation, an antenna appa-
ratus is formed in a Printed Circuit Board (PCB).

[0032] Referring to FIGS. 1 and 2, a multi-band antenna
apparatus 100 is formed in a Pattern Overlapped Capacitor
Antenna (POCA) structure and includes a substrate body 110,
antenna device 130 and ground plate 150.

[0033] The substrate body 110 is provided to support the
antenna apparatus 100. The substrate body 110 is formed in a
flat plate structure having both surfaces and at least four
corners. The substrate body 110 is formed with a dielectric
body. In this case, the substrate body 110 may be formed in a
single dielectric plate or may be formed by stacking a plural-
ity of dielectric plates. Further, the substrate body 110 has a
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transmission line (not illustrated). Here, the transmission line
is connected to an external power source (not illustrated) of
the antenna apparatus 100 through one end portion.

[0034] An upper surface of the substrate body 110 is
divided into an upper element area 111 and an upper ground
area 113. The upper element area 111 is disposed to include
two corners of the upper surface, and the upper ground area
113 is disposed to include the remaining corners of the upper
surface. A lower surface of the substrate body 110 is divided
into a lower element area 115 and a lower ground area 117.
The lower element area 115 is disposed at an area correspond-
ing to the upper element area 111 in the lower surface, and the
lower ground area 117 is disposed at an area corresponding to
the upper ground area 113 in the lower surface.

[0035] The antenna device 130 is provided to transmit and
receive a signal of a preset frequency band in the antenna
apparatus 100. That is, the antenna device 130 resonates in a
preset frequency band, thereby transmitting a signal. In this
case, the antenna device 130 resonates in a preset reference
impedance. The antenna device 130 is formed in a surface of
the substrate body 110, i.e. in the upper element area 111 and
the lower element area 115. In this case, the antenna device
130 is formed by patterning a metal material in the surface of
the substrate body 110. The antenna device 130 includes a
power supply line 131, a radiation line 133 and a ground line
135. As the power supply line 131 and the radiation line 133
are overlapped, the antenna device 130 has a POCA structure.
[0036] The power supply line 131 is provided to supply
power to the antenna device 130. The power supply line 131
is disposed at the upper element area 111 of the substrate body
110. In this case, the power supply line 131 is connected to
another end portion of the transmission line. The power sup-
ply line 131 is formed in a bar form extended from the trans-
mission line in an upper surface of the substrate body 110.
Alternatively, the power supply line 131 may be formed in a
structure having at least one folded portion. The power supply
line 131 may be formed in at least one of a meander type, a
spiral type, a step type, a loop type, and the like. That is, the
power supply line 131 is connected to the transmission line
through one end portion and is opened through the other end
portion. Accordingly, when power is supplied from an exter-
nal power source through the transmission line, the power
supply line 131 forms an electromagnetic field in a peripheral
area within a preset distance.

[0037] The radiation line 133 is provided to radiate a signal
in the antenna device 130. The radiation line 133 is disposed
atthe lower element area 115 of the substrate body 110. In this
case, the radiation line 133 is separated from the power supply
line 131 using the substrate body 110 as a boundary. The
radiation line 133 is overlapped with the other end portion of
the power supply line 131 along one axis perpendicular to an
upper surface of the substrate body 110 through at least
another end portion. Further, the radiation line 133 is formed
in a bar form extended from the power supply line 131 in a
lower surface of the substrate body 110. Alternatively, the
radiation line 133 may be formed in a structure having at least
one folded portion. The radiation line 133 may be formed in
atleast one of a meander type, a spiral type, a step type, a loop
type, and the like. That is, the radiation line 133 is overlapped
with the power supply line 131 through one end portion and is
opened through another end portion. Accordingly, when an
electromagnetic field is formed in the power supply line 131,
the power supply line 131 and the radiation line 133 are in an
excited state through the overlapping area 134. That is, elec-





US 2010/0265152 Al

tromagnetic coupling is performed between the power supply
line 131 and the radiation line 133. Thereby, when power is
supplied by the radiation line 133, the power supply line 131
resonates in a preset frequency band.

[0038] The ground line 135 is provided to ground in the
antenna device 130. The ground line 135 is disposed at the
lower element area 115 ofthe substrate body 110. In this case,
the ground line 135 has contact with the radiation line 133
through one end portion and connects the radiation line 133 to
the ground plate 150. The ground line 135 is formed in a bar
form extended from the radiation line 133 in a lower surface
of the substrate body 110. Alternatively, the ground line 135
may be formed in a structure having at least one folded
portion. Here, the ground line 135 may be formed in at least
one of a meander type, a spiral type, a step type, a loop type,
and the like. That is, the ground line 135 has contact with the
radiation line 133 through one end portion and has contact
with the ground plate 150 through the other end portion.

[0039] The antenna device 130 is designed to have intrinsic
inductance and capacitance for resonating in a preset fre-
quency band, which is described in more detail with reference
to FIG. 3.

[0040] FIG. 3 is a circuit diagram illustrating an equivalent
circuit of the antenna apparatus according to an exemplary
embodiment of the present invention.

[0041] Referring to FIG. 3, in the antenna apparatus 100, an
equivalent circuit of the antenna device 130 is formed with a
serial capacitor Cg, a parallel inductor L, and a parallel
capacitor Cp. The serial capacitor Cy is connected in series to
an external power source, and the parallel inductor L, and the
parallel capacitor C, are connected in parallel to the serial
capacitor C.

[0042] In this case, in the antenna apparatus 100, a charac-
teristic of an equivalent circuit is determined according to the
size or shape of the antenna device 130. For example, a
characteristic of the parallel inductor [, of the antenna device
130 is determined according to a size, i.e., a length and a
width of an extension direction of the antenna device 130. A
characteristic of the serial capacitor Cg is determined in the
antenna device 130 according to a length of a horizontal
component of the antenna device 130 parallel to the ground
plate 150, a gap of the ground plate 150, and a vertical com-
ponent of the antenna device 130. Further, in the antenna
device 130, a characteristic of the parallel capacitor CP is
determined according to a size. That is, a characteristic of the
parallel capacitor CP is determined according to an area or a
separation thickness of an overlapping area 134 between the
power supply line 131 and the radiation line 133, for example,
a thickness of the substrate body 110.

[0043] The ground plate 150 is provided to ground the
antenna apparatus 100. The ground plate 150 is disposed in at
least one of the upper ground area 113 and the lower ground
area 117 of the substrate body 100. In this case, the ground
plate 150 is formed to cover at least one of the upper ground
area 113 and the lower ground area 117. The ground plate 150
has contact with the antenna device 130, for example, the
ground line 135. Accordingly, when power is supplied to the
antenna device 130, the ground plate 150 grounds the antenna
device 130.

[0044] The operation characteristic of the antenna appara-
tus 100 according to an exemplary embodiment of the present
invention is described in more detail below.
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[0045] FIG. 4 is a diagram illustrating an operation charac-
teristic of the antenna apparatus according to an exemplary
embodiment of the present invention.

[0046] FIG. 4 represents a change of an S parameter
according to a frequency band. Here, the S parameter is an
index representing a voltage ratio (i.e., output voltage/input
voltage) between an input/output in a specific frequency band
and is represented by a dB scale.

[0047] Referring to FIG. 4, the antenna apparatus 100 reso-
nates in a plurality of frequency bands. In this case, the
antenna apparatus 100 resonates in low frequency bands P, to
P, including a Long Term Evolution (LTE) communication
band corresponding to 746 MHz to 787 MHz, Code Division
Multiple Access (CDMA) and Global System for Mobile
Communication (GSM) communication bands correspond-
ing to 824 MHz to 894 MHz, and an Extension of GSM
(EGSM) communication band corresponding to 880 MHz to
960 MHz. Further, the antenna apparatus 100 resonates in
high frequency bands P; to P, including a Digital Cordless
System (DCS) communication band corresponding to 1,710
MHz to 1,880 MHz and a Personal Communication System
(PCS) communication band corresponding to 1,850 MHz to
1,990 MHz.

[0048] FIG. 5 is a diagram illustrating an operation charac-
teristic of an antenna apparatus according to an exemplary
embodiment of the present invention.

[0049] FIG. Sillustrates a smith chart. Here, the smith chart
is an index representing a relationship between impedance
and a reflection coefficient, and has high performance while
approaching a central point (1.00).

[0050] Referring to FIG. 5, the antenna apparatus 100 reso-
nates in a plurality of frequency bands. In this case, the
antenna apparatus 100 resonates with relative high perfor-
mance in low frequency bands P, and P, and high frequency
bands P; and P,. That is, the antenna apparatus 100 operates
with relative high performance in each of low frequency
bands P, and P, corresponding to, for example, 746 MHz to
960 MHz or high frequency bands P and P, corresponding to,
for example, 1,710 MHz to 1,990 MHz.

[0051] FIG. 6 is a diagram illustrating operation efficiency
of an antenna apparatus according to an exemplary embodi-
ment of the present invention.

[0052] Referring to FIG. 6, the antenna apparatus 100 reso-
nates in a plurality of frequency bands. In this case, the
antenna apparatus 100 resonates with relative high operation
efficiency in low frequency bands P, and P, and in high
frequency bands P; and P,,. That is, the antenna apparatus 100
resonates with operation efficiency of about 50% or more in
each of low frequency bands P, and P, corresponding to, for
example, 746 MHz to 960 MHz or high frequency bands P,
and P, corresponding to, for example, 1,710 MHz to 1,990
MHz.

[0053] Further, in an exemplary implementation, by tuning
the antenna apparatus 100, an operation characteristic may be
minutely adjusted.

[0054] FIGS. 7A and 7B are diagrams illustrating a change
of an operation characteristic according to tuning of an
antenna apparatus according to an exemplary embodiment of
the present invention.

[0055] FIGS. 7A and 7B represent a change of an S param-
eter according to a frequency band.

[0056] Referringto FIG. 7A, in the antenna apparatus 100,
by adjusting an overlapping area 134 between a power supply
line 131 and a radiation line 133, low frequency bands P, and
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P, may be adjusted. In this case, by enlarging or reducing an
area of the overlapping area 134 in the antenna apparatus 100,
a characteristic of a parallel capacitor CP may be changed.
Thereby, in the antenna apparatus 100, a bandwidth of low
frequency bands P, to P, may be enlarged or reduced, or
resonance performance may be improved or deteriorated. In
this case, even if the overlapping area 134 between the power
supply line 131 and the radiation line 133 is adjusted, high
frequency bands P; and P, may be sustained without any
change.

[0057] Referring to FIG. 7B, in the antenna apparatus 100,
by adjusting a size of the radiation line 133, high frequency
bands P, and P, may be adjusted. In this case, in the antenna
apparatus 100, by enlarging or reducing a length or a width of
the radiation line 133, a characteristic of a parallel inductor .
or a serial capacitor C; may be changed. Thereby, in the
antenna apparatus 100, a bandwidth of high frequency bands
P, and P, may be enlarged or reduced, or resonance perfor-
mance may be improved or deteriorated. In this case, even if
a size of the radiation line 133 is adjusted, low frequency
bands P, and P, may be sustained without any change.

[0058] In the foregoing exemplary embodiment of the
present invention, a case where an antenna device is formed in
a surface of a substrate body is described. However the
present invention is not limited thereto. That is, a portion of
the antenna device may be inserted into the substrate body.
For example, the substrate body may be formed with a plu-
rality of dielectric plates, and at least a portion of the antenna
device may be inserted between the dielectric plates. In the
foregoing exemplary embodiment of the present invention, a
case where a radiation line is formed in an integral form is
described. However, the present invention is not limited
thereto. That is, the radiation line may be formed as a plurality
of partial lines. For example, if the partial lines are separated
from each other, the partial lines may be electrically con-
nected. Thus, the partial lines may be operated as a radiation
line. FIGS. 8 and 9 illustrate an example of a portion of the
antenna device inserted into the substrate body and the radia-
tion line formed as a plurality of partial lines, and illustrate an
antenna apparatus according to an exemplary embodiment of
the present invention.

[0059] FIG. 8 is a plan view illustrating an antenna appa-
ratus according to an exemplary embodiment of the present
invention. FIG. 9 is an exploded view illustrating an antenna
apparatus according to an exemplary embodiment of the
present invention.

[0060] In an exemplary implementation, an antenna appa-
ratus is formed in a PCB.

[0061] Referring to FIGS. 8 and 9, a multi-band antenna
apparatus 200 includes a substrate body 210, antenna device
230, and ground plate 250.

[0062] The substrate body 210 is provided to support the
antenna apparatus 200. The substrate body 210 is formed in a
flat plate structure having both surfaces and at least four
corners. The substrate body 210 is formed as a dielectric
body. In this case, the substrate body 210 is formed by stack-
ing a plurality of dielectric plates 221, 223, 225 and 227, for
example, a first plate 221, a second plate 223, a third plate 225
and a fourth plate 227. Here, the first plate 221 is stacked on
the second plate 223, the second plate 223 is stacked on the
third plate 225 and the third plate 225 is stacked on the fourth
plates 227. Further, the substrate body 210 has a transmission
line (not illustrated). The transmission line is connected to an
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external power source (not illustrated) of the antenna appa-
ratus 200 through one end portion.

[0063] In the substrate body 210, an upper surface of each
of'the dielectric plates 211,213,215 and 217 is divided into an
upper element area 211 and an upper ground area 213. The
upper element area 211 is disposed to include two corners of
the upper surface, and the upper ground area 213 is disposed
to include the remaining corners of the upper surface. The
upper element area 211 of the dielectric plates 211, 213, 215
and 217 is disposed at an area perpendicular to an upper
surface of the substrate body 210. Further, a lower surface of
each of'the dielectric plates 211, 213, 215 and 217 is divided
into a lower element area 215 and a lower ground area 217.
The lower element area 215 is disposed at an area correspond-
ing to the upper element area 211 in the lower surface, and the
lower ground area 217 is disposed at an area corresponding to
the upper ground area 213 in the lower surface.

[0064] The antenna device 230 is provided to transmit and
receive a signal of a preset frequency band in the antenna
apparatus 200. That is, the antenna device 230 resonates with
apreset frequency band, thereby transmitting a signal. In this
case, the antenna device 230 resonates in a preset reference
impedance. The antenna device 230 is formed on a surface of
the substrate body 210 or inserted into the substrate body 210.
In this case, the antenna device 130 is formed by patterning a
metal material in a surface of at least one of the dielectric
plates 211, 213, 215 and 217. The antenna device 230
includes a power supply line 231, a radiation line 233, a
ground line 235 and a branch line 237.

[0065] The power supply line 231 is provided to supply
power in the antenna device 230. The power supply line 231
is disposed at one of the dielectric plates 211, 213, 215 and
217 of the substrate body 210, for example, at the upper
element area 211 of the first plate 221, as illustrated in (a) of
FIG. 9. In this case, the power supply line 231 is connected to
another end portion of the transmission line. The power sup-
ply line 231 is formed in a bar form extended from the trans-
mission line in an upper surface of the substrate body 210.
Alternatively, the power supply line 231 may be formed in a
structure having at least one folded portion. The power supply
line 231 may be formed in at least one of a meander type, a
spiral type, a step type, a loop type, and the like. That is, the
power supply line 231 is connected to the transmission line
through one end portion and is opened through the other end
portion. Accordingly, when power is supplied through the
transmission line from an external power source, the power
supply line 231 forms an electromagnetic field in a peripheral
area within a preset distance.

[0066] The radiation line 233 is provided to radiate in the
antenna device 230. The radiation line 233 is formed with a
plurality of partial lines 241, 243 and 245, for example, a first
partial line 241, a second partial line 243, and a third partial
line 245. In this case, the partial lines 241, 243 and 245 are
dispersed in different dielectric plates 211, 213, 215 and 217.
Here, one of the partial lines 241, 243 and 245 is separated
using another line, such as a neighboring line and at least one
of'the dielectric plates 211, 213, 215 and 217 as the boundary.
One of the partial lines 241, 243 and 245 is overlapped along
one axis perpendicular to an upper surface of the substrate
body 210 in the neighboring line and at least one of the
dielectric plates 211, 213, 215 and 217. Alternatively, one of
the partial lines 241, 243 and 245 may penetrate and have
contact with the neighboring line and at least one of the
dielectric plates 211, 213, 215 and 217.
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[0067] For example, as illustrated in (b) of FIG. 9, the first
partial line 241 is disposed at the upper element area 211 of
the second plate 223. In this case, the first partial line 241 is
separated using the first plate 221 as the boundary through at
least an end portion and is overlapped with the other end
portion of the power supply line 231. The first partial line 241
is formed in a bar form extended from the power supply line
231. Alternatively, the first partial line 241 may be formed in
a structure having at least one folded portion. The first partial
line 241 may be formed in at least one of a meander type, a
spiral type, a step type, a loop type, and the like. That is, the
first partial line 241 is overlapped with the power supply line
231 through one end portion and is opened through another
end portion. Accordingly, when an electromagnetic field is
formed in the power supply line 231, the power supply line
231 and the first partial line 241 are in an excited state through
an overlapping area. That is, magnetic coupling is performed
between the power supply line 231 and the first partial line
241.

[0068] The second partial line 243 is disposed at the upper
element area 211 of the third plate 225, as illustrated in (c) of
FIG. 9. In this case, the second partial line 243 is separated
using the second plate 223 as the boundary through at least an
end portion and is overlapped with the other end portion of the
first partial line 241. Further, the second partial line 243 is
formed in a bar form extended from the first partial line 241.
Alternatively, the second partial line 243 may be formed in a
structure having at least one folded portion. The second par-
tial line 243 may be formed in at least one of a meander type,
a spiral type, a step type, a loop type, and the like. That is, the
second partial line 243 is overlapped with the first partial line
241 through one end portion and is opened through the other
end portion. Accordingly, when an electromagnetic field is
formed in the first partial line 241, the first partial line 241 and
the second partial line 243 are in an excited state through an
overlapping sub-area 244. That is, magnetic coupling is per-
formed between the first partial line 241 and the second
partial line 243.

[0069] Further, the third partial line 245 is disposed at the
upper element area 211 of the fourth plate 227, as illustrated
in (d) of FIG. 9. In this case, the third partial line 245 has
radiation via 246 while having contact with the other end
portion of the second partial line 243 by penetrating the third
plate 225 in one end portion. In addition, the third partial line
245 is formed in a bar form extended from the radiation via
246. Alternatively, the third partial line 245 may be formed in
a structure having at least one folded portion. The third partial
line 245 may be formed in at least one of a meander type, a
spiral type, a step type, a loop type, and the like. That is, the
third partial line 245 has contact with the second partial line
243 through one end portion and is opened through the other
end portion. Accordingly, when magnetic coupling is per-
formed between the first partial line 241 and the second
partial line 243, power is supplied to the third partial line 245
through the second partial line 243.

[0070] The ground line 235 is provided to ground in the
antenna device 230. The ground line 235 is disposed at one of
the dielectric plates 211, 213, 215 and 217 of the substrate
body 210, for example, at the upper element area 211 of the
first plate 221, as illustrated in (a) of FIG. 9. In this case, the
ground line 235 has contact with the radiation line 233
through one end portion and connects the radiation line 233 to
the ground plate 250. The ground line 235 is formed in a bar
form extended from the radiation line 233 in a lower surface
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of the substrate body 210. Alternatively, the ground line 235
may be formed in a structure having at least one folded
portion. The ground line 235 may be formed in at least one of
a meander type, a spiral type, a step type, a loop type and the
like. That is, the ground line 235 has contact with the radiation
line 133 through one end portion and contact with the ground
plate 250 through the other end portion.

[0071] When the ground line 235 is disposed at the dielec-
tric plates 211, 213, 215 and 217, which is different from the
radiation line 233, the ground line 235 has a ground via 236
while having contact with the second partial line 243 by
penetrating the dielectric plates 211, 213, 215 and 217, for
example, the second plate 213 in one end portion. Alterna-
tively, although not illustrated, when the ground line 235 is
disposed at the dielectric plates 211, 213, 215 and 217, which
is different from the ground plate 250, the ground line 235
may have a ground via 236 while having contact with the
ground plate 250 by penetrating at least one of the dielectric
plates 211, 213, 215 and 217 in the other end portion.
[0072] The branch line 237 is provided to minutely adjust
performance in the antenna device 230. The branch line 237
is formed to protrude from the power supply line 231 or the
radiation line 233, as illustrated in (a) of FIG. 9. The branch
line 237 is formed in a bar form extended from the power
supply line 231 or the radiation line 233 in one of the dielec-
tric plates 211, 213, 215 and 217. Alternatively, the branch
line 237 may be formed in a structure having at least one
folded portion. The branch line 237 may be formed in at least
one of a meander type, a spiral type, a step type, a loop type,
and the like. That is, the branch line 237 is connected to the
power supply line 231 or the radiation line 233 through one
end portion and is opened through another end portion.
Accordingly, when power is supplied through the power sup-
ply line 231 or the radiation line 233, the branch line 237
resonates together with the radiation line 233.

[0073] The ground plate 250 is provided to ground the
antenna apparatus 200. The ground plate 250 is disposed at a
surface of the substrate body 210, for example, at least one of
the upper ground area 213 of the first plate 221 and the lower
ground area 217 of the fourth plate 227. In this case, the
ground plate 250 is formed to cover at least one of the upper
ground area 213 and the lower ground area 217. The ground
plate 250 has contact with the antenna device 230, for
example the ground line 235. Accordingly, when power is
supplied to the antenna device 230, the ground plate 250
grounds the antenna device 230.

[0074] An operation characteristic of the antenna apparatus
200 according to an exemplary embodiment of the present
invention is similar to the operation characteristic of the fore-
going exemplary embodiment of the present invention. Thus,
a detailed description thereof is omitted. That is, the antenna
apparatus 200 resonates in a plurality of frequency bands. In
this case, the antenna apparatus 200 resonates in a low fre-
quency band including an LTE communication band, CDMA
and GSM communication bands, and an EGSM communica-
tion band. Further, the antenna apparatus 200 resonates in a
high frequency band including a DCS communication band
and a PCS communication band. The antenna apparatus 200
resonates in relative high performance in each of a low fre-
quency band and a high frequency band, and sustains rela-
tively high operation efficiency.

[0075] Further, in an exemplary implementation, by tuning
the antenna apparatus 200, an operation characteristic may be
minutely adjusted.
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[0076] FIGS. 10A, 10B, 10C, 10D and 10E are diagrams
illustrating a change of an operation characteristic by tuning
an antenna apparatus according to an exemplary embodiment
of the present invention. In this case, FIGS. 10A, 10B, 10C,
10D and 10E represent a change of an S parameter according
to a frequency band.

[0077] Referringto FIG.10A, inthe antenna apparatus 200,
by adjusting an overlapping areca 234 between the power
supply line 231 and the radiation line 233, a low frequency
band may be adjusted. In this case, in the antenna apparatus
200, by enlarging or reducing an area of the overlapping area
134, a characteristic of a parallel capacitor may be changed.
Thereby, in the antenna apparatus 200, a bandwidth of a low
frequency band may be enlarged or reduced, or resonance
performance may be improved or deteriorated. In this case,
even if an overlapping area 234 between the power supply
line 231 and the radiation line 233 is adjusted, a high fre-
quency band may be sustained without any change.

[0078] Referring to FIG. 10B, in the antenna apparatus 200,
by adjusting a size of the branch line 237, a high frequency
band may be adjusted. In the antenna apparatus 200, by
enlarging or reducing a length or a width of the branch line
237, a characteristic of a parallel inductor or a serial capacitor
may be changed. Thereby, in the antenna apparatus 200, a
bandwidth of a high frequency band may be enlarged or
reduced, or resonance performance may be improved or dete-
riorated. In this case, even if a size of the branch line 237 is
adjusted, a low frequency band may be sustained without any
change.

[0079] Referring to FIG. 10C, in the antenna apparatus 200,
by adjusting a size of the radiation line 233, a high frequency
band may be adjusted. In the antenna apparatus 200, by
enlarging or reducing a length or a width of the radiation line
233, acharacteristic of a parallel inductor or a serial capacitor
may be changed. Thereby, in the antenna apparatus 200, a
bandwidth of a high frequency band may be enlarged or
reduced, or resonance performance may be improved or dete-
riorated. In this case, even if a size of the radiation line 233 is
adjusted, a low frequency band may be sustained without any
change.

[0080] Referringto FIG.10D, inthe antenna apparatus 200,
by adjusting an overlapping areca 234 between the power
supply line 231 and the radiation line 233, a low frequency
band may be adjusted. In the antenna apparatus 200, by
enlarging or reducing a separation thickness of the overlap-
ping area 134, a characteristic of a parallel capacitor may be
changed. Thereby, in the antenna apparatus 200, a bandwidth
of a low frequency band may be enlarged or reduced, or a
resonance performance may be improved or deteriorated. In
this case, even if the overlapping area 234 between the power
supply line 231 and the radiation line 233 is adjusted, a high
frequency band may be sustained without any change.
[0081] Referring to FIG. 10E, in the antenna apparatus 200,
by adjusting an overlapping sub-area 244 of the radiation line
233, a low frequency band and a high frequency band may be
adjusted. In this case, in the antenna apparatus 200, by enlarg-
ing or reducing an area of the overlapping sub-arca 244, a
characteristic of a parallel capacitor, a parallel inductor, or a
serial capacitor may be changed. Thereby, in the antenna
apparatus 200, a bandwidth of a low frequency band may be
enlarged or reduced, or resonance performance may be
improved or deteriorated, and a bandwidth of a high fre-
quency band may be enlarged or reduced, or resonance per-
formance may be improved or deteriorated.
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[0082] As described above, in a multi-band antenna appa-
ratus according to exemplary embodiments of the present
invention, a power supply line and a radiation line are formed
in an overlapped structure separated from each other. Thus, an
available frequency band may be further extended. That is, in
the antenna apparatus, a plurality of frequency bands, i.e., a
low frequency band as well as a high frequency band may be
used. In this case, in the antenna apparatus, an LTE commu-
nication band, CDMA and GSM communication bands, an
EGSM communication band, a DCS communication band,
and a PCS communication band can be used, and at least five
frequency bands (penta-band) can be used.

[0083] While the invention as been shown and described
with reference to certain exemplary embodiments thereof, it
will be understood by those skilled in the art that various
changes in the form and details may be made therein without
departing from the spirit and scope of the invention as defined
by the appended claims and their equivalents.

What is claimed is:

1. An antenna apparatus using a multiple frequency band,
the apparatus comprising:

a substrate body formed in a flat plate structure comprising

a preset thickness and in which at least one dielectric
plate is stacked;

a power supply line, disposed at the substrate body and
connected to an external power source, for forming an
electromagnetic field when power is supplied from the
external power source;

aradiation line, separated from the power supply line using
the dielectric plate as a boundary in the substrate body,
for forming an overlapping area overlapped with the
power supply line along one axis through at least an end
portion, and for resonating in a frequency band deter-
mined according to the overlapping area when the elec-
tromagnetic field is formed; and

a ground plate, disposed in at least one of an upper ground
area and a lower ground area of the substrate body, for
grounding the radiation line while having contact with
the radiation line.

2. The apparatus of claim 1, wherein the frequency band is
determined by at least one of an area of the overlapping area
and a separation thickness of the overlapping area according
to the substrate body.

3. The apparatus of claim 1, wherein the radiation line is
formed with a plurality of partial lines dispersed using at least
one of the dielectric plates as the boundary.

4. The apparatus of claim 3, wherein one of the partial lines
forms an overlapping sub-area overlapped along one axis
using a neighboring line among the partial lines and at least
one of the dielectric plates as the boundary.

5. The apparatus of claim 4, wherein the frequency band is
at least one of determined by at least one of separation thick-
nesses of the overlapping sub-area according to an area of the
overlapping sub-area and determined by at least one of the
dielectric plates.

6. The apparatus of claim 3, wherein one of the partial lines
comprises a radiation line while having contact with a neigh-
boring line of the partial lines by penetrating at least one of the
dielectric plates.

7. The apparatus of claim 1, further comprising a ground
line for connecting the radiation line and the ground plate.

8. The apparatus of claim 7, wherein the ground line is
disposed at any one of the dielectric plates different from the
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radiation line and has contact with the radiation line by pen-
etrating at least one of the dielectric plates.

9. The apparatus of claim 7, wherein the ground line is
disposed at one dielectric plate different from the ground
plate and has contact with the ground plate by penetrating at
least one of the dielectric plates.

10. The apparatus of claim 1, further comprising at least
one of a branch line protruded from at least one of the power
supply line and the radiation line, for resonating together with
the radiation line.

11. An antenna apparatus including a substrate body using
a multiple frequency band, the apparatus comprising:

a power supply line, disposed at the substrate body and
connected to an external power source, for forming an
electromagnetic field when power is supplied from the
external power source;

aradiation line, separated from the power supply line using
the dielectric plate as a boundary in the substrate body,
for forming an overlapping area overlapped with the
power supply line along one axis through at least an end
portion, and for resonating in a frequency band deter-
mined according to the overlapping area when the elec-
tromagnetic field is formed;

a ground plate, disposed in at least one of an upper ground
area and a lower ground area of the substrate body, for
grounding the radiation line while having contact with
the radiation line; and

a ground line for connecting the radiation line and the
ground plate.

12. The apparatus of claim 11, wherein the substrate body

is formed in a flat plate structure comprising a preset thick-
ness and in which at least one dielectric plate is stacked.
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13. The apparatus of claim 11, wherein the frequency band
is determined by at least one of an area of the overlapping area
and a separation thickness of the overlapping area according
to the substrate body.

14. The apparatus of claim 11, wherein the radiation line is
formed with a plurality of partial lines dispersed using at least
one of the dielectric plates as the boundary.

15. The apparatus of claim 14, wherein one of the partial
lines forms an overlapping sub-area overlapped along one
axis using a neighboring line among the partial lines and at
least one of the dielectric plates as the boundary.

16. The apparatus of claim 15, wherein the frequency band
is at least one of determined by at least one of separation
thicknesses of the overlapping sub-area according to an area
of'the overlapping sub-area and determined by at least one of
the dielectric plates.

17. The apparatus of claim 14, wherein one of the partial
lines comprises a radiation line while having contact with a
neighboring line of the partial lines by penetrating at least one
of the dielectric plates.

18. The apparatus of claim 11, wherein the ground line is
disposed at any one of the dielectric plates different from the
radiation line and has contact with the radiation line by pen-
etrating at least one of the dielectric plates.

19. The apparatus of claim 11, wherein the ground line is
disposed at one dielectric plate different from the ground
plate and has contact with the ground plate by penetrating at
least one of the dielectric plates.

20. The apparatus of claim 11, further comprising at least
one of a branch line protruded from at least one of the power
supply line and the radiation line, for resonating together with
the radiation line.
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ANTENNA AND WIRELESS TRANSCEIVER
USING THE SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] This invention generally relates to antennas and
wireless transceivers, and more specifically, to an antenna and
awireless transceiver applicable to wireless communications.
[0003] 2. Description of Related Art

[0004] Antennas are essential to wireless communications.
To meet users’ demands, antenna circuits have a trend toward
small size, high performance, wide bandwidth, high recep-
tion quality, etc. as far as technology development is con-
cerned.

[0005] To effect high performance and wide bandwidth in a
small-sized receiving device, the distance between the
receiver and the source of electromagnetic interference is
becoming shorter. The electromagnetic interference is
unavoidable when the antenna and the circuits are operated
concurrently. Since electromagnetic force is generated within
different frequencies or a band due to discontinuous or con-
tinuous changes in voltage or current, the electromagnetic
interference commonly happens while an electronic device or
an electronic equipment is operating, and the generated elec-
tromagnetic force may interfere with another electronic
device by conductor transmission or radiation;

[0006] Therefore, designers in the wireless communication
industry endeavor to overcome the interference and the noise
between various components inside an antenna.

[0007] At present, there are some methods for suppressing
electromagnetic interference; one of the methods involves
using a shield box to cover circuits and suppress electromag-
netic interference between the antenna and the circuit, and
further electrically connecting the circuits with receiving end
of the antenna via a line, thereby enabling the circuits to be
disposed in a small-sized receiving device capable of receiv-
ing/transmitting wireless electromagnetic signals while oper-
ating in a wide bandwidth and high performance surround-
ings.

[0008] Forpriorart related to application of a shield box for
suppressing interference between an antenna and circuits,
please refer to Taiwan Patent Publication No. 200715642:
“Antenna and Method for Fabricating the Same” and FIG. 1 in
the specification of the present invention. An antenna 10
disclosed by Taiwan Patent Publication No. 200715642 com-
prises a shield plate 11 and an antenna plate 12, wherein a
plurality of foldable plates are disposed alongside the shield
plate 11, and a shield cover wireless module is formed to
function as an electromagnetic shielding cover and system
grounding by bending vertically the foldable plates and along
with the shield plate 11 and allowing the antenna plate 12 to
be connected to the margin of the shield plate 11 so as for the
antenna plate 12 and the shield plate 11 to be integral to the
antenna 10.

[0009] According to application of products complying
with IEEE 802.11a/b/g/n standards, a multiple input/output
transmission system is required to operate coordinately, and
thus there are always more than two antennas in use. How-
ever, if any two antennas are too close to each other, severe
electromagnetic interference happens, and thus reception
quality is compromised. Also, antennas takes up space inside
adevice, and the antennas may be inefficiently arranged to the
detriment of the arrangement of other components inside the

device to therebfy render the otherwise compact device bulky.
This PDF o
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[0010] Hence, it is an urgentissue in the industry to provide
a technique of avoiding electromagnetic interference other-
wise prevalent among two or more antennas positioned
closely to one another and avoiding inefficient arrangement
of antennas.

SUMMARY OF THE INVENTION

[0011] In view of the disadvantages of the prior art men-
tioned above, it is a primary objective of the present invention
to provide an antenna and a wireless transceiver so as to avoid
electromagnetic interference otherwise prevalent among two
or more said antennas positioned closely to one another.
[0012] Another objective of the present invention is to pro-
vide an antenna and a wireless transceiver conducive to effi-
cient arrangement of the antennas and miniaturization of the
device.

[0013] To achieve the aforementioned and other objectives,
an antenna and a wireless transceiver are provided according
to the present invention. The antenna according to the present
invention comprises: a first radiator located on a side of a first
shield box and aligned with a margin of a substrate, wherein
the first radiator comprises a first end electrically connected
to the circuits and a second end electrically connected to the
first shield box.

[0014] In one embodiment of the present invention, the
antenna further comprises a second shield box disposed on a
second surface of the substrate opposing the first surface for
covering circuits laid on the second surface of the substrate; a
second radiator located on a side of the second shield box and
aligned with another margin of the substrate, wherein a first
end of the second radiator is electrically connected to the
circuits and a second end of the second radiator is electrically
connected to the second shield box.

[0015] Inanother embodiment of the present invention, the
first radiator and the second radiator are diagonally disposed
[0016] Compared with the prior art, the present invention
discloses an antenna with a first radiator disposed on diagonal
opposite of the second radiator flush with a margin of a
substrate, thereby maximizing the distance between the two
antennas disposed on the substrate, and also avoiding elec-
tromagnetic interference among a plurality of antennas posi-
tioned closely to one another, and further enhancing reception
quality; meanwhile, the radiators are disposed on sides of the
shield sections flush with the substrate margins, so as to avoid
inefficient arrangement of antennas and downsize a device
equipped with the antennas.

BRIEF DESCRIPTION OF DRAWINGS

[0017] The present invention can be more fully understood
by reading the following detailed description of the preferred
embodiments, with reference made to the accompanying
drawings, wherein:

[0018] FIG. 1 is a perspective view of a conventional
antenna,
[0019] FIG. 2 is a cross-sectional view of an antenna

according to an embodiment of the present invention;
[0020] FIG. 3 is a top view of the antenna to be illustrative
of a first surface thereof according to an embodiment of the
present invention;

[0021] FIG. 4 is a top view of the antenna to be illustrative
of'asecond surface thereof'according to an embodiment of the
present invention;
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[0022] FIG. 5 is a perspective view of the antenna to be
illustrative of the first surface thereof according to an embodi-
ment of the present invention; and

[0023] FIG. 6 is a perspective view of the antenna to be
illustrative of the second surface thereof according to an
embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0024] The following illustrative embodiments are pro-
vided to illustrate the disclosure of the present invention.
Those skilled in the art can apparently understand these and
other advantages and effects of the present invention after
reading the disclosure of this specification. The present inven-
tion can also be performed or applied by other different
embodiments. The details of the specification are subject to
different points and applications, and numerous modifica-
tions and variations can be made in the present invention
without departing from the spirit of the present invention.

[0025] The following embodiments provide detailed
descriptions of viewpoints of the present invention; however,
the scope of the present invention is not restricted to any
viewpoint described herein.

[0026] The present invention is illustrated with FIGS. 2
through 6. F1G. 2 is a basic architecture diagram of an antenna
of the present invention. FIGS. 3 through 6 are diagrams of
the antenna of the present invention when viewed from dif-
ferent angles. As shown in the drawings, the present invention
provides an antenna 20 comprising at least: a substrate 21
(exemplified by a printed circuit board (PCB) having a first
surface 22 and a second surface 23 opposite to the first surface
22, wherein the first surface 22 and the second surface 23 are
laid with a first circuit 221 and a second circuit 231 respec-
tively; and a first antenna shield box 24 and a second antenna
shield box 25, which are separated disposed on the first sur-
face 22 and the second surface 23 for covering the first circuit
221 and the second circuit 231 respectively; besides, the first
antenna shield box 24 further comprises a first radiator 241,
e.g. an inverted F antenna, and a first shield section 242, and
the second antenna shield box 25 further comprises a second
radiator 251, for example, an inverted F antenna, and a second
shield section 252. The length of the radiators decides radio
resonance frequency.

[0027] In the present invention, preferably, the second sur-
face 23 is located on the opposite side of the first surface 22.

[0028] Each radiator is located on a side of a corresponding
one of the shield sections as follows: the first radiator 241 is
located on a side of the first shield section 242 flush with a
substrate margin 261; and the second radiator 251 is located
on a side of the second shield section 252 flush with a sub-
strate margin 262. Each radiator further comprises a signal
end and a grounding end. The first radiator 241 comprises a
first signal 243 and a grounding end 244. The second radiator
251 comprises a second signal end 253 and a second ground-
ing end 254.

[0029] Each signal end is electrically connected to a corre-
sponding one of circuits; specifically speaking, the first signal
end 243 is electrically connected to the first circuit 221, and
the second signal end 253 is electrically connected to the
second circuit 231. Each grounding end is electrically con-
nected to a corresponding one of the shield sections; specifi-
cally Ts%)_eaking, the first grounding end 244 is electrically

I
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connected to the first shield section 242, and the second
grounding end 254 is electrically connected to the second
shield section 252.

[0030] The substrate margin 261 flush with the first radiator
241 is diagonal opposite of the substrate margin 262 flush
with the second radiator 251, namely, the first radiator 241 of
the present invention is disposed on diagonal opposite of the
substrate margin 262 flush with the second radiator 251,
accordingly, the two antennas are disposed on two opposite
sides of the substrate, thereby maximizing the distance
between the two disposed antennas.

[0031] Regarding the antenna 20 of the present invention,
the first radiator 241 is disposed on diagonal opposite of
substrate margin 262 flush with the second antenna 251,
thereby providing a maximum distance between the two dis-
posed antennas, and protecting a plurality of antennas closely
arranged from electromagnetic interference, and further
enhancing reception quality. Each radiator is disposed on a
side of a corresponding one of the shield sections flush with
the substrate margin or aligned with a margin of the substrate,
thereby avoiding the antennas from taking up excessive space
due to inefficient arrangement of the antennas.

[0032] The antenna of the present invention can be utilized
in a wireless communication apparatus, such as a wireless
transceiver. According to an embodiment of the present
invention, the wireless transceiver comprises a processor and
the antenna mentioned above. The processor is used to pro-
cess the signals to be transmitted by the antenna, or the signals
received by the antenna.

[0033] Meanwhile, testing via a network analyzer on mul-
tiple input/output system of said two antennas of the present
invention within the wireless local area network complying
with IEEE 802.11a/b/g/n standards, with said two antennas of
the system being separately disposed on two diagonally
opposite sides, an S parameter derived from the testing shows
that reflection loss on both antennas is below —10 dB within
wireless local area network frequency band, namely, the two
antennas of the present invention are well isolated, Max.
-13.9dB.

[0034] Inview of the above, according to the antenna of the
present invention, the first radiator is disposed on diagonal
opposite of the substrate margin flush with the second radia-
tor, thereby providing a maximum distance between disposi-
tions of the two antenna on the substrate, and preventing a
plurality of antennas positioned proximate to one another
from electromagnetic interference, and then further enhanc-
ing reception quality; meanwhile, since the radiators are dis-
posed on sides of the shield sections flush with substrate
margins or aligned with a margin of the substrate, thereby
avoiding the antennas from taking up excessive disposition
space.

[0035] The foregoing descriptions of the detailed embodi-
ments are only illustrated to disclose the features and func-
tions of the present invention and not restrictive of the scope
of the present invention. It should be understood to those in
the art that all modifications and variations according to the
spirit and principle in the disclosure of the present invention
should fall within the scope of the appended claims.

What is claimed is:

1. An antenna, comprising:

a substrate having a first surface laid with circuits;

a first shield box disposed on the first surface of the sub-
strate for covering the circuits; and
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a first radiator located on a side of the first shield box and
aligned with a margin of the substrate, wherein the first
radiator comprises a first end electrically connected to
the circuits and a second end electrically connected to
the first shield box.

2. The antenna of claim 1, further comprising,

a second shield box disposed on a second surface of the
substrate opposing the first surface for covering circuits
laid on the second surface of the substrate;

a second radiator located on a side of the second shield box
and aligned with another margin of the substrate,
wherein a first end of the second radiator is electrically
connected to the circuits and a second end of the second
radiator is electrically connected to the second shield
box.

3. The antenna of claim 2, wherein the first radiator and the

second radiator are diagonally disposed.

4. The antenna of claim 1, which complies with IEEE
standard.

5. The antenna of claim 1, which is a multiple input/output
system.

6. The antenna of claim 1, wherein the substrate is a printed
circuit board.

7. The antenna of claim 1, wherein the first radiator is an
Inverted F Antenna.

8. The antenna of claim 2, wherein the second radiator is an
Inverted F Antenna.

9. The antenna of claim 2, wherein lengths of the first
radiator and the second radiator decide radio resonance fre-
quency.

10. A wireless transceiver, comprising,

a substrate having a first surface laid with circuits;

aprocessor electrically connected to the circuits on the first
surface of the substrate;

Oct. 21, 2010

a first shield box disposed on the first surface of the sub-
strate for covering the circuits; and

a first radiator located on a side of the first shield box and
aligned with a margin of the substrate, wherein the first
radiator comprises a first end electrically connected to
the circuits and a second end electrically connected to
the first shield box.

11. The wireless transceiver of claim 10, further compris-

g,

a second shield box disposed on a second surface of the
substrate opposing the first surface for covering circuits
laid on the second surface of the substrate;

a second radiator located on a side of the second shield box
and aligned with another margin of the substrate,
wherein a first end of the second radiator is electrically
connected to the circuits and a second end of the second
radiator is electrically connected to the second shield
box.

12. The wireless transceiver of claim 11, wherein the first

radiator and the second radiator are diagonally disposed.

13. The wireless transceiver of claim 10, which complies

with IEEE standard.

14. The wireless transceiver of claim 10, which is a mul-

tiple input/output system.

15. The wireless transceiver of claim 10, wherein the sub-

strate is a printed circuit board.

16. The wireless transceiver of claim 10, wherein the first

radiator is an Inverted F Antenna.

17. The wireless transceiver of claim 11, wherein the sec-

ond radiator is an Inverted F Antenna.

18. The wireless transceiver of claim 11, wherein lengths

of'the first radiator and the second radiator decide radio reso-
nance frequency.
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(57) ABSTRACT

A digital broadcasting antenna structure includes a substrate
having at least a first and a second face; a main antenna
arranged on the first face; an amplifier arranged on the first
face and electrically connected to the main antenna; a com-
pensating unit arranged on the second face and electrically
connected to the main antenna; a bandwidth modulating unit
arranged on the second face and electrically connected to the
compensating unit; and a grounding section arranged on the
second face and electrically connected to the bandwidth
modulating unit. The digital broadcasting antenna structure
can receive digital broadcasting signals without being
restricted to any specific receiving direction, and is applicable
to low, intermediate and high frequency bands to therefore
achieve the effects of miniaturization, high bandwidth and
low return loss.
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DIGITAL BROADCASTING ANTENNA
STRUCTURE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This non-provisional application claims priority
under 35 U.S.C. §119(a) on patent application No. (s)
098205406 filed in Taiwan, R.O.C. on 3 Apr. 2009, the entire
contents of which are hereby incorporated by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to a digital broadcast-
ing antenna structure, and more particularly to a digital broad-
casting antenna structure that can receive digital broadcasting
signals without being restricted to any specific receiving
direction and is applicable to low, intermediate and high
frequency bands to therefore achieve the effects of miniatur-
ization, high bandwidth, and low return loss.

BACKGROUND OF THE INVENTION

[0003] It is known the current digital audio broadcasting
(DAB) transmission technique is different from the conven-
tional amplitude modulation (AM) and frequency modulation
(FM) broadcasting techniques. By DAB, digital signals from
satellites or terrestrial transmitting stations can be received
via an antenna that is connected to a multimedia device, so as
to achieve the purpose of broadcasting and improving the
drawbacks in the conventional broadcasting techniques,
including poor sound quality, easily interfered radio signals,
and broadcasting quality easily affected by transmission
power.

[0004] While the current DAB technique can improve the
drawbacks in the conventional broadcasting techniques, it has
the problems of having a bulky digital broadcasting antenna
and being restricted to a fixed signal receiving direction. As a
result, the current DAB technique has relatively poor signal
receiving quality, insufficient bandwidth and high return loss.
[0005] Itistherefore desirable to develop an improved digi-
tal broadcasting antenna structure capable of achieving the
effects of high bandwidth and low return loss.

SUMMARY OF THE INVENTION

[0006] A primary object of the present invention is to pro-
vide a digital broadcasting antenna structure that includes a
main antenna, an amplifier, a compensating unit, a bandwidth
modulating unit and a grounding section specifically
arranged on a substrate, and can therefore receive digital
broadcasting signals without being restricted to any specific
receiving direction and be applicable to low, intermediate and
high frequency bands, so as to achieve the effects of minia-
turization, high bandwidth, and low return loss.

[0007] To achieve the above and other objects, the digital
broadcasting antenna structure according to the present
invention includes a substrate having at least a first and a
second face; a main antenna arranged on the first face; an
amplifier arranged on the first face and electrically connected
to the main antenna; a compensating unit arranged on the
second face and electrically connected to the main antenna; a
bandwidth modulating unit arranged on the second face and
electrically connected to the compensating unit; and a
grounding section arranged on the second face and electri-
cally connected to the bandwidth modulating unit.
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[0008] With these arrangements, the digital broadcasting
antenna structure of the present invention can receive digital
broadcasting signals without being restricted to any specific
receiving direction, and is applicable to low, intermediate and
high frequency bands to therefore achieve the effects of min-
iaturization, high bandwidth and low return loss.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The structure and the technical means adopted by
the present invention to achieve the above and other objects
can be best understood by referring to the following detailed
description of the preferred embodiments and the accompa-
nying drawings, wherein

[0010] FIG. 1 shows a component layout on a first face ofa
digital broadcasting antenna structure according to a pre-
ferred embodiment of the present invention;

[0011] FIG. 2 shows a component layout on a second face
of'the digital broadcasting antenna structure according to the
preferred embodiment of the present invention; and

[0012] FIG. 3 is a graph comparing the characteristic of the
digital broadcasting antenna structure according to the pre-
ferred embodiment of the present invention with that of a
conventional antenna.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0013] Please refer to FIGS. 1 and 2 that are component
layouts on a first face and a second face, respectively, of a
digital broadcasting antenna structure according to a pre-
ferred embodiment of the present invention; and to FIG. 3 that
is a graph comparing the characteristic of the digital broad-
casting antenna structure according to the preferred embodi-
ment of the present invention with that of a conventional
antenna. As shown, the digital broadcasting antenna structure
according to the preferred embodiment of the present inven-
tion includes at least a substrate 1, a main antenna 2, an
amplifier 3, a compensating unit 4, a bandwidth modulating
unit 5, and a grounding section 6.

[0014] The substrate 1 includes at least a first face 11 and a
second face 12.
[0015] Themain antenna 2 is arranged on the first face 11 of

the substrate 1, and includes a plurality of triangular sections
21 and a transversely extended electric-connecting section 22
located between any two longitudinally adjacent triangular
sections 21 for electrically connecting the two adjacent trian-
gular sections 21 to each other. The triangular sections 21 are
so designed that the digital broadcasting antenna structure of
the present invention can receive broadcasting signals with-
out being restricted to any specific receiving direction.
[0016] The amplifier 3 is arranged on the first face 11 of the
substrate 1 and electrically connected to the main antenna 2.
The amplifier 3 is able to increase the stability of signal
received by the main antenna 2. That is, the amplifier 3 can
increase the gain of the signal.

[0017] The compensating unit 4 is arranged on the second
face 12 of the substrate 1 and electrically connected to the
main antenna 2. The compensating unit 4 includes a connect-
ing section 41 connected to the main antenna 2 and a com-
pensating section 42 connected to the connecting section 41.
The main antenna 2 is extended through the substrate 1 to
electrically connect to the connecting section 41. The con-
necting section 41 is downward extended from the joint with
the main antenna 2 to enable increased bandwidth, and then
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turns to extend upward to connect to the compensating sec-
tion 42 for reducing the return loss of the antenna. It is noted
the compensating section 42 is arranged at a position without
overlapping with the main antenna 2, so that the compensat-
ing section 42 does not hinder the main antenna 2 from
receiving signals. Further, based on the condition of not over-
lapping with the main antenna 2, the compensating section 42
can be copper clad provided as large as possible in area. In the
present invention, since the main antenna 2 presents a plural-
ity of triangular sections 21, the compensating section 42 is
designed corresponding to the main antenna 2 to be generally
in the form of letter V.

[0018] The bandwidth modulating unit5 is arranged on the
second face 12 of the substrate 1 and electrically connected to
the compensating unit 4. The bandwidth modulating unit 5 is
used to modulate the bandwidth of the digital broadcasting
antenna structure of the present invention. The bandwidth
modulating unit 5 includes a first and a second comb-shaped
section 51, 52, each of which has a plurality of parallelly
spaced strips; the strips of the first comb-shaped section 51
and the strips of the second comb-shaped section 52 are
arranged in staggered relation, and the first comb-shaped
section 51 is connected to the compensating unit 4.

[0019] The grounding section 6 is arranged on the second
face 12 of the substrate 1 and electrically connected to the
second comb-shaped section 52 of the bandwidth modulating
unit 5.

[0020] To use the digital broadcasting antenna structure of
the present invention, first connect it to a related multimedia
receiver device, and use the main antenna 2 to receive digital
signals. With the particular arrangement of the amplifier 3, the
compensating unit 4, the bandwidth modulating unit 5 and the
grounding section 6 on the substrate 1, the digital broadcast-
ing antenna structure of the present invention is advanta-
geously miniaturized. When the present invention is used for
receiving digital signals, the main antenna 2 is the component
responsible for the receiving of the digital signals, and the
received digital signal is amplified by the amplifier 3. When
the main antenna 2 receives digital signals, the compensating
unit 4, the bandwidth modulating unit 5 and the grounding
section 6 cooperatively modulate the impedance of the
received digital signals. Further, high bandwidth and low
return loss can be achieved through the capacitance effect and
topological effect of the main antenna 2 on the grounding
section 6. When a network analyzer is used to measure the
return loss of the antenna structure of the present invention in
use, as can be seen from FIG. 3, a curve A indicating the return
loss of the present invention is lower than a curve B indicating
the return loss of a conventional antenna. Therefore, the main
antenna 2 of the present invention can receive digital signals
without being restricted to any specific receiving direction,
and is applicable to low, intermediate and high frequency
bands. The main antenna 2 is relatively longer when the
present invention is applied in low frequency band, and is
relatively shorter when the present invention is applied in
high frequency band.
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[0021] The digital broadcasting antenna structure of the
present invention is novel and improved because the specific
arrangement of the main antenna, the amplifier, the compen-
sating unit, and bandwidth modulating unit and the grounding
section on the substrate allows the present invention to receive
digital signals without being restricted to any specific receiv-
ing direction and be applicable to low, intermediate and high
frequency bands to thereby achieve the effects of miniatur-
ized size, high bandwidth, and low return loss. The present
invention is also industrially practical for use because prod-
ucts derived from the present invention would no doubt fulfill
the current market demands.

[0022] The present invention has been described with a
preferred embodiment thereof and it is understood that many
changes and modifications in the described embodiment can
be carried out without departing from the scope and the spirit
of the invention that is intended to be limited only by the
appended claims.

What is claimed is:

1. A digital broadcasting antenna structure, comprising:

a substrate including at least a first and a second face;

a main antenna being arranged on the first face of the
substrate;

an amplifier being arranged on the first face of the substrate
and electrically connected to the main antenna;

a compensating unit being arranged on the second face of
the substrate and electrically connected to the main
antenna;

a bandwidth modulating unit being arranged on the second
face of the substrate and electrically connected to the
compensating unit; and

a grounding section being arranged on the second face of
the substrate and electrically connected to the bandwidth
modulating unit.

2. The digital broadcasting antenna structure as claimed in
claim 1, wherein the main antenna includes a plurality of
triangular sections, and a transversely extended electric-con-
necting section located between any two longitudinally adja-
cent triangular sections to electrically connect the adjacent
triangular sections to each other.

3. The digital broadcasting antenna structure as claimed in
claim 1, wherein the compensating unit includes a connecting
section connected to the main antenna and a compensating
section connected to the connecting section; and the compen-
sating section being arranged at a position without overlap-
ping with the main antenna.

4. The digital broadcasting antenna structure as claimed in
claim 1, wherein the bandwidth modulating unit includes a
first and a second comb-shaped section, each of which has a
plurality of parallelly spaced strips; the strips of the first
comb-shaped section and the strips of the second comb-
shaped section being arranged in staggered relation; the first
comb-shaped section being connected to the compensating
unit, and the second comb-shaped section being connected to
the grounding section.

sk sk sk sk sk
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A radio antenna assembly for use in a communication device
has an antenna element disposed adjacent to a ground plane to
form a physical relationship with the ground plane. A
mechanical device is used to change the physical relationship
for changing the operating impedance of the antenna element
or shifting the frequency band of the antenna assembly. The
physical relationship can be changed by mechanically chang-
ing the shape of the antenna element. When the antenna
element comprises a first radiating element and a second
radiating element disposed at a lateral distance from the first
radiating element, the physical relationship can be changed
by changing the distance. When a physical object is disposed
between the antenna element and the ground plane, the physi-
cal relationship can be changed by moving or twisting the
physical object. The object can be electrically conducting,
dielectric or magnetic.






US 2010/0259454 A1

. 14,2010 Sheet 1 of 15

Oct

Patent Application Publication






Patent Application Publication  Oct. 14,2010 Sheet 2 of 15 US 2010/0259454 A1

92~
92—~

51

- — 62
FIG. 5a

62
FIG. 5b

}
=

3
S_’/ or <t
©)
s’ s/ ™
=
N
&
S
- & = & &
S
Y £V 4
2 o
i )
B« /| o |
I . . !
<l O O -
LL
- L
e ] e
o o
o/ J J





Patent Application Publication  Oct. 14,2010 Sheet 3 of 15 US 2010/0259454 A1

FIG. 6

&

- ‘ ;
i Lo
5 &g

k4

G
P
£

o e

15
.

%@G"‘

i

By
3
7

g

e R ]
LA

{2
oo
gg
e

FiG. 8b

a&

\
3

s

T

FiG. Ba





Patent Application Publication  Oct. 14,2010 Sheet 4 of 15 US 2010/0259454 A1

ind
PP,
# spsgessssi 2
LRy, ' 2 S
& k 2
Hﬂﬁ LS 3
2 o of
N 3
o :
433! 2 2
S Sttt
T R
%
e (R % :
W S
M
o
w S
IR S
¥ »
o
5 FOes
st 4
2 o
o
%
’xf N
% )
! 2 Sl !
5 5 0
NN k3
o . '
3 7
% Y !
A 0. 3 u
7 KA R NN {:‘3
ERaraees
%)
o
s
Rt ™,
\1
%
L
& £ SRR
A ",
sy 7
Selele 3
%% A
% ot e o .
o £ 2 : ¥4
25 e
Lo






Patent Application Publication  Oct. 14,2010 Sheet 5 of 15 US 2010/0259454 A1

t%/’ 5 L
” 2 L
353 o3
. ! o) $
.\';‘
e ¥ 7 N
".i’ s ‘:: w
e
! e 2 i
o «
5 : A i"}
4, % ,
s od
S 35 g
2 %
e e Y
BN ifj
3 A
£ 2 2l § i
R %
e N gy :
e N >
] S %
£ %
- 4 ’ o
- % ,:l 3 : ’: 5
ase! i
7 Zalaly ‘:\‘ % 5
3 * 8 4
w3 <2 X ; il
E3 iy X S
LR £ 3 e
S S
ﬂu ¥
5
5 5%
% . 2
5, e A,
5% : i
¥ ) 5 3
: o
,)..' o4
% s, :/:
x
Ry {ﬁ NS 5 &
: i ' >
2 o 7
: o Od
e 4
PN e
; e X T8 B
% % § i
R
e i
A






Patent Application Publication

3
3
3

S 23
5 T wy
e % i
o 2 23S
RN e i %
3 3 i
SR LA Es
L S
s IS
2 % w
s N %
NS S ii}
L 2 AN

e
72
% L N
NN
o5
BN & i
R 3
% R
el SR N
b 0 AR ki
e
¢
- 4‘ o
B O
¢ i £y
fioi] i
e v
¥ ]
: FrS SR SR,
A\ o
3 R SR
W
2 8
% 7 3
b3 % X
NN s
£ 3 3 s
;4* e X i
; ] Gl
A N 5ty 3 .
; S iy €§$
% s % 3 ‘ i
e . 2 A &
R . @2
R N g
7 S 2 q
2 X 3 vv*i : % w
N 3 : g
. 0. %
iy % & i %
: e 5 5
& e o ol 5
g . = b
X, A3
£ N
; B
T o

Oct. 14,2010 Sheet 6 of 15

US 2010/0259454 A1

_F*_WA/ E

ey

FIG. 25





US 2010/0259454 A1

Oct. 14,2010 Sheet 7 of 15

Patent Application Publication

3 b3






Patent Application Publication  Oct. 14,2010 Sheet 8 of 15 US 2010/0259454 A1

. {3
& <
ignssase g
©) O

%

%

e

5o

o

SR

s






Patent Application Publication  Oct. 14,2010 Sheet 9 of 15 US 2010/0259454 A1

/ 10
/63
FIG. 16

20
FIG. 15
s 10

22

Sliding galvanic connections
—





US 2010/0259454 A1

Oct. 14,2010 Sheet 10 of 15

Patent Application Publication

e






Patent Application Publication  Oct. 14,2010 Sheet 11 of 15 US 2010/0259454 A1

FiGG. 18a

=
$3

=
¥
(a5
o ';"
ot
e
s
l;‘
i
i
s ""u. o’
e
A






Patent Application Publication  Oct. 14,2010 Sheet 12 of 15 US 2010/0259454 A1

FiG. 19b

R N : s S
; '8 o 2 $ o
! R 3 e o 22
258, e o,
¥ & AN
25 R :: Z,,*
'fk 3 S M 4 %
A 42’;:4:‘“'!’

R Sisrarels]
i A 5 N
%
RS
Mg
&
L o
LR JoRaE
2
s - b 3

Sttt

w 2 o ¥
A KRN
S
¢ o
o
RN %
-~ s
! A
N N ,
N

55!

R
R

M
k;n
3 “\:'

FIG. 19a

" &
X ]






Patent Application Publication  Oct. 14,2010 Sheet 13 of 15 US 2010/0259454 A1

“,

SN

sy 5

faes]
o
55
v‘:‘\‘,

FIG, 20a

o
%
S
X i
b S i
i § . b
L] ) e
U o i
i
: u ’
.'\, e
s
o
N L
g e
5
2 S
¥ o
RINER % {x,
- 03

.« 2E

FiG. 20D






Patent Application Publication  Oct. 14,2010 Sheet 14 of 15 US 2010/0259454 A1






Patent Application Publication  Oct. 14,2010 Sheet 15 of 15 US 2010/0259454 A1

82
_/

—

I
FIG. 24

_/83

FIG. 23b

62\\

87

FIG. 23a

Actuator in rest position
FIG. 22

Actuator in locked position

s2—"

S





US 2010/0259454 Al

MECHANICALLY TUNABLE ANTENNA FOR
COMMUNICATION DEVICES

[0001] This application is a divisional application which is
based on and claims priority under 35 U.S.C. 119(e) to U.S.
patent application Ser. No. 11/478,839, filed Jun. 30, 2006.

FIELD OF THE INVENTION

[0002] The present invention relates generally to a radio
antenna and, more particularly, to an antenna which can be
tuned to be operable in a variety of frequency bands.

BACKGROUND OF THE INVENTION

[0003] Mobile phones usually have antennas that are
required to cover many frequency bands. For example, the
GSM antenna may have to cover four bands, namely the two
European bands called GSM 900 (880-960 MHz) and GSM
1800 (1710-1880 MHz), and two US bands called GSM 850
(824-894 MHz) and GSM 1900 (1850-1990 MHz). It is
advantageous and desirable to provide an antenna which can
be tuned between two states, wherein the European state
covers GSM 900 and GSM 1800 and the US state covers
GSM 850 and GSM 1900, for example.

[0004] Furthermore, it is advantageous to provide an
antenna which can be tuned to optimize the antenna perfor-
mance in different use situations. For example, the impedance
of'a mobile phone antenna may be detuned when the mobile
phone is put next to the head of the user or covered by the
user’s hand. Also, the antenna operation may change when
the phone is put on a table or inside a bag, or when the phone
has moving parts with the parts located differently relative to
each other. In many of these situations, the antenna may be
required tuning in order to improve the antenna performance.
[0005] Similar applications of tunable antennas exist for
base station antennas, access points and other wireless com-
munication devices.

SUMMARY OF THE INVENTION

[0006] The present invention provides a radio antenna
assembly having an antenna element disposed in relationship
with a ground plane. The antenna element has a physical
characteristic regarding the ground plane. A mechanical
device is used to change the physical characteristic in order to
change the operating impedance of the antenna element or to
shift the frequency band of the antenna assembly. In one
embodiment of the present invention, a mechanical device is
used to change the shape of the antenna element. In another
embodiment, the antenna assembly has an electrically con-
ducting member, such as a metal strip, rod or plate, disposed
adjacent to the antenna element for forming a physical char-
acteristic between the antenna element, the electrically con-
ducting member and the ground plane, and a mechanical
device is used to change the physical relationship between the
electrically conductive member and the antenna element and/
or between the electrical conductive member and the ground
plane. For example, the mechanical device can be used to
change the distance between the electrically conductive
member and the antenna element, or to change the shape of
the electrically conductive member. The coupling between
the antenna element and the ground plane can also be changed
by altering the size or the shape of the ground plane.
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[0007] When the antenna assembly is used in a communi-
cation device, such as a mobile phone, a change in the
mechanical structure of the device body can be used to change
the coupling characteristic of the antenna element and the
device body.

[0008] Thus, the first aspect of the present invention is a
radio antenna assembly having an antenna element disposed
in relationship with a ground plane, forming a physical char-
acteristic between the antenna element and the ground plane,
wherein the physical characteristic can be mechanically
changed.

[0009] The second aspect of the present invention is a
method for tuning a radio antenna in a communication device,
wherein the tuning can be achieved by using a mechanical
device to change the physical relationship between an
antenna element and the ground plane.

[0010] The third aspect of the present invention is a com-
munication device, such as a mobile phone, wherein the
antenna can be mechanically tuned by changing the coupling
between the antenna element and a ground plane and/or the
coupling between the antenna element and the device body.
[0011] The present invention will become apparent upon
reading the description taken in conjunction with FIGS. 1a to
25.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1a is a schematic representation of a mechani-
cally tunable antenna, according to one arrangement of the
present invention.

[0013] FIG. 15 is a schematic representation of a mechani-
cally tunable antenna, according to another arrangement of
the present invention.

[0014] FIG. 2 is a schematic representation of a tunable
antenna having a flexible radiating segment which can be bent
by a mechanical device.

[0015] FIG. 3 is a schematic representation of a tunable
antenna having a movable radiating segment which can be
rotated by a mechanical device.

[0016] FIG. 4 is a schematic representation of a tunable
antenna having a flexible radiating segment covered with an
actuator material.

[0017] FIG. 5a is a schematic representation of a tunable
antenna electromagnetically coupled to a conductive plate or
an actuator which can be bent by a mechanical device.
[0018] FIG. 5b is a schematic representation of a tunable
antenna electromagnetically coupled to a conductive plate
which can be bent by an actuator located on the opposite side
of the circuit board.

[0019] FIG. 6 is a schematic representation of a tunable
antenna electromagnetically coupled to a conductive plate
which can be shifted in a lateral direction by a mechanical
device.

[0020] FIG. 7 is a schematic representation of a tunable
antenna electromagnetically coupled to a conductive plate
which can be moved up and down by a mechanical device.
[0021] FIG. 8a is a schematic representation showing a
planview of a tunable antenna electromagnetically coupled to
a vertical strip which can be bent by a mechanical device.
[0022] FIG. 8b1is a schematic representation showing a side
view of the tunable antenna of FIG. 8a.

[0023] FIG. 8¢ is a schematic representation of an
inverted-F antenna electromagnetically coupled to a vertical
strip which can be bent by a mechanical device.
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[0024] FIG. 9 is a schematic representation of a tunable
antenna electromagnetically coupled to a conductive plate
which can be swiveled under the antenna element.

[0025] FIG. 10 is a schematic representation of a tunable
antenna electromagnetically coupled to a conductive plate
which can be laterally shifted under the antenna element.
[0026] FIG. 11 is a schematic representation of a tunable
antenna electromagnetically coupled to a parasitic antenna
element which can be moved laterally by a mechanical
device.

[0027] FIG. 12a is a schematic representation of a helix
antenna mechanically tuned by moving a conductive member
located adjacent to the helix.

[0028] FIG. 126 is a schematic representation of a helix
antenna mechanically tuned by moving a rod or object inside
the helix.

[0029] FIG. 12¢ is a schematic representation of a helix
antenna mechanically tuned by changing the length of the
helix.

[0030] FIG. 13a is a schematic representation of a mono-
pole or whip antenna mechanically tuned by moving a con-
ductive member located adjacent to the pole.

[0031] FIG. 135 is a schematic representation of a mono-
pole or whip antenna mechanically tuned by changing the
length of the pole.

[0032] FIG. 14a is a schematic representation of a ceramic
or dielectric resonator antenna (DRA) coupled to a metal
plate that can be moved closer to or further from the antenna.
[0033] FIG. 144 is a schematic representation of a DRA
wherein a metallic rod can be moved in a hole in the ceramic
block in a direction substantially parallel to a ground plane.
[0034] FIG. 14c¢ is a schematic representation of a DRA
wherein a metallic rod can be moved in a hole in the ceramic
block in a direction substantially perpendicular to the ground
plane.

[0035] FIG. 15 is a schematic representation of an
inverted-F antenna wherein the radiating element can be
shifted in a linear motion with respect to the shorting pin and
the feed pin.

[0036] FIG. 16 is a schematic representation of an antenna
having a capacitive feed under the radiating element wherein
the capacitive feed can be raised or lowered through an
extendable feed pin.

[0037] FIG.17aisaschematic representation of an antenna
having a radiating element and a parasitic element with a
capacitive coupling plate that can be lowered or raised or
moved laterally.

[0038] FIG. 175 is a side view of the antenna of FIG. 17a.
[0039] FIG.18aisaschematic representation of an antenna
having one or more metallic patches on a slidable feed rod for
selecting the feed location.

[0040] FIG. 185 shows the detail of the slidable feed rod.
[0041] FIG. 194 is a schematic representation of antenna
having a radiating element located adjacent to a tunable
ground plane.

[0042] FIG. 195 is a schematic representation of antenna
having a radiating element located adjacent to another tun-
able ground plane.

[0043] FIG. 20qa is a schematic representation of a clam-
shell phone having a metal plate for changing the coupling of
the clamshell parts.

[0044] FIG. 205 is a schematic representation of a slide
phone having a metal plate for changing the coupling of the
slidable parts.
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[0045] FIG. 21a a schematic representation of a foldable
phone showing the antenna element when the phone is in a
closed position.

[0046] FIG. 2154 is a schematic representation of the fold-
able phone showing the antenna element when the phone is in
an open position.

[0047] FIG. 22 shows one way to lock an actuator.

[0048] FIG. 23a show a method for releasing a spring
clamp.

[0049] FIG. 235 shows one way to lock a linear actuator
[0050] FIG. 24 shows a multi-state spring clamp.

[0051] FIG. 25 is a schematic representation of a mobile

phone having a mechanically tunable antenna, according to
various embodiments of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0052] The mechanically tunable antenna, according to the
present invention, can be implemented in many different
ways, as illustrated in FIGS. 2 to 24. In general, the mechani-
cally tunable antenna can be tuned by a mechanical device
which is used to change the shape of the radiation or antenna
element, as shown in FIG. 1a. Alternatively, the antenna
element is electromagnetically coupled to an electrically con-
ductive object located nearby and the conductive object is
caused by a mechanical device to change its shape or its
location relative to the antenna element, as shown in FIG. 15.
In a mobile phone where the antenna can be used to cover two
adjacent frequency bands, the change of the shape of the
antenna element and the shape or location of the conductive
object is designed to shift the resonant frequencies of the
antenna from one frequency band to another. As such, each
frequency band can have a narrow bandwidth. Also, more
specifically by changing an antenna’s input impedance not
only the resonant frequency can be changed but also the
quality of the impedance match, the bandwidth, and radiation
efficiency can be changed or altered. The changing of the
antenna element via an actuator also changes the physical
relationship between the antenna radiating element and the
ground plane. This is due to the fact that antennas are gener-
ally sensitive to their ground plane arrangements. Further-
more, it is possible to manipulate the ground plane itself, as
shown in FIGS. 194 and 194. The tuning of the antenna can
also be achieved by changing the coupling between different
parts of a mobile phone or by changing the position of the
antenna on the mobile phone.

[0053] Inthe arrangement as shown in FIG. 1a, an antenna
assembly 1 comprises an antenna element 10 disposed on a
circuit board 90 having a ground plane 92. The antenna ele-
ment 10 is operatively connected to a feed pin 20. Possibly,
the antenna element 10 is also connected to a grounding or
shorting pin 22 (see FIGS. 8¢, 15 and 175, 18a). The antenna
assembly may have one or more parasitic radiating elements
30 located adjacent to the antenna element 10. As shown in
FIG. 1a, a mechanical device 80 is used to change the shape
of the antenna element 10, when needed. For example, the
mechanical device 80 can be an actuator or a motor having a
movable shaft directly or indirectly applying a force to a part
of the antenna element 10. As such, part of the antenna ele-
ment 10 can be bent, twisted or moved. The mechanical
device can be located on the circuit board 90 on the same side
as the antenna element 10, or the opposite side of the circuit
board.

[0054] Inthe arrangement as shown in FIG. 15, the antenna
element 10 is electromagnetically coupled to a conductive or
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dielectric/magnetic member 60 located adjacent to the
antenna element 10. The antenna assembly may have one or
more parasitic radiating elements 30 located adjacent to the
antenna element 10. A mechanical device 80 is used to change
the shape or the location of the conductive or dielectric/
magnetic member 60, when needed, thereby changing the
electromagnetic coupling between the antenna element 10
and the ground plane 92. For example, the mechanical device
80 can be an actuator or a motor having a movable shaft
directly or indirectly applying a force to a part of the antenna
element 10. As such, part of the antenna element 10 can be
bent, twisted or moved. The mechanical device can be located
on the circuit board 90 on the same side as the conductive or
dielectric/magnetic member 60, or the opposite side of the
circuit board.

[0055] The mechanical tuning according to the arrange-
ment as shown in FIG. 1a is illustrated in FIGS. 2, 3, 4, 12¢
and 1356. The mechanical tuning according to the arrangement
as shown in FIG. 15 is illustrated in FIGS. 54,55, 6, 7, 8a, 8b,
8¢, 9,10 and 16, where the change of an adjacent conductive
or dielectric/magnetic element is designed to change the cou-
pling between the antenna element 10 and the ground plane.
When a parasitic element is located adjacent to the antenna
element, the mechanical tuning can be achieved by changing
the coupling between the antenna element and the parasitic
element, as shown in FIG. 11. In FIGS. 124, 125, 13a, 14a-
14¢, 15, 17a and 1756, the coupling between the antenna
element and the ground plane and/or the coupling between
the antenna element and the parasitic element can be changed
by moving an electrically conductive or dielectric/magnetic
member relative to the antenna element.

[0056] FIG. 2 is a schematic representation of an antenna
having an antenna element 10 connect to a flexible radiating
segment 11. Using an actuator 62 to push the end tip of the
flexible radiating segment 11, the end tip of the flexible radia-
tion segment 11 can be moved up and down relative to the
ground plane 92.

[0057] Alternatively, the antenna element 10 is electrically
connected to an end section 12 which can be rotated at a pivot
point. Using an actuator to push the end section 12, the end
section 12 can be rotated about the pivot point, as shown in
FIG. 3.

[0058] InFIG. 4, the end section of the antenna element is
partially covered by an actuator element 62 for changing the
shape of the antenna element 10. The width of the actuator
element 62 can be the same as or different from the width of
the antenna element 10.

[0059] InFIGS. 2 to 4, the shape of the antenna element 10
at least partially determines the resonant frequency band or
bands. Changing the shape ofthe antenna element 10 changes
the physical characteristic of the antenna affecting the reso-
nant frequencies. The extent of the shape change is deter-
mined by the desired frequency shift in an application. For
example, if the antenna element in the original shape is
designed to provide resonance at a first state, the antenna
element in the altered shape provides resonance at a second
state. One of these two states can be designed to cover Euro-
pean bands of GSM 900 (880-960 MHz) and GSM 1800
(1710-1880 MHz). The other state can be designed to cover
the US bands of GSM 850 (824-894 MHz) and GSM 1900
(1850-1990 MHz), for example. As the present invention is by
no means limited to GSM bands only, it may be desirable to
cover other bands or protocols too, for example, CDMA,
PDC, WCDMA, BLUETOOTH, WLAN, HLAN, GPS,
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WiMax, UWB, FM, RFID, DVB-H, DRM, DAB, AM and
other Cellular and Non-Cellular radio systems.

[0060] InFIGS. 54 to 10, the shape of the antenna element
10 does not change in the tuning process. The antenna ele-
ment 10 is electromagnetically coupled to an adjacent con-
ductive element and the shape of the conductive element is
caused to change by a mechanical device. As shown in FIG.
5a, the conductive element is an actuator 62 which is placed
between the antenna element 10 and the ground plane 92. The
actuator 62 is caused to bend so as to change the coupling
between the antenna element 10 and the ground plane 92. The
actuator 62 can also be placed on the other side of the ground
plane 92, as shown in FIG. 5b. In that case, a metal plate or
dielectric/magnetic body 52 is placed between the antenna
element 10 and the ground plane 92 and the body 52 is linked
to the actuator 62 by a pin 64 such that the body 52 can be
caused to bend by the actuator 62.

[0061] In a different embodiment as shown in FIG. 6, the
metal plate or dielectric/magnetic body 52 is laterally shifted
by a mechanical device in a direction substantially parallel to
the ground plane 92 to change the coupling between the
antenna element 10 and the ground plane 92. In yet another
embodiment as shown in FIG. 7, the metal plate or dielectric/
magnetic body 52 is moved up and down by a mechanical
device for changing the coupling.

[0062] In the embodiment as shown in FIGS. 8a to 8¢, a
vertical metal strip 62 is used as an actuator and placed
adjacent to the antenna element 10. The antenna element has
afeed pin 20 and possibly a shorting pin 22. As shown in FIG.
8a, part of the actuator is located below the antenna element
10 when the actuator 62 is in one state. In another state, the
actuator is bent outward away from the antenna element 10. In
yet another state, the actuator is bent inward so that a larger
part of the actuator is located beneath the antenna element.
FIGS. 8b and 8¢ are side views showing the location of the
actuator 62 relative to the antenna element 10 and the ground
plane 92.

[0063] The antenna element 10 can be a part of a planar
antenna with or without a grounding pin 22. Without the
grounding pin 22, the antenna element 10 is a part of an
inverted-L. antenna (ILA), as shown in FIG. 8. With the
grounding pin 22, the antenna element 10 is part of an
inverted-F antenna (IFA), as shown in FIG. 8c. The antenna
element 10 can be either a narrow strip as in a normal
inverted-L or inverted-F antenna or it can be a wide plate as in
the case of a planar inverted-L. antenna (PILA) or a planar
inverted-F antenna (FIFA).

[0064] FIGS. 9 and 10 show two different embodiments of
the present invention where a metal plate or dielectric/mag-
netic body is placed between the antenna element 10 and the
ground plane 92 and part of metal plate or dielectric/magnetic
body is laterally shifted to change the coupling between the
antenna element 10 and the ground plane 92. As shown in
FIG. 9, the metal plate or dielectric/magnetic body 54 is
rotatably mounted at a pivot point so that it can be caused to
shift by a mechanical device. The body 54 can be rotated by
a motor, a curled bending actuator or a linear actuator.
[0065] As shown in FIG. 10, the metal plate or dielectric/
magnetic body 55 is laterally shifted in one or more directions
with an actuator, a motor or another mechanical device.
Moreover, the body 55 can be moved in a direction perpen-
dicular to the ground plane or tilted to form an angle with the
ground plane 92.
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[0066] In FIG. 11, the metal plate 56 is used as a parasitic
element electromagnetically coupled to the antenna element
10. The parasitic element can be laterally shifted by a
mechanical device so as to change the distance between the
parasitic element and the antenna element 10.

[0067] FIGS. 12a to 12¢ show some of the ways to
mechanically tune a helix antenna. As shown, the helix
antenna has a helical conductive element 10 coupled to the
ground plane 92. In order to tune such a helix antenna, a metal
or dielectric/magnetic rod or plate 57 is placed adjacent to the
helical element 10 for coupling. The distance between the
metal or dielectric/magnetic rod or plate 57 can be changed by
a mechanical device for changing the coupling, as shown in
FIG. 12a. In a different embodiment, a metal or dielectric/
magnetic object 58 is placed at least partially inside the heli-
cal element 10. A mechanical device is used to move the
object 58 along a direction substantially parallel to the helix
axis, as shown in FIG. 12b. Alternatively, the physical char-
acteristic of the helical element 10 can be changed by stretch-
ing or compressing the helical element 10 using a mechanical
device.

[0068] FIGS. 13a and 136 show some of the ways to
mechanically tune a monopole or whip antenna. As shown in
FIG. 134, a metal or dielectric/magnetic plate or rod 59 is
placed adjacent to a linear antenna element 10 for coupling.
The distance between the plate or rod 59 and the antenna
element 10 can be increased or decreased by a mechanical
device in order to change the coupling. Alternatively, the plate
or rod 59 can be bent or tilted by a mechanical device. As
shown in FIG. 135, the linear antenna element 10 is a tele-
scopic whip which can be motorized to adjust the length. The
same arrangement may also be applicable to other antenna
types such dipoles.

[0069] FIGS. 14a to 14c show some of the ways to
mechanically tune a ceramic or dielectric resonator antenna
(DRA) 10 comprising an electrically non-conductive block
and possibly conductive parts, according to some embodi-
ments of the present invention. As shown in FIG. 144, a metal
or dielectric/magnetic plate or rod 58 is placed adjacent to the
antenna element 10 for coupling. The metal or dielectric/
magnetic plate or rod 58 can be moved by a mechanical
device so that the distance between the antenna element 10
and the plate or rod 58 can be increased or shortened. As
shown in FIG. 145, a metal or dielectric/magnetic rod 59 can
be inserted into the ceramic block through a hole to change
the physical characteristic of the antenna element 10. The
insertion depth of the rod 59 can be adjusted by a movement
direction substantially parallel to the ground plane 92. Alter-
natively, the insertion depth of the rod 59 can be adjusted by
a movement direction substantially perpendicular to the
ground plane, as shown in FIG. 14¢. It should be noted that the
insertion of the rod 59 can also be made into the antenna
element 10 at different angles relative to the ground plane 92.

[0070] Inan inverted-F antenna, the antenna element 10 is
operatively connected to a feed pin 20 and a shorting pin 22.
According to one embodiment of the present invention, the
electrical contacts between the antenna element 10 and pins
20, 22 are not fixed. In order to mechanically tune the
inverted-F antenna, a mechanical device is used to shift the
antenna element 10 in a lateral direction with respect to the
shorting and feed pins, as shown in FIG. 15. The same
arrangement is also applicable to an inverted-L. antenna
which does not have a grounding pin.
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[0071] In a different embodiment of the present invention,
the antenna is mechanically tuned by adjusting a capacitive
feed plate. As shown in FIG. 16, a capacitive feed plate 63 is
placed between the antenna element 10 and the ground plane
92. The capacitive feed plate 63 is connected to an extendable
feed pin 23 so that the distance between the capacitive feed
plate 63 can be mechanically adjusted by changing the length
of the extendable feed pin 23. In this arrangement, the
grounding pin 22 is optional. The feed pin can be extended,
stretched, or pulled to change it’s position relative to the
antenna element 10. In a different embodiment, the capacitive
coupling between the antenna element 10 and a metal para-
sitic element 30 can be changed by adjusting the placement of
a metal plate 66 between the antenna element 10 and the
parasitic element 30, as shown in FIGS. 17a and 1756. The
metal plate 66 can be moved in, out, up and down.

[0072] Inyet another embodiment of the present invention,
the antenna is mechanically tuned using a slidable capacitive
or galvanic connector. As shown in FIG. 184, the antenna
element 10 may be connected to shorting pin 22 to the ground
plane 92. A row of metal segments 15 are fixedly attached to
the antenna element 10. A slidable capacitive or galvanic
connector 160 is used to provide capacitive feed or galvanic
feed to the antenna element 10. As shown in FIG. 185, the
connector 160 comprises a rod made of an insulating material
and an electrically conductive core connected to a feed cable
24. The connector 160 further comprises one or more metal
patches 64 on the rod surface with each of the patches elec-
trically connected to the conductive core. The connector 160
can be moved by a mechanical device so that one or more of
the metal patches can make contacts to one or more metal
segments 15 to provide galvanic feed to the antenna element
10 at different contacting positions. Alternatively, the connec-
tor 160 is placed adjacent to the metal segments to provide
capacitive feed to the antenna element 10.

[0073] The tuning of the antenna can also be achieved by
mechanically tuning a ground plane as shown in FIGS. 19a
and 196. As shown in FIG. 194, aflexible tuning element such
as ametal strip 192 is located on a section of the ground plane
92. The shape of the metal strip 192 can be bent by a mechani-
cal device to change the coupling between the antenna ele-
ment 10 and the ground plane 92. In a diftferent embodiment,
the ground plane 92 has a slot 93 and a slidable metal plate
193 can be caused by a mechanical device to change the
physical characteristic and the operation of the slot 193, as
shown in FIG. 195.

[0074] The tuning of the antenna can also be achieved by
changing the coupling between different device parts of a
mobile phone, for example. In a clamshell phone 200 having
an upper part 202 and a lower part 204 rotatably coupled to
each other by a a mechanical hinge and electrically connected
by a flexible connector 210, a mechanically moveable metal
plate 67 is placed adjacent to the upper and lower parts in
order to change the coupling between the parts, as shown in
FIG. 20a. In a slide phone 201 having a slidable upper part
206 and a lower part 206 electrically connected to each other
by a flexible connector 212, a metal plate or a dielectric/
magnetic object 69 is disposed between the upper and lower
parts. The object 69 can be mechanically shifted in various
directions in order to change the coupling between the parts.
[0075] Inthe clamshell phone 200 or the slide phone 201 as
illustrated in FIGS. 20a and 2054, the relative movement
between the upper and lower parts can be used to change the
position of an antenna element. For example, in the clamshell
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phone 200 as shown in FIG. 21a, the antenna element 10 is
oriented such that its longitudinal axis is substantially parallel
to the hinge 211 when the phone is in a closed position. When
the phone is in an open position, it is possible to use a
mechanical device, such as a spring 230 to change the orien-
tation of the antenna element 10 in order to shift the frequency
bands of the phone or the operating impedance of the antenna
element. For example, the antenna element 10 can be caused
to change its orientation such that its longitudinal axis is
substantially perpendicular to the hinge 211.

[0076] In the embodiments where an actuator is caused to
bend in order to effect a change in the physical characteristic
of'a mechanically tuned antenna, it is desirable and advanta-
geous that one or two positions of the actuator can be locked
in order to maintain a certain tuned position of the antenna
while eliminating the need for supplying a continuous current
to the mechanical device that changes the position of the
actuator. For example, the actuator 62 (see FIGS. 4, 54, 56 and
8a) can be kept at a locked position by a spring clamp 82, as
shown in FIG. 22, when the actuator 62 is bent. To return to its
rest position, a negative voltage can be applied to the actuator
62 in order to force the actuator to move downward so that the
tip of the actuator slips off the spring clamp 82. The spring
clamp 82 can also be moved by another actuator or a motor to
release the locked actuator, as shown in FIG. 23a. FIG. 235
shows how a spring clamp 82 can be used to lock the move-
ment of a linear actuator 89. When it is desirable to have two
or more locked positions for the actuator, a multi-state spring
clamp 83 as shown in FIG. 24 can be used, for example.
Alternatively, bistable materials that lock in two different
states can be used, thereby eliminating the need of any lock-
ing mechanism.

[0077] A mechanically tunable antenna, according to vari-
ous embodiments of the present invention, can be used in a
mobile phone so that the same antenna can be used to cover
different frequency bands. FIG. 25 is a schematic represen-
tation of such a mobile phone. As shown in FIG. 25, the
mobile phone 300 has an upper part 312 and a lower part 314
to accommodate the circuit board 90. The mobile phone 300
comprises a keypad 330 and a display module 320 disposed
on the upper part 330. The mobile phone 300 has a mechani-
cally tunable antenna which comprises an antenna element 10
disposed on the circuit board 90. A mechanical device 80 is
disposed adjacent to the antenna element 10 to change the
physical characteristic of the antenna element 10 for tuning
the antenna. The mobile phone 300 also comprises an RF
front end 91 and a signal processor 93 on the circuit board.
The antenna element 10 can be caused to change it’s shape by
the mechanical device. Alternatively, the mechanical device
is used to change the coupling between the antenna element
and an adjacent object.

[0078] It should be noted that the metal plate that is placed
adjacent to an antenna element for tuning can be bent by using
an actuator or motor, for example. However, the metal plate
can be covered by an actuator so that the metal plate can be
bent along with the actuator. Furthermore, the coupling
between the antenna element and the metal plate can also be
changed by using an actuator having a changeable thickness
or an actuator having a changeable size and shape.

[0079] In sum, the present invention provides a method of
tuning a radio antenna for used in a communication device,
such as a mobile phone. In a radio antenna having at least one
radiating element, the method uses a mechanical device to
change the physical characteristic of the radiating element in
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relation to a ground plane in order to shift the frequency band
of'the radio antenna or to change the operating impedance of
the radiating element. In some embodiments, the method
comprises using the mechanical device to change the shape of
the radiating element. In other embodiments, the mechanic
device is used to shift a physical object or member disposed
adjacent to the radiating element in order to change the cou-
pling between the radiating element and that physical object
and/or to change the coupling between the radiating element
and a ground plane. The physical object can be an electrically
conducting strip, rod or plate, or can be made of a dielectric or
magnetic material. In a communication device having two or
more device parts, the relative position of the device parts can
be mechanically changed by a user and the changes in the
relative position can be used to affect the physical character-
istic of the antenna.

[0080] Mobile phones usually have antennas that are
required to cover many frequency bands. For example, the
GSM antenna may have to cover four bands, namely the two
European bands called GSM 900 (880-960 MHz) and GSM
1800 (1710-1880 MHz), and two US bands called GSM 850
(824-894 MHz) and GSM 1900 (1850-1990 MHz). It is
advantageous and desirable to provide an antenna which can
be tuned between two states, wherein the European state
covers GSM 900 and GSM 1800 and the US state covers
GSM 850 and GSM 1900, for example. It may be desirable to
cover other bands or protocols too, for example, CDMA,
PDC, WCDMA, BLUETOOTH, WLAN, HLAN, GPS,
WiMax, UWB, FM, RFID, DVB-H, DRM, DAB, AM and
other Cellular and Non-Cellular radio systems not mentioned
here. As well as mobile phones, other electronic devices, both
mobile and static, can benefit from the present invention as it
is applicable to all kinds of antenna implementations in a
variety of systems. Base Stations, Access Points, and other
electronic devices can use the various antenna assemblies of
the present invention to improve upon standard antenna
designs within a given space. This invention, although cen-
tered on the example of'a mobile phone implementation, is by
no means restricted to mobile phones.

[0081] Thus, although the present invention has been
described with respect to one or more embodiments thereof,
it will be understood by those skilled in the art that the fore-
going and various other changes, omissions and deviations in
the form and detail thereof may be made without departing
from the scope of this invention.

1-42. (canceled)

43. A radio antenna, comprising:

a radiating element electromagnetically coupled to a
ground plane, the radiating element having a shape,
wherein the radiating element is coupled to a mechanical
device for changing the shape.

44. A radio antenna according to claim 43, wherein the
radiating element comprises a first radiating segment con-
nected to a second radiating segment, forming a physical
relationship between the first radiating segment and the sec-
ond radiating segment, the physical relationship defining the
shape, and wherein the second radiating segment is coupled
to the mechanical device for changing the physical relation-
ship.

45. A radio antenna according to claim 43, wherein the
radiating element comprises a helical conducting element
having one end coupled to the ground plane, the helical con-
ducting element having a length defining the shape, and
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wherein the helical conducting element is coupled to a
mechanical device for changing the length.

46. A radio antenna according to claim 43, wherein the
radiating element comprises a linear conducting element hav-
ing one end coupled to the ground plane, the linear conduct-
ing element having a length defining the shape, and wherein
the linear conducting element is coupled to the mechanical
device for changing the length.

47. A radio antenna according to claim 43, further com-
prising a feed, wherein the radiating element is connected to
the ground plane via the feed.

48. A radio antenna according to claim 43, wherein the
radiating element comprises a flexible radiating segment hav-
ing an end tip and wherein the mechanical device is connected
to the end tip of the flexible radiating segment and the
mechanical device is configured to move the end tip towards
and away from the ground plane.

49. A radio antenna according to claim 43, wherein the
radiating element comprises a stationary first section and a
movable end section connected to the first section via a pivot
point, wherein the mechanical device is configured to rotate
the end section about the pivot point.

50. A communication device, comprising a radio antenna
as defined in claim 43.

51. A communication device according to claim 50, com-
prising a mobile terminal.

52. A radio antenna, comprising:

a radiating element electromagnetically coupled to a

ground plane; and

atuning element located adjacent to the radiating element,

the tuning element having a shape; wherein the tuning
element is coupled to a mechanical device for changing
the shape.
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53. A radio antenna according to claim 52, wherein the
radiating element comprises a planar segment located adja-
cent to and spaced from the ground plane, defining a gap
between the planar segment and the ground plane, wherein
the tuning element has a first end and an opposing second end,
at least the first end located in the gap, and wherein the first
end is coupled to the mechanical device to change the shape.

54. A radio antenna according to claim 52, wherein the
radiating element comprises a planar segment located adja-
cent to and spaced from the ground plane, defining a gap
between the planar segment and the ground plane, the planar
segment comprising a side edge, wherein the tuning element
has a first end and an opposing second end, the first end
located adjacent to the side edge, and wherein the first end is
coupled to the mechanical device for moving the first end in
and out of the gap.

55. A radio antenna according to claim 52, wherein the
tuning element is an actuator.

56. A radio antenna according to claim 55, wherein the
actuator is configured to bend and change shape to change the
coupling between the radiating element and the ground plane.

57. A radio antenna according to claim 55, further com-
prising a metal plate positioned between the radiating ele-
ment and the ground plane.

58. A radio antenna according to claim 57, wherein the
metal plate and actuator are mechanically interlinked.

59. A radio antenna according to claim 52, comprising a
feed, wherein the radiating element is connected to the
ground plane via the feed.

60. A communication device, comprising a radio antenna
as defined in claim 52.

61. A communication device according to claim 60, com-
prising a mobile terminal.

sk sk sk sk sk
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57 ABSTRACT

A multi-layer reactively loaded isolated magnetic (IMD)
dipole with improved bandwidth and efficiency characteris-
tics to be used in wireless communications and other appli-
cable systems. The multi-layer IMD antenna comprises a first
element positioned above a ground plane, a second element
positioned above a ground plane and coupled to the first
portion. Reactive components are integrated into one or both
elements to optimize the frequency response of the antenna.
The range of frequencies covered to be determined by the
shape, size, and number of elements in the physical configu-
ration of the components. Portions of or the entire ground
plane can be removed beneath the elements.
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MULTI-LAYER REACTIVELY LOADED
ISOLATED MAGNETIC DIPOLE ANTENNAA

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is related to commonly-owned co-
pending U.S. patent application Ser. No. 11/847,207, filed
Aug. 20, 2007, entitled “Antenna with Active Elements”; the
entire contents of which are hereby incorporated herein by
reference. This application is also related to commonly-
owned co-pending U.S. patent application Ser. No. 12/059,
346, filed Mar. 31, 2008 and entitled “Multilayer Isolated
Magnetic Dipole Antenna”; the entire contents of which are
hereby incorporated by reference. Additionally, this applica-
tion relates to U.S. Provisional Application Ser. No. 61/168,
550 filed Apr. 10, 2009, the entire contents of which are
hereby incorporated by reference.

FIELD OF THE INVENTION

[0002] The presentinventionrelates generally to the field of
wireless communication. In particular, the present invention
relates to antennas and methods of improving frequency
response and selection for use in wireless communications.

BACKGROUND OF THE INVENTION

[0003] As handsets and other wireless communication
devices become smaller and embedded with more applica-
tions, new antenna designs are required to address inherent
limitations of these devices. With classical antenna structures,
a certain physical volume is required to produce a resonant
antenna structure at a particular radio frequency and with a
particular bandwidth. In multi-band applications, more than
one such resonant antenna structure may be required. With
the advent of a new generation of wireless devices, such
classical antenna structure will need to cover wider band-
widths and maintain or increase efficiency across the entire
frequency range.

[0004] IMD (Isolated Magnetic Dipole) technology has
been developed over the past several years to provide superior
efficiency, isolation, and selectivity characteristics from
embedded antennas in small wireless devices. An IMD
antenna is designed to excite a magnetic dipole mode from a
metal structure in such a fashion as to minimize the fringing
fields typically generated between an antenna element and an
adjacent ground plane. A current is induced on the antenna
structure and a strong electric field is generated on the struc-
ture in the plane of the IMD element instead of a strong
fringing field to the ground plane. By minimizing the coupled
fields to the ground plane, with the circuit board of a wireless
device taking the place of the ground plane, improved effi-
ciency and isolation can be obtained. Single and multi-reso-
nant elements can be created to address a wide range of
frequency bands.

[0005] This patent application involves the use of a second
conductive element coupled to an antenna element to improve
frequency bandwidth. Lumped components such as capaci-
tors and inductors can be attached to either conductive ele-
ment and used to increase the bandwidth or shift the fre-
quency of operation. Active components can be used to
dynamically tune the antenna. The present invention
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addresses the need to create more efficient antennas with a
higher bandwidth adaptable to fit within present device
designs.

SUMMARY OF THE INVENTION

[0006] In one embodiment of the invention, a multi-layer,
reactively loaded IMD antenna pertains to improved methods
of exciting a structure and setting up the IMD mode. The
concept involves placing a conductor in close proximity to the
slot or conductive regions of an IMD antenna to create a
reactive section capable of increasing the bandwidth of the
IMD antenna. The conductor can be capacitively coupled to
the IMD antenna or can be connected to a portion of the IMD
antenna. Lumped reactance in the form of capacitors and/or
inductors can be incorporated into the antenna structure, to
both the driven element and/or the coupled element, to pro-
vide additional adjustment to the frequency response.
Increases in both efficiency and bandwidth have been docu-
mented from this technique which more efficiently utilizes
the volume that the antenna occupies.

[0007] Another embodiment of the invention implemented
is similar to the first technique except that the capacitive
element coupled across a portion of the IMD antenna is
directly grounded to the ground plane or is connected to
ground using lumped or distributed reactance.

[0008] Another embodiment of the invention that can be
implemented involves replacing the reactive component
coupled to an IMD antenna with an active component. The
active component can be any one or more of voltage con-
trolled tunable capacitors, voltage controlled tunable phase
shifters, FET’s, switches, MEMs device, transistor, or circuit
capable of exhibiting ON-OFF and/or actively controllable
conductive/inductive characteristics. The active component
will provide the ability to change the frequency response of
the antenna in real time, allowing for a continuous optimiza-
tion of the antenna as the required frequency of operation
changes.

[0009] The active component will provide the ability to
change the frequency response of the antenna in real time,
allowing for a continuous optimization of the antenna as the
required frequency of operation changes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 illustrates an exemplary isolated magnetic
dipole (IMD) antenna comprised of an IMD element with a
second element positioned beneath it.

[0011] FIG. 2 illustrates an exemplary frequency character-
istic associated with the antenna of F1IG. 1. The solid line is the
frequency response of the IMD element with second element.
The dashed line is the frequency response of the IMD element
only.

[0012] FIG. 3 illustrates the antenna of FIG. 1 with a por-
tion of the ground plane removed from beneath the antenna.
[0013] FIG. 4 illustrates an IMD antenna where a portion of
the IMD element is disconnected from the rest of the element,
and a component is used to attach the two parts. The compo-
nent or components used to connect the two portions can
include capacitors, inductors, resistors, diodes, active com-
ponents, or switches. These components provide a method of
optimizing the frequency response of the antenna.

[0014] FIG. 5illustrates an exemplary frequency character-
istic associated with the antenna of F1G. 4. The solid line is the
frequency response of the IMD antenna prior to attaching the
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reactive component. The dashed line is the frequency
response of the IMD antenna after disconnecting a portion of
the element and re-attaching using a reactive component.

[0015] FIG. 6 illustrates an IMD antenna where a portion of
the IMD element is disconnected from the rest ofthe element,
and a component is used to attach the two parts. A portion of
the second element is disconnected from the rest of the ele-
ment, and a component is used to attach the two parts. The
component or components used to connect the two portions
can include capacitors, inductors, resistors, diodes, active
components, or switches. These components provide a
method of optimizing the frequency response of the antenna.

[0016] FIG.7illustrates an exemplary frequency character-
istic associated with the antenna of FIG. 6. The solid line is the
frequency response of the IMD antenna prior to attaching the
reactive components to the IMD element and the second
element. The dashed line is the frequency response of the
IMD antenna after disconnecting a portion of each element
and re-attaching using a reactive component. Proper selection
of'the components allow for the shifting of the low frequency
resonance and the increase in bandwidth of the high fre-
quency resonance.

[0017] FIG. 8 illustrates an IMD antenna where a portion of
both the IMD element and the second element is disconnected
and components are installed to re-connect the parts. Addi-
tionally, components are positioned between the ground leg
of the IMD element and the ground plane, as well as the
second element and the ground plane. These additional com-
ponents provide additional tuning mechanisms for the
antenna.

[0018] FIG. 9 illustrates an IMD antenna where the IMD
element is disconnected at several locations, with the indi-
vidual parts re-connected by using components. The second
element is disconnected and components are installed to re-
connect the parts. Additionally, components are positioned
between the ground leg of the IMD element and the ground
plane, as well as the second element and the ground plane.
These additional components provide additional tuning
mechanisms for the antenna.

[0019] FIG. 10 illustrates an IMD antenna where the IMD
element is disconnected at several locations, with the indi-
vidual parts re-connected by using components. Multiple ele-
ments are positioned in close proximity to the IMD element,
One or several of the elements are disconnected and compo-
nents are installed to re-connect the parts. Additionally, com-
ponents are positioned between the ground leg of the IMD
element and the ground plane, as well as one or several of the
other elements. These additional components provide addi-
tional tuning mechanisms for the antenna.

[0020] FIG. 11 illustrates an IMD antenna where one of the
components is an active component. The active component
will provide the ability to tune the antenna during operation.
The active tuning component can be any one or more of
voltage controlled tunable capacitors, voltage controlled tun-
able phase shifters, FET’s, switches, MEMs device, transis-
tor, or circuit capable of exhibiting ON-OFF and/or actively
controllable conductive/inductive characteristics.

[0021] FIG. 12 illustrates an exemplary frequency charac-
teristic associated with the antenna in FIG. 11. The low band
frequency response can be varied by tuning the active com-
ponent.

[0022] FIG. 13 illustrates an IMD antenna where the sec-
ond element is positioned above the IMD element.
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[0023] FIG. 14 illustrates an IMD antenna where a conduc-
tive element is attached to one portion of the IMD element and
a component is used to attach the other end of the conductive
element to another portion of the IMD element. The overlap
section forms a capacitively coupled region that can be used
to increase the bandwidth of the antenna as well as adjust the
frequency response.

[0024] FIG. 15aq illustrates an IMD antenna where a con-
ductive element is attached to one portion of the IMD element
using a component. The overlap section forms a capacitively-
coupled region that can be used to increase the bandwidth of
the antenna as well as adjust the frequency response. The
component can be used to alter the frequency response of the
antenna.

[0025] FIG. 155 illustrates an IMD antenna where a con-
ductive element is positioned to couple across the main slot.
A component is used to attach the conductive element to a
portion of the IMD element. The overlap section forms a
capacitively-coupled region that can be used to increase the
bandwidth of the antenna as well as adjust the frequency
response. The component can be used to alter the frequency
response of the antenna.

[0026] FIG. 16 illustrates methods of connecting one or a
plurality of conductive elements across the slot region of an
IMD antenna, or across a discontinuity formed when portions
of'an IMD antenna are disconnected.

[0027] While particular embodiments of the present inven-
tion have been disclosed, it is to be understood that various
different modifications and combinations are possible and are
contemplated within the true spirit and scope of the appended
claims. There is no intention, therefore, of limitations to the
exact abstract and disclosure herein presented.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0028] In the following description, for purposes of expla-
nation and not limitation, details and descriptions are set forth
in order to provide a thorough understanding of the present
invention. However, it will be apparent to those skilled in the
art that the present invention may be practiced in other
embodiments that depart from these details and descriptions.
[0029] In a general embodiment of the invention, an
antenna comprises one or more antenna elements having a
feed and ground connection and positioned over a ground
plane. One or more of the antenna elements can further com-
prise a first portion, a second portion and a gap or disconnec-
tion therebetween. A bridge component can connect the first
portion and second portion at the gap. The bridge component
can be any one of: a capacitor, inductor, resistor, diode, active
component, or a switch. The bridge component can be used to
optimize the frequency response of the antenna.

[0030] The antenna element can be limited to one gap
between a first portion and a second portion. Alternatively, the
antenna element can have multiple gaps between a plurality
of'portions. In the above example, an antenna element has two
portions (a first portion and a second portion) and one gap
therebetween. In another example an antenna element can
have three portions and two gaps therebetween. In yet another
example an antenna element can have four portions and three
gaps therebetween. Generically, any number of portions can
be represented by “N” portions. Likewise, any number of
associated gaps between N portions can be represented by
(N-1), such that an antenna element will comprise N portions
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and (N-1) gaps therebetween, wherein N is a positive integer
greater than 1;1.e.2,3,4,5,6, ..., etc.

[0031] In a similar embodiment, a plurality of antenna ele-
ments each individually comprise N portions and (N-1) gaps
therebetween, wherein one or more bridge components con-
nect a first portion and a second portion at each of the gaps.
[0032] Antenna elements can be one of: a monopole,
dipole, IFA (inverted F antenna), and PIFA (planar inverted F
antenna). Alternatively, any antenna element known in the art
can be adequately used in to achieve substantially the same
results in substantially the same way as disclosed herein.
[0033] Feed and ground connections can be connected
using a bridge component to further optimize the frequency
response of the antenna.

[0034] Combinations of the above examples will lead one
having ordinary skill in the art to understand many variations
which may not be fully described here in detail, however will
be readily understood by the specification and figures herein
and enabled without undue experimentation.

[0035] FIG. 1 illustrates an exemplary isolated magnetic
dipole (IMD) antenna comprised of an IMD element 1 with a
second element 2 positioned beneath it. Both elements are
positioned above a ground plane 3.

[0036] FIG. 2 illustrates an exemplary frequency character-
istic associated with the antenna of FIG. 1. The dashed line 6
is the frequency response of the IMD element only. The solid
line 7 is the frequency response of the IMD element with
second element. The addition of the second element results in
the second resonance in the high band frequency response,
which results in increased bandwidth.

[0037] FIG. 3 illustrates an exemplary isolated magnetic
dipole (IMD) antenna comprised of an IMD element 6 with a
second element 7 positioned beneath it. Both elements are
positioned above a ground plane 8, where a portion of the
ground plane beneath the elements has been removed.
[0038] FIG.4 illustrates an IMD antenna where a portion of
the IMD element 16 is disconnected from the rest of the
element 15, and a component 19 is used to attach the two
parts. The component or components used to connect the two
portions can include capacitors, inductors, resistors, diodes,
active components, or switches. These components provide a
method of optimizing the frequency response of the antenna.
A second element 17 is positioned beneath the first element,
with the entire antenna positioned above a ground plane 18.

[0039] FIG.5illustrates an exemplary frequency character-
istic associated with the antenna of FIG. 4. The solid line 20
is the frequency response of the IMD antenna prior to attach-
ing the reactive component. The dashed line 21 is the fre-
quency response of the IMD antenna after disconnecting a
portion of the element and re-attaching using a reactive com-
ponent. Proper component type and value selection can be
made to affect the desired frequency response from the
antenna.

[0040] FIG. 6 illustrates an IMD antenna where a portion of
the IMD element 22 is disconnected from the rest of the
element 23, and a component 24 is used to attach the two
parts. A portion of the second element 25 is disconnected
from the rest of the element 26, and a component 27 is used to
attach the two parts. The component or components used to
connect the two portions can include capacitors, inductors,
resistors, diodes, active components, or switches. These com-
ponents provide a method of optimizing the frequency
response of the antenna.
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[0041] FIG. 7 illustrates an exemplary frequency character-
istic associated with the antenna of FIG. 6. The solid line 28
is the frequency response of the IMD antenna prior to attach-
ing the reactive components to the IMD element and the
second element. The dashed line 29 is the frequency response
of the IMD antenna after disconnecting a portion of each
element and re-attaching using a reactive component. Proper
selection of the components allow for the shifting of the low
frequency resonance and the increase in bandwidth of the
high frequency resonance.

[0042] FIG. 8 illustrates an IMD antenna where a portion of
both the IMD element and the second element is disconnected
and components are installed to re-connect the parts. Addi-
tionally, components are positioned between the ground leg
30 ofthe IMD element and the ground plane 31, as well as the
second element 32 and the ground plane 31. By coupling
additional components at the ground junction, additional
optimization of antenna performance over a wider frequency
range can occur.

[0043] FIG. 9 illustrates an IMD antenna where the IMD
element 33 is disconnected at several locations, with the
individual parts re-connected by using components 34. The
second element 35 is disconnected and components 36 are
installed to re-connect the parts. Additionally, components 37
are positioned between the ground leg 38 of'the IMD element
and the ground plane 39, as well as the second element 35 and
the ground plane 39. These additional components provide
additional tuning mechanisms for the antenna.

[0044] FIG. 10 illustrates an IMD antenna where the IMD
element is disconnected at several locations, with the indi-
vidual parts re-connected by using components as shown in
FIG. 9. Multiple elements 40, 41, and 45 are positioned in
close proximity to the IMD element. One or several of the
elements are disconnected and components 42 are installed to
re-connect the parts. Additionally, components 43 are posi-
tioned between the ground leg of the IMD element and the
ground plane, as well as one or several of the other elements.
These additional components provide additional tuning
mechanisms for the antenna.

[0045] FIG. 11 illustrates an IMD antenna where one of the
components is an active component 45. The active compo-
nent will provide the ability to tune the antenna during opera-
tion. The active tuning component can be any one or more of
voltage controlled tunable capacitors, voltage controlled tun-
able phase shifters, FET’s, switches, MEMs device, transis-
tor, or circuit capable of exhibiting ON-OFF and/or actively
controllable conductive/inductive characteristics.

[0046] FIG. 12 illustrates an exemplary frequency charac-
teristic associated with the antenna in FIG. 11. The traces
labeled 60, 61, and 62 show the frequency response varying
over the lower resonance as the characteristics of the active
component on the antenna is varied. The low band frequency
response can be varied by tuning the active component.
[0047] FIG. 13 illustrates an IMD antenna where the sec-
ond element 46 is positioned above the IMD element.
[0048] FIG. 14 illustrates an IMD antenna where a conduc-
tive element 47 is attached to one portion of the IMD element
and a component 48 is used to attach the other end of the
conductive element to another portion of the IMD element.
The overlap section forms a capacitively coupled region that
can be used to increase the bandwidth of the antenna as well
as adjust the frequency response.

[0049] FIG. 15aq illustrates an IMD antenna where a con-
ductive element 49 is attached to one portion of the IMD
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element using a component 50. The overlap section forms a
capacitively-coupled region 51 that can be used to increase
the bandwidth of the antenna as well as adjust the frequency
response. The component can be used to alter the frequency
response of the antenna.

[0050] FIG. 155 illustrates an IMD antenna where a con-
ductive element 52 is positioned to couple across the main
slot. A component 53 is used to attach the conductive element
to a portion of the IMD element. The overlap section forms a
capacitively-coupled region 54 that can be used to increase
the bandwidth of the antenna as well as adjust the frequency
response. The component can be used to alter the frequency
response of the antenna.

[0051] FIG. 16 illustrates methods of connecting one or a
plurality of conductive elements across the slot region of an
IMD antenna, or across a discontinuity formed when portions
of an IMD antenna are disconnected.

[0052] While particular embodiments of the present inven-
tion have been disclosed, it is to be understood that various
different modifications and combinations are possible and are
contemplated within the true spirit and scope of the appended
claims. There is no intention, therefore, of limitations to the
exact abstract and disclosure herein presented.

What is claimed is:

1. An antenna, comprising;

an IMD element positioned above a ground plane,

a second element positioned above a ground plane in prox-

imity with said IMD element,

said IMD element comprising a feed and ground connec-

tion and being connected to one of a transceiver or a
receiver,

said second element having a first end and a second end,

wherein said second element is connected to said ground

plane at said first end, and

wherein said second element is capacitively coupled to said

IMD element at said second end.

2. The antenna of claim 1, wherein a space between said
IMD element and said second element is occupied by air.

3. The antenna of claim 1, wherein a space between said
IMD element and said second element is occupied by a
dielectric.

4. The antenna of claim 1, wherein the ground plane is at
least partially removed from an area beneath the IMD
antenna.

5. The antenna of claim 1, where said second element is an
IMD element.
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6. The antenna of claim 1, wherein said second element is
selected from the group consisting of: a monopole, dipole,
IFA (inverted F antenna), and PIFA (planar inverted F
antenna).

7. The antenna of claim 1, said IMD element having a first
portion, a second portion and a gap therebetween, wherein a
bridge component connects said first portion to said second
portion.

8. The antenna of claim 7, wherein said bridge component
is selected from the group consisting of: a capacitor, inductor,
resistor, diode, active component, or a switch.

9. The antenna of claim 8, wherein said bridge component
is capable of optimizing the frequency response of the
antenna.

10. The antenna of claim 1, said IMD element having N
portions and (N-1) gaps therebetween; wherein N is a positive
integer greater than 1, and wherein one or more bridge com-
ponents connect said portions at said gaps.

11. The antenna of claim 10, wherein said bridge compo-
nents are individually selected from the group consisting of:
a capacitor, inductor, resistor, diode, active component, or a
switch.

12. The antenna of claim 11, wherein at least one of said
bridge components is capable of optimizing the frequency
response of the antenna.

13. The antenna of claim 1, said second element having N
portions and (N-1) gaps Therebetween; wherein N is a posi-
tive integer greater than 1, and wherein one or more bridge
components connect said portions at said gaps.

14. The antenna of claim 13, said IMD element having N
portions and (N-1) gaps therebetween; wherein N is a positive
integer greater than 1, and wherein one or more bridge com-
ponents connect said portions at said gaps.

15. The antenna of claim 1, wherein a bridge component
connects said second element to said ground plane.

16. The antenna of claim 1, wherein a bridge component
connects said IMD element to said ground plane.

17. The antenna of claim 1, said antenna comprising three
or more antenna elements, said antenna elements selected
from the group consisting of: a monopole, dipole, IFA (in-
verted F antenna), and PIFA (planar inverted F antenna),
wherein a plurality of antenna elements are positioned in
proximity to and coupled with said IMD element.

18. The antenna of claim 17, wherein at least one of said
antenna elements comprises a first portion, a second portion
and a gap therebetween, wherein a bridge component con-
nects said first portion to said second portion at said gap.

sk sk sk sk sk
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ABSTRACT

A semiconductor patch antenna for microwave radiation hav-
ing a wide pin-junction or pn-junction with the depletion
region or embodiments having a separating buried oxide
(Si0,) layer between p- and n-doped regions as the natural
resonator volume. Embodiments that do not include a metal
ground plane and/or a metal patch are disclosed.
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Direct pn-junction. The antenna gap is the depletion layer width
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SEMICONDUCTOR PATCH ANTENNA

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority to U.S. Pro-
visional Application No. 61/168,119 filed Apr. 9, 2009
entitled SEMICONDUCTOR PATCH ANTENNA, which is
incorporated herein in its entirety by reference.

BACKGROUND

[0002] The present teachings relate generally to high-fre-
quency radiators and, more particularly, to microstrip patch
antennas.

[0003] Antennas have been integrated on to silicon wafers.
Examples of different classes of doing so include:

[0004] 1. At GHz frequencies, conventional metal
patches and strips with switching diodes have beenused;

[0005] 2. At mm-wave frequencies, deposited metal spi-
rals and tapered-slot antennas with long metal wings
have been used;

[0006] 3. In the THz frequency range, the conventional
approach has also used a metal antenna. Problems with
metal antennas in the THz band include weak coupling
with the on-chip mixer or rectifier; and

[0007] 4. Recently, Dielectric Resonator Antennas
(“DRA”) on silicon have been suggested at 60 GHz and
realized at 7.5 GHz.

[0008] At least one problem associated with such antennas
is the coupling loss behavior. As the operating frequency
approaches the mm-wave and THz range, coupling loss at the
interface to conventional antennas becomes more critical,
especially when additional components are required for func-
tions such as tuning and impedance matching. Other prob-
lems include trying to make an antenna dynamically tunable.
As the frequency increases to mm-waves and THz frequen-
cies, the potential antenna tenability becomes vital for proper
impedance matching.

[0009] Whatis needed is a better antenna to solve these and
other problems.

SUMMARY
[0010] The needs set forth herein as well as further and

other needs and advantages are addressed by the present
embodiments, which illustrate solutions and advantages
described below.

[0011] The system of the present embodiment includes, but
is not limited to, a patch antenna for microwave radiation
comprising a wide semiconductor pn-junction having the
depletion region as the natural resonator volume.

[0012] Other embodiments are described in detail below
and are also part of the present teachings.

[0013] For a better understanding of the present embodi-
ments, together with other and further aspects thereof, refer-
ence is made to the accompanying drawings and detailed
description and its scope will be pointed out in the appended
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a perspective view of a graph showing a
wide semiconductor pn-junction and depletion region;
[0015] FIG.2A is a schematic illustration depicting a metal
transmission line half-wave resonator;
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[0016] FIG. 2B is a schematic illustration depicting a semi-
conductor transmission line half-wave resonator;

[0017] FIGS. 3A, 3B, and 3C are schematic illustrations
depicting three embodiments of the semiconductor patch
antenna,

[0018] FIG. 4 is a schematic illustration depicting semicon-
ductor patch antenna radiation;

[0019] FIG. 5 is a schematic illustration depicting one
embodiment of the CMOS realization of the semiconductor
patch antenna;

[0020] FIG. 6A is a schematic illustration depicting inter-
facial roughness distribution for a metal antenna;

[0021] FIG. 6B is a schematic illustration depicting inter-
facial roughness distribution for a semiconductor patch
antenna,

[0022] FIG. 7 is a schematic illustration depicting one
embodiment of the semiconductor patch antenna and an inte-
grated pn-junction diode;

[0023] FIG. 8 is an electrical schematic diagram depicting
the corresponding circuit model for FIG. 7;

[0024] FIGS. 9a-9¢ show, for one embodiment of these
teachings, a)—Doping profiles; b)—free carrier concentra-
tions; c)—electric potential, d)—charge density, and
e)—electric field for the pin junction with N,=N ,~4x10"°
cm™>, and the i-layer width of 200 um; The bias voltage is
-1000V;

[0025] FIGS. 10a-10e show, for the same embodiment are
in FIGS. 9a-9¢, the same data as in FIGS. 94-9¢, but for the
forward-bias voltage of +0.6V.

[0026] FIG. 11 is a photograph of one embodiment of the
semiconductor patch antenna; and

[0027] FIG. 12 is a graph showing the typical S, | measure-
ment result (return loss) fora 20x13 mm semiconductor patch
antenna.

DETAILED DESCRIPTION

[0028] The present teachings are described more fully here-
inafter with reference to the accompanying drawings, in
which the present embodiments are shown. The following
description is presented for illustrative purposes only and the
present teachings should not be limited to these embodi-
ments.

[0029] As discussed above, the existing classes of antennas
integrated into silicon wafers have many problems. These
include coupling loss behavior, which becomes more critical
as the operating frequency approaches the mm-wave and THz
range, as well as the ability to dynamically tune the antenna,
which is vital for the proper impedance matching as the
frequency increases to mm-waves and THz frequencies.
These existing classes, however, do not suggest the use of a
semiconductor pn junction as an antenna type.

[0030] The present teachings relate to a semiconductor
patch antenna. This may be used for microwave radiation, in
one instance from about 50 GHz to about 1 THz, although not
limited thereto. The semiconductor patch antenna uses non-
traditional highly-doped semiconductor pin junction-based
(in some embodiments, pn junction based) transmission lines
instead of a traditional metal transmission lines. Embodi-
ments that do not include a metal ground plane and/or a metal
plate are within the scope of these teachings.

[0031] The resonating volume of the semiconductor patch
antenna is the depletion region of the pin-junction (in some
embodiments, the pn junction) with the low carrier concen-
tration, e.g., the low loss tangent and a low absorption. The
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antenna is integrated into a silicon (“’Si”) or Gallium Arsenide
(“GaAs”) wafer, although not limited thereto. A semiconduc-
tor patch antenna so constructed may be used at GHz frequen-
cies, formm waves, or for THz radiation, although not limited
thereto.

[0032] The semiconductor composition includes the p- and
n-doping specimens with doping concentrations (both donor
and acceptor) on the order of approximately 10*8-10%° cm=2,
although not limited thereto. The semiconductor patch
antenna may use the pin-junction, or the pn-junction with a
thin buried oxide layer or, in some embodiments, the pn-
junction, although not limited thereto. In the embodiments
analyzed to date, semiconductor patch antennas utilizing the
pin junction exhibit higher efficiency, which is a desirable
characteristic.

[0033] Referring now to FIG. 1, shown is a perspective
view of a graph showing a wide semiconductor pn junction
100. The pn-junction 100 includes the metallurgical junction
of the heavily-doped p-side (also referred to as a p-doped
layer) 101 and the heavily-doped n-side (also referred to as an
n-doped layer) 102 and the depletion region in the middle of
the pn-junction 100. One advantage of the semiconductor
patch antenna is that it is tunable by changing the applied
reverse-bias voltage. (The applied reverse-bias voltage is
applied by connecting a DC voltage source between the
p-doped region and the n-doped region, in a manner similar to
the applied bias voltage in a pn diode.) Another aspect of the
semiconductor patch antenna of these teachings is the use of
the depletion region of a semiconductor pn-junction 100 (or
similarly pin structure or p-oxide-n structure) for signal trans-
mission in the direction along, but not across, the pn-junction
100 (or similarly pin structure or p-oxide-n structure).
Although FIG. 1 refers to a pn junction, a similar figure and
description corresponds to a pin junction. (In the pin junction,
there is an intrinsic Si (silicon) (an intrinsic semiconductor)
layer between the p-side and the n-side.)

[0034] Since the depletion region is free of charge carriers
at zero and negative bias voltages, it possesses a very low
conductivity (and a low loss tangent) on the order of intrinsic
silicon. At the same time, it has a certain static depletion
capacitance per unit length 103, much as the parallel-plate
transmission line has a distributed static capacitance.

[0035] A further aspect of the semiconductor patch antenna
of these teachings is use of the wide depletion region at the
pn-junction 100, or, similarly, of a pin-junction, as a trans-
mission line. The depletion region has two necessary ingre-
dients of a transmission line: 1) a lengthy carrier-free region
between two high carrier-concentration zones (conductors);
and, 2) an appreciable depletion capacitance per unit length
103. It is noted that the static (immovable doping ions)
charges also exist along that transmission line. Since the
charges are fixed in the lattice, this does not preclude RF
transmission line operation.

[0036] Referring now to FIG. 2A, shown is a schematic
illustration depicting a metal transmission line half-wave
resonator. This is shown to compare with the half-wave reso-
nator in FIG. 2B. Referring now to FIG. 2B, shown is a
schematic illustration depicting a semiconductor transmis-
sion line half-wave resonator. Once the transmission line is
created, a half-wave transmission-line resonator 104 can be
established on the base of that line. Such a half-wave resona-
tor is similar to the metal half-wave resonator shown in FIG.
2A.
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[0037] The semiconductor patch antenna of these teachings
replaces the upper metal patch (of conventional patch anten-
nas) 202 (shown in FIG. 2A) with a n-side 102 (shown in F1G.
1) semiconductor patch 208. It also replaces the lower metal
ground plane (of conventional patch antennas) 206 (shown in
FIG. 2A) with a p-side 101 semiconductor ground plane 204.
The substrate is the depletion region 100. The oscillating
electric field 107 is concentrated within the depletion region
100. The p- and n-doped regions of the semiconductor ground
plane 204 and semiconductor patch 208 may be interchanged.
[0038] Referring now to FIGS. 3A, 3B, and 3C, shown are
schematic illustrations depicting three embodiments of the
semiconductor patch antenna, although the present teachings
are not limited to these specific embodiments. FIG. 3A shows
the semiconductor patch antenna with the direct depletion
region 100 corresponding to FIG. 2B. FIG. 3B shows another
embodiment in which the depletion region 100 has a thin
layer of intrinsic Si (intrinsic semiconductor), i.e., it becomes
the pin-junction. FIG. 3C shows a still further embodiment in
which the depletion region 100 has a thin oxide layer. In
FIGS. 3B and 3C, the depletion region 100 has a width con-
siderably larger than the width of either the intrinsic Si or the
Si dioxide.

[0039] Referring now to FIG. 4, shown is a schematic illus-
tration depicting semiconductor patch antenna radiation.
When the n-side 102 radiating patch is made smaller than the
p-side 101 ground plane, the radiation pattern has the main
beam which may have its maximum at the zenith as shown.
[0040] Referring now to FIG. 5, shown is a schematic illus-
tration depicting one embodiment of the CMOS realization of
the semiconductor patch antenna. Shown are metal electrodes
501. In this example, although not limited thereto, the semi-
conductor patch antenna is operating at approximately 20
GHz and the doping concentrations (both donor and acceptor)
are approximately 10'®-10°° cm™. An advantage of the semi-
conductor patch antenna is that it is tunable by changing the
applied reverse-bias voltage. (The reverse bias voltage is
applied by a DC voltage source applied between the p-doped
region and the n-doped region, in a manner similar to the DC
voltage across a pn diode.) Specifically, the bias voltage
changes the depletion capacitance per unit length 103 (shown
in FIG. 1) and the antenna input impedance. The impedance
mismatch can thus be controlled simply by the DC bias volt-
age. However, the resonant frequency is still primarily deter-
mined by the size of the n-side 102 semiconductor patch 208
(shown in FIG. 2B).

[0041] Referring now to FIG. 6A, shown is a schematic
illustration depicting interfacial roughness distribution for a
metal antenna. Another advantage of the semiconductor patch
antenna, in addition to reduction of coupling losses, is a
reduction of the inherent losses in the antenna itself Current
flow occurs in a more uniform region of material than with a
metal patch antenna. The distribution of mobile charges 602
is represented by the shaded regions near the metal-dielectric
interface. At high frequencies (e.g., above the 8-12 GHz
X-band, etc.), current flow occurs in a region of dielectric
junction surface roughness 105, which leads to higher losses
than would be expected from the bulk metal conductivity.

[0042] Referring now to FIG. 6B, shown is a schematic
illustration depicting interfacial roughness distribution for a
semiconductor patch antenna. This is shown for comparison
with the metal antenna interfacial roughness distribution in
FIG. 6A. For the semiconductor patch antenna, the mobile
charges 602 are located at the boundary of the depletion
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region 100 (shown in FIG. 1), away from any metallurgical
junction surface roughness 106. Current flows in a more
uniform region, with higher conductivity characteristic of
bulk material, and therefore reduced loss.

[0043] The tunability of the semiconductor patch antenna
of these teachings is enabled by the changes in the channel
width (or in the depletion layer width) due to the applied
voltage. These changes may reach up to 100% and more for
an embodiment utilizing a pn-junction. For wide channels of
the type p+in+ (“pin”) or p+iSiO2in+ (pn-junction with a thin
buried oxide layer) the tunability approximately reduces by
the factor of approximately d/D where d is the (effective)
depletion layer width and D is the thickness of the interme-
diate intrinsic layer and/or the passivation layer. The deple-
tion layer d still exists at the p+i and in+junctions; it is
affected by the applied bias voltages similar to the ordinary
pn-junction depletion layer. In one embodiment utilizing the
pin junction, the estimated resulting resonant frequency
change is on the order of 0.1%. Although this number appears
to be very small, it may be quite sufficient for fine antenna
tuning in the band 50 GHz-1 THz.

[0044] Referring now to FIG. 7, shown is a schematic illus-
tration depicting one embodiment of the semiconductor patch
antenna and an integrated pn-junction diode 701. The semi-
conductor antenna may be integrated with a rectifier/mixer
pn-junction diode 701. However, the speed of the pn-junction
diode 701 may be slow. Therefore, integration with a Schot-
tky barrier diode may be possible, with its rectifying charac-
teristics, lower junction voltage, and decreased (almost non-
existent) depletion width.

[0045] Referring now to FIG. 8, shown is an electrical
schematic diagram depicting the corresponding circuit model
for FIG. 7. The semiconductor patch antenna may be inte-
grated with a rectifier diode as shown for THz frequencies,
but not limited thereto.

[0046] Some exemplary embodiments of these teachings,
these teachings not being limited only to those exemplary
embodiments, are described herein below.

[0047] A Pin-junction Antenna

[0048] In one embodiment, the channel width is extended
by either using the pin-junction instead of the pn-junction, or
aseparating buried oxide (Si0,) layer between p-and n-doped
regions. In terms of the extended channel width, the pin
junction embodiment has more adaptability than the pn-junc-
tion embodiment. The typical pin-junction includes a layer of
intrinsic (or compensated) Si between p- and n-doped
regions. The built-in voltage is again given by

NaoNpo
Pbi = Vrlﬂ(T]

i

[0049] When the intrinsic layer is sufficient thickness, and
the doping concentrations are sufficiently high, the particular
value of the negative bias voltage has led us influence on the
width of the depletion region, which now includes the i-re-
gion, and two small carrier-free regions on either side of the
pin-junction. This is in contrast to the pn-junction where the
applied bias voltage largely influences the width of the deple-
tion region.

[0050] As an example, FIGS. 9a-9¢ show the carrier pro-
files (numerical simulation) and the associated static electric
parameters for a wide pin-junction with the following param-
eters;
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[0051] i N,and N, of4x10' cm =3, ®,,=0.79V
[0052] ii. i-region width of 200 pm;
[0053] iii. doping profiles of 30 um in width (given by a

raised cosine).

[0054] Approximation of the electric field region described
in B. R. Chawla and H. K. Gummel, “Transition region
capacitance of diffused p-n junctions,” IEEE Trans. on Elec-
tron Devices, vol. ED-18, no. 3, March 1971, pp. 178-195,
which is incorporated by reference herein in its entirety, was
used to model the pin-junction. FIG. 9a shows the corre-
sponding doping profiles, FIG. 95—the free-carrier profiles,
FIG. 9¢ gives the electric potential distribution, FIGS. 94, e
show charge density and the electric field distribution, respec-
tively. The applied bias voltage is about —1000V.

[0055] The (large) reverse-bias voltage slightly widens the
depletion region (the i-region) as seen in FIG. 95. For larger
terminal doping concentrations, this effect becomes less pro-
found, but it increases for smaller doping concentrations. The
carrier concentration in the entire depletion region is close to
the intrinsic concentration, n~1x10'° cm™.

[0056] However, a positive bias voltage leads to a flood of
free carriers into the intrinsic region so that this region
becomes conducting, quite similar to the depletion region of
the pn-junction. As an example, FIGS. 104-10e show the
same pin junction profiles as in FIGS. 9a-9¢, but for the
forward bias voltage of +0.6V, which is slightly less than the
built-in voltage 0of 0.79V. One can see very significant carrier
concentrations in the intrinsic region, both of them are equal
to 1.0x10** cm™>. The solution in FIGS. 10a-10e ignores
carrier recombination in the depletion region. The larger the
width of the intrinsic Si layer is the better antenna efficiencies
can be obtained. Si power pin diodes may have a large width
of the intrinsic or compensated Si. As a base example we
consider an experimental wide pin-junction, from M. Isberg,
P. Jonsson, N. Keskitalo, F. Masszi, and. H. Bleicher, “Physi-
cal models in device simulation of SI power pin diodes for
optimal fitting of simulation results to measured data,” Com-
pel (Int. Journal for Computation and Mathematics in Elec-
trical and Electronic Engineering), vol. 16, no. 3, 1997, pp.
144-156 which is incorporated by reference herein in its
entirety, that has

[0057] 1. the width of the intrinsic (strictly speaking, n™)

region h of 370 pm;
[0058] ii. N, and N, of 4x10'® cm™ (resistivities of
0.0018 and 0.0028 Q-cm, respectively);
[0059]

[0060] The efficiency was calculated for the square patch
(W=L). The antenna height is exactly the width ofthe i-Si (or
weakly-doped Si) region (370 um). The minimum antenna
thickness and is 370 pm plus twice the skin layer width from
either side. The calculations are assembled in a MATLAB
script. From the results of the calculations, it can be con-
cluded that, for the embodiment presentable, the pin-junction
may serve as a patch antenna starting with frequencies =50
GHz (the efficiency is greater than 50%). At 50 GHz, the
minimum antenna thickness is 0.4 mm. To move down to
lower frequencies (e.g. to the X-band), the antenna thickness
should be larger. The calculations also indicate that the Si
pin-junction can be used in the 60 GHz band and in the
low-THz range.

[0061] Other Embodiments. Wafer design: A series of 100
m antenna wafers have been used with semiconductor patch

iii. total diode area of approximately 10 mm?.
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antennas. Silicon wafers may have, although not limited
thereto, the parameters listed in Table 1, below, with esti-
mated carrier concentrations:

TABLE 1

Layer/Thickness Doping Carrier concentration, 1/cm?
N Sb (Antimony) ~4 x 1018
20+ 0.5 um 0.005-0.020 OHM-

CM
Buried oxide, Sio, None
0.25 pm = 5%
P B (Boron) ~1x10%°
500 =15 ym 0.005-0.020 OHM-

CM
[0062] The built-in voltage of the junction is given by (the

abrupt-junction approximation):

NpN.
vb;=vrh{ DZ”‘]

i

4% 10" x 1% 10"
=0.026ln| —— "~
1020

=10V

[0063] The depletion layer width W is given by:

2e5 (Na + N,
W= 2e5i (Na D)Vbi
g NaNp

_ \/ 2% 12x8.854x 10712 (N, + Np)
- 1.602x 10719 NaNp

Vbi

zZme

Thus, the junction has a wide depletion layer with er=12
(intrinsic Si). The oxide layer is approximately 100 times
thinner and will be ignored in the antenna design below.

[0064] Antenna design and measurement: An example, but
not limited thereto, of a semiconductor patch antenna design
without a ground plane is listed in Table 2, below. Here, a
number of rectangular patches were cut with a diamond saw.
The patch resonates along its longer dimension. The semi-
conductor patch antenna was designed for the S-band as
follows, although not limited thereto:

TABLE 2
Patch length L (resonant length) 20 mm
Patch width D 13 mm
Resonant frequency, from 2.13 GHz
049
Vo tes

[0065] Referring now to FIG. 11, shown is a photograph of
one embodiment of the semiconductor patch antenna 901.
The semiconductor patch antenna 901 may be cut from a pin
junction wafer or a pn-junction 100 (shown in FIG. 1) wafer
and supported by a two-electrode flexible string holder 902
soldered to the coaxial male connector 903. By varying the

Oct. 14,2010

antenna position within the two-electrode flexible string
holder 902 the best match to, for example, 50 Ohm, may be
achieved.

[0066] Referring now to FIG. 11, shown is a graph showing
the typical S, ; measurement result (return loss) for a 20x13
mm semiconductor patch antenna described hereinabove.
The semiconductor patch antenna may resonate at 2.21 GHz,
although not limited thereto. This value deviates by 4% from
the theoretical prediction which may be explained by neglect-
ing the effect of the oxide layer.

[0067] The resonance is highly repetitive and has been
established for four consecutive measurements with a reso-
nant frequency deviation of about 1%. One major source for
deviation is the string holder. The S, ; measured for the holder
without the antenna shows nearly the same amount of loss in
the flat region of S, ;.

[0068] The embodiments shown above do not include a
metal ground plane and/or a metal plate.

[0069] Although embodiments disclosed above utilizes a
silicon (“Si”) or Gallium Arsenide wafer, this is not a limita-
tion of these teachings. Exemplary materials utilized for the
semiconductor material, either n-doped or p-doped or intrin-
sic, include, but are not limited to, Silicon (“Si)”, Germanium
(“Ge”), Gallium Arsenide (“GaAs”), Indium Gallium Ars-
enide (“InGaAs”), Indium Phosphide (“InP”), Aluminum
Gallium Arsenide (“AlGaAs”), Silicon Carbide (“SiC”), Gal-
lium Nitride (“GaN”), Gallium Antiminide (“GaSb”), Gal-
lium Phosphide (“GaP”), Indium Gallium Phosphide (“In-
GaP”), Aluminum Gallium Phosphide (“AlGaP”), Aluminum
Gallium Nitride (“AlGaN”), Indium Arsenide (“InAs”™),
Indium Aluminum Arsenide (“InAlAs™), Silicon Germanium
(“SiGe”), Diamond (“C” (diamond)), Aluminum Nitride
(“AIN”), Cadmium Telluride (“CdTe”), Mercury Cadmium
Telluride (“HgCdTe”), Indium Antiminide (“InSb”).

[0070] For the purposes of describing and defining the
present invention it is noted that the term “substantially” is
utilized herein to represent the inherent degree of uncertainty
that may be attributed to any quantitative comparison, value,
measurement, or other representation. The term “substan-
tially™ is also utilized herein to represent the degree by which
a quantitative representation may vary from a stated reference
without resulting in a change in the basic function of the
subject matter at issue.

[0071] While the present teachings have been described
above in terms of specific embodiments, it is to be understood
that they are not limited to these disclosed embodiments.
Many modifications and other embodiments will come to
mind to those skilled in the art to which this pertains, and
which are intended to be and are covered by this disclosure. It
is intended that the scope should be determined by proper
interpretation and construction of the disclosure, as under-
stood by those of skill in the art relying upon the disclosure in
this specification and the attached drawings and the appended
claims.

What is claimed is:

1. An antenna comprising:

a p-doped layer; and

an n-doped layer; said n-doped layer disposed below said a

p-doped layer;

the antenna not including a metal ground plane.

2. The antenna of claim 1 wherein the antenna also does not
include a metal patch disposed over one layer from said
p-doped layer or said n-doped layer.
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3. The antenna of claim 1 further comprising:

a DC voltage source connected from said p-doped layer to

said n-doped layer;

said DC voltage source enabling antenna tunability.

4. The antenna of claim 1 further comprising:

an intrinsic semiconductor layer disposed between and

substantially in contact with said p-doped layer and said
n-doped layer.

5. The antenna of claim 1 further comprising:

an oxide layer disposed between and substantially in con-

tact with said p-doped layer and said n-doped layer.

6. A method for reducing the effects of interfacial rough-
ness on surface charge distribution in a patch antenna, the
method comprising the step of:

replacing a metal patch in a conventional patch antenna

with a first layer from a p-doped layer or an n-doped
layer; and

replacing a metal ground plane in the conventional patch

antenna with a second layer a p-doped layer or an
n-doped layer; the second layer being of a different
doping from the first layer.

7. The method of claim 6 further comprising the step of:

disposing an intrinsic semiconductor layer between the

p-doped layer and the n-doped layer; the intrinsic semi-
conductor layer being substantially in contact with the
p-doped layer and the n-doped layer.
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8. The method of claim 6 further comprising the step of:

disposing an oxide layer between the p-doped layer and the

n-doped layer; the oxide layer being substantially in
contact with the p-doped layer and the n-doped layer.

9. An antenna comprising:

a p-doped layer; and

an n-doped layer; said n-doped layer disposed below said a

p-doped layer;

the antenna not including a metal patch.

10. The antenna of claim 9 wherein the antenna also does
not include a metal ground plane disposed over one layer
from said p-doped layer or said n-doped layer.

11. The antenna of claim 9 further comprising:

a DC voltage source connected from said p-doped layer to

said n-doped layer;

said DC voltage source enabling antenna tunability.

12. The antenna of claim 9 further comprising:

an intrinsic semiconductor layer disposed between and

substantially in contact with said p-doped layer and said
n-doped layer.

13. The antenna of claim 9 further comprising:

an oxide layer disposed between and substantially in con-

tact with said p-doped layer and said n-doped layer.

sk sk sk sk sk
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Disclosed herein is an antenna comprising: a first dielectric
element having a first slit formed thereon; a first radiator
formed on the first dielectric element; a second dielectric
element coupled to the first dielectric element in such a fash-
ion as to be fit into the first slit of the first dielectric element;
and a second radiator formed on the second dielectric element
and coupled electrically with the first radiator through the
coupling between the first dielectric element and the second
dielectric element. The present invention provides an antenna
which can maximize an electrical length thereof in a limited
space, can be designed even in a three-dimensional space, and
can be fabricated simply at low cost.
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ANTENNA WITH 3-D CONFIGURATION

TECHNICAL FIELD

[0001] The present invention relates to an antenna for a
wireless communication terminal, and more particularly, to
an antenna with a three-dimensional configuration which can
maximize an electrical length thereof in a limited space and
can extend a degree of freedom of design up to a three-
dimensional space.

BACKGROUND ART

[0002] Along with a trend toward compactness of a wire-
less communication terminal, a space for an antenna to occu-
pied becomes gradually small whereas the demand for per-
formance of the antenna is increasingly becoming higher. A
three-dimensional shaped radiator is taken from an example
of researches being conducted in order for an antenna occu-
pying a limited space to have multi-band and broadband
resonance properties or have an electrical length suitable for
resonating for a low frequency band signal such as a VHF
band signal used in a terrestrial digital multimedia broadcast-
ing (T-DMB). The reason for this is that an antenna having the
three-dimensional shaped radiator has a merit in that a
remarkably higher degree of freedom in terms of a shape
design for implementing an intended radiation characteristics
as compared to a flat antenna, as well as can extend an elec-
trical length thereof through the efficient use of a narrow
space.

[0003] A method of bending a conductive radiator using a
press is well known as a method for implementing the three-
dimensional shaped radiator. However, the conventional
method has a demerit in that it is difficult to implement a
complex shaped structure into a compact one.

[0004] Korean Patent No. 374667 discloses a method in
which a heavy metal-containing component is coated on a
non-conductive support material, and an electromagnetic
radiation in a UV-region is selectively applied to a region of a
conducting path structure to be created so as to emit a heavy
metal core and metallize the region by a chemical reduction.
By the above method, a three-dimensional and complex
shaped radiator can be implemented on the non-conductive
support material. But, this method entails a shortcoming in
that it is complicated in the manufacturing process and is
ex-cessively high-priced as compared to a compact antenna.

DISCLOSURE OF INVENTION
Technical Problem

[0005] Accordingly, the present invention has been made in
an effort to solve the above-mentioned problems occurring in
the prior art, and it is an object of the present invention to
provide an antenna which can maximize an electrical length
thereof in a limited space and can be designed even in a
three-dimensional space.

[0006] Another object of the present invention is to provide
an antenna with a three-dimensional configuration which
enables formation of patterns by conductive ink printing and
can be fabricated simply at low cost.

Technical Solution

[0007] To accomplish the above object, according to one
aspect of the present invention, there is provided an antenna
comprising: a first dielectric element having a first slit formed
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thereon,; a first radiator formed on the first dielectric element;
a second dielectric element coupled to the first dielectric
element in such a fashion as to be fit into the first slit of the first
dielectric element; and a second radiator formed on the sec-
ond dielectric element and coupled electrically with the first
radiator through the coupling between the first dielectric ele-
ment and the second dielectric element.

[0008] Preferably, the second dielectric element may have a
second slit formed thereon in such a fashion as to be opened
at one end thereof, and the first dielectric element may be fit
into the second slit of the second dielectric element upon the
coupling between the first dielectric element and the second
dielectric element.

[0009] Preferably, the first slit may be opened at one end
thereof.
[0010] Also, preferably, each of the first radiator and the

second radiator may be formed by printing a conductive ink
on the first dielectric element and the second dielectric ele-
ment, respectively.

[0011] According to another aspect of the present inven-
tion, there is provided a wireless terminal device comprising
the antenna.

Advantageous Effects

[0012] According to the antenna of the present invention, it
is possible to maximize an electrical length of the antenna in
a limited space and design the antenna in a three-dimensional
space.

[0013] Also, according to the present invention, it is pos-
sible to provide an antenna with a three-dimensional configu-
ration which enables formation of patterns by conductive ink
printing and can be fabricated simply at low cost.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a perspective view illustrating an antenna
according to one embodiment of the present invention;
[0015] FIG. 2 is aperspective view illustrating the structure
of'dielectric elements having different shaped slits from those
of FIG. 1;

[0016] FIG. 3 is aperspective view illustrating the structure
of dielectric elements different shapes from those of FIG. 1;
and

[0017] FIG. 4 is aperspective view illustrating the structure
of three dielectric elements having radiators formed thereon.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0018] Reference will now be made in detail to a preferred
embodiment of the present invention with reference to the
attached drawings.

[0019] FIG. 1 is a perspective view illustrating an antenna
according to one embodiment of the present invention.
[0020] Referring to FIG. 1, an antenna according to this
embodiment comprises: a first dielectric element 100 having
a first slit 120 formed thereon; a first radiator 200 formed on
the first dielectric element 100; a second dielectric element
300 coupled to the first dielectric element 100 in such a
fashion as to be fit into the first slit 120 of the first dielectric
element 100; and a second radiator 400 formed on the second
dielectric element 300. FIG. 1(a) shows a state prior to the
second dielectric element 300 is coupled to the first dielectric
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element 100, and FIG. 1(b) shows a state after the second
dielectric element 300 is coupled to the first dielectric ele-
ment 100.

[0021] The first and second dielectric elements 100 and 300
can be implemented with a printed circuit board (PCB), and
the first and second radiators 200 and 400 can be formed by
printing a conductive ink along a predetermined pattern on
the first and second dielectric elements 100 and 300 imple-
mented with the printed circuit board (PCB). By doing so, a
complex radiator pattern can be more easily and freely
formed. The radiators 200 and 400 may be formed on the front
surface and the rear surface of each of the dielectric elements
100 and 300. At this time, the electrical connection between a
pattern formed on the front surface of the dielectric element
and a pattern formed on the rear surface of the dielectric
element can be achieved through a via hole 140 which can be
formed on the dielectric elements 100 and 300 implemented
with the printed circuit board (PCB). Referring to FIG. 1(5),
the radiators 200 and 400 can be formed at one end thereof
with a power feed portion 240 for the feed of power.

[0022] The first slit 120 formed on the first dielectric ele-
ment 100, as shown in FIG. 1, may be opened at its one end
122 and the second dielectric element 300 can be fit into the
first slit 120 of the first dielectric element 100 through the one
end 122 of'the first slit 120. The first slit 120 may have various
shapes correspondingly so as to allow the second dielectric
elements of various shapes to be fit thereto.

[0023] The second dielectric element 300 is also formed
with a second slit 320 opened at its one end 322, so that when
the second dielectric element 300 is fit into the first slit 120 so
as to be coupled to the first dielectric element 100, the first
dielectric element 100 can also be fit into the second slit 320
of'the second dielectric element 300 through the open one end
322 of the second slit 320. By doing so, the first dielectric
element 100 and the second dielectric element 300 are
securely coupled to each other.

[0024] The first radiator 200 formed on the first dielectric
element 100 and the second radiator 400 formed on the sec-
ond dielectric element 300 can be electrically connected with
each other through the coupling between the first dielectric
element 100 and the second dielectric element 300. Thus, as
shown in FIG. 1(5), the radiators 200 and 400 can be formed
in a three-dimensional shape as designed. Particularly, in case
where the radiators 200 and 400 are all formed on both sur-
faces of the first dielectric element 100 and the second dielec-
tric element 300, respectively, it is possible secure an electri-
cal length extending two times that of a general PCB antenna
in which a radiator is formed on only one surface of a dielec-
tric element. In order to ensure that such electrical connection
between the first radiator 200 and the second radiator 400 is
achieved, the first radiator 200 or the second radiator 400 can
have an extension portion 220 at each contact point thereof.
Alternately, the first radiator 200 and the second radiator 400
are not in direct contact with each other, but may be electro-
magnetically coupled with each other upon the coupling
between the first dielectric element 100 and the second
dielectric element 300. The term used herein, ‘electrical cou-
pling’ comprises both electrical connection and electromag-
netic coupling.

[0025] Inthis embodiment, by a simple configuration of the
slits 120 and 320 formed on the dielectric elements 100 and
300, respectively, two dielectric elements 100 and 300 are
coupled to each other to thereby implement a three-dimen-
sional shaped radiator. Accordingly, it is possible to maxi-
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mize an electrical length of the radiator in a limited space, and
easily extend a degree of freedom of design from a two-
dimensional space to a three-dimensional space to thereby
facilitate the implementation of desired characteristics. Fur-
thermore, since a flat dielectric element such as a PCB can be
used, a complex pattern can be formed by a conductive ink
printing method and the coupling between the two dielectric
elements is achieved by the engagement between the two slits
of the dielectric elements, thereby reducing the manufactur-
ing cost and making the manufacturing process simple to
improve productivity.

[0026] In the meantime, the first slit formed on the first
dielectric element may be formed such that its one end is not
opened, the second dielectric element may not be formed with
the second slit opened at one end thereof. FIGS. 2 and 3 are
perspective views illustrating the structure of dielectric ele-
ments having different shaped slits according to various
embodiments of the present invention. In FIGS. 2 and 3,
radiators formed on the dielectric elements 100 and 300 are
not shown.

[0027] FIG. 2(a) shows a state prior to the coupling
between the first dielectric element 100 and the second
dielectric element 300, FIG. 2() shows a state in which the
second dielectric element 300 is inserted into a first slit 120
formed in the first dielectric element 100, and FIG. 2(c) shows
a state in which the second dielectric element 300 is inserted
into the first slit 120, and then the first dielectric element 100
is fit into the second slit 320 formed in the second dielectric
element 300 to thereby achieve the coupling between the fust
dielectric element 100 and the second dielectric element 300.
As shown in FIG. 2, the first slit 120 formed in the first
dielectric element 100 may not be opened at one end thereof.
The radiators can be formed on the dielectric elements 100
and 300 so as to implement a three-dimensional shape
through the coupling between the first dielectric element 100
and the second dielectric element 300. The radiators may be
formed on the surface or at the inside of each of the dielectric
elements 100 and 300.

[0028] FIG. 3(a) shows a state prior to the coupling
between the first dielectric element 100 and the second
dielectric element 300, FIG. 3(b) shows a state after the
coupling between the first dielectric element 100 and the
second dielectric element 300. As shown in FIG. 2, the second
dielectric element 300 may not be formed with the second slit
opened at one end thereof. The second dielectric element 300
is inserted into a first slit 120 formed in the first dielectric
element 100 so as to be coupled with the first dielectric
element 100.

[0029] In order to implement a radiator having more vari-
ous shapes, the dielectric element formed with the radiator
may be implemented in plural numbers more than two. FIG.
4 is a perspective view illustrating the structure of three
dielectric elements each having radiators formed thereon. In
FIG. 4, radiators formed on the dielectric elements 100, 300
and 500 are not shown. FIG. 4(a) shows a state prior to the
coupling between the first dielectric elements 100, 300 and
500, FIG. 4(b) shows a state after the coupling between the
first dielectric element 100, 300 and 500.

[0030] While the invention has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention is
merely exemplary and not limited to the disclosed embodi-
ments. Therefore, a person skilled in the art can perform
various changes and modifications based on a principle of the
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present invention, which falls in the scope of the present
invention. Therefore, the scope of the present invention
should not be construed as being limited to the above
described embodiment, but should be defined by the
appended claims and the equivalents to the claims.

1. An antenna comprising:

a first dielectric element having a first slit formed thereon;

a first radiator formed on the first dielectric element;

a second dielectric element coupled to the first dielectric
element in such a fashion as to be fit into the first slit of
the first dielectric element; and

a second radiator formed on the second dielectric element
and coupled electrically with the first radiator through
the coupling between the first dielectric element and the
second dielectric element.
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2. The antenna according to claim 1, wherein the second
dielectric element has a second slit formed thereon in such a
fashion as to be opened at one end thereof, and

the first dielectric element is fit into the second slit of the

second dielectric element upon the coupling between the
first dielectric element and the second dielectric ele-
ment.

3. The antenna according to claim 1 or 2, wherein the first
slit is opened at one end thereof.

4. The antenna according to claim 1, wherein each of the
first radiator and the second radiator is formed by printing a
conductive ink on the first dielectric element and the second
dielectric element, respectively.

5. A wireless terminal device comprising the antenna
according to any one of claims 1 to 4.

sk sk sk sk sk
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PRINTED ANTENNA AND ELECTRONIC
DEVICE EMPLOYING THE SAME

BACKGROUND
[0001] 1. Technical Field
[0002] Embodiments of the present disclosure relate to

antennas, and more particularly to a printed antenna.

[0003] 2. Description of Related Art

[0004] In order to make them more convenient, wireless
communication devices are generally built small. As antennas
are necessary components in the wireless communication
devices for tranceiving electromagnetic signals, one solution
for maintaining the reduced dimensions is to reduce the
dimensions of the antennas. Printed antennas in current use
are often rectangular, round, or annular, and though small, a
demand remains for them to be made even smaller while still
providing the desired frequency coverage.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Many aspects of the embodiments can be better
understood with references to the following drawings.
[0006] FIG. 1 is a schematic diagram of an electronic
device comprising a printed antenna according to the present
disclosure;

[0007] FIG. 2 illustrates an exemplary embodiment of the
printed antenna of FIG. 1 illustrating exemplary expanding
dimensions;

[0008] FIG. 3 is a graph showing an exemplary return loss
of'the print antenna of FIG. 1 operating at frequency bands of
2.4 GHz and 2.5 GHz;

[0009] FIG. 4 is a gain simulation graph of the printed
antenna of FIG. 1; and

[0010] FIG. 5 is an efficiency simulation graph of the
printed antenna of FIG. 1.

DETAILED DESCRIPTION

[0011] Referring to FIG. 1, a schematic diagram shows an
electronic device 10 as disclosed, comprising a substrate 100,
a printed antenna 300, and a shielding portion 200. The
printed antenna 300 is positioned on the substrate 100 and
comprises a feeding portion 310, a radiating portion 320, a
short portion 330, and a grounding portion 340. In one
embodiment, the printed antenna 300 and the shielding por-
tion 200 cooperatively form an integral piece.

[0012] In one embodiment, the substrate 100 is a printed
circuit board (PCB). The printed antenna 300 is a planar
inverted F antenna (PIFA), formed by the foil of the PCB.
[0013] The shielding portion 200 is positioned on the
grounding portion 340, for impedance matching with the
antenna 300, therefore, reducing the space and cost of the
electronic device 10. In one embodiment, the grounding por-
tion 340 and the shielding portion 200 are both trapezoidal in
shape and overlap each other.

[0014] The feeding portion 310 is elongate and feeds elec-
tromagnetic signals.

[0015] The radiating portion 320 is electrically connected
to the feeding portion 310, operable to radiate electromag-
netic signals. The radiating portion 320 comprises a first
radiator 321 and a second radiator 322. The width of the first
radiator 321 is different from that of the second radiator 322.
In the illustrated embodiment, the width of the first radiator is
wider than the width of the second radiator. However, in other

Oct. 7,2010

embodiments, the width of the first radiator may be narrower
than the width of the second radiator.

[0016] The first radiator 321 is substantially [.-shaped, and
electrically connected to the feeding portion 310. The first
radiator 321 comprises a horizontal radiating section 3211
and a vertical radiating section 3212. The horizontal radiating
section 3211 is perpendicularly connected to the feeding por-
tion 310.

[0017] The second radiator 322 is formed by a plurality of
radiating sections connected one by one. A first end of the
second radiator 322 is electrically connected to the vertical
radiating section 3212 of the first radiator 321, and a second
end 3224 of the second radiator 322 is left floating. In the
illustrated embodiment, the second end 3224 faces the feed-
ing portion 310, and specifically a common node of the first
radiator 321 and the feeding portion 310. The plurality of the
radiating sections of the second radiator 322 comprise one or
more elongated, [-shaped, and n-shaped radiating sections,
for forming the second radiator 322 as substantially
m-shaped.

[0018] For example, the second radiator 322 can comprise
a first elongated radiating section 3221, a second elongated
radiating section 3222, a third elongated radiating section
3223, and a free end 3224, parallel and connected by three
connecting sections 3225. Alternatively, the second radiator
322 comprises a first [-shaped radiating section 3221, a sec-
ond [-shaped radiating section 3222, a third [.-shaped radi-
ating section 3223, and a free end 3224. Alternatively, the
second radiator 322 can comprise a first n-shaped radiating
section 3221 and a second n-shaped radiating section 3222.
The second n-shaped radiating section 3222 comprises a free
end 3224.

[0019] Inone embodiment, the free end 3224 of the second
radiator 322 and the vertical radiating section 3212 of the first
radiator 321 are substantially aligned and perpendicular to the
feeding portion 310.

[0020] Inoneembodiment,the radiating portion 320 is bent
towards the shielding portion 200. The radiation portion 320
and the shielding portion 200 cooperatively increase capaci-
tive compensation effects of the antenna 300.

[0021] A first end of the short portion 330 is electrically
connected to a common node of the first radiator 321 and the
second radiator 322, and a second end of the short portion 330
is electrically connected to the shielding portion 200. There-
fore, it is not necessary for the electronic device 10 to provide
an extra matching circuit.

[0022] In one embodiment, an acute angle a is formed
between the short portion 330 and the shielding portion 200 to
reduce the area of the printed antenna 300. In addition, the
short portion 330 is straight, and accordingly the short portion
330 and the shielding portion 200 increase inductive compen-
sation effects of the antenna 300.

[0023] In one embodiment, the radiating portion 320
defines a plurality of'slots, so as to increase coupling effects of
the radiating portion 320.

[0024] FIG. 2 illustrates an exemplary embodiment of the
printed antenna 300 of FIG. 1 illustrating exemplary expand-
ing dimensions. In one embodiment, the width of the first
radiator 321 is 0.33 mm, the length of the horizontal radiating
section 3211 is 3.00 mm, and the length of the vertical radi-
ating section 3212 is 1.74 mm. The width of the second
radiator 322 is 0.12 mm, the length of the first elongated
radiating section 3221 is 8.51 mm, the length of the second
elongated radiating section 3222 is 7.70 mm, the length of the
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third elongated radiating section 3223 is 9.10 mm, the length
of the free end 3224 is 7.51 mm, and the three connecting
section 32245 are 0.25 mm. The length of the point of the
short portion 330 common node with the shielding portion
200 is 0.21 mm.

[0025] FIG. 3 is a graph showing one exemplary return loss
of the print antenna 300 of FIG. 1 operating at the frequency
bands of 2.4 GHz and 2.5 GHz. As shown, the attenuation
amplitude is less than —10 dB, when the printed antenna 300
operates in frequency bands ranging from the 2.4 GHz to 2.5
GHz of the BLUETOOTH and WI-FI operation.

[0026] As shown in FIG. 4, when the printed antenna 300
operates in the frequency bands of 2.3 GHz to 2.5 GHz of
BLUETOOTH and WI-FI, the gain is smooth, and near 1 dBi.
Thus, the printed antenna 300 has good performance.

[0027] FIG. 5 is an efficiency simulation graph of the
printed antenna 300 of FIG. 1. When the printed antenna
operates in the frequency bands of 2.3 GHz to 2.5 GHz, the
efficiency is more than 60%, with good performance.

[0028] Although the features and elements of the present
disclosure are described as embodiments in particular com-
binations, each feature or element can be used alone or in
other various combinations within the principles of the
present disclosure to the full extent indicated by the broad
general meaning of the terms in which the appended claims
are expressed.

What is claimed is:

1. A printed antenna, positioned on a substrate, comprising:

a feeding portion operable to feed electromagnetic signals;

a radiating portion electrically connected to the feeding

portion, operable to radiate the electromagnetic signals,

the radiating portion comprising:

a first radiator with an “L” shape, a first end of the first
radiator being electrically connected to the feeding
portion; and

a second radiator formed by a plurality of radiating
sections connected one by one, wherein a first end of
the second radiator is connected to a second end of the
first radiator, and wherein a second end of the second
radiator is floating and facing the feeding portion;

a grounding portion positioned on the substrate; and

ashort portion with a first end connected to a common node

of'the first radiator and the second radiator, and a second
end connected to the grounding portion.

2. The printed antenna as claimed in claim 1, wherein the
grounding portion is positioned on a shielding portion.

3. The printed antenna as claimed in claim 2, wherein the
grounding portion is trapezoidal.

4. The printed antenna as claimed in claim 3, wherein the
short portion and the shielding portion cooperatively increase
inductive compensation effects of the antenna.

5. The printed antenna as claimed in claim 4, wherein the
second radiator and the shielding portion cooperatively
increase capacitive compensation effects of the antenna.

Oct. 7,2010

6. The printed antenna as claimed in claim 5, wherein the
plurality of radiation sections of the second radiator com-
prises one or more elongated, [-shaped, and n-shaped radi-
ating sections.

7. The printed antenna as claimed in claim 6, wherein the
second radiator is substantially asymmetrically M-shaped.

8. The printed antenna as claimed in claim 7, wherein the
second end of the second radiator faces a common node of the
first radiator and the feeding portion.

9. An electronic device, comprising a substrate and a
printed antenna positioned on the substrate operable to radi-
ate electromagnetic signals, wherein the printed antenna
comprises:

a feeding portion operable to feed electromagnetic signals;

a first radiator with an “L” shape, a first end of the first
radiator being electrically connected to the feeding por-
tion;

a second radiator formed by a plurality of radiating sec-
tions connected one by one, wherein a first end of the
second radiator is electrically connected to a second end
of the first radiator, and wherein a second end of the
second radiator is floating and facing the feeding por-
tion; and

a short portion with a first end connected to a common node
of the first radiator and the second radiator, and a second
end being electrically connected to the shielding por-
tion.

10. The electronic device as claimed in claim 9, further

comprising a shielding portion positioned on the substrate.

11. The electronic device as claimed in claim 9, wherein the
printed antenna and the shielding portion cooperatively form
an integral piece.

12. The electronic device as claimed in claim 9, wherein the
grounding portion is trapezoidal.

13. The electronic device as claimed in claim 9, wherein the
short portion and the shielding portion cooperatively increase
inductive compensation effects of the antenna.

14. The electronic device as claimed in claim 13, wherein
the second radiator and the shielding portion cooperatively
increase capacitive compensation effects of the antenna.

15. The electronic device as claimed in claim 9, wherein the
plurality of radiation sections of the second radiator comprise
one or more elongated, [-shaped, and n-shaped radiation
sections.

16. The electronic device as claimed in claim 13, wherein
the second radiator is substantially asymmetrically
M-shaped.

17. The electronic device as claimed in claim 14, wherein
the second end of the second radiator faces a common node of
the first radiator and the feeding portion.
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DUAL-FEED ANTENNA

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention is an apparatus which relates
to an antenna and it’s structure; especially, the present inven-
tion relates to a dual-band antenna structure encompassing
two types of wireless local area network frequency bands.
[0003] 2. Description of Related Art

[0004] Antennas are indispensible components for numer-
ous wireless communication products and also play critical
roles in contribution to effective reception of aired electro-
magnetic waves by the communication products. As wireless
communication products, or devices and other consumer
electronic products become more diverse, requirements
imposed upon antenna design are increasingly more in
demand than ever before. Each new profile design of the
wireless product may require a new antenna design to provide
good reception/emission performance, on the other hand, it
also has to satisfy the electromagnetic waves of various wire-
less communication technologies. In this manner, the wire-
less product designs are constantly placing pressure upon,
and necessarily driving the antenna technology to evolve
toward the trends of wide-band and microminiaturization.
[0005] Booming development of wireless communication
technologies rapidly raise the demands for antennas in the
market, and current applications including, at least, mobile
phones, notebook computers, Global Positioning Systems
(GPS), digital TV’s, Multiple Input Multiple Out (MIMO)
and the like rely on the antenna for enabling signal emission
and reception. The antenna is a required component in the
wireless communication appliance for contact with external
devices, which is integral in transmission and reception of
wireless signals. Since the antenna is located at the foremost
front of entire radio frequency system, the signal reception
quality therein greatly affects operational performance of the
whole wireless communication system. As demands from
end users on commodity shape, power-saving and transmis-
sion speed and range becomes urgent, and requirements of
antenna features in different application fields may also vary,
so the antenna design inevitably faces even harsher technical
challenges.

[0006] A conventional wireless local area network or 802.
11a/b/g/n access point antenna is mostly composed of a dual-
band access point antenna structure, in particular a Multiple
Input Multiple Output (MIMO) antenna system. Such type of
antenna system usually comprises a single-band 2.4 GHz or
dual-band 2.4 GHz/5 GHz antenna, and since such a dual-
band antenna has only one single feed, thus when applied to
a dual-band or synchronous dual-band router, a switching
circuit or duplex circuit needs to be additionally provided
therein so as to effectively separate signals modulated in
different frequency bands. With the addition of such a circuit,
product costs may undesirably increase, which then may
further negatively affect the character of the antenna itself,
and as a result causing lowered bandwidth, gain, efficiency,
and so forth.

[0007] Addressing the issues of inconvenience in use,
requirements on installation of additional circuits found in the
aforementioned dual-band access point antenna system, the
disclosures of prior art U.S. Pat. No. 1,255,588 and prior art
U.S. Pat. No. 6,448,932 provide a dual-feed dual-band
antenna structure designed with two-feed systems, thereby
allowing convenient application in a dual-band or synchro-
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nous dual-band product without need for placing any addi-
tional circuit system therein, thus further saving product costs
and demonstrating the optimal features of the antenna. How-
ever, in practice, the antenna structure consisting of the
above-said relevant technologies requires a large grounding-
area for commonly offering a grounding-area or alternatively
the use of a plastic base so as to support the antenna, thus
increasing the manufacturing outlay and complexity of the
antenna. Additionally, since a grounding-area of large size is
necessary, the volume of such type of antenna becomes large
thereby preventing it from being widely used in various wire-
less communication products.

[0008] Consequently, with regard to the resolution of
defects illustrated hereinbefore, the inventors of the present
invention propose a reasonably designed solution for effec-
tively eliminating such defects.

SUMMARY OF THE INVENTION

[0009] The objective of the present invention is to provide a
dual-feed antenna characterized in small size, simple struc-
ture and reduced manufacture cost.

[0010] To achieve the objective described as above, the
present invention discloses a dual-feed antenna, comprising:
a substrate, consisting of a first surface and a second surface
opposite to the first surface; a first antenna unit, consisting of
a first radiating unit and a first grounding unit, which first
radiating unit and first grounding unit are formed, respec-
tively, on the same surface or the different surface of the
substrate; and a second antenna unit, consisting of a second
radiating unit and a second grounding unit, which second
radiating unit and second grounding unit being respectively
formed on the first surface and the second surface of the
substrate, and which second grounding unit is in proximity of
the first grounding unit. Herein, the second radiating unit
includes a second radiator which has a first groove. The first
groove has a first bottom and a pair of first arms. The second
grounding unit consists of a first sub-grounding-area and a
second sub-grounding-area. The second sub-grounding-area
has a second groove which includes a second bottom and a
pair of second arms. The first sub-grounding-area is cross-
wise connected with the second sub-grounding-area at the
bottom of the groove, and the second arms symmetrically
distributed to both sides of the first sub-grounding-area. The
first groove has an opening direction opposite to the opening
direction of the second groove. Preferably, the distance from
the first arm to the second arm is approximately equal to
one-half of the wavelength of a prescribed high frequency
band.

[0011] Thevertical distance from the first bottom to the free
end of the first arm is defined as the length of the second
radiator, the vertical distance from the second bottom to the
free end of the second arm is defined as the length of the
second sub-grounding-area, and the length of the second
radiator is approximately equal to the length of the second
sub-grounding-area.

[0012] The first groove may be a U-shaped groove,
V-shaped groove, right angle U-shaped groove or arc-shaped
groove.

[0013] The second groove may be a U-shaped groove,
V-shaped groove, right angle U-shaped groove or arc-shaped
groove.

[0014] The first sub-grounding-area may be rectangular,
circular or elliptical, and the size of long side, diameter, or





US 2010/0265151 Al

long axis thereof is greater than or equal to one-half the
wavelength of a prescribed high frequency band.

[0015] The second radiating unit further consists of a
microstrip transmission line, in which one end of the micros-
trip transmission line far from the second radiator is installed
with a second feed point, and one end of the first sub-ground-
ing-area close to the second feed point is installed with a
second grounding-point.

[0016] The first radiating unit consists of a first radiator, the
length of which first radiator being slightly smaller than one-
quarter wavelength of a prescribed low frequency band.
[0017] The first radiator is sinuously installed on the first
surface of the substrate, in which one end of the first radiator
close to the first grounding unit is provided with a first feed
point, which first feed point is out of the range covered or
projected from the first grounding unit onto the substrate.
[0018] The first radiating unit further consists of a short
circuit shred of inverse L shape connecting the first radiator
and the first grounding unit.

[0019] The first grounding unit includes a first grounding-
area and a first grounding-point, in which the first grounding-
area may be rectangular, square, polygonal, circular or ellip-
tical, and the size of long side, diameter or long axis thereof'is
approximately equal to one-quarter wavelength of a pre-
scribed low frequency band, and the first grounding-point is
installed near the end of the first grounding-area close to the
first radiator.

[0020] The present invention provides the following ben-
eficial effects: the dual-feed antenna, according to the present
invention, can simultaneously generate a low frequency
operation band and a high frequency operation band, and
further, because of the dual-feed feature, it is not necessary to
externally connect a switching circuit at the feed end of the
antenna, thereby preventing undesirable degradation in
antenna feature and satisfying the requirements for dual-
module applications. Additionally, using experimental
results, it can be proved that the dual-feed antenna according
to the present invention demonstrates good electrical charac-
teristics. Furthermore, since the dual-feed antenna according
to the present invention needs only a metal plate of small size
as the grounding-area, thereby providing the aspect of micro-
miniaturization in integral volume, the dual-feed, antenna
according to the present invention, is allowed to be more
widely employed in the interior of the wireless product case.
Additionally, the dual-feed antenna according to the present
invention is also characterized in concise structure and modu-
larization, fabrication processes thereof can be thus simpli-
fied, thereby resulting in reduced manufacturing costs.
[0021] In order to further appreciate the characteristics and
technical contents of the present invention, references are
hereunder made to the detailed descriptions and appended
drawings in connection with the present invention. However,
the appended drawings are merely shown for exemplary pur-
poses, rather than being used to restrict the scope of the
present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 is a structural diagram of the dual-feed
antenna according to the first embodiment of the present
invention;
[0023] FIG. 2 is a structural diagram of the dual-feed
antenna according to the second embodiment of the present
invention;
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[0024] FIG. 3 is a structural diagram of the dual-feed
antenna according to the third embodiment of the present
invention;

[0025] FIG. 4 is a structural diagram of the dual-feed
antenna according to the fourth embodiment of the present
invention;

[0026] FIG. 5 is a structural diagram of the dual-feed
antenna according to the fifth embodiment of the present
invention;

[0027] FIG. 6 is a structural diagram of the dual-feed
antenna according to the sixth embodiment of the present
invention;

[0028] FIG. 7 is a structural diagram of the dual-feed
antenna according to the seventh embodiment of the present
invention;

[0029] FIG. 8 is a structural diagram of the dual-feed
antenna according to the eighth embodiment of the present
invention;

[0030] FIG. 9 is a structural diagram of the dual-feed
antenna according to the ninth embodiment of the present
invention;

[0031] FIG. 10 is a structural diagram of the dual-feed
antenna according to the tenth embodiment of the present
invention;

[0032] FIG. 11 is a structural diagram of the dual-feed
antenna according to the eleventh embodiment of the present
invention;

[0033] FIG. 12 is a structural diagram in lateral view of the
dual-feed antenna according to the twelfth embodiment of the
present invention;

[0034] FIG. 13 is a structural diagram in both front and rear
views of the dual-feed antenna according to the twelfth
embodiment of the present invention;

[0035] FIG. 14 is a diagram showing measurement results
of reflection coefficient and isolation in the dual-feed antenna
according to the first embodiment of the present invention;
[0036] FIG. 15 is a two dimensional radiation diagram of
the dual-feed antenna according to the first embodiment of
the present invention at 2442 MHz;

[0037] FIG. 16 is a two dimensional radiation diagram of
the dual-feed antenna according to the first embodiment of
the present invention at 5490 MHz; and

[0038] FIG. 17 is a diagram showing experimental curves
of antenna gain and radiation efficiency in the dual-feed
antenna according to the first embodiment of the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0039] Refer now to FIG. 1 comprising a Part (a) and Part
(b), wherein the first preferred embodiment of the present
invention provides a dual-feed antenna 100 consisting of a
substrate 10 of long-bar shape, a first antenna unit 20 and a
second antenna unit 30. The substrate has a first surface 11
and a second surface 12. The first antenna unit 20 is formed on
the first surface 11 of the substrate 10 and the second antenna
unit 30 is formed on the first surface 11 and the second surface
12 of the substrate 10. Part (a) of FIG. 1 indicates the distri-
bution of partial components constituting the first antenna
unit 20 and second antenna unit 30 (i.e., the second grounding
unit 32) on the first surface 11 of the substrate 10, and Part (b)
of FIG. 1 indicates the distribution of partial components
constituting the second antenna unit 30 (i.e., the second radi-
ating unit 31) on the second surface 12 of the substrate 10. The
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first antenna unit 20 consists of a first radiating unit 21 and a
first grounding unit 22, in which the first radiating unit 21 and
the first grounding unit 22 are both formed on the first surface
11 of the substrate 10, and the first antenna unit 20 is distrib-
uted in the upper half of the second surface 12 of the substrate
10. The second antenna unit 30 consists of a second radiating
unit 31 and a second grounding unit 32, in which the second
radiating unit 31 is formed in the lower half of the second
surface 12 of the substrate 10, and the second grounding unit
32 which corresponds to the second radiating unit 31 is
formed in the lower half of the first surface 11 of the substrate
10. The second grounding unit 32 is in proximity of the first
grounding unit 22, and the second grounding unit 32, the first
grounding unit 22 as well as the first radiating unit 21 are
sequentially arranged in a bottom-up fashion along the length
direction of the substrate 10.

[0040] Asshownin Part(a) of FIG. 1, the first radiating unit
21 further consists of a first radiator 211, a short circuit shred
212 and a first feed point 213. The first grounding unit 22
further consists of a first grounding-area 221 and a first
grounding-point 222. The first feed point 213 is out of the
range covered or projected from the first grounding unit 22
onto the substrate 10. The first radiator 211 is sinuously
installed on one end of the substrate 10, and the L-shaped
short circuit shred 212 connects the first radiator 211 and the
first grounding-area 221. The first antenna unit 20 further
consists of a coaxial transmission line 23, which coaxial
transmission line 23 coupling the first radiating unit 21 and
the first grounding unit 22. In one practical embodiment, the
coaxial transmission line 23 may have a central conductor
231 and an outer layer grounding conductor 232, wherein the
central conductor 231 is electrically connected to the first
feed point 213 and the outer layer grounding conductor 232 is
electrically connected to the first grounding-point 222.
[0041] Incombination of Part (a) and Part (b) in FIG. 1, the
second radiating unit 31 consists of a second radiator 311, a
microstrip transmission line 312 and a second feed point 313.
The second grounding unit 32 includes a first sub-grounding-
area 321, a second sub-grounding-area 322 and a second
grounding-point 323. The second antenna unit 30 also con-
sists of a coaxial transmission line 33 coupling the second
radiating unit 31 and second grounding unit 32. In one prac-
tical embodiment, the coaxial transmission line 33 has a
central conductor 331 and an outer layer grounding conductor
332, in which the central conductor 331 is electrically con-
nected to the second feed point 313 and the outer layer
grounding conductor 332 is electrically connected to the sec-
ond grounding-point 323.

[0042] The second radiator 311 is a first groove of right
angle U shape, which first groove being open upward (i.e.,
toward the first antenna unit 20). The first groove has a first
bottom 311a and a pair of first arms 3115, and the vertical
distance from the first bottom 311a to the free end of the first
arms 31156 is defined as the length of the second radiator 311,
indicated by h1. The microstrip transmission line 312 extends
from the first bottom 311a¢ downward (i.e., the direction
departing from the first antenna unit 20) to the other end of the
substrate 10, and the second feed point 313 is arranged on one
end of the microstrip transmission line 312 remote from the
first bottom 311a.

[0043] The second sub-grounding-area 322 is a second
groove of an inverse right angle U shape, which second
groove being open backward to the first antenna unit 20. The
second groove has a second bottom 322a and a pair of second
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arms 3225, and the vertical distance from the first bottom
3224 to the free end of the first arms 3225 is defined as the
length of the second sub-grounding-area 322, indicated by
h2. The first sub-grounding-area 321 is cross-wise connected
with the second sub-grounding-area 322 at the bottom 322«
of the groove, the pair of second arms 3225 symmetrically
distribute to both sides of the first sub-grounding-area 321,
and the second grounding-point 323 is arranged on one end of
the first sub-grounding-area 321 remote from the first antenna
unit 20.

[0044] The length hl of the second radiator 311 is approxi-
mately equal to the length h2 of the second sub-grounding-
area 322. The first bottom 311a and the second bottom 3224
are optimally located at the same horizontal location on the
substrate 10 (whereas respectively placed on the first surface
11 and the second surface 12); in other word, the first bottom
311a and the second bottom 3224 are in an overlapped pattern
with the substrate 10 arranged therein between. On the other
hand, the first bottom 3114 and the second bottom 322a may
be possibly not overlapped, but in such a case, the second
radiator 311 and the second sub-grounding-area 322 should
be installed in a mutually departing fashion (that is, both of
them extend in an mutually opposite direction), instead of
being cross-wise arranged. As they are configured in such a
mutually departing fashion, then the first bottom 311« and the
second bottom 3224 essentially should be placed as closely as
possible. Consequently, as shown in FIG. 1, the vertical dis-
tance h from the free end of the first arm 3115 to the free end
of'the second arm 32254 is approximately equal to the sum of
the length of the second radiator 311 (h1) and the length of the
second sub-grounding-area 322 (h2). In addition, the length
of the first sub-grounding-area 321 is not smaller than the
vertical distance h from the free end of the first arm 3115 to
the free end of the second arm, so the length of the first
sub-grounding-area 321 can be deemed as the length of the
second antenna unit 30 which is not smaller than the sum of
the length of the second radiator 311 (h1) and the length of the
second sub-grounding-area 322 (h2).

[0045] The first antenna unit 20 and the second antenna unit
30 are used to generate the first frequency band and the
second frequency band, wherein the first frequency band and
the second frequency band may be different operation bands,
or alternatively the identical operation bands. In the present
embodiment, the first frequency band and the second fre-
quency band can respectively cover the required wideband
bandwidths for a low frequency band of an indoor wireless
local area network (such as 2400-2484 MHz) and a high
frequency band of the wireless local area network (such as
5150-5875 MHz). To satisfy such a condition, the length of
the first radiator 211 in the first antenna unit 20 (i.e., the total
length of the naturally extended first radiator 211) should be
designed as slightly smaller than one-quarter wavelength of
the low frequency band, and the length of the first grounding-
area 221 should be approximately equal to one-quarter wave-
length of the low frequency band; the vertical distance h from
the free end of the first arm 3115 of the second radiator 311 in
the second antenna unit 30 to the free end of the second arm
322b is approximately equal to one-half wavelength of the
high frequency band, and the length of the first sub-ground-
ing-area 321 in the second antenna unit 30 is not smaller than
(i.e., greater than or equal to) one-half wavelength of the high
frequency band.

[0046] The dual-feed antenna 100 is not subject to the
requirement on a grounding-area of large size for antenna
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radiation, thereby reducing the integral volume of the
antenna, so providing advantages of simple structure, conve-
nient fabrication process and reduced manufacture cost.
[0047] Certainly, the structure of the dual-feed antenna 100
can be implemented in various ways, and hereunder in con-
junction with FIGS. 2 to 13, the practical structure of the
dual-feed antenna 100 according to other embodiments of the
present invention is respectively illustrated.

[0048] AsshowninFIG.2,a dual-feed antenna 100 accord-
ing to the second embodiment of the present invention is
provided, wherein the first radiator 211 of the first antenna
unit 20 is sinuously installed on one end of the substrate 10 in
a fashion different from the first embodiment. Similarly, as
shown in FIG. 3, a dual-feed antenna 100 according to the
third embodiment of the present invention is provided,
wherein the first radiator 211 of the first antenna unit 20 is
sinuously installed on one end of the substrate 10 in a yet
different fashion. In the aforementioned three embodiments,
the naturally extended lengths of the first radiators 211 are
identical, and preferably slightly smaller than one-quarter
wavelength of the low frequency band, but the first radiator
211 may be sinuously placed in different fashions, so long as
it is installed on one end of the substrate 10 and takes less
length on the end of the substrate 10 as mush as possible,
thereby decreasing the total length of'the first antenna unit 20,
thus further reducing the volume of the dual-feed antenna
100. Herein Part (a) in FIG. 2 and FIG. 3 both indicates the
antenna structure installed on the first surface 11 of the sub-
strate 10 and Part (b) indicates the antenna structure installed
on the second surface 12 of the substrate 10, whereas the rest
parts of such implementations may be referred to the first
embodiment which are omitted for brevity.

[0049] As shown in FIGS. 4 to 6, a dual-feed antenna 100
according to the fourth to sixth embodiments of the present
invention is provided, wherein the first grounding-area 221 in
the first antenna unit 20 is respectively circular, elliptic and
right hexagonal, and the rest components and structures
thereof are identical to the first embodiment. The fourth to
sixth embodiments illustrate that, in the dual-feed antenna
100 according to the present invention, the first grounding-
area 221 in the first antenna unit 20 may be of various shape,
e.g., polygonal, circular, elliptic, rather than being limited to
what is shown in such embodiments, so long as the condition
that the size thereof along the length direction is approxi-
mately equal to one-quarter wavelength of the low frequency
band is satisfied; in other word, as long as the requirement that
the long side of the polygon, the diameter of the circle or the
long axis of the ellipse is approximately equal to one-quarter
wavelength of the prescribed low frequency band is fulfilled.
Herein Part (a) in FIG. 4 to FIG. 6 indicates the antenna
structure installed on the first surface 11 of the substrate 10,
and Part (b) indicates the antenna structure installed on the
second surface 12 of the substrate 10.

[0050] As shown in FIG. 7 and FIG. 8, a dual-feed antenna
100 according to the seventh to eighth embodiments of the
present invention is provided, wherein the second radiator
311 in the second antenna unit 30 and the second sub-ground-
ing-area 322 have shapes different from the right angle U
shape illustrated in the first embodiment, but being respec-
tively an arc-shaped groove and a V-shaped groove, whereas
the rest components and structures thereof are identical to the
first embodiment. Additionally, as shown in FIG. 7, the
groove opening direction of the second radiator 311 is difter-
ent from the first embodiment, which is open downward,
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while the groove opening direction ofthe second sub-ground-
ing-area 322 has an upward opening direction. From these
two embodiments, it can be seen that the groove shapes of the
second radiator 311 in the second antenna unit 30 and the
second sub-grounding-area 322 may vary differently, rather
than being limited to illustrated right angle U groove shape,
arc groove shape and V groove shape, so long as the opening
direction is opposite, and the distance from the free end of the
arm in the second radiator 311 to the free end of the arm in the
second sub-grounding-area 322 (which distance being as cal-
culated according to the texts illustrated in the first embodi-
ment) is approximate equal to the one-half wavelength of the
high frequency band. Herein Part (a) in FIG. 7 to FIG. 8
indicates the antenna structure installed on the first surface 11
of'the substrate 10, and Part (b) indicates the antenna structure
installed on the second surface 12 of the substrate 10.

[0051] AsshowninFIG.9,adual-feed antenna 100 accord-
ing to the ninth embodiment of the present invention is pro-
vided, wherein the second sub-grounding-area 322 in the
second antenna unit 30 is a U-shape groove, while other
components are identical to the first embodiment. In addition
to the variety of groove shapes for the second radiator 311 in
the second antenna unit 30 and the second sub-grounding-
area 322, the ninth embodiment also describes that the groove
shapes for the second radiator 311 and the second sub-
grounding-area 322 can be mutually different, e.g., one may
be U-shaped, while the other is right angle U-shaped.

[0052] As shown in FIG. 10, a dual-feed antenna 100
according to the tenth embodiment of the present invention is
provided, wherein the shape of the first sub-ground-area 321
in the second antenna unit 30 is elliptic, instead of the long-
bar shape as illustrated in the aforementioned nine embodi-
ments, while other components are identical to the seventh
embodiment. The present embodiment shows that the shape
of'the first sub-ground-area 321 in the second antenna unit 30
can vary differently, rather than being limited to long-bar,
ellipse etc. That is, the first sub-ground-area 321 may be
rectangular, circular or elliptic, so long as the long side of the
rectangle, the diameter of the circle or the long axis of the
ellipse is greater than or equal to one-half wavelength of a
prescribed high frequency band.

[0053] As shown in FIG. 11, a dual-feed antenna 100
according to the eleventh embodiment of the present inven-
tion is provided, wherein the shape of the first sub-grounding-
area 321 in the second antenna unit 30 is circular, the second
sub-grounding-area 322 is an arc-shaped groove with a down-
ward opening, the second radiator 311 is an arc-shaped
groove with an upward opening, and other components are
the same as the first embodiment. It should be noted that the
distance h from the free end of the arm in the second radiator
311 to the free end of the arm in the second sub-grounding-
area 322 is equal to the diameter of the first sub-grounding-
area 321, which is different from the other embodiments
where the size of the first sub-grounding-area 321 in the
length direction is always greater than the distance h from the
free end of the arm in the second radiator 311 to the opening
end of the groove in the second sub-grounding-area 322.
Therefore, in addition to the fact that the shape of the first
sub-grounding-area 321 is not limited to long-bar shape and
ellipse, the present embodiment also explains that the length
size of the first sub-grounding-area 321 can be equal to the
distance h from the bottom of the second radiator 311 to the
groove opening end of the second sub-grounding-area 322,
and when the length size of the first sub-grounding-area 321
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is equal to the distance h from the free end of the arm in the
second radiator 311 to the free end of the arm in the second
sub-grounding-area 322, the size of the second antenna unit
30 is minimized. Herein Part (a) in FIG. 9 to FIG. 11 indicates
the antenna structure installed on the first surface 11 of the
substrate 10, and Part (b) indicates the antenna structure
installed on the second surface 12 of the substrate 10.

[0054] Conjunctively referring to FIG. 12 and FIG. 13, a
dual-feed antenna 100 according to the twelfth embodiment
of'the present invention is provided, wherein the components
and structures thereof are essentially identical to the first
embodiment with the following differences: the first radiating
unit 21 and the first grounding unit 22 of the first antenna unit
20 is respectively formed on the first surface 11 and the
second surface 12 of the substrate 10; that is, unlike other
aforementioned embodiments, the first radiating unit 21 and
the first grounding unit 22 herein are formed on two different
surfaces. Besides, the second radiating unit 31 of the second
antenna unit 30 is formed on the first surface 11 that is the
same surface of the substrate 10 on which the first radiating
unit 21 is formed; meanwhile, the second grounding unit 32
of'the second antenna unit 30 is formed on the second surface
12 that is the same surface of the substrate 10 on which the
first grounding unit 22 is formed. In order to couple the first
radiating unit 21 and the first grounding unit 22, a hole 15 is
provided on the substrate 10, and the outer layer grounding
conductor 232 of the coaxial transmission line 23 passes
through the hole 15 to electrically connect to the first ground-
ing-point 222. The present embodiment illustrates that the
first radiating unit 21 and the first grounding unit 22 of the first
antenna unit 20 can be optionally installed on different sur-
faces of the substrate 10, as desired, rather than being limited
to the same surface of the substrate 10. Herein Part (a) in FIG.
13 indicates the antenna structure installed on the first surface
11 of the substrate 10, and Part (b) indicates the antenna
structure installed on the second surface 12 of the substrate
10.

[0055] In the following texts, the dual-feed antenna shown
in the first embodiment will be referred conjunctively with
FIG. 14 to FIG. 17, so as to demonstrate the performance of
the dual-feed antenna according to the present invention mea-
sured in courses of antenna experiments.

[0056] Refer now to FIG. 14, a diagram showing measure-
ment results of reflection coefficient and isolation in the dual-
feed antenna 100 according to the first embodiment of the
present invention. Herein the curve of return loss C11 indi-
cates the performance of the dual-feed antenna 100 at the low
frequency range, and the curve of return loss C22 indicates
the performance of the dual-feed antenna 100 at the high
frequency range, while the curve of isolation C21 represents
the interference between the two frequencies. Typically, a
feature of antenna impedance bandwidth under -10 dB may
provide better transmission quality. It can be seen from FIG.
14 that curve C11 of the dual-feed antenna 100 satisfies
2400-2484 MHz operation band under the definition of being
smaller than —10 dB impedance bandwidth; similarly, curve
(22 also meets the condition of being smaller than -10 dB at
5150-5875 MHz. On the other hand, curve C21 is smaller
than -20 dB at both high frequency band and low frequency
band, indicating these two bands present good isolation result
which effectively prevents the occurrence of interference in
operation.

[0057] Refer next to FIG. 15, wherein a two dimensional
radiation diagram depicting the first antenna unit 20 of the
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dual-feed antenna 100 according to the first embodiment of
the present invention excited at 2442 MHz is shown. From the
radiation field patterns on X-Y plane, X-Z plane and Y-Z
plane, it can be observed that the radiation field pattern of the
dual-feed antenna 100 at 2442 MHz is a good omni-direc-
tional radiation field pattern on X-Y plane which allows ful-
fillment of the application demands regarding to general
wireless local area network operations.

[0058] Refer further to FIG. 16, wherein a two dimensional
radiation diagram depicting the second antenna unit 30 of the
dual-feed antenna 100 according to the first embodiment of
the present invention excited at 5490 MHz is shown. From the
radiation field patterns on X-Y plane, X-Z plane and Y-Z
plane, it can be observed that the radiation field pattern of the
dual-feed antenna 100 at 5490 MHz is a good omni-direc-
tional radiation field pattern on X-Y plane which also allows
fulfillment of the application demands regarding to general
wireless local area network operations.

[0059] Refer now to FIG. 17, a diagram showing experi-
mental curves of antenna gain and radiation efficiency in the
dual-feed antenna 100 according to the first embodiment of
the present invention. Herein C44 is a curve of antenna gain,
indicating the gain acquired for the antenna; C55 is a curve of
radiation efficiency, indicating the radiation efficiency cre-
ated by the antenna. From these experimental curves, it can be
found that the gains of the dual-feed antenna 100 obtained at
such low and high frequency bands are both greater than 2
dBi, with radiation efficiencies thereof greater than 80%.
Therefore, the dual-feed antenna 100 is capable of matching
the requirements for signal transmissions at both low and high
frequency bands.

[0060] In summary of aforementioned descriptions, the
present invention can provide the following advantages:
[0061] 1.the dual-feed antenna 100 disclosed in the present
invention can simultaneously generate a low frequency
operation band and a high frequency operation band, and
further because of the dual-feed feature, it needs not to exter-
nally connect a switching circuit at the feed end of the
antenna, thereby preventing undesirable degradation in
antenna feature and satisfying the requirements on dual-mod-
ule applications;

[0062] 2. the dual-feed antenna 100 according to the
present invention needs only a metal plate of small size as the
grounding-area, accordingly providing the aspect of micro-
miniaturization in integral volume, allowing the dual-feed
antenna 100 according to the present invention to be more
widely employed in the interior of the wireless product case;
[0063] 3. the dual-feed antenna 100 according to the
present invention is characterized in concise structure and
modularization, fabrication processes thereof can be thus
simplified, thereby resulting in reduced manufacture costs.
[0064] The texts set forth hereinbefore illustrate simply the
preferred embodiments of the present invention, rather than
intending to restrict the scope of the present invention
claimed to be legally protected thereto. All effectively equiva-
lent changes made by using the contents of the present dis-
closure and appended drawings thereof are included within
the scope of the present invention delineated by the following
claims.

What is claimed is:

1. A dual-feed antenna, comprising:

a substrate, further comprising a first surface and a second
surface opposite to the first surface;
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a first antenna unit, further comprising a first radiating unit
and a first grounding unit, which first radiating unit and
first grounding unit being respectively formed on a first
surface of the substrate; and

a second antenna unit, further comprising a second radiat-
ing unit and a second grounding unit, which second
radiating unit and second grounding unit are respec-
tively formed on the first surface and a second surface of
the substrate, and which second grounding unit is in
proximity of the first grounding unit;

wherein the second radiating unit further comprises a sec-
ond radiator which has a first groove including a first
bottom and a pair of first arms; the second grounding
unit consists of a first sub-grounding-area and a second
sub-grounding-area, in which the second sub-ground-
ing-area has a second groove including a second bottom
and a pair of second arms, and in which the first sub-
grounding-area is cross-wise connected with the second
sub-grounding-area at the bottom of the groove, and the
second arms symmetrically are distributed to both sides
of the first sub-grounding-area; the first groove has an
opening direction opposite to the opening direction of
the second groove.

2. The dual-feed antenna according to claim 1, wherein the
distance from the free end of the first arm to the free end of the
second arm is approximately equal to one-half wavelength of
a prescribed high frequency band.

3. The dual-feed antenna according to claim 2, wherein the
vertical distance from the first bottom to the free end of the
first arm is defined as the length of the second radiator, the
vertical distance from the second bottom to the free end of the
second arm is defined as the length of the second sub-ground-
ing-area, and the length of the second radiator is approxi-
mately equal to the length of the second sub-grounding-area.

4. The dual-feed antenna according to claim 1, wherein the
first groove is a U-shaped groove, V-shaped groove, right
angle U-shaped groove or arc-shaped groove and the second
groove is a U-shaped groove, V-shaped groove, right angle
U-shaped groove or arc-shaped groove.

5. The dual-feed antenna according to claim 1, wherein the
first sub-grounding-area is rectangular, circular or elliptic,
and the size of the long side of the rectangle, the diameter of
the circle or the long axis of the ellipse is greater than or equal
to one-half wavelength of a prescribed high frequency band.

6. The dual-feed antenna according to claim 1, wherein the
second radiating unit further consists of a microstrip trans-
mission line, in which one end of the microstrip transmission
line far from the second radiator is installed with a second
feed point, and one end of the first sub-grounding-area cor-
responding to the second feed point is installed with a second
grounding-point.

7. The dual-feed antenna according to claim 1, wherein the
first radiating unit consists of a first radiator, the length of
which first radiator being slightly smaller than one-quarter
wavelength of a prescribed low frequency band.

8. The dual-feed antenna according to claim 7, wherein the
first radiator is sinuously installed on the first surface of the
substrate, in which one end of the first radiator close to the
first grounding unit is provided with a first feed point, which
first feed point being out of the range covered or projected
from the first grounding unit onto the substrate.
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9. The dual-feed antenna according to claim 7, wherein the
first radiating unit further consists of a short circuit shred of L
shape connecting the first radiator and the first grounding
unit.

10. The dual-feed antenna according to claim 1, wherein
the first grounding unit includes a first grounding-area and a
first grounding-point, in which the first grounding-area is
polygonal, circular or elliptic, and the size of the long side of
the polygon, the diameter of the circle or the long axis of the
ellipse is approximately equal to one-quarter wavelength of'a
prescribed low frequency band, and the first grounding-point
is installed on the end of the first grounding-area close to the
first radiator.

11. A dual-feed antenna, comprising:

a substrate, consisting of a first surface and a second sur-

face opposite to the first surface;

a first antenna unit, consisting of a first radiating unit and a
first grounding unit, which first radiating unit being
formed on a first surface of the substrate and which first
grounding unit formed on a second surface of the sub-
strate, with a hole further provided on the substrate; and

a second antenna unit, consisting of a second radiating unit
and a second grounding unit, which second radiating
unit and second grounding unit being respectively
formed on the first surface and the second surface of the
substrate, and which second grounding unit being in
proximity of the first grounding unit;

wherein the second radiating unit consists of a second
radiator which has a first groove including a first bottom
and a pair of first arms; the second grounding unit con-
sists of a first sub-grounding-area and a second sub-
grounding-area, in which the second sub-grounding-
area has a second groove including a second bottom and
apair of second arms, and in which the first sub-ground-
ing-area is cross-wise connected with the second sub-
grounding-area at the bottom of the groove, and the
second arms symmetrically distribute to both sides of
the first sub-grounding-area; the first groove has an
opening direction opposite to the opening direction of
the second groove.

12. The dual-feed antenna according to claim 11, wherein
the distance from the free end of the first arm to the free end
of the second arm is approximately equal to one-half wave-
length of a prescribed high frequency band.

13. The dual-feed antenna according to claim 11, wherein
the vertical distance from the first bottom to the free end of the
first arm is defined as the length of the second radiator, the
vertical distance from the second bottom to the free end of the
second arm is defined as the length of the second sub-ground-
ing-area, and the length of the second radiator is approxi-
mately equal to the length of the second sub-grounding-area.

14. The dual-feed antenna according to claim 11, wherein
the first groove is a U-shaped groove, V-shaped groove, right
angle U-shaped groove or arc-shaped groove and the second
groove is a U-shaped groove, V-shaped groove, right angle
U-shaped groove or arc-shaped groove.

15. The dual-feed antenna according to claim 11, wherein
the first sub-grounding-area is rectangular, circular or elliptic,
and the size of the long side of the rectangle, the diameter of
the circle or the long axis of the ellipse is greater than or equal
to one-half wavelength of a prescribed high frequency band.

16. The dual-feed antenna according to claim 11, wherein
the second radiating unit further consists of a microstrip
transmission line, in which one end of the microstrip trans-
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mission line far from the second radiator is installed with a
second feed point, and one end of the first sub-grounding-area
corresponding to the second feed point is installed with a
second grounding-point.

17. The dual-feed antenna according to claim 11, wherein
the first radiating unit consists of a first radiator, the length of
which first radiator being slightly smaller than one-quarter
wavelength of a prescribed low frequency band.

18. The dual-feed antenna according to claim 17, wherein
the first radiator is sinuously installed on the first surface of
the substrate, in which one end of the first radiator close to the
first grounding unit is provided with a first feed point, which
first feed point being out of the range covered or projected
from the first grounding unit onto the substrate.
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19. The dual-feed antenna according to claim 17, wherein
the first radiating unit further consists of a short circuit shred
of L shape connecting the first radiator and the first grounding
unit.

20. The dual-feed antenna according to claim 11, wherein
the first grounding unit includes a first grounding-area and a
first grounding-point, in which the first grounding-area is
polygonal, circular or elliptic, and the size of the long side of
the polygon, the diameter of the circle or the long axis of the
ellipse is approximately equal to one-quarter wavelength of'a
prescribed low frequency band, and the first grounding-point
is installed on the end of the first grounding-area close to the
first radiator.
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MULTI-BAND ANTENNA

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an antenna, and
more particularly to a multi-band antenna.

[0003] 2. The Related Art

[0004] Antennas are used in various communication sys-
tems, such as cellular phones, notebook computers, wireless
data and local area network, etc. The types of the antennas are
also varied, including planar inverted-F antennas, monopole
antennas, loop antennas and the like. Moreover, among
present wireless technologies, wireless communication
bands include global system for mobile communications
(GSM) band about 850 MHz, extended global system for
mobile communications (EGSM) band about 900 MHz, digi-
tal cellular system (DCS) band about 1800 MHz, personal
communication services (PCS) band about 1900 MHz and
wideband code division multiple access (WCDMA) band
about 2000 MHz.

[0005] Generally, an antenna includes a radiating element,
a grounding element, a capacitance element and an induc-
tance element. The capacitance element and the inductance
element are used to adjust a resonance frequency and an
impedance matching of the antenna. A conventional antenna
arranges the capacitance element adjacent to the grounding
element. When the conventional antenna is assembled in a
communication equipment, the capacitance element would
likely be warped to contact the grounding element if the
capacitance element is subject to an external force, which will
cause a short-circuit between the capacitance element and the
grounding element. As a result, the performance of the con-
ventional antenna will be degraded.

SUMMARY OF THE INVENTION

[0006] It is an object of the present invention to provide a
multi-band antenna including a base plate which has two
opposite transverse edges and two opposite longitudinal
edges respectively connected to the two transverse edges. A
high frequency radiating element is bent downward from one
transverse edge of the base plate and then extends in a trans-
verse direction. A low frequency radiating element extends
from one longitudinal edge of the base plate. A capacitance
element is bent downward from the other transverse edge of
the base plate and then extends in the same direction as the
high frequency radiating element. A feeding point is defined
at one end of the capacitance element adjacent to the base
plate. An inductance element extends from the other longitu-
dinal edge of the base plate and has a transverse border
exceeding the base plate in a longitudinal direction. A
grounding element is bent downward from the transverse
border of the inductance element and then extends in the same
direction as the high frequency radiating element to be spaced
from the capacitance element.

[0007] As described above, the arrangement of the high
frequency radiating element and the low frequency radiating
element secures the multi-band antenna to transmit and
receive multiple band signals. The capacitance element is
spaced from the grounding element, which not only ensures
the capacitance effect between the capacitance element and
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the grounding element, but also avoids a short-circuit ther-
ebetween even though the multi-band antenna is warped on
account of an external force.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The present invention will be apparent to those
skilled in the art by reading the following description of an
embodiment thereof, with reference to the attached drawings,
in which:

[0009] FIG.11isa perspective view of a multi-band antenna
in accordance with the present invention; and

[0010] FIG. 2 is a test chart recording of Voltage Standing
Wave Ratio (VSWR) of the multi-band antenna as a function
of frequency.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0011] A multi-band antenna 100 according to a preferred
embodiment of the present invention is illustrated in FIG. 1.
The multi-band antenna 100 which may be formed by pattern
etching a copper-plated sheet of synthetic material includes a
substantially rectangular base plate 1 having two opposite
transverse edges and two opposite longitudinal edges respec-
tively connected to the two transverse edges.

[0012] A high frequency radiating element 2 bends down-
ward from one transverse edge of the base plate 1 and then
extends in a transverse direction. The high frequency radiat-
ing element 2 further has an extension portion 21 extended
opposite to the high frequency radiating element 2. A capaci-
tance element 4 bends downward from the other transverse
edge ofthe base plate 1 and then extends in the same direction
as the high frequency radiating element 2. The high frequency
radiating element 2 and the capacitance element 4 face to each
other. The capacitance element 4 defines a feeding point 5 at
an end thereof adjacent to the base plate 1.

[0013] A low frequency radiating element 3 extends from
one longitudinal edge of the base plate 1 and includes a first
radiating strip 31, a second radiating strip 33 and an interme-
diate strip 32 connected with the first radiating strip 31 and the
second radiating strip 33. The first radiating strip 31 perpen-
dicularly extends from the base plate 1 and is arranged adja-
cent to the capacitance element 4. The intermediate strip 32 is
extended perpendicularly from a free end of the first radiating
strip 31 with a distal end thereof adjacent to a distal end of the
high frequency radiating element 2. The first radiating strip
31 and the intermediate strip 32 are coplanar with the base
plate 1. The distal end of the intermediate strip 32 is bent
downward and then extended opposite to the high frequency
radiating element 2 to form the second radiating strip 33
substantially in alignment with the high frequency radiating
element 2.

[0014] The multi-band antenna 100 further includes an
inductance element 6 extended from the other longitudinal
edge of'the base plate 1. The inductance element 6 is coplanar
with the base plate 1 and has a first horizontal section 61
extended opposite to the first radiating strip 31 from the base
plate 1, a second horizontal section 63 spaced from and par-
allel to the first horizontal section 61 and a connection section
62 perpendicularly connected both ends of the first horizontal
section 61 and the second horizontal section 63 away from the
baseplate 1. The second horizontal section 63 has a transverse
border 631 exceeding the base plate 1 in a longitudinal direc-
tion. A grounding element 7 bends downward from the trans-
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verse border 631 of the second horizontal section 63 and then
extends in the same direction as the high frequency radiating
element 2 to be spaced from the capacitance element 4. A top
edge of a free end of the grounding element 7 extends per-
pendicularly towards the second radiating strip 33 to form a
fixing portion 8.

[0015] When the multi-band antenna 100 is assembled in a
mobile communication equipment, the grounding element 7
is connected to the ground. Then the inductance element 6 is
connected with the ground through the grounding element 7.
Because the inductance element 6 is a narrow strip metal, the
inductance element 6 has a property of linearity. Therefore,
the connection between the inductance element 6 and the
grounding element 7 can substitute for an inductor to attain
the same function. The capacitance element 4 is a long narrow
strip spaced from the grounding element 7, so the capacitance
element 4 and the grounding element 7 produce a capacitance
effect and can substitute a capacitor to attain the same func-
tion. Thereby, the capacitance element 4 and the inductance
element 6 enable the multi-band antenna 100 and a high-
frequency circuit (not shown) to match with each other.
[0016] When the multi-band antenna 100 is used in wire-
less communication, an electric current is fed into the multi-
band antenna 100 via the feeding point 5. The high frequency
radiating element 2 produces a main resonance mode to
secure the high frequency radiating element 2 for transmit-
ting/receiving a higher frequency range covering 1800 MHz
to 2000 MHz; while the low frequency radiating element 3
produces a main resonance mode to secure the low frequency
radiating element 3 for transmitting/receiving a lower fre-
quency range covering 850 MHz to 900 MHz. Therefore, the
multi-band antenna 100 obtains frequency range correspond-
ing to GSM band, EGMS band, DCS band, PCS band and
WCDMA band in wireless communication.

[0017] Inorder to illustrate the effectiveness of the present
invention, FIG. 2 sets a test chart recording of Voltage Stand-
ing Wave Ratio (VSWR) of the multi-band antenna 100 as a
function of frequency. The multi-band antenna 100 respec-
tively works in 824 MHz (Mkr 1), 960 MHz (Mkr 2), 1.71
GHz (Mkr 3), 1.88 GHz (Mkr 4), and 2.17 GHz (Mkr 5), and
the values of the VSWR are 3.093, 3.490, 2.324, 1.516 and
1.980, respectively.

[0018] As described above, the arrangement of the high
frequency radiating element 2 and the low frequency radiat-
ing element 3 secures the multi-band antenna 100 to transmit
and receive multiple band signals covering 850 MHz, 900
MHz, 1800 MHz, 1900 MHz and 2000 MHz. The capacitance
element 4 is spaced from the grounding element 7, which not
only ensures the capacitance effect between the capacitance
element 4 and the grounding element 7, but also avoids a
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short-circuit therebetween even though the multi-band
antenna 100 is warped on account of an external force.

What is claimed is:

1. A multi-band antenna, comprising:

a base plate having two opposite transverse edges and two
opposite longitudinal edges respectively connected to
the two transverse edges;

a high frequency radiating element bent downward from
one transverse edge of the base plate and then extending
in a transverse direction;

a low frequency radiating element extending from one
longitudinal edge of the base plate;

a capacitance element bent downward from the other trans-
verse edge of the base plate and then extending in the
same direction as the high frequency radiating element,
a feeding point being defined at one end of the capaci-
tance element adjacent to the base plate;

an inductance element extending from the other longitudi-
nal edge ofthe base plate, the inductance element having
a transverse border exceeding the base plate in a longi-
tudinal direction; and

a grounding element bent downward from the transverse
border of the inductance element and then extending in
the same direction as the high frequency radiating ele-
ment to be spaced from the capacitance element.

2. The multi-band antenna as claimed in claim 1, wherein
the high frequency radiating element has an extension portion
extended opposite to the high frequency radiating element.

3. The multi-band antenna as claimed in claim 1, wherein
the low frequency radiating element includes a first radiating
strip perpendicularly extending from the base plate and
arranged adjacent to the capacitance element and an interme-
diate strip coplanar with the base plate extending perpendicu-
larly from a free end of the first radiating strip with a distal end
thereof adjacent to a distal end of the high frequency radiating
element, the distal end of the intermediate strip is bent down-
ward and then extended opposite to the high frequency radi-
ating element to form a second radiating strip substantially in
alignment with the high frequency radiating element.

4. The multi-band antenna as claimed in claim 1, wherein
the inductance element is coplanar with the base plate and has
a first horizontal section extended from the base plate, a
second horizontal section spaced from and parallel to the first
horizontal section and a connection section perpendicularly
connected both ends of the first horizontal section and the
second horizontal section away from the base plate.

5. The multi-band antenna as claimed in claim 4, wherein
the second horizontal section defines one edge thereof as the
transverse border.
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MULTIBAND ANTENNA AND PORTABLE
WIRELESS COMMUNICATION DEVICE
USING THE SAME

BACKGROUND
[0001] 1. Technical Field
[0002] The disclosure generally relates to antennas, par-

ticularly to a multiband antenna and a portable wireless com-
munication device using the multiband antenna.

[0003] 2. Description of Related Art

[0004] With the developments of wireless communication
and information processing technologies, portable wireless
communication devices such as mobile phones and personal
digital assistants (PDAs) are now in widespread use, and
consumers may now enjoy the full convenience of high tech
products almost anytime and anywhere.

[0005] Typical portable wireless communication devices
generally include a single band antenna assembled therein to
transmit and receive electromagnetic waves. The single band
antenna only allows transmission and receiving of only one
frequency band for communication and does not provide the
flexibility of using multiple frequency bands suitable for dif-
ferent communication systems such as Bluetooth, WiMAX,
and WLAN. The working frequency bands of the Bluetooth,
WiMAX, and WLAN communication systems are 2.4~2.48
GHz, 3.4~3.7 GHz, and 5.15~5.35 GHz. Theoretically, using
different antenna for each frequency band can solve the afore-
said problems. However, multiple antennas will inevitably
increase the cost of manufacturing portable wireless commu-
nication devices, and occupy a large space within portable
wireless communication devices.

[0006] Therefore, there is room for improvement within the
art.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Many aspects of the multiband antenna and the por-
table wireless communication device can be better under-
stood with reference to the following drawings. The compo-
nents in the drawings are not necessarily drawn to scale, the
emphasis instead being placed upon clearly illustrating the
principles of the multiband antenna and the portable wireless
communication device.

[0008] FIG.1 shows a front elevational view of a multiband
antenna mounted on a base board of a portable wireless com-
munication device, according to the first exemplary embodi-
ment.

[0009] FIG. 2 shows exemplary dimensions of an exem-
plary embodiment of the multiband antenna of FIG. 1.
[0010] FIG. 3 shows an exemplary test graph obtained from
the multiband antenna of FIG. 1, disclosing return loss vary-
ing with frequency.

[0011] FIG. 4 shows a front elevational view of a multiband
antenna mounted on a base board of a portable wireless com-
munication device, according to the second exemplary
embodiment.

[0012] FIG.5 shows an exemplary test graph obtained from
the multiband antenna of FIG. 4, disclosing return loss vary-
ing with frequency.

DETAILED DESCRIPTION

[0013] FIG. 1 shows a multiband antenna 10 according to
the first exemplary embodiment. In use, the multiband
antenna 10 is installed on a base board 30 of a portable
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electronic device (not shown), such as a mobile phone and a
personal digital assistant (PDA), to receive and/or send wire-
less signals. In the first exemplary embodiment, the multi-
band antenna 10 is formed on the base board 30 with copper
material using sculpture printing.

[0014] The base board 30 is a printed circuit board includ-
ing a mounting portion 31 and a grounding portion 32. The
mounting portion 31 is configured for mounting on the multi-
band antenna 10. The grounding portion 32 is for providing a
grounding plane for the multiband antenna 10.

[0015] The multiband antenna 10 includes a feed end 11, a
grounding end 12, a first radiating arm 13, a connecting
portion 14, a second radiating arm 15 and a third radiating arm
16. The feed end 11 and the grounding end 12 are connected
to the first radiating arm 13 to form an F-shaped antenna, and
obtain a first resonance frequency. The second radiating arm
15 generates a coupling effect with the first radiating arm 13,
and obtains a second resonance frequency. The third radiating
arm 16 generates a coupling effect with the second radiating
arm 15, and obtains a third resonance frequency. In this exem-
plary embodiment, the first resonance frequency, the second
resonance frequency and the third resonance frequency are
2.4 GHz,3.5 GHz and 5.2 GHz, and suitable for working with
Bluetooth, WIMAX, and WLAN communication systems.
[0016] The feed end 11 and the grounding end 12 are both
sheet-shape. The width of the feed end 11 is approximately
equal to that of the grounding end 12. The length of the feed
end 11 is slightly shorter than that of the grounding end 12.
One end of the feed end 11 is perpendicularly connected to
one side of the first radiating arm 13, and another end of the
feed end 11 is perpendicularly connected to a signal feed
portion (not shown) of the wireless communication device via
a feed device 40. One end of the grounding end 12 is perpen-
dicularly connected to the first radiating arm 13, and another
end of the grounding end 12 is perpendicularly connected to
the grounding portion 32. Thus the grounding end 12 is par-
allel to the feed end 11. The first radiating arm 13 is parallel to
the grounding portion 32. The first radiating arm 13 is per-
pendicularly connected to the feed end 11 and the grounding
end 12 at the side adjacent to the grounding portion 32 to form
an F-shaped antenna, and obtains a first resonance frequency
of 2.4 GHz.

[0017] Theconnecting end 14 is formed by perpendicularly
extending from the side of the first radiating arm 13 opposite
to the grounding end 12. One end of the connecting end 14 is
connected to the second radiating arm 15.

[0018] The second radiating arm 15 is an approximately
L-shaped sheet including a first arm portion 151 and a first
bent portion 152 perpendicularly connected to the first arm
portion 151. The second radiating arm 15 is positioned on the
side of the first radiating arm 13 opposite to the grounding
portion 32. The first arm portion 151 is parallel to the first
radiating arm 13. One end of the first arm portion 151 oppo-
site to the first bent portion 152 is perpendicularly connected
to the connecting end 14. The length of the first arm portion
151 is slightly longer than that of the first radiating arm 13. A
first L-shaped slot 17 is formed between the second radiating
arm 15 and the first radiating arm 13. A second resonance
frequency of 3.5 GHz is obtained via the coupling effect
generating by the second radiating arm 15 and the first radi-
ating arm 13. In addition, the second resonance frequency can
be adjusted by changing a width of the first slot 17.

[0019] The shape of the third radiating arm 16 is substan-
tially the same as the second radiating arm 15. The third
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radiating arm 16 is an L-shaped sheet including a second arm
portion 161 and a second bent portion 162 perpendicularly
connected to the second arm portion 161. The third radiating
arm 16 is set at the side of the second radiating arm 15
opposite to the first radiating arm 13. The second arm portion
161 is parallel to the first arm portion 151. The second bent
162 is parallel to the first bent portion 152. Thus a second
L-shaped slot 18 is formed between the third radiating arm 16
and the second radiating arm 15, and obtains a third resonance
frequency of 5.2 GHz via the coupling effect generating by
the second radiating arm 15 and the third radiating arm 16.
The third resonance frequency can be adjusted by changing a
width of the second slot 18.

[0020] Referring to FIG. 2, in an exemplary embodiment,
the width between the feed end 11 and the grounding end 12
is 3mm. The length of the first arm portion 151 is 15.6 mm.
The width between the first radiating arm 13 and the second
radiating arm 15 is 0.4 mm. The distance from the periphery
edge of first arm portion 151 to the grounding portion 32 is 5.5
mm. In addition, the width of first extending portion 152 is 2
mm. The length of the second arm portion 161 is 18.5 mm.
The width between the second radiating arm 15 and the sec-
ond arm portion 161 is 0.6 mm. The distance from the periph-
eral edge of the second arm portion 161 to the grounding
portion 32 is 7.5 mm. The width of the second bent portion
162 is 5 mm. These dimensions are merely exemplary and do
not limit the scope of the invention.

[0021] Referring to FIG. 3, during the test, the multiband
antenna generates three resonance frequencies of 2.4 GHz,
3.5 GHz and 5.2 GHz, suitable for working with Bluetooth,
WiMAX, and WLAN communication systems.

[0022] FIG. 4 shows a multiband antenna 20 according to a
second exemplary embodiment. The multiband antenna 20 is
similar to the multiband antenna 10 and further includes a
fourth radiating arm 19 to obtain a fourth radiating resonance
frequency. The fourth radiating arm 19 is an L-shaped sheet
including a third arm portion 191 and a third bent portion 192
perpendicularly connected to the third arm portion 191. The
third arm portion 191 is parallel to the second arm portion
161. A third slot 193 is formed between the fourth radiating
arm 19 and the third radiating arm 16. According to FIG. 5,
during the test, the multiband antenna 20 generates four reso-
nance frequencies for communication.

[0023] The structure of the multiband antenna is planar, and
does not occupy much space within portable wireless com-
munication devices, which is advantageous to miniaturiza-
tion of mobile phones. Further more, the multiband antenna
provides multiple frequency bands suitable for different com-
munication systems, which reduce the cost of portable wire-
less communication device working for multiple communi-
cation systems.

[0024] It is believed that the exemplary embodiments and
their advantages will be understood from the foregoing
description, and it will be apparent that various changes may
be made thereto without departing from the spirit and scope of
the invention or sacrificing all of its material advantages, the
examples hereinbefore described merely being preferred or
exemplary embodiments of the invention.

What is claimed is:

1. A multiband antenna used in a portable wireless com-
munication device, comprising:

a feed end;

a grounding end;
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a first radiating arm, the feed end, the grounding end and
the first radiating arm forming an F-shaped antenna, and
obtaining a first resonance frequency;

a connecting end;

a second radiating arm; and

a third radiating arm, wherein the second radiating arm is
connected to the connecting end, and forms a first slot
with the first radiating arm, and obtains a second reso-
nance frequency; the third radiating arm is set at one side
ofthe second radiating arm, and forms a second slot with
the second radiating arm, and obtains a third resonance
frequency.

2. The multiband antenna as claimed in claim 1, wherein
the second radiating arm is an L-shaped sheet, and the first
slot formed by the second radiating arm and the first radiating
arm is L-shaped.

3. The multiband antenna as claimed in claim 2, wherein
the second radiating arm includes a first arm portion and a first
bent portion perpendicularly connected to the first arm por-
tion, the first arm portion is parallel to the first radiating arm,
one end of the first arm portion apposite to the first bent
portion is perpendicularly connected to the connecting end.

4. The multiband antenna as claimed in claim 3, wherein
the third radiating arm is an L-shaped sheet, and the second
slot formed by the third radiating arm and the second radiat-
ing arm is L-shaped.

5. The multiband antenna as claimed in claim 4, wherein
the third radiating arm includes a second arm portion and a
second bent portion perpendicularly connected to the second
arm portion, the second arm portion is parallel to the first arm
portion, the second bent portion is parallel to the first bent
portion.

6. The multiband antenna as claimed in claim 1, wherein
the multiband antenna further includes a fourth radiating arm
set on the side of the third radiating arm opposite to the second
radiating arm.

7. The multiband antenna as claimed in claim 6, wherein
the fourth radiating arm is an L-shaped sheet including a third
arm portion and a third bent portion perpendicularly con-
nected to the third arm portion.

8. A portable wireless communication device comprising:

a base board; the base board includes a mounting portion
and a grounding portion for offering a grounding plane
and

a multiband antenna; the mounting portion being for
mounting the multiband antenna; the multiband antenna
comprising:

a feed end;

a grounding end;

a first radiating arm, the feed end, the grounding end and
the first radiating arm forming an F-shaped antenna, and
obtaining a first resonance frequency;

a connecting end;

a second radiating arm; and

a third radiating arm, wherein the second radiating arm is
connected to the connecting end, and forms a first slot
with the first radiating arm, and obtains a second reso-
nance frequency; the third radiating arm is set at one side
ofthe second radiating arm, and forms a second slot with
the second radiating arm, and obtains a third resonance
frequency.

9. The portable wireless communication device as claimed

in claim 8, wherein the second radiating arm is an L-shaped
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sheet, and the first slot formed by the second radiating arm
and the first radiating arm is L-shaped.

10. The portable wireless communication device as
claimed in claim 9, wherein the second radiating arm includes
a first arm portion and a first bent portion perpendicularly
connected to the first arm portion, the first arm portion is
parallel to the first radiating arm, one end of the first arm
portion apposite to the first bent portion is perpendicularly
connected to the connecting end.

11. The portable wireless communication device as
claimed in claim 10, wherein the third radiating arm is an
L-shaped sheet, and the second slot formed by the third radi-
ating arm and the second radiating arm is [.-shaped.

12. The portable wireless communication device as
claimed in claim 11, wherein the third radiating arm includes
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a second arm portion and a second bent portion perpendicu-
larly connected to the second arm portion, the second arm
portion is parallel to the first arm portion, the second bent
portion is parallel to the first bent portion.

13. The portable wireless communication device as
claimed in claim 8, wherein the multiband antenna further
includes a fourth radiating arm set on the side of the third
radiating arm opposite to the second radiating arm.

14. The portable wireless communication device as
claimed in claim 13, wherein fourth radiating arm is an
L-shaped sheet including a third arm portion and a third bent
portion perpendicularly connected to the third arm portion.

sk sk sk sk sk






