[image: image1.png]US 20100001907A1

a9 United States

a2y Patent Application Publication o) Pub. No.: US 2010/0001907 A1

Wan 43) Pub. Date: Jan. 7, 2010
(54) COMPACT PLANAR ANTENNA ASSEMBLY Publication Classification
(51) Imt.ClL
(75) Inventor: Tze Chung Wan, Tauyuan Hsien H01Q 9/04 (2006.01)
(TW) (52) US.Cl .ot 343/700 MS
57 ABSTRACT
Correspondence Address: An antenna assembly i ; ;
y includes a substrate having a feed line,
CHARLES E. BAXLEY, ESQUIRE and an antenna device having two inner radiators electrically
90 JOHN STREET, SUITE 309 coupled to the feed line and disposed at a distance from each
NEW YORK, NY 10038 (US) other, and two outer radiators electrically coupled to the
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. . . dimension of the antenna assembly and for increasing the
(73)  Assignee: Joymax Electronics Co., Ltd. gain of the antenna assembly, the inner radiators each include
an antenna segment disposed at a distance parallel to the inner
(21) Appl. No.: 12/217,079 radiators and disposed on an outer portion of the inner radia-
tors, the inner radiators are electrically coupled to the outer
radiators with a coupling element which includes either a
(22) Filed: Jul. 1, 2008 zigzag shape or a wave-shaped structure.
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The present invention relates to a broadband antenna for at
least six frequency bands provided on an isolating antenna
support structure comprising. The antenna comprises a low
band branch and a high band branch coupled to a substantially
rectangular ground plane provided on a PCB. The coupling
between the ground plane and the low band branch is a
capacitive coupling and has a vertical distance of 3-7 mm
there in between.
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The present invention is related to a shorted monopole
Correspondence Address: antenna. The antenna includes a ground plane, a main radiat-
ROSENBERG, KLEIN & LEE ing element, a shorting element, a metal plate, and a coaxial
3458 ELLICOTT CENTER DRIVE-SUITE 101 cable. The ground plane includes a signal grounding point.
ELLICOTT CITY, MD 21043 (US) The main radiating element is located above the ground plane
’ and bent at least once, and includes a signal feeding point.
One end of the shorting element is connected to one of the
(21) Appl. No.: 12/230,302 short edges of the ground plane, and the other end is con-
nected to one edge portion of the main radiating element. The
metal plate includes an inner conductor and an outer conduc-
(22) Filed: Aug. 27, 2008 tor, which are connected to the signal feeding point and the
signal grounding point respectively. The antenna invented has
good impedance bandwidth and radiation characteristics, can
30) Foreign Application Priority Data easily be installed inside the housing of an electronic device,
and is well suitable for applications in wireless communica-
Jul. 11,2008 (CN) .eovvevvereieicnnne. 200810133548.8 tions devices.
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Publication Classification

(51) Int.CL

HO1Q 7/00 (2006.01)

HO1Q 1/38 (2006.01)
(52) US.Cl woooooooooeoeeeveeeee. 343/866; 343/700 MS
(57) ABSTRACT

A loop antenna for communication is provided, which
includes a microwave substrate, being a hexahedron; a first
conductive layer, disposed on an upper surface of the sub-
strate for forming a first loop; a second conductive layer,
disposed on a first side surface of the substrate, and electri-
cally connected to a feed-in point and a ground point; and a
third conductive layer, disposed on a lower surface of the
substrate for forming a second loop. The first conductive layer
and the second conductive layer are electrically connected at
the junction between the upper surface and the first side

(22) Filed: Jan. 16, 2009 surface, and the second conductive layer and the third con-
ductive layer are electrically connected at the junction
(30) Foreign Application Priority Data between the first side surface and the lower surface. The
antenna also has an appropriate bandwidth for wireless com-
Jul. 8,2008  (TW) oo 097125755 munication application.
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(52) USeCl oo, 343/700 MS
(57) ABSTRACT

A multiple frequency band antenna includes a common con-
necting element, a first radiating element, a second radiating
element, a common feeding point and a common ground
terminal. The common connecting element includes a con-
necting part and a turning part, which are arranged in different
planes. The first radiating element is connected with the con-
necting part of the common connecting element. The second
radiating element is connected with the turning part of the
common connecting element. The second radiating element
has a longer path length compared with the first radiating
element. A combination of the common connecting element
and the first radiating element is configured to transmit and
receive wireless signals in a first frequency band. A combi-
nation of the common connecting element and the second
radiating element is configured to transmit and receive wire-
less signals in a second frequency band.
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(73) Assignee: Sony Ericsson Mobile and a radiating element coupled to the feed element, the
Communications AB, Lund (SE) radiating element being substantially parallel to and verti-
’ cally displaced from the ground plane by the feed element and
(21)  Appl. No.: 12/175,784 a shortening element. The antenna may also include a para-
sitic element provided directly on the carrying structure as
(22) Filed: Jul. 18, 2008 part of the carrying structure ground layer.
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(73) Assignee: Cheng Uei Precision Industry Co.,
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Publication Classification
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HO1Q 9/04 (2006.01)
(52) USeCl oo, 343/700 MS
(57) ABSTRACT

An antenna includes a first radiating conductor and a second
radiating conductor. The first radiating conductor defines a
first edge, a second edge and a lateral edge connecting the first
edge and the second edge. The second radiating conductor
has a main body spaced away from the second edge and
connected to an end of the first radiating conductor far away
from the lateral edge by a first connecting portion and extend-
ing towards the lateral edge. A free end of the main body
bends to the second edge to form a second connecting portion
spaced away from the lateral edge. A radiating end bends
oppositely to the first radiating conductor from an end of the
second connecting portion and is adjacent to the second edge.
A feeding conductor and a grounding conductor are con-
nected to an edge of the first radiating conductor different
from the first edge and the lateral edge.
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Publication Classification
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(57) ABSTRACT

A multi-frequency antenna and an electronic device having
the multi-frequency antenna are disclosed. The multi-fre-
quency antenna comprises: a first radiating element including
a first end and a second end; a grounding element connected
to the first end of the first radiating element; a feeding struc-
ture for inputting an electrical signal to the first radiating
element; and a second radiating element including a first end
and a second end. The first end of the second radiating ele-
ment includes a transitional portion; and the second radiating
element is connected to the second end of the first radiating
element by the transitional portion. So that the first radiating
element forms a first current path to generate a first resonant
mode; and the second radiating element forms a second cur-
rent path to generate a second resonant mode.
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CIRCUIT BOARD

Inventors:

Mattias Gustafsson, Goteborg
(SE); Emil Wikgren, Skelleftea

(SE)

Correspondence Address:

ERICSSON

INC.

6300 LEGACY DRIVE, M/S EVR 1-C-11
PLANO, TX 75024 (US)

Appl. No.:
PCT Filed:

PCT No.:

§371 (),
(2), (4) Date:

12/520,761
Dec. 22,2006

PCT/SE06/50622

Jun. 22,2009

Publication Classification

(51) Int.CL

HOIQ 1/38 (2006.01)
HOIQ 1/48 (2006.01)
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(57) ABSTRACT

An antenna for mounting in or on a non-conducting substrate,
the antenna comprising a radiation element, a ground plane,
coupling means for coupling the ground plane to the radiation
element, and feeder means for connecting the antenna to other
devices. The radiation element, the ground plane and the
coupling means are separated from each other by the sub-
strate, and the radiation element is so shaped and positioned
with respect to the ground plane as to define a range of
distances between a first edge of the ground plane and a first
edge of the radiation element.
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(54) MOBILE WIRELESS COMMUNICATIONS
DEVICE WITH ANTENNA CONTACT
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(75) Inventors: Lizhong ZHU, Waterloo (CA);
George Mankaruse, Kitchener
(CA); Michael Corrigan, Waterloo
(CA); Perry Jarmuszewski,
Waterloo (CA); Jun Jun Xu,

Waterloo (CA)

Correspondence Address:

Allen, Dyer, Doppelt, Milbrath & Gilchrist - RIM
255 S. Orange Avenue, Suite 1401

Orlando, FL 32801 (US)

(73) Assignee: Research In Motion Limited,

Waterloo (CA)

(21) Appl. No.: 12/173,043

(22) Filed: Jul. 15,2008
Publication Classification

(51) Int.ClL

HO01Q 1724 (2006.01)

H01Q 1/52 (2006.01)

HO01Q 9/04 (2006.01)
(52) US.CL ... 343/702; 343/841; 343/700 MS
57 ABSTRACT

A mobile wireless communications device includes a housing
and at least one circuit board. Radio frequency (RF) circuitry
is carried by the circuit board and includes a transceiver. A
processor is carried by the at least one circuit board and
operative with the RF circuitry. An antenna is mounted within
the housing. An antenna contact is secured on the at least one
circuit board and operatively connects the RF circuitry and
engages the antenna at an antenna contact point. Electromag-
netic interference (EMI) shielding is positioned at the antenna
contact point and reduces RF inductance effects.
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(21) Appl. No.: 12/518,682 (57 ABSTRACT
o Disclosed is antenna device (1) comprising antenna board
(22)  PCT Filed: Dec. 26,2007 (20) including HI-Board antenna element (3), HI-Band feed-
36) PCT No.: PCT/IP2007/074963 ing point (4a) electrically connected to HI-Band antenna
(86) © element (3), LOW-Band antenna element (2), and LOW-
§ 371 (c)(1) Band feeding point (45) electrically connected to LOW-Band
). (4) Daté: Jun. 11, 2009 antenna element (2). HI-Band feeding point (4a) is arranged
’ on the side of first lateral portion (20a) of antenna board (20),
(30) Foreign Application Priority Data and LOW-Band feeding point (45) is arranged on the side of
second lateral portion (206) opposite to the side of first lateral
Dec. 28,2006  (JP) ceeeenivreeninrecreencnnen 2006-353615 portion (20a).
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Publication Classification
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HO01Q 7/00 (2006.01)
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H01Q 1/38 (2006.01)

HO01Q 1/48 (2006.01)

HO01Q 1/50 (2006.01)
(52) US.CL ... 343/866; 29/600; 343/700 MS;

343/848; 343/741;343/850

57 ABSTRACT

An antenna, including a dielectric carrier having a bounding
surface, and a conductive monopole resonant at a first fre-
quency, the monopole having at least one conducting section
mounted on the bounding surface. The antenna further
includes a labyrinthine conductive coupling element
mounted on the bounding surface so as to encompass the
dielectric carrier. The coupling element is located with
respect to the conductive monopole so as to transfer from the
conductive monopole a second frequency lower than the first
frequency.
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Publication Classification
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Hills, I, (US); Adrian Napoles, (52) US.Cl .ccoeviiiiccriencenene 455/566; 455/575.1
Lake Villa, IL (US) (57) ABSTRACT
Correspondence Address: A device including a battery, a wireless transceiver, and a
MOTOROLA, INC. battery cover. The battery cover is adapted to retain the battery
1303 EAST ALGONQUIN ROAD, IL01/3RD in a desired position. The battery cover is further adapted to
SCHAUMBURG, IL 60196 act as a first antenna in communication with the wireless
transceiver for sending and receiving signals in a first fre-
(21) Appl. No.: 12/176,669 quency band.
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(75) Inventors: Wen-Chieh YANG, Tu-Cheng City
(TW); Yu-Yuan Wu, Tu-Cheng
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City (TW); Hsin-Tsung Wu,
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Muncy, Geissler, Olds & Lowe, PLL.C
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(73) Assignee: Cheng Uei Precision Industry Co.,

Ltd.
(21) Appl. No.: 12/178,945

(22) Filed:

Jul. 24, 2008
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Publication Classification

(51) Int.CL

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

A multi-band antenna has a grounding plate, a radiating ele-
ment and a parasitic element. The radiating element has a
level radiating portion disposed a predetermined distance
away from the grounding plate and a first connecting portion
connecting the level radiating portion with the grounding
plate. The parasitic element has a substantially [.-shaped
parasitic portion away from the grounding plate and a second
connecting portion disposed at the same side of the grounding
plate with the first connecting portion to connect a free end of
the L-shaped parasitic portion with the grounding plate. The
L-shaped parasitic portion is substantially at the same plane
with and spatially fences the level radiating portion to define
a substantially L-shaped space. The multi-band antenna has
simple structure and small size to be assembled in the limited
space of notebook.
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MULTI-BAND ANTENNA

Chen-Ta Hung, Tu-cheng, CA
(US); Hsien-Sheng Tseng,
Tu-cheng (TW); Wen-Fong Su,
Tu-cheng (TW)

Inventors:

Correspondence Address:

WEI TE CHUNG

FOXCONN INTERNATIONAL, INC.
1650 MEMOREX DRIVE

SANTA CLARA, CA 95050 (US)

HON HAI PRECISION IND.
CO., LTD.

Assignee:

Appl. No.: 12/220,524

Filed: Jul. 24, 2008

Publication Classification

(51) Int.CL

HOIQ 1/38 (2006.01)
(52) USeCl oo, 343/700 MS
(57) ABSTRACT

A multi-band antenna includes an insulative supporting
member, an antenna stripe comprising a ground element, a
first antenna used for wireless wide area net and a second
antenna used on wireless local area net, wherein said first
antenna comprises a first radiating portion with a horizontal
first feeding tab, said first radiating portion is separated from
the grounding element, said antenna stripe surrounds the
supporting member, said first radiating portion is fixed on the
supporting member and covers plural faces of the supporting
member.
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ANTENNA DEVICE

Inventors: Kazuyuki Sakiyama, Osaka (JP);
Akira Minegishi, Osaka (JP)

Correspondence Address:
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Appl. No.: 12/531,122
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§371 (D),
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Foreign Application Priority Data

(000 Y 2007-104805

Publication Classification

(51) Int.CL

HOIQ 1/38 (2006.01)
(52) US.Cl ooooooooooeeeeeveeeec, 343/700 MS; 343/767
(57) ABSTRACT

In order to reduce waveform distortion caused by higher
harmonic components of rectangular waveforms reduced as
compared with fundamental frequency component when a
wireless digital signal is directly and wirelessly transmitted
and received by baseband transmission, an antenna apparatus
includes a dielectric substrate including a ground conductor
formed on a back surface thereof, and a radiation conductor
formed on a front surface of the dielectric substrate. Upon
directly transmitting and receiving a wireless digital signal
via a feed point of the radiation conductor, formation of
notched portions at sides of the radiation conductor, which
intersect an electric field plane defined by an electric field
when the antenna apparatus is excited, leads to reduction in
the waveform distortion of waveform of the transmitted wire-
less digital signal.
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(75) Inventors: Chao-Hui YU, Tu-Cheng City
(TW); Hung-Jen Chen, Tu-Cheng
City (TW); Yu-Yuan Wu,
Tu-Cheng City (TW); Chih-Kuo
Wang, Tu-Cheng City (TW)

Correspondence Address:

Muncy, Geissler, Olds & Lowe, PLL.C
P.O. BOX 1364

FAIRFAX, VA 22038-1364 (US)
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Publication Classification

(51) Int.CL

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

An antenna includes a first radiating conductor and a second
radiating conductor. The first radiating conductor defines a
first edge, a second edge and a lateral edge connecting the first
edge and the second edge. The second radiating conductor
has a main body spaced away from the second edge and
connected to an end of the first radiating conductor far away
from the lateral edge by a first connecting portion and extend-
ing towards the lateral edge. A free end of the main body
bends to the second edge to form a second connecting portion
spaced away from the lateral edge. A radiating end bends
oppositely to the first radiating conductor from an end of the
second connecting portion and is adjacent to the second edge.
A feeding conductor and a grounding conductor are con-
nected to an edge of the first radiating conductor different
from the first edge and the lateral edge.
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ANTENNA

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an antenna, and
more particularly to an antenna with anti-interference char-
acteristic for use in a portable electrical device.

[0003] 2. The Related Art

[0004] With the rapid development of wireless communi-
cation technologies, portable electrical devices used in wire-
less communication, such as mobile phone, wireless personal
digital assistant (PDA) and laptop computer, are developed
and produced, and antennas employed in the respective por-
table electrical devices are main parts to give influence to the
wireless communication performance of the portable electri-
cal devices, especially in the portable electrical devices with
small volume yet multifunction.

[0005] However, since a conventional antenna is mounted
in a small space of a portable electrical device, the conven-
tional antenna increases the vulnerability to the electromag-
netic interference from the ambient environment, that is, the
conventional antenna is easy to get influenced by neighbor
electrical components, for example acoustic component. As a
result, the resonant frequency of the conventional antenna is
changed adversely or its radiation characteristic deteriorates
and consequently, wireless communication quality ofthe por-
table electrical device falls seriously.

SUMMARY OF THE INVENTION

[0006] Accordingly, an object of the present invention is to
provide an antenna which exhibits excellent anti-interference
characteristic for use in a portable electrical device.

[0007] The antenna includes a first radiating conductor and
a second radiating conductor. The first radiating conductor
defines a first edge, a second edge opposite to the first edge
and a lateral edge connecting the first edge and the second
edge. The second radiating conductor has a main body spaced
away from the second edge and connected to an end of the first
radiating conductor far away from the lateral edge by a first
connecting portion and extending towards the lateral edge. A
free end of the main body bends to the second edge to form a
second connecting portion spaced away from the lateral edge.
A radiating end bends oppositely to the first radiating con-
ductor from an end of the second connecting portion and is
adjacent to the second edge. A feeding conductor and a
grounding conductor are connected to an edge of the first
radiating conductor different from the first edge and the lat-
eral edge.

[0008] Another object of the present invention is to provide
awireless communication device including an antenna and an
acoustic component, the antenna includes a first radiating
conductor and a second radiating conductor. The first radiat-
ing conductor defines a first edge, a second edge opposite to
the first edge and a lateral edge connecting the first edge and
the second edge. The second radiating conductor has a main
body spaced away from the first edge, the main body is
connected to an end of the first radiating conductor far away
from the lateral edge by a first connecting portion and extends
towards the lateral edge, a free end of the main body bends to
the second edge to form a second connecting portion spaced
away from the lateral edge, a radiating end bends oppositely
to the first radiating conductor from an end of the second
connecting portion and is adjacent to the second edge.
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Wherein the acoustic component is surrounded by the radi-
ating end and the second connecting portion. A feeding con-
ductor and a grounding conductor are connected to an edge of
the first radiating conductor different from the first edge and
the lateral edge.

[0009] Asdescribed above, according to a first aspect of the
present invention, the second radiating conductor used to
receive electromagnetic signal of the low frequency band
almost encircles the first radiating conductor used to receive
electromagnetic signal of high-frequency band, that is, the
first radiating conductor is separated away from other elec-
trical devices arranged therearound via the second radiating
conductor, which can reduce the high-frequency interference
between the antenna and other electrical devices. According
to a second aspect of the present invention, the wireless com-
munication device with the antenna and acoustic component
mounted therein is improved the wireless communication
quality because of the acoustic component surrounded by the
radiating end and the second connecting portion so as to
reduce the high-frequency interference between the antenna
and acoustic component.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The present invention will be apparent to those
skilled in the art by reading the following description of
embodiments thereof, with reference to the attached draw-
ings, in which:

[0011] FIG. 1 shows a first embodiment of an antenna
according to the present invention;

[0012] FIG. 2 illustrates a second embodiment of the
antenna according to the present invention; and

[0013] FIG. 3 is a perspective view illustrating an example
illustrating application of the antenna in FIG. 2 in a mobile
phone.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0014] With reference to FIG. 1, a first embodiment of an
antenna 100 according to the present invention is shown. The
antenna 100 has a first radiating conductor 1. The first radi-
ating conductor 1 is of a planar sheet and defines a first edge
11, a second edge 12 opposite to the first edge 11 and a lateral
edge 13 connecting the first edge 11 and the second edge 12.
The second edge 12 defines a notch 14. A feeding portion 2
and a grounding portion 3 extend outwardly from a bottom
side of the notch 14 to show hook-shape.

[0015] Please referto FIG. 1, the first radiating conductor 1
is connected to a second radiating conductor 4 which has a
first connecting portion 41 extending outwardly from an
upper portion of an end of the first radiating conductor 1
opposite to the lateral edge 13 and bending toward the first
edge 11. A free end of the first connecting portion 41 bends
towards the first radiating conductor 1 and extends to form a
main body 42. The main body 42 is parallel to the first edge 11
and is spaced away from the first edge 11 with a predeter-
mined distance. A free end of the main body 42 bends to the
second edge 12 to form a second connecting portion 43. The
second connecting portion 43 is spaced away from the lateral
edge 13. A free end of the second connecting portion 43 bends
oppositely to the first radiating conductor 1 and extends to
form a radiating end 44 adjacent to the second edge 12. In this
embodiment, the radiating end 44 is flush with the second
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edge 12, and the second radiating conductor 4 is on the same
plane as the first radiating conductor 1.

[0016] When the antenna 100 is mounted in a portable
electrical device, the first radiating conductor 1 is capable of
receiving electromagnetic signal of the high-frequency band,
while the second radiating conductor 4 is capable of receiving
electromagnetic signal of the low-frequency band.

[0017] Referring to FIG. 2, an antenna 100" in accordance
with a second embodiment of the present invention is illus-
trated. In comparison with the first embodiment of the present
invention, the structure of the antenna 100' is same as that of
the antenna 100 except for a first radiating conductor 1'. The
first radiating conductor 1' is cut to form a slot 15' passing
through the first edge 11' to divide the first radiating conduc-
tor 1' into a first radiating portion 16' and a second radiating
portion 17" adjacent to the second connecting portion 43'. The
second radiating portion 17' is a strip-shape and parallel to the
second connecting portion 43'. In this embodiment, the sec-
ond radiating portion 17' is spaced away from the second
connecting portion 43' with a predetermined distance.
[0018] When the antenna 100" is used in a portable electri-
cal device, the second radiating conductor 4' is adapted to
receive the electromagnetic signal of the low-frequency band,
while the second radiating portion 17' is used to receive the
electromagnetic signal of the high-frequency band.

[0019] FIG. 3 is a perspective view showing the antenna
100" mounted in a mobile phone 6'. The mobile phone 6' has
a shell 61' with a printed circuit board (not shown) fixed
therein. An acoustic component 62' is fixed in the printed
circuit board. The antenna 100' is mounted in the shell 61",
with the feeding portion 2' and the grounding portion 3' con-
nected to the printed circuit board. The second connecting
portion 43' and the radiating end 44' are arranged to partly
encircle the acoustic component 62' and are spaced away
from the acoustic component 62' with a predetermined dis-
tance. Thus the acoustic component 62' is adjacent to the
second radiating conductor 4' and separated away from the
second radiating portion 17', which can reduce the high-
frequency interference between the antenna 100" and the
acoustic component 62' and consequently, the wireless com-
munication quality is greatly improved.

[0020] The foregoing description of the present invention
has been presented for purposes of illustration and descrip-
tion. Itis not intended to be exhaustive or to limit the invention
to the precise form disclosed, and obviously many modifica-
tions and variations are possible in light of the above teaching.
Such modifications and variations that may be apparent to
those skilled in the art are intended to be included within the
scope of this invention as defined by the accompanying
claims.

What is claimed is:

1. An antenna, comprising:

a first radiating conductor defining a first edge, a second
edge opposite to the first edge and a lateral edge con-
necting the first edge and the second edge together;

a second radiating conductor having a main body spaced
away from the first edge, the main body being connected
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to an end of the first radiating conductor far away from
the lateral edge by a first connecting portion and extend-
ing towards the lateral edge, a free end of the main body
bending to the second edge to form a second connecting
portion spaced away from the lateral edge, a radiating
end bending oppositely to the first radiating conductor
from an end of the second connecting portion and adja-
cent to the second edge;

a feeding conductor connected to an edge of the first radi-
ating conductor different from the first edge and the
lateral edge; and

a grounding conductor connected to an edge of the first
radiating conductor different from the first edge and the
lateral edge.

2. The antenna as claimed in claim 1, wherein the first
radiating conductor is cut to from a slot passing through the
first edge to divide the first radiating conductor into a first
radiating portion and a second radiating portion adjacent to
the second connecting portion.

3. The antenna as claimed in claim 2, wherein the second
radiating portion is a strip-shape extending towards the main
body of the second radiating conductor.

4. The antenna as claimed in claim 2, wherein the feeding
conductor and the grounding conductor are both connected to
the first radiating portion.

5. The antenna as claimed in claim 1, wherein the feeding
conductor and the grounding conductor are connected to the
second edge of the first radiating portion and are close to each
other.

6. The antenna as claimed in claim 5, wherein the second
edge defines a notch, and the feeding portion and the ground-
ing portion extends outwardly from a bottom side of the notch
to show hook-shaped.

7. A wireless communication device, comprising an
antenna and acoustic component, the antenna comprising:

a first radiating conductor defining a first edge, a second
edge opposite to the first edge and a lateral edge con-
necting the first edge and the second edge;

a second radiating conductor having a main body spaced
away from the first edge, the main body being connected
to an end of the first radiating conductor far away from
the lateral edge by a first connecting portion and extend-
ing towards the lateral edge, a free end of the main body
bending to the second edge to form a second connecting
portion spaced away from the lateral edge, a radiating
end bending oppositely to the first radiating conductor
from an end of the second connecting portion and adja-
centto the second edge, wherein the acoustic component
is surrounded by the radiating end and the second con-
necting portion;

a feeding conductor connected to an edge of the first radi-
ating conductor different from the first edge and the
lateral edge; and

a grounding conductor connected to an edge of the first
radiating conductor different from the first edge and the
lateral edge.
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(57) ABSTRACT

A multi-band antenna has a grounding plate, a radiating ele-
ment and a parasitic element. The radiating element has a
level radiating portion disposed a predetermined distance
away from the grounding plate and a first connecting portion
connecting the level radiating portion with the grounding
plate. The parasitic element has a substantially [.-shaped
parasitic portion away from the grounding plate and a second
connecting portion disposed at the same side of the grounding
plate with the first connecting portion to connect a free end of
the L-shaped parasitic portion with the grounding plate. The
L-shaped parasitic portion is substantially at the same plane
with and spatially fences the level radiating portion to define
a substantially L-shaped space. The multi-band antenna has
simple structure and small size to be assembled in the limited
space of notebook.
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MULTI-BAND ANTENNA

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates generally to an
antenna, and more particularly to a multi-band antenna used
in an electronic device.

[0003] 2. The Related Art

[0004] In recent years, portable wireless communication
devices, such as notebook, are becoming increasingly popu-
lar. In order to communicate with other communication
devices, antenna installed within the notebook for transmit-
ting and receiving electromagnetic waves is an important
component that should be taken into account. In general
terms, two antennas are embedded in a notebook, one of
which is used for transmitting and receiving wide bandwidth
signals and the other for receiving and radiating Bluetooth
signals within a short distance.

[0005] However, considering the miniaturization trend of
the notebook, the size of the antenna should be reduced in
order that the antenna can be assembled in limited space of the
notebook. Installing two antennas in notebook however, not
only occupies more space, but also complicates antenna
structure. Accordingly, it is desirable to have an antenna with
simple structure to overcome the problem encountered in the
prior art.

SUMMARY OF THE INVENTION

[0006] An object of the present invention is to provide a
multi-band antenna having a grounding plate, a radiating
element and a parasitic element. The radiating element has a
level radiating portion disposed a predetermined distance
away from the grounding plate and a first connecting portion
connecting the level radiating portion with the grounding
plate. The parasitic element has a substantially L-shaped
parasitic portion away from the grounding plate and a second
connecting portion disposed at the same side of the grounding
plate with the first connecting portion to connect a free end of
the L-shaped parasitic portion with the grounding plate. The
L-shaped parasitic portion is substantially at the same plane
with and spatially fences the level radiating portion to define
a substantially L-shaped space for capacitively coupled with
the level radiating portion to operate at a frequency band of
about 2.4 GHz coving Bluetooth band.

[0007] As described above, the design of arranging a sub-
stantially L-shaped parasitic portion spatially fencing the
level radiating portion for capacitively coupled with the level
radiating portion reduces a single antenna for transmitting
and receiving Bluetooth signal and makes the multi-band
antenna have simple structure and small size to be assembled
in the limited space of notebook.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The present invention will be apparent to those
skilled in the art by reading the following description of a
preferred 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
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[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] With reference to FIG. 1, a multi-band antenna 100
according to the present invention is made of metal sheet and
comprises a substantially rectangular grounding plate 10, a
radiating element 20 extending from one side of the plate 10
and disposed on the plate 10, and a parasitic element 30
extending form the same side of the grounding plate 10 as the
radiating element 20.

[0012] The radiating element 20 has a level radiating por-
tion disposed a predetermined distance away from and paral-
lel to the grounding plate 10 and a first connecting portion 21
connecting the level radiating portion with the grounding
plate 10.

[0013] The level radiating portion has a substantially
n-shaped base 22. The n-shaped base 22 has a long piece 222
and a left and a right short pieces 221, 223 both of which
extend from two opposite sides of the long piece 222. The first
connecting portion 21 is substantially vertically connected to
a free end of the left short piece 221. The right short piece 223
extends towards the left short piece 221 to form a first radi-
ating strip 23. A free end of the first radiating strip 23 is
adjacent to the left short piece 221.

[0014] A free end of the right short piece 223 of the
n-shaped base 22 extends towards the grounding plate 10 to
form a feeder portion 24 near the grounding plate 10. The
feeder portion 24 defines a feeder point 241 thereon for feed-
ing the multi-band antenna 100. The feeder portion 24
extends towards the first connecting portion 21 to form a
second elongated radiating strip 25. The second radiating
strip 25 is shorter than the first radiating strip 23.

[0015] The parasitic element 30 has a substantially
L-shaped parasitic portion 31 disposed a predetermined dis-
tance away from and parallel to the grounding plate 10 and a
second connecting portion 32 connecting a free end of the
L-shaped parasitic portion 31 with the grounding plate 10.
The L-shaped parasitic portion 31 is substantially arranged at
the same plane as the level radiating portion and spatially
fences the long piece 222 and the right short piece 223 of the
n-shaped base 22 to define a substantially L-shaped space for
capacitively coupled with the level radiating portion.

[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 feeder point 241. Antenna charac-
teristic of the n-shaped base 22 of the radiating element 20 is
similar to a loop antenna. The length of the n-shaped base 22
obtains a half of wavelength and resonates at a first high
frequency band ranging from 3 GHz to 4 GHz.

[0017] Antenna characteristic of the first radiating strip 23
of' the radiating element 20 is similar to a monopole antenna.
The length of the first radiating strip 23 obtains a quarter of
wavelength and resonates at a second high frequency band
ranging from 4 GHz to 6 GHz. Antenna characteristic of the
second radiating strip 25 of the radiating element 20 is similar
to a monopole antenna. The length of the second radiating
strip 25 obtains a quarter of wavelength and resonates at a
third high frequency band ranging from 6 GHz to 8 GHz.
[0018] Furthermore, the L-shaped parasitic portion 31 of
the parasitic element 30 can resonate at a lower frequency
band of about 2.4 GHz which covers the bandwidth of wire-
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less communications under Bluetooth by virtue of the
L-shaped parasitic portion 31 being capacitively coupled with
the level radiating portion of the radiating element 20.
[0019] In order 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 2.412 GHz (mark 1), 2.462 GHz (mark 2),
3.000 GHz (mark 3), 4.000 GHz (mark 4), 5.000 GHz (mark
5), 6.000 GHz (mark 6) and 7.000 GHz (mark 7), and the
values of the VSWR correspondingly are 1.584, 1.544,2.511,
2.303, 2.436, 2.228 and 1.653, which conform to the design
demand that the VSWR should be below the desirable value 2
or 3.

[0020] As described above, by arranging a parasitic ele-
ment 30 spatially fencing the radiating element 20, the para-
sitic element 30 can resonate at a frequency band of about 2.4
GHz which covers the bandwidth of wireless communica-
tions under Bluetooth protocol due to the capacitance cou-
pling effect. The design of the multi-band antenna 100 reduc-
ing a single antenna for working at Bluetooth frequency
makes the multi-band antenna 100 have simple structure and
smaller size, which can save space when assembled in a
notebook.

What is claimed is:

1. A multi-band antenna, comprising:

a grounding plate;

a radiating element having a level radiating portion dis-
posed a predetermined distance away from the ground-
ing plate, a first connecting portion connecting the level
radiating portion with the grounding plate, and a feeder
point; and
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a parasitic element having a substantially L-shaped para-
sitic portion disposed a predetermined distance away
from the grounding plate and a second connecting por-
tion connecting a free end of the L-shaped parasitic
portion with the grounding plate, the L.-shaped parasitic
portion being substantially at the same plane as and
spatially fencing the level radiating portion to define a
substantially L-shaped space for capacitively coupled
with the level radiating portion, the second connecting
portion and the first connecting portion being substan-
tially disposed at the same side of the grounding plate.

2. The multi-band antenna as claimed in claim 1, wherein
the level radiating portion has a substantially n-shaped base,
the n-shaped base has a long piece and two short pieces
connecting two sides of the long piece, and the L-shaped
parasitic portion spatially fences the long piece and one of the
short pieces to form the L-shaped space.

3. The multi-band antenna as claimed in claim 2, wherein
the short piece near the L-shaped parasitic portion extends
towards the other short piece to form a first radiating strip.

4. The multi-band antenna as claimed in claim 2, wherein
the first connecting portion is connected with the other short
piece far away from the L-shaped parasitic portion, the short
piece near the L-shaped parasitic portion extending towards
the grounding plate to form a feeder portion where the feeder
point is formed.

5. The multi-band antenna as claimed in claim 4, wherein
the feeder portion extends towards the first connecting por-
tion to form a second radiating strip.

sk sk sk sk sk
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57 ABSTRACT

An antenna, including a dielectric carrier having a bounding
surface, and a conductive monopole resonant at a first fre-
quency, the monopole having at least one conducting section
mounted on the bounding surface. The antenna further
includes a labyrinthine conductive coupling element
mounted on the bounding surface so as to encompass the
dielectric carrier. The coupling element is located with
respect to the conductive monopole so as to transfer from the
conductive monopole a second frequency lower than the first
frequency.






Patent Application Publication Jan. 21,2010 Sheet1 of 13 US 2010/0013732 A1






Patent Application Publication Jan. 21,2010 Sheet 2 of 13 US 2010/0013732 A1

132 7
84\‘/ 66
N~ / 60






US 2010/0013732 Al

Jan. 21,2010 Sheet 3 of 13

Patent Application Publication

91\ 2igy 9%
\% @

A7

\\

=) Y

o
S
S

\\\E
RS

) =
B R AT

R SELEALEAAGEP U LA %
[ fP 5 s,

S

fss s ISR RS

o ——

G950
OB il
A SEE T KX
S e
Dl 155050058055 5505. 5 W%
232025 LRGP UARRIAL R N
| Ko XKL IRS
s S

Q
09— B
2 QL bt
Lo OO A R X S R 2o
XIS






Patent Application Publication Jan. 21,2010 Sheet 4 of 13 US 2010/0013732 A1






Patent Application Publication Jan. 21,2010 Sheet 5 of 13 US 2010/0013732 A1

4C

FIG.

4B

FIG.

<
o

. © @ © S C

O © . d
L ® o
Lo






Patent Application Publication Jan. 21,2010 Sheet 6 of 13 US 2010/0013732 A1

SE

FIG.

FIG. 5C
’=/z1a
B

Jj

Ve 218
s
O
e
O

< m o)
mn mn Tp]
L L Lo
O 7 O 3






Patent Application Publication Jan. 21,2010 Sheet 7 of 13 US 2010/0013732 A1

o
O
0]
o \§
3
g(ﬁQ
O
L.
3 3
N N
o | O
(o]
o | O 0
. ™
o
L \‘\O
AN






Patent Application Publication Jan. 21,2010 Sheet 8 of 13 US 2010/0013732 A1

246
/

7B

FIG.

AN
O» O
FIG. 7D

N \oe—:
e
o
Le.

7A

[





Patent Application Publication Jan. 21,2010 Sheet 9 of 13 US 2010/0013732 A1

8B

FIG.
e
8D

')
L
O A 1Moo =
S o
3 :
s |© —1 o\






Patent Application Publication Jan. 21,2010 Sheet 10 of 13 US 2010/0013732 A1

260 214
< ¢ TR AT I TP X2 '. /

R56

258

L 312 304

N\_302






\ %
418 \$"1,,

7

L%
428

i
\422

&
42

400/






Patent Application Publication

516

Jan. 21, 2010 Sheet 12 of 13

FIG. 11

3
W

Ll LL

US 2010/0013732 Al

024
/

;;f/
526 514
5£B/ /Ij = /’5/11-7/\\)~ ) L 506
o/ 2 2534 };///;-520
:j;/// 518>, 7 5107
502/ | 522,/
5087 |
500 -’/ff
5{3 FIG. 12 "//_524
4 >~y
= /. 7
///// ) — 564
526
[ // L 556
52 ,
501/“/ 2 4 75 e R0
////// 518 2 5607
502/ | 522

5087

1






Jan. 21,2010 Sheet130f13  US 2010/0013732 A1

Patent Application Publication






US 2010/0013732 Al

COMPACT MULTIBAND ANTENNA

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application 61/134,990, filed Jul. 15, 2008,
which is incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present invention relates generally to antennas,
and specifically to compact antennas that may be used in
multiple bands.

BACKGROUND OF THE INVENTION

[0003] Thereareanumber of conflicting demands that have
to be balanced in order to efficiently produce communication
devices, such as cellular telephones or personal digital assis-
tants (PDAs). Costs have to be minimized, and typically the
devices themselves are becoming smaller yet more complex.
In addition, devices that relatively recently were only
required to operate efficiently on one or two wavelength
bands may now be required to operate, with substantially the
same efficiency, over five or more bands. A critical compo-
nent in implementing this efficient operation is a correctly
designed antenna that meets all of the conflicting demands of
cost, efficient operation over multiple bands, and size, as well
as other considerations, such as ease of assembly, that will be
familiarto those skilled in the art. While antennas that operate
over multiple bands are well known in the art, there is a
continuing need for an improved antenna of this type.

SUMMARY OF THE INVENTION

[0004] In some embodiments of the present invention, an
antenna comprising at least two elements is at least partially
formed on the bounding surface of a dielectric carrier.
[0005] In one embodiment a first element of the antenna
comprises a monopole, at least part of which is located on the
bounding surface. The monopole is implemented so as to
have one of'its end points, herein termed the feed end point, in
proximity to a ground connection. Typically, the monopole is
in the form ofa linear, folded, or meandering conductive strip,
arranged to be a quarter wavelength resonator. While the
monopole may be configured in two dimensions, or even in
one dimension, it is typically configured in three dimensions.
The monopole may be a single-band monopole or a multi-
band monopole configured to resonate in one or more high
frequency bands, for example, bands such as the 1800 MHz,
1900 MHz, and/or 2100 MHz bands or higher bands.

[0006] A second element of the antenna comprises a laby-
rinthine coupling element which is mounted on the bounding
surface, in proximity to the monopole. The coupling element
may be formed of one conducting section. Alternatively, the
coupling element comprises multiple conducting sections
galvanically connected together. The coupling element par-
tially envelopes the monopole, is connected to a ground, and
acts to couple electric and magnetic fields between the mono-
pole and the ground. The partial envelopment by the coupling
element is typically three-dimensional, and allows the
antenna to have a small overall volume.

[0007] The coupling results in enhanced bandwidth for the
antenna, by using radiation properties of the ground, which
has a large volume and a correspondingly high bandwidth,
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instead of radiation properties of the coupling element, which
has a relatively small volume and correspondingly small
bandwidth.

[0008] The coupling element efficiently couples low fre-
quencies, such as those in the 850 MHz and 900 MHz bands,
so that they transfer from the monopole to the ground, which
radiates them. The amount of coupling may be adjusted, and
ifitis configured to be high for high frequency bands, the high
frequency bands at which the monopole resonates also trans-
fer well to the ground, from where they radiate. The antenna
thus acts as an efficient compact radiator of radiation in low
and high frequency bands.

[0009] In some embodiments an enhanced capacitance is
implemented between the coupling element and the mono-
pole. The enhanced capacitance may be formed by one or
more lumped elements connecting the coupling element and
the monopole, and/or by a distributed arrangement of the
coupling element and the monopole. Alternatively or addi-
tionally there is another enhanced capacitance formed
between the coupling element and the ground. The enhanced
capacitances may be selected to facilitate a desired coupling
between the monopole and the ground.

[0010] In an alternative embodiment of the present inven-
tion, the coupling element is configured as a loop.

[0011] In a further alternative embodiment of the present
invention, the first element is configured as a loop.

[0012] An embodiment of the present invention may be
used as an antenna in a communication device, where the
antenna is coupled to a transceiver operating in the device.
[0013] There is therefore provided, according to an
embodiment of the present invention, an antenna, including:
[0014] a dielectric carrier having a bounding surface;
[0015] aconductive monopole resonant at a first frequency,
including at least one conducting section mounted on the
bounding surface; and

[0016] a labyrinthine conductive coupling element
mounted on the bounding surface so as to encompass the
dielectric carrier, the coupling element being located with
respect to the conductive monopole so as to transfer from the
conductive monopole a second frequency lower than the first
frequency.

[0017] Typically, the conductive monopole includes a fur-
ther section mounted within the dielectric carrier, and the
coupling element surrounds the further section.

[0018] The coupling element may be resonant at the second
frequency.
[0019] In one embodiment the antenna includes a ground

which is located in proximity to the coupling element so as to
receive the second frequency transferred from the coupling
element. Typically, there is an impedance coupled between
the coupling element and the ground so as to enhance transfer
of at least one of the first frequency and the second frequency.
[0020] Insomeembodiments, the first frequency includes a
plurality of frequency bands, and the conductive monopole
includes a multi-band monopole configured as a series circuit
resonant at the plurality of frequency bands. The plurality of
frequency bands may include frequencies between 1700
MHz and 5.6 GHz.

[0021] In some embodiments, the second frequency
includes a plurality of frequency bands, and the coupling
element is configured as a series circuit resonant at the plu-
rality of frequency bands. The plurality of frequency bands
may include frequencies between 700 MHz and 1000 MHz.
The first frequency may include a multiplicity of frequency
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bands, and the coupling element may be configured as a
parallel circuit resonant at the multiplicity of frequency
bands. The multiplicity of frequency bands may include fre-
quencies between 1700 MHz and 5.6 GHz.

[0022] In an alternative embodiment, the antenna includes
a capacitance coupled between the coupling element and the
monopole so as to enhance the transfer of the second fre-
quency.

[0023] In another alternative embodiment, the dielectric
carrier includes a dielectric element connected to a dielectric
substrate of a printed circuit board (PCB) at a common sur-
face thereof, and a further section of the conductive monopole
may be mounted on the common surface.

[0024] Inayet other alternative embodiment, the dielectric
carrier includes a dielectric element connected to a dielectric
substrate of a printed circuit board (PCB), and the at least one
conducting section and the PCB have a common edge.
[0025] Typically, the conductive monopole includes at least
one of a linear conductive strip, an L-shaped conductive strip.
a folded conductive strip, a meandering conductive strip, and
an at least partially looped conductive strip.

[0026] In a disclosed embodiment, the antenna includes a
ground plane galvanically connected to the coupling element
so that a combination of the ground plane and the coupling
element form a closed loop.

[0027] In another disclosed embodiment, the conductive
coupling element includes at least one slot, and a perimeter of
the atleast one slot may be configured in response to a desired
resonant frequency of the conductive element.

[0028] There is further provided, according to an embodi-
ment of the present invention, an antenna, including:

[0029] a dielectric substrate;

[0030] a full-wave loop mounted on the substrate, the full-
wave loop being resonant at a first frequency;

[0031] a ground plane mounted in proximity to the full-
wave loop; and
[0032] a conductive coupling element galvanically con-

nected to the ground plane so as to form a closed loop com-
pletely surrounding the full-wave loop, the conductive cou-
pling element being resonant at a second frequency lower
than the first frequency.

[0033] Typically, the conductive coupling element trans-
fers the second frequency from the full-wave loop to the
ground plane.

[0034] Inone embodiment a portion of the conductive cou-
pling element is configured to form a capacitor, with the
ground plane, that augments transfer of the first frequency
from the full-wave loop to the ground plane. The capacitor is
typically external to the closed loop.

[0035] In a disclosed embodiment the full-wave loop and
the closed loop are mounted on a common plane of the sub-
strate, and the closed loop completely surrounds the full-
wave loop as measured in the common plane.

[0036] There is further provided, according to an embodi-
ment of the present invention, an antenna, including:

[0037] a dielectric substrate;

[0038] amonopole mounted on the substrate, the monopole
being resonant at a first frequency;

[0039] a ground plane mounted in proximity to the mono-
pole; and
[0040] a conductive coupling element galvanically con-

nected to the ground plane so as to form a closed loop com-
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pletely surrounding the monopole, the conductive coupling
element being resonant at a second frequency lower than the
first frequency.

[0041] Typically, the conductive coupling element trans-
fers the second frequency from the monopole to the ground
plane.

[0042] Inone embodiment a portion of the conductive cou-
pling element is configured to form a capacitor, with the
ground plane, that augments transfer of the first frequency
from the monopole to the ground plane. The capacitor may be
external to the closed loop.

[0043] In a disclosed embodiment the monopole and the
closed loop are mounted on a common plane of the substrate,
and the closed loop completely surrounds the monopole as
measured in the common plane.

[0044] There is further provided, according to an embodi-
ment of the present invention, a method of forming an
antenna, including:

[0045] providing a dielectric carrier having a bounding sur-
face;
[0046] mounting at least one conducting section of a con-

ductive monopole resonant at a first frequency on the bound-
ing surface; and

[0047] mounting a labyrinthine conductive coupling ele-
ment on the bounding surface so as to encompass the dielec-
tric carrier, the coupling element being located with respect to
the conductive monopole so as to transfer from the conductive
monopole a second frequency lower than the first frequency.
[0048] There is further provided, according to an embodi-
ment of the present invention, a method for forming an
antenna, including:

[0049]

[0050] mounting a full-wave loop on the substrate, the full-
wave loop being resonant at a first frequency;

providing a dielectric substrate;

[0051] positioning a ground plane in proximity to the full-
wave loop; and
[0052] galvanically connecting a conductive coupling ele-

ment to the ground plane so as to form a closed loop com-
pletely surrounding the full-wave loop, the conductive cou-
pling element being resonant at a second frequency lower
than the first frequency.

[0053] There is further provided, according to an embodi-
ment of the present invention, a method for forming an
antenna, including:

[0054]

[0055] mounting a monopole on the substrate, the mono-
pole being resonant at a first frequency;

providing a dielectric substrate;

[0056] locating a ground plane in proximity to the mono-
pole; and
[0057] galvanically connecting a conductive coupling ele-

ment to the ground plane so as to form a closed loop com-
pletely surrounding the monopole, the conductive coupling
element being resonant at a second frequency lower than the
first frequency.

[0058] There is further provided, according to an embodi-
ment of the present invention a communication device,
including:

[0059]
[0060]

a transceiver; and
one of the antennas described herein.
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[0061] The present invention will be more fully understood
from the following detailed description of the embodiments
thereof, taken together with the drawings in which:

BRIEF DESCRIPTION OF THE DRAWINGS

[0062] FIGS. 1A, 1B, and 1C are schematic views of an
antenna, according to an embodiment of the present inven-
tion;

[0063] FIGS. 2A, 2B, and 2C are schematic views of an
alternative antenna, according to an embodiment of the
present invention;

[0064] FIGS. 3A, 3B, and 3C show schematic perspective
views of another alternative antenna, according to an embodi-
ment of the present invention;

[0065] FIGS. 4A-4D, SA-5E, 6A-6D, 7A-7D, and 8A-8D
are schematic engineering views of parts of the alternative
antenna of FIGS. 3A, 3B, and 3C, according to an embodi-
ment of the present invention

[0066] FIG. 9 shows a schematic perspective view of a
further alternative antenna, according to an embodiment of
the present invention;

[0067] FIGS. 10A and 10B are schematic perspective
drawings of a yet further alternative antenna, according to an
embodiment of the present invention;

[0068] FIG. 11 is a schematic diagram of another antenna,
according to an embodiment of the present invention;
[0069] FIG. 12 is a schematic diagram of yet another
antenna, according to an embodiment of the present inven-
tion; and

[0070] FIG.13 is a schematic diagram of a communication
device, according to an embodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS
Overview

[0071] Antennas described herein comprise a high fre-
quency resonator, and a coupling element, placed in proxim-
ity to, but insulated from, the resonator. The coupling element
couples electric and magnetic fields between the resonator
and a ground. The coupling element may be conveniently
mounted or formed on the surface of a dielectric carrier, and
at least a portion of the high frequency resonator may also be
on the surface.

[0072] The antennas have a feed region consisting of an end
of'the resonator and a section of the ground. If the feed region
is fed by high and low frequencies, the coupling element
couples and transfers the low frequencies to the ground, from
where they radiate. Ifthe coupling is relatively high for higher
frequencies, the high frequencies also transfer and radiate
from the ground, and the bandwidth of the antennas is broad.
The antennas may thus be configured as good wide band-
width radiators for low and high frequencies.

[0073] Inone embodiment the high frequency resonator is
a quarter-wave monopole, the high frequencies usually rang-
ing from approximately 1.7 GHz to approximately 2.6 GHz
or higher. Typically, the monopole is in the form of an
inverted-L., but may comprise other configurations, such as
having one or more branches, and/or being a partial loop. The
monopole typically acts as a series resonant circuit resonating
at the high frequencies, and not resonating at the low frequen-
cies.

[0074] The ground typically acts as a parallel resonant cir-
cuit for the low frequencies, which may range down to
approximately 700 MHz. The coupling element typically acts
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as a series resonant circuit for the same low frequencies as the
ground, as well as acting as a parallel resonant circuit at the
high frequencies.

[0075] Thecoupling element may include one or more slots
resonating at selected frequencies, so as to increase band-
width, and/or so as to provide one or more additional bands.
[0076] The coupling element typically encompasses or
encloses the dielectric carrier, so as to fold about or partially
surround the monopole. The folding of the coupling element
ensures that embodiments of the present invention are com-
pact.

[0077] In other embodiments, one or both of the high fre-
quency resonator and the coupling element are loops.
[0078] The antennas described herein may be fed by any
means suitable for transferring radio-frequency currents.
Typically, although not necessarily, the antennas may be fed
by a guided transmission line such as a flexible or rigid
coaxial cable.

Description of Embodiments

[0079] Reference is now made to FIGS. 1A, 1B, and 1C,
which are schematic perspective views of an antenna 30 and
a schematic planar view of an element of the antenna, accord-
ing to an embodiment of the present invention. In the follow-
ing description, it is assumed, by way of example, that FIG.
1A represents a front view of antenna 30, and that FIG. 1B
represents a rear view of the antenna. It is also assumed, by
way of example, that antenna 30 is at least partially formed on
one or more dielectric surfaces of a printed circuit board
(PCB) 32 having approximate dimensions 55 mm widex120
mm longx1 mm thick. For clarity, in the following descrip-
tion, PCB 32 is assumed to be aligned with orthogonal xyz
axes, and dimensions of antenna 30 are given using these
axes. However, it will be understood that antenna 30 is opera-
tive in any convenient orientation.

[0080] In the following description PCB 32 is assumed to
have two conducting layers on respective surfaces of a dielec-
tric separating the layers. However, in practice the PCB may
have any other convenient number of conducting layers sepa-
rated by dielectrics. The surfaces of the PCB, and the con-
ducting layers, may be plane or curved. Furthermore, there is
no requirement that embodiments of the present invention be
at least partially formed on a PCB. Rather, conducting ele-
ments of antennas formed as embodiments of the present
invention may be formed in contact with any convenient
dielectric, including both solid and gaseous dielectrics. Thus,
at least some portions of conducting elements of antennas
formed as embodiments of the present invention may be
substantially completely surrounded by the dielectric air.
[0081] Asisdescribed in more detail below, antenna 30 has
a small volume, but is able to operate efficiently over a wide
range of radio-frequency (RF) values, from approximately
700 MHz to approximately 2200 MHz and higher frequen-
cies. Furthermore, the inventors have found that the height of
PCB 32, in the y-direction, required for components of
antenna 30, need be no more than about 12 mm, even for the
low operating frequency of approximately 700 MHz, with the
remainder of the PCB being available for use as a ground
plane and/or for mounting circuitry coupled to the antenna.
Typically, if more height is available, antenna 30 may be
configured to operate efficiently over a wider range of fre-
quencies than those given above.

[0082] PCB 32 comprises a dielectric 34, which is initially
overlaid, on a front surface 33 of the dielectric, with a front
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conducting layer 36, and on a rear surface 35 of the dielectric
with a rear conducting layer 38. Dielectric 34 is also herein
termed PCB-dielectric 34. Antenna 30 may be formed at least
partially on PCB-dielectric 34 by removing portions of the
conducting layers. In addition to forming elements of antenna
30, the remaining portions of the conducting layers form a
front ground plane 40 and a rear ground plane 42. The ground
planes are typically connected galvanically, for instance by
vias, and may be used by antenna 30 as a ground for the
antenna. However, there is no necessity for the ground of
antenna 30 to be provided by the ground planes, and the
ground of the antenna may be wholly or partially provided by
other conducting elements, such as circuitry and/or a housing
wherein the circuitry is operative.

[0083] Antenna 30 comprises amonopole 44. Monopole 44
is formed as a first conducting section 46, parallel to the
y-axis, and a second conducting section 48, parallel to the
x-axis. The two sections 46, 48, are approximately rectangu-
lar, having respective approximate dimensions 3 mmx10 mm
and 34 mmx3 mm. The two sections are galvanically con-
nected by a via 50. Section 46 is produced on front surface 33
by removing a portion of front conducting layer 36; section 48
is produced on rear surface 35 by removing a portion of rear
conducting layer 38. The sections are arranged so that mono-
pole 44 is in the form of an inverted-L. having an effective
length of approximately 40 mm with a feed point 52, herein
termed a live feed point, at a lower part of section 46.

[0084] Front ground plane 40 has a discontinuous edge 54,
parallel to the x-axis. An insulating gap 57 of approximately
2 mm is formed between edge 54 and a lower edge of section
46. An area 56 of ground plane 40, near edge 54 and section
46, is used as another feed point, herein termed a ground
connection. Thus, monopole 44 has a feed region 58 formed
of live feed point 52 and area 56. For the length of monopole
44 given above, the monopole, when fed via feed region 58,
acts as a quarter-wave series resonant circuit having a reso-
nant frequency in the 1800 MHz (1710-1880 MHz) band. In
some embodiments monopole 44 may be implemented as a
multi-band monopole, in one or more other bands, such as the
2100 MHz (1920-2170 MHz) band. Those having ordinary
skill in the antenna art will be aware of methods for imple-
menting monopole 44 as a multi-band monopole.

[0085] In addition to monopole 44, antenna 30 comprises a
labyrinthine ground coupling element 60 made of a number
of galvanically connected portions. As described in more
detail below, the coupling element acts as a series resonant
circuit for low frequencies, and as a parallel resonant circuit
for high frequencies. FIG. 1C is a schematic illustration of
element 60 in a plan form. One portion 62 of coupling ele-
ment 60 is formed to be continuous with edge 54 of front
ground plane 40, and to lie on front surface 33 of the PCB-
dielectric. Other portions 64, 66, 68, and 70 of the coupling
element are formed to be on respective surfaces 72, 74, 76,
and 78 of a box-shaped dielectric element 61. A part of
portion 64 is also formed to be over an edge of PCB-dielectric
34. Dielectric element 61 has approximate dimensions 55
mmx12 mmx10 mm. Element 61 is connected to surface 35
of the PCB-dielectric, typically by cementing, after removal
of'a corresponding region of rear layer 38, so that the element
and the PCB-dielectric have a common surface. Alternatively,
some of rear layer 38 may not be removed, and the part not
removed may be used to provide capacitance with monopole
44. Element 61 is aligned so as to be approximately flush with
the upper and side edges of the PCB-dielectric.
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[0086] As is illustrated in FIG. 1C, coupling element 60
may be considered to be formed as an elongated rectangle 82,
having approximate dimensions 110 mmx6 mm. A second
rectangle 84, comprising portion 66 and a part of portion 64,
is connected to the elongated rectangle and has approximate
dimensions 25 mmx6 mm. A third region 86 connects the
elongated rectangle to front ground plane 40.

[0087] As is illustrated in FIGS. 1A and 1B, coupling ele-
ment 60 encompasses or surrounds a combination dielectric
carrier 88 that consists of element 61 and the portion of
PCB-dielectric to which the carrier is connected. The cou-
pling element is mounted on a bounding surface of the dielec-
tric carrier, the bounding surface comprising surfaces 72, 74,
76, and 78 of the carrier, corresponding edges of PCB 32, as
well as a portion of surface 33.

[0088] By way of example, carrier 88 is assumed to be in
the form of a rectangular parallelepiped, although it will be
understood that the carrier may be any convenient three-
dimensional solid. As is illustrated in FIGS. 1A and 1B, the
encompassment of dielectric carrier 88 by coupling element
60 typically occurs in three dimensions, so that in antenna 30
five sides of carrier 88 have parts of coupling element 60
mounted thereon. In other embodiments, the encompassment
is accomplished by having parts of coupling element 60
mounted on at least two sides of carrier 88. As is also illus-
trated in FIGS. 1A and 1B, coupling element 60 effectively
surrounds conductive section 48 of monopole 44.

[0089] Coupling element 60 comprises one or more slots
formed within the element. The slots may be completely
closed within the coupling element, or partially closed within
the element so as to effectively form an indentation within an
edge of the element. By way of example, in the description
herein the element is assumed to have two rectangular slots
formed within rectangle 82. A first slot 90 has approximate
dimensions 5 mmx3 mm; a second slot 92 has approximate
dimensions 55 mmx3 mm. The slots are located approxi-
mately on a center line of rectangle 82, near region 86, and are
separated by a conducting region of element 60 having a
width of approximately 3 mm. Changing the sizing and loca-
tion of the slots enables the frequencies at which coupling
element 60 resonates to be varied.

[0090] A coupling capacitor 94 may be connected between
a lower edge of portion 62 and edge 54 of ground plane 40.
Alternatively or additionally, a capacitance approximately
equivalent to that of capacitor 94 may be implemented by
forming a portion of the lower edge of coupling element 60 to
be closer to edge 54 than the remainder of the lower edge.
Typically, the portion may be separated from edge 54 by a gap
of'the order of 0.1 mm. The capacitance of lumped element 94
and/or of the portion generated by the lower edge of coupling
element 60 provide an enhanced capacitance between the
coupling element and ground plane 40. In one embodiment
capacitor 94 has a capacitance of approximately 2.2 pF.
[0091] If high frequencies, such as frequencies at which
monopole 44 is resonant, are fed to region 57, coupling ele-
ment 60 transfers these frequencies to the ground or ground
plane 40, from where they radiate. The coupling and transfer
of'the high frequencies may be improved by varying the value
and position of coupling capacitor 94, and/or of the alterna-
tive capacitance described above. Such variation, to achieve a
desired enhancement, may be performed by one having ordi-
nary skill in the art without undue experimentation.

[0092] If low frequencies, below approximately 1000
MHz, are fed to region 57, coupling element 60 couples and
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transfers the low frequencies from monopole 44 to an adja-
cent ground, and/or to ground plane 40. The coupling of the
low frequencies is typically improved to a lesser extent than
for the high frequencies by capacitor 94 or the enhanced
capacitance described above. The adjacent ground, or ground
plane 40, acts as a parallel resonant circuit for lower frequen-
cies, resonating at approximately the same low frequencies as
the resonant frequencies of coupling element 60. Thus, the
ground or ground plane radiates these low frequencies.
[0093] Insome embodiments a coupling inductor 95, typi-
cally having a value of approximately 20 nH may be con-
nected between a lower edge of portion 62 and edge 54 of
ground plane 40. Using inductor 95 may enhance the cou-
pling of the low frequencies, and the value and position of the
inductor for a desired enhancement may be determined with-
out undue experimentation.

[0094] The inventors have found that antenna 30, formed as
described above, operates well as a penta-band antenna in the
bands: 850 MHz (824-894 MHz), 900 MHz (880-960 MHz),
1800 MHz (1710-1880 MHz), 1900 MHz (1850-1990 MHz),
and 2100 MHz (1920-2170 MHz), as well as operating well
down to approximately 700 MHz. The dimensions and
parameters of the elements of antenna 30 may be varied,
without undue experimentation, to form antennas that radiate
well at these and other frequency bands. Such dimensions and
parameters include the number, size, shape, and position of
conductive elements of the monopole and/or of the coupling
element, as well as the position and/or value of the coupling
capacitor and/or coupling inductor. For example, the inven-
tors have found that a multi-band antenna, constructed
according to the principles described herein for implementing
antenna 30, operates well at approximately 2.4 GHz and up to
approximately 5.6 GHz.

[0095] FIGS. 2A, 2B, and 2C, are schematic perspective
views of an antenna 130 and a schematic planar view of an
element of the antenna, according to an embodiment of the
present invention. Apart from the differences described
below, the operation of antenna 130 is generally similar to that
ofantenna 30 (FIGS. 1A, 1B, and 1C), and elements indicated
by the same reference numerals in both antennas 30 and 130
are generally similar in construction and in operation.
[0096] In antenna 30, slot 92 is, by way of example, rect-
angular. In antenna 130 slot 92 is altered by removing a
conducting rectangular section 132 from portions 64 and 66
of coupling element 60, so as to form a slot 134 having a
complex shape. The perimeter of slot 134 is significantly
larger than that of slot 92, so that the path taken by RF currents
around slot 134 is correspondingly larger than that of slot 92.
Configuring the perimeter in this manner, so as to increase the
path, is a simple and effective way to effect changes in reso-
nant frequencies of coupling element 60.

[0097] FIGS. 3A, 3B, and 3C show schematic perspective
views of an antenna 210 and of one of its parts, and FIGS.
4A-4D, 5A-5E, 6A-6D, 7A-7D, and 8A-8D are schematic
engineering views of parts of antenna 210, according to an
embodiment of the present invention. In the exemplary
embodiment described herein, antenna 210 has approximate
external dimensions of 19 mmx12 mmx3.2 mm, so having a
volume significantly less than 1 cm®. Antenna 210 typically
operates efficiently at radio-frequencies in the bands: 850
MHz (824-894 MHz), 900 MHz (880-960 MHz), 1800 MHz
(1710-1880 MHz), 1900 MHz (1850-1990 MHz) and 2100
MHz (1920-2170 MHz) bands. However, by relatively minor
adjustments of the dimensions of the parts, antennas substan-
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tially similar to antenna 210 may be configured to operate
efficiently in other RF bands. Such adjustments may be made
without undue experimentation by a person having ordinary
skill in the antenna arts.

[0098] Antenna 210 is formed from three parts: a dielectric
carrier 212, also referred to herein as dielectric holder 212, a
conductive radiator 214, and a conductive ground coupling
element 215 which is formed of a first section 216 and a
second section 218. Antenna 210 is generally similar to
antenna 30, so that holder 212, radiator 214, and coupling
element 215 of antenna 210 respectively correspond in func-
tion and operation to carrier 88, monopole 44, and coupling
element 60 of antenna 30. First section 216 is in two parts,
described further below, and the two parts are shown in FIGS.
6A-6D and FIGS. 7A-7D. Second section 218 is shown in
FIGS. 5A-5E. Holder 212 is shown without the other antenna
parts in FIG. 3C and in FIGS. 4A-4D, and has a first side 220
and a second side 222 opposite the first side. FIG. 3A shows
first side 220 in the “back views” of the antenna, and FIG. 3B
shows second side 222 in the “front views.” FIGS. 4A, 4B,
4C, and 4D respectively illustrate a front view, a rear view, a
section, and a top view of holder 212.

[0099] Each side ofholder 212 comprises a planar surface,
which typically has one or more gaps and/or one or more
protuberances. Thus first side 220 has a planar surface 224,
with gaps 226 from indentations into the surface, and protu-
berances 228 above the surface. Second side 222 has a planar
surface 230, also shown in FIG. 3A, with protuberances 232
and a gap 234. Holder 212 is typically formed from rigid
plastic such as polycarbonate, with a dielectric constant of the
order of 3.

[0100] FIGS. 8A, 8B, 8C, and 8D are respective front, side,
plan, and perspective views illustrating conductive radiator
214. Radiator 214 is typically formed by bending one piece of
planar sheet metal (FIG. 8C), to form a mainly planar radiat-
ing element, and is herein also termed planar conductive
radiator 214. Planar conductive radiator 214 is positioned to
mate with second side 222, so that a surface of the radiator
contacts surface 230. Radiator 214 has holes which match
some of protuberances 232 of side 222, and these protuber-
ances and mating holes are configured to maintain radiator
214 substantially fixed with respect to holder 212 when the
radiator is pushed onto the protuberances. Typically, the pro-
tuberances and mating holes maintain the underlying surface
of the radiator in contact with surface 230.

[0101] In the exemplary embodiment shown in FIGS. 3A,
3B, and 3C, radiator 214 is in the form of an inverted-L
monopole with a first feedline section 236 connected to an
arm 238 of'the L, the arm in turn being galvanically connected
to an element 240 parallel to the arm, so that radiator 214 has
an extended length formed by folding arm 238 with element
240. As is illustrated, first feedline section 236 may be con-
nected to a “live” feed point 242, formed by bending a portion
of radiator 214 round an edge 252 ot holder 212, to be above
side 220.

[0102] Section 216 of ground coupling element 215 is
formed of two parts, a first part 244 and a second part 246.
FIGS. 6A, 6B, 6C, and 6D are respective front, side, plan, and
perspective views illustrating first part 244; FIGS. 7A, 7B,
7C, and 7D are respective front, side, plan, and perspective
views illustrating second part 246. Each of the two parts is
typically formed by bending one piece of sheet metal (FIG.
6C, FIG. 7C), to form mainly planar ground elements, and
section 216 is also referred to herein as planar section 216.
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Both parts are configured to mate with second side 222,
typically in generally the same manner as is described above
for the mating of radiator 214 with side 222, so that respective
surfaces of the parts contact surface 230. At least one of parts
244 and 246 fold around, i.e., at least partly surround, radiator
214.

[0103] As is shown in FIGS. 3A and 3B, ground coupling
element 215 is a labyrinthine component having a number of
sections that are galvanically connected. First part 244 has a
top portion 248 that connects to a first conductive edge ele-
ment 250. First part 244 also connects to a second conductive
edge element 251. First conductive edge element 250 is posi-
tioned on edge 252 of holder 212, and the element connects to
section 218 at a contact 254. Section 218 of the coupling
element connects to part 246 at a contact 256 via a third
conductive edge element 258. Third conductive element 258
is located on edge 252, and is connected by an approximately
right-angle bend to second part 246. Thus, ground coupling
element 215 encloses holder 212, at both sides of the holder
and also on the edge of the holder.

[0104] A second feedline section 260, of ground coupling
element 215, may be connected to a ground feed point 262.
Section 260 and feed point 262 may be formed by bending a
portion of second part 246 around edge 252 to be above side
220.

[0105] Consideration of FIGS. 3A, 3B and 3C shows that
antenna 210 has the following properties:

[0106] At least one of parts 244 and 246 folds around
radiator 214,

[0107] Ground coupling element 215 encloses dielectric
holder 212, by having sections on both sides of the
holder and also at the edge of the holder;

[0108] An orthogonal projection of radiator 214 onto
side 20 overlaps a portion of section 218 of ground
coupling element 215. Typically, the overlap is large, so
that taken together with the small distance between the
radiator and the section, there is strong capacitive cou-
pling between radiator 214 and section 218.

[0109] In operation, radiator 214 typically acts as a series
resonant circuit, having high resonant frequencies, such as in
the 1800 MHz, 1900 MHz and 2100 MHz bands stated above.
Radiator 214, which may be considered as a quarter-wave
monopole, also acts to efficiently couple low frequencies,
such as those in the 850 MHz and 900 MHz bands, to ground
coupling element 215. The coupling is substantially capaci-
tive. Element 215 typically acts as a series circuit resonant at
the low frequencies, so as to couple lower frequency bands to
a conductor, allowing efficient radiation from a conductor
connected to the element. Element 215 typically also acts as
a parallel resonant circuit at the high frequency bands. The
conductor may be a chassis acting as a ground, or, as exem-
plified in the antenna described below with reference to FIG.
9, a conductive ground plane which typically acts as a parallel
circuit resonant at approximately the same frequencies as the
low series resonant frequencies of the coupling element.

[0110] The dimensions of antenna 210 may be altered, and
typically reduced, by selecting the material from which
holder 212 is formed to have a different dielectric constant, as
will be apparent to those having ordinary skill in the art.
Dimensions of radiator 214 and element 215, as well as of
holder 212, may be adjusted by one of ordinary skill in the art,
without undue experimentation, in order to optimize the effi-
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ciency of the performance of antenna 210, and such adjust-
ments may also be made for frequencies in RF bands other
than those stated above.

[0111] FIG. 9 shows a schematic perspective view of an
antenna 300, according to an alternative embodiment of the
present invention. Apart from the differences described
below, the operation of antenna 300 is generally similar to that
of antenna 210 (FIGS. 3A, 3B and 3C), and elements indi-
cated by the same reference numerals in both antennas 210
and 300 are generally similar in construction and in operation.
[0112] In antenna 300 the three components: dielectric
holder 212, planar conductive radiator 214, and conductive
ground coupling element 215 are coupled to a printed circuit
board (PCB) 302. PCB 302 has a conductive ground plane
304, and a non-conductive section 306. Section 306 is con-
figured to be gripped by some of protuberances 228, so that a
lower surface of the section fixedly mates with an upper
surface of second planar section 218, and so that the protu-
berances act as anchors for the PCB.

[0113] PCB 302 comprises a ground feed-through 308, and
a “live” feed-through 310, the feed-throughs being positioned
in section 306. Ground feed-through 308 is configured to
connect with ground feed point 262 (FIG. 2A), and may be
connected directly to ground plane 304 by a conductor (not
shown) between the feed-through and the ground plane.
Alternatively, a ground matching circuit (not shown) may
connect ground feed-through 308 and ground plane 304. Live
feed-through 310 is configured to connect with live feed point
242. A live feed-pad 312 for antenna 300 may be connected
directly to feed-through 310 by a conductor, or alternatively a
live matching circuit may connect the feed-pad and the feed-
through. For clarity and simplicity, the conductor and the
matching circuit for feed-through 310 are omitted from FIG.
9.

[0114] The operation of antenna 300 is generally similar to
that of antenna 210, element 215 acting as a coupling element
to ground plane 304. In addition, the low frequency bands at
which antenna 300 operates may be varied by varying one or
more dimensions of ground plane 304, typically by varying a
length L of the ground plane.

[0115] In some embodiments of the present invention,
antenna 210 and/or antenna 300 is used as part of a wireless
modem. The modem may be configured to couple to a USB
(universal serial bus) port, such as the USB port of a laptop
computer, so that the computer may receive and transmit
efficiently in the bands to which the antenna is tuned. Even
with the presence of PCB 302, antenna 300 typically occupies
an extremely small volume of approximately 1 cm>.

[0116] FIGS. 10A and 10B are schematic perspective
drawings of an antenna 400, according to an embodiment of
the present invention. Antenna 400 operates as an efficient
radiator at generally the same frequencies as antennas 30,210
and 300. Antenna 400 is formed on a printed circuit board
(PCB) 402, that has dimensions approximately equal to 100
mm longx40 mm wide. PCB 402 is approximately 1 mm in
depth. FIG. 10A shows an upper surface 404 of the PCB, and
FIG. 10B shows a lower surface 406 of the PCB.

[0117] PCB 402 comprises a dielectric substrate 408,
which is covered by conducting material. As described in
more detail below, some of the conducting material may be
removed to leave conducting elements, so that substrate 408
acts as a dielectric holder for the elements.

[0118] A ground plane 410 is formed on an upper surface
405 of substrate 408. Ground plane 410 is typically galvani-
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cally connecting by vias with a ground plane 412 formed on
a lower surface 407 of the substrate.

[0119] A conductive radiator 414 is also formed on upper
surface 405. The radiator is configured as a quarter-wave
antenna for high frequencies, and is in the form of an
inverted-L. monopole that is galvanically insulated from
ground plane 410. Typically, radiator 414 is formed by
removing some conductive material that covers surface 405.
Radiator 414 is formed to have a bounding edge 416 of the
radiator close to, or common with, an edge 418 of surface 205.
Radiator 414 acts as a series resonant circuit, operating and
resonating typically at the high frequency bands described
above for antennas 30, 210 and 300.

[0120] A conductive coupling element 422 has a first sec-
tion 424 and a second section 426. Section 424 is galvanically
connected to ground plane 410. As is shown in the figures, the
two sections are galvanically connected by other conductive
elements 423 that are formed on a dielectric element 420.
Dielectric element 420 is attached, typically by cementing, to
lower surface 407, and is typically flush with edge 418. Ele-
ment 420 typically has a height of approximately 5 mm.
[0121] First section 424 is formed on surface 405, typically
by removal of conducting material from the surface, and is
configured to have parts that are generally parallel to radiator
414. Section 424 is galvanically insulated from the radiator.
[0122] Second section 426 is formed on dielectric element
420, and has an edge 428 that is configured to be parallel and
very close to edge 418. Typically a gap 430 between edge 428
and bounding edge 416 is of the order of 0.1 mm. Because of
the proximity of their edges, there is enhanced capacitance
between section 426 and radiator 414, and the value of the
enhanced capacitance may be changed by changing the
length of section 426 and/or changing the width of gap 430.
The enhanced capacitance augments the coupling between
element 422 and radiator 414.

[0123] Asisevident from FIGS. 10A and 10B, element 422
effectively folds around radiator 414. Because element 422
has a three-dimensional character, the folding occurs in three
dimensions, and element 422 effectively encompasses a
dielectric carrier 431 formed of dielectric element 420 and the
portion of substrate 408 connected to the element.

[0124] In some embodiments, a conducting third section
432 is galvanically connected to the other conductive ele-
ments 423 of coupling element 422 that are on element 420.
Element 432 may be formed on an under-surface 409 of
element 420. Alternatively or additionally, the third section
may be formed on surface 407, beneath element 420. The
third section forms a parallel plate capacitor with radiator
414, and further increases the capacitance between the cou-
pling element and the radiator.

[0125] In operation, coupling element 422 corresponds to
coupling element 60 of antenna 30, typically acting as a series
resonant circuit for similar low frequencies as those described
with respect to antenna 30, and as a parallel resonant circuit
for the high frequencies. As for antenna 30, the coupling
element of antenna 400 transfers the low frequencies at which
it is in series resonance to ground plane 410. Ground plane
410 typically acts as a parallel circuit resonant at approxi-
mately the same series resonant frequencies as coupling ele-
ment 422, and radiates these frequencies. In addition, as
described above for antenna 30, coupling element 422 may be
configured to transfer the high frequencies from radiator 414
to the ground plane, which is also able to radiate these fre-
quencies.
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[0126] FIG. 11 is a schematic diagram of an antenna 500,
according to an embodiment of the present invention. By way
of example, antenna 500 is assumed to be formed on one
plane surface 501 of a dielectric substrate 503 of a PCB 502,
so that antenna 500 is substantially two-dimensional. How-
ever, those having ordinary skill in the art will be able to adapt
the following description, mutatis mutandis, so as to imple-
ment three-dimensional antennas similar to antenna 500, as
well as to implement antennas formed partially on a plane
surface or formed at least partially on a non-plane surface.
[0127] Typically, antenna 500 is formed by removal of con-
ducting material that is initially on surface 501. Antenna 500
comprises a full-wave loop 504, the loop having dimensions
so that it acts as a series resonant circuit, resonant in a high
frequency band such as the 5.6 GHz band. Hereinbelow loop
504 is also termed resonator loop 504. By way of example,
resonator loop 504 comprises rectilinear conducting portions
512 that are galvanically connected to each other and that are
orthogonal or parallel to each other. However, loop 504 may
be formed of any other convenient conducting portions, such
as curved conductors.

[0128] Resonator loop 504 has a first end 506 that is sepa-
rated from a ground plane 508, and a second end that com-
prises a region 510 of the ground plane. A broken line sche-
matically indicates a portion 511 of ground plane 508 that acts
to close loop 504. End 506 of the loop is used as a first, live,
feed point. Region 510 of ground plane 508, in proximity to
end 506, is used as a second, ground, connection, so that a
feed region 514 of the antenna consists of end 506 and region
510.

[0129] Antenna 500 also comprises a conductive coupling
element 516. Coupling element 516 is an approximately half-
wave loop which has a first end region 518 and a second end
region 520, both ends being regions of ground plane 508.
Coupling element 516 is, by way of example, formed from
rectilinear portions that are generally parallel to the portions
of loop 504. As for loop 504, there is no requirement that
element 516 is formed of rectilinear portions. Typically, the
direction of the portions of element 516 are configured to be
parallel to the portions of loop 504.

[0130] Coupling element 516 is closed by a portion 522 of
ground plane 508 between regions 518 and 520. Element 516
and portion 522 act as a closed loop 524, hereinbelow also
termed coupling loop 524.

[0131] Closed coupling loop 524, i.e., coupling element
516 and ground plane portion 522, is configured so that reso-
nator loop 504 is completely surrounded by the coupling
loop, as measured in surface 501. Thus, antenna 500 may be
considered to be a “loop-within-a-loop” antenna. Coupling
loop 524 is typically configured to act as a series circuit
resonant at frequencies lower than the resonant frequencies of
resonator loop 504, and as a parallel circuit resonant at the
resonant frequencies of loop 504. In one embodiment cou-
pling loop 524 is series resonant in the 2.4 GHz band.
[0132] Coupling loop 524 couples and transfers frequen-
cies input at feed region 514 to ground plane 508, which acts
as a parallel circuit, resonant at approximately the low fre-
quencies referred to above. The coupling between the cou-
pling loop and the ground plane may be adjusted to augment
the transfer of frequencies from loop 524 by varying a capaci-
tance between the coupling loop and the ground plane. The
inventors have found that a simple but effective way of adjust-
ing the capacitance is by altering a distance L. between an
edge 526 of element 516 and an edge 528 of the ground plane.
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Ifthe coupling is adjusted to be relatively high, both low and
high frequencies are efficiently transferred from feed region
514 to ground plane 508, which radiates both categories of
frequencies.

[0133] Inone embodiment of antenna 500, which operates
as a wide bandwidth antenna in both the 2.4 GHzand 5.6 GHz
bands, PCB 502 has a width approximately equal to 50 mm,
and edge 528 is approximately 14 mm from the top edge of
the PCB. Edges 526 and 528 have approximate lengths 25
mm, and distance L is approximately 4 mm.

[0134] FIG. 12 is a schematic diagram of an antenna 550,
according to an embodiment of the present invention. Apart
from the differences described below, the operation of
antenna 550 is generally similar to that of antenna 500 (FIG.
11), and elements indicated by the same reference numerals
in both antennas 550 and 500 are generally similar in con-
struction and in operation.

[0135] In place of full-wave resonator loop 504 of antenna
500, antenna 550 comprises a quarter-wave monopole 554
that acts as a series circuit resonant in a high frequency band
such as the 5.6 GHz band. By way of example, monopole 554
comprises one or more rectilinear conducting portions that
are galvanically connected to each other and that are orthogo-
nal or parallel to each other. However, monopole 554 may be
formed of any other convenient conducting portions, such as
curved conductors.

[0136] Monopole 554 has an end 556 that is insulated from
ground plane 508, and which is used as a first, live, feed point.
A region 560 of ground plane 508, in proximity to end 556, is
used as a second, ground, connection point, so that a feed
region 564 of the antenna consists of end 556 and region 560.
[0137] Closed coupling loop 524, comprising coupling ele-
ment 516 and ground plane portion 522, completely sur-
rounds monopole 554, as measured in surface 501. Thus,
antenna 550 may be considered to be a monopole-within-a-
loop antenna.

[0138] The inventors have found that loop-within-a-loop”
antennas such as antenna 500 and monopole-within-a-loop
antennas such as antenna 550 radiate high frequencies and
low frequencies efficiently, when these frequencies are fed to
their respective feed regions 514, 564. As for the antennas
described above, the low frequencies, such as frequencies in
the 2.4 GHz band described above, are coupled and trans-
ferred from loop 504 or monopole 554 via closed coupling
loop 524 to ground plane 508. By setting the coupling of the
coupling loop to the ground plane to be relatively high, as
described above with reference to FIG. 11, the high frequen-
cies also couple and transfer to ground plane 508. The high
and low frequencies may thus efficiently radiate from the
ground plane.

[0139] It will be understood that elements of the embodi-
ments described above may be incorporated to form other
embodiments of the present invention. As a first example, an
antenna may be implemented that is generally similar to
antenna 30, but which incorporates a closed coupling loop
and/or a full-wave resonator loop such as are described above
for antennas 500 and 550. As a second example, the enhanced
capacitance between the monopole and the coupling element,
described above with respect to antennas 220 and 300, may be
incorporated into an antenna generally similar to antenna 30.
In this case the resulting antenna has enhanced capacitance
between the coupling element and the monopole, as well as
enhanced capacitance (formed in antenna 30 by a coupling
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capacitor and/or a portion of the coupling element close to the
ground plane) between the coupling element and the ground
plane.

[0140] It will also be understood that embodiments of the
present invention may be used to form multiple antennas that
are operative for the same circuitry. For example, referring
back to FIGS. 1A, 1B, and 1C, a second antenna similar to
antenna 30 may be formed at an opposite end of PCB 32, so
that circuitry coupled to the PCB is able to use two antennas.
Such multiple antennas may be advantageously used as a
main antenna and a diversity antenna, so as to improve a
signal to noise ratio, and/or in multiple-input-multiple-output
(MIMO) applications.

[0141] FIG. 13 is a schematic diagram of a communication
device 600, according to an embodiment of the present inven-
tion. Device 600 is typically a cellular phone or a personal
digital assistant (PDA), and the device is hereinbelow
assumed to comprise a cellular phone. Phone 600 has an
enclosure 611, within which operational elements of the
phone are mounted, the operational elements including a
transceiver 614.

[0142] By way of example, antenna 30 (FIGS. 1A, 1B, and
1C), is assumed to be coupled to transceiver 614 by a feed
615. Also by way of example, transceiver 614 is assumed to
be mounted on PCB 32, described above with reference to
antenna 30. However, it will be understood that any other of
the antennas described hereinbove may replace antenna 30,
and be coupled to transceiver 614 by feed 615. Feed 615 may
be any convenient system that efficiently transfers radio-fre-
quency currents between the transceiver and the antenna, and
is herein by way of example assumed to comprise a coaxial
cable.

[0143] It will be appreciated that the embodiments
described above are cited by way of example, and that the
present invention is not limited to what has been particularly
shown and described hereinabove. Rather, the scope of the
present invention includes both combinations and subcombi-
nations of the various features described hereinabove, as well
as variations and modifications thereof which would occur to
persons skilled in the art upon reading the foregoing descrip-
tion and which are not disclosed in the prior art.

We claim:

1. An antenna, comprising:

a dielectric carrier having a bounding surface;

a conductive monopole resonant at a first frequency, com-
prising at least one conducting section mounted on the
bounding surface; and

a labyrinthine conductive coupling element mounted on
the bounding surface so as to encompass the dielectric
carrier, the coupling element being located with respect
to the conductive monopole so as to transfer from the
conductive monopole a second frequency lower than the
first frequency.

2. The antenna according to claim 1, wherein the conduc-
tive monopole comprises a further section mounted within the
dielectric carrier.

3. The antenna according to claim 2, wherein the coupling
element surrounds the further section.

4. The antenna according to claim 1, wherein the coupling
element is resonant at the second frequency.

5. The antenna according to claim 1, and comprising a
ground which is located in proximity to the coupling element
so as to receive the second frequency transterred from the
coupling element.
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6. The antenna according to claim 5, and comprising an
impedance coupled between the coupling element and the
ground so as to enhance transfer of at least one of the first
frequency and the second frequency.

7. The antenna according to claim 1, wherein the first
frequency comprises a plurality of frequency bands, and
wherein the conductive monopole comprises a multi-band
monopole configured as a series circuit resonant at the plu-
rality of frequency bands.

8. The antenna according to claim 7, wherein the plurality
of frequency bands comprises frequencies between 1700
MHz and 5.6 GHz.

9. The antenna according to claim 1, wherein the second
frequency comprises a plurality of frequency bands, and
wherein the coupling element is configured as a series circuit
resonant at the plurality of frequency bands.

10. The antenna according to claim 9, wherein the plurality
of frequency bands comprises frequencies between 700 MHz
and 1000 MHz.

11. The antenna according to claim 9, wherein the first
frequency comprises a multiplicity of frequency bands, and
wherein the coupling element is configured as a parallel cir-
cuit resonant at the multiplicity of frequency bands.

12. The antenna according to claim 11, wherein the multi-
plicity of frequency bands comprises frequencies between
1700 MHz and 5.6 GHz.

13. The antenna according to claim 1, and comprising a
capacitance coupled between the coupling element and the
monopole so as to enhance the transfer of the second fre-
quency.

14. The antenna according to claim 1, wherein the dielec-
tric carrier comprises a dielectric element connected to a
dielectric substrate of a printed circuit board (PCB) at a com-
mon surface thereof, and wherein a further section of the
conductive monopole is mounted on the common surface.

15. The antenna according to claim 1, wherein the dielec-
tric carrier comprises a dielectric element connected to a
dielectric substrate of a printed circuit board (PCB), and
wherein the at least one conducting section and the PCB have
a common edge.

16. The antenna according to claim 1, wherein the conduc-
tive monopole comprises at least one of a linear conductive
strip, an [.-shaped conductive strip. a folded conductive strip,
ameandering conductive strip, and an at least partially looped
conductive strip.

17. The antenna according to claim 1, and comprising a
ground plane galvanically connected to the coupling element
so that a combination of the ground plane and the coupling
element form a closed loop.

18. The antenna according to claim 1, wherein the conduc-
tive coupling element comprises at least one slot.

19. The antenna according to claim 18, wherein a perimeter
of the at least one slot is configured in response to a desired
resonant frequency of the conductive element.

20. An antenna, comprising:

a dielectric substrate;

a full-wave loop mounted on the substrate, the full-wave

loop being resonant at a first frequency;

aground plane mounted in proximity to the full-wave loop;

and

a conductive coupling element galvanically connected to

the ground plane so as to form a closed loop completely
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surrounding the full-wave loop, the conductive coupling
element being resonant at a second frequency lower than
the first frequency.

21. The antenna according to claim 20, wherein the con-
ductive coupling element transfers the second frequency from
the full-wave loop to the ground plane.

22. The antenna according to claim 20, wherein a portion of
the conductive coupling element is configured to form a
capacitor, with the ground plane, that augments transfer of the
first frequency from the full-wave loop to the ground plane.

23. The antenna according to claim 22, wherein the capaci-
tor is external to the closed loop.

24. The antenna according to claim 20, wherein the full-
wave loop and the closed loop are mounted on a common
plane of the substrate, and wherein the closed loop com-
pletely surrounds the full-wave loop as measured in the com-
mon plane.

25. An antenna, comprising:

a dielectric substrate;

a monopole mounted on the substrate, the monopole being

resonant at a first frequency;

a ground plane mounted in proximity to the monopole; and

a conductive coupling element galvanically connected to

the ground plane so as to form a closed loop completely
surrounding the monopole, the conductive coupling ele-
ment being resonant at a second frequency lower than
the first frequency.

26. The antenna according to claim 25, wherein the con-
ductive coupling element transfers the second frequency from
the monopole to the ground plane.

27. The antenna according to claim 25, wherein a portion of
the conductive coupling element is configured to form a
capacitor, with the ground plane, that augments transfer of the
first frequency from the monopole to the ground plane.

28. The antenna according to claim 27, wherein the capaci-
tor is external to the closed loop.

29. The antenna according to claim 25, wherein the mono-
pole and the closed loop are mounted on a common plane of
the substrate, and wherein the closed loop completely sur-
rounds the monopole as measured in the common plane.

29. A method of forming an antenna, comprising:

providing a dielectric carrier having a bounding surface;

mounting at least one conducting section of a conductive
monopole resonant at a first frequency on the bounding
surface; and

mounting a labyrinthine conductive coupling element on

the bounding surface so as to encompass the dielectric
carrier, the coupling element being located with respect
to the conductive monopole so as to transfer from the
conductive monopole a second frequency lower than the
first frequency.

30. A method for forming an antenna, comprising:

providing a dielectric substrate;

mounting a full-wave loop on the substrate, the full-wave

loop being resonant at a first frequency;

positioning a ground plane in proximity to the full-wave

loop; and

galvanically connecting a conductive coupling element to

the ground plane so as to form a closed loop completely
surrounding the full-wave loop, the conductive coupling
element being resonant at a second frequency lower than
the first frequency.
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31. A method for forming an antenna, comprising:

providing a dielectric substrate;

mounting a monopole on the substrate, the monopole being
resonant at a first frequency;

locating a ground plane in proximity to the monopole; and

galvanically connecting a conductive coupling element to
the ground plane so as to form a closed loop completely
surrounding the monopole, the conductive coupling ele-
ment being resonant at a second frequency lower than
the first frequency.

32. A communication device, comprising:

a transceiver; and

an antenna coupled to the transceiver, the antenna compris-
ing:

a dielectric carrier having a bounding surface;

a conductive monopole resonant at a first frequency, com-
prising at least one conducting section mounted on the
bounding surface; and

a labyrinthine conductive coupling element mounted on
the bounding surface so as to encompass the dielectric
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carrier, the coupling element being located with respect
to the conductive monopole so as to transfer from the
conductive monopole a second frequency lower than the
first frequency.

33. A method for producing a communication device, com-

prising:

providing a transceiver; and

coupling an antenna to the transceiver, the antenna com-
prising:

a dielectric carrier having a bounding surface;

a conductive monopole resonant at a first frequency, com-
prising at least one conducting section mounted on the
bounding surface; and

a labyrinthine conductive coupling element mounted on
the bounding surface so as to encompass the dielectric
carrier, the coupling element being located with respect
to the conductive monopole so as to transfer from the
conductive monopole a second frequency lower than the
first frequency.
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ANTENNA DEVICE AND PORTABLE RADIO
APPARATUS USING THE SAME

TECHNICAL FIELD

[0001] The present invention relates to an antenna device
and a portable radio apparatus using the same.

BACKGROUND ART

[0002] Nowadays, mobile phones are required to provide
communications that of various frequency bands. Even in this
situation, they are required to be smaller and slimmer so it is
difficult to ensure space for mounting plural antennas therein.
For this reason, what is required is a single antenna that can
operate in multiple frequency bands.

[0003] As one example of an antenna operating in plural
frequency bands, elements of two distant frequency bands
may be combined to form two frequencies. FIG. 1 shows the
construction of one example of a dual-frequency antenna
related to the present invention, which operates in Band I
(1920 MHz-2170 MHz) and Band VI (830 MHz-885 MHz)
based on the WCDMA system. Antenna device 101 shown in
FIG. 1 connects antenna element 103 for use with HI-Band
and antenna element 102 for use with LOW-Band at feeding
point 104 to realize a dual-frequency antenna. Also, FIG. 2
shows antenna impedance when an antenna based on tech-
niques related to the present invention is mounted in the lower
housing hinge section of a folding-type mobile phone. FIG. 2
is the Smith chart, the impedance locus of which ranges from
700 MHz to 2300 MHz, O indicating LOW-Band (824 MHz-
960 MHz), ¢ indicating HI-Band (1710 MHz-2170 MHz).
Therefore, by extracting two antenna elements from a single
feeding point, a dual-frequency antenna can be constituted.
[0004] Japanese Patent Application Laid-Open No. 2005-
244553 discloses a radio device which includes two indepen-
dent feeding points and two independent matching circuits.

DISCLOSURE OF THE INVENTION
Technical Problem

[0005] When an antenna operating in both the WCDMA
mode and the GSM mode is considered, it should be ensured
that the antenna will operate in a band up to 824 MHz-960
MHz in LOW-band, and in a band up to 1710 MHz-2170
MHz in HI-Band.

[0006] In the meantime, in order to prevent loss due to
reflection when a radio circuit and an antenna are combined,
an impedance matching circuit which combines inductance
or a capacitance is arranged between the radio circuit and the
antenna to thereby achieve matching. That is, inductance or
capacitance arranged in an impedance matching circuit is
adjusted to achieve matching with a radio circuit.

[0007] FIG. 3 shows the Smith chart of an example of the
impedance of an antenna after being matched using an imped-
ance matching circuit, and this antenna is designed by tech-
niques related to the present invention and is mounted in a
lower housing hinge section of a folding-type mobile phone.
The circle drawn at the center of the Smith chart with broken
lines indicates a circle having a fixed VSWR (Voltage Stand-
ing Wave Ratio) and the portion inside the circle corresponds
to a range where antenna matching is done. As shown in FI1G.
3, since the corresponding band is broad, the LOW-Band and
HI-Band are not all matched. That is, FIG. 3 shows that it is
difficult to ensure antenna characteristics over a broadband
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because, in a single-feed dual-frequency antenna which is
constructed in conformity with techniques related to the
present invention, a LOW-Band antenna and a HI-Band
antenna are connected, and mutual impedance between them
is affected.

[0008] Also, since every frequency has a different variation
range of impedance, it is hard to match the impedance of the
Low-Band antenna and of the HI-Band antenna at an intended
position. Thus, a switch function such as a PIN diode is used
to change the impedance matching circuit for each band and
to therefore achieve matching. In case of changing the match-
ing circuit using a switch, the loss within the impedance
matching circuit is increased due to the resistance component
orthe like, resulting in degradation of antenna characteristics.
[0009] In addition, even though two independent feeding
points and two independent matching circuits are provided in
the configuration disclosed in Japanese Patent Application
Laid-Open No. 2005-244553, the feeding points and the
matching circuits are arranged close to each other. For this
reason, the construction disclosed in Japanese Patent Appli-
cation Laid-Open No. 2005-244553 also makes it difficult to
ensure antenna characteristics over a broadband because the
impedance of each feeding point and of each matching circuit
influence each other.

[0010] Therefore, the object of the present invention is
directed to provide an antenna device capable of ensuring
antenna characteristics over a broadband, and a portable radio
apparatus using the same.

Technical Solution

[0011] Inordertoaccomplish the above objects, an antenna
device of the present invention comprises an antenna board,
including a first antenna element operating in a first frequency
band, a first feeding point electrically connected to the first
antenna element, a second antenna element operating in a
second frequency band which is a lower frequency band than
the first frequency band, and a second feeding point electri-
cally connected to the second antenna element, the first feed-
ing point being arranged on the side of a first lateral portion of
the board, the second feeding point being arranged on the side
of'a second lateral portion opposite to the first lateral portion
of the board.

[0012] As discussed above, in the antenna device of the
present invention, the first feeding point and the second feed-
ing point are arranged on the board at a distance from each
other. For this reason, feeding points are restrained from
influencing the mutual impedance each other, and therefore,
predetermined antenna characteristics over a broadband can
be ensured in the antenna device of the present invention.
Moreover, since a feeding point is provided for each fre-
quency band, impedance matching can also be adjusted eas-
ily, compared with a single-feed antenna by techniques
related to the present invention.

[0013] In the antenna device of the present invention, the
first antenna element and the second antenna element are
arranged between the first feeding point and the second feed-
ing point. This construction makes efficient use of the mount-
ing region of the board, which in turn enables realizing an
antenna device of smaller size.

[0014] Also, in the antenna device of the present invention,
the first antenna element and the second antenna element are
arranged in a manner in which an open side of the first antenna
element and an open side of the second antenna element are
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disposed ata distance from each other in a direction where the
first feeding point and the second feeding point are arranged.

[0015] A portable radio apparatus of the present invention
comprises the antenna device according to the present inven-
tion.

[0016] Also, the portable radio apparatus of the present
invention comprises a first matching circuit which is a match-
ing circuit for the first antenna element, an a second matching
circuit which is a matching circuit for the second antenna
element, wherein the first matching circuit is arranged adja-
cent to the first feeding point of the board mounted in the
portable radio apparatus, and the second matching circuit is
arranged adjacent to the second feeding point of the board
mounted in the portable radio apparatus. With this construc-
tion, it becomes possible to suppress not only the influence on
mutual impedance between the feeding points, but also the
influence on mutual impedance between the matching cir-
cuits.

[0017] Also, the portable radio apparatus of the present
invention comprises a first housing including an image dis-
play and a first print circuit board, a second housing including
a microphone and a second print circuit board, a connection
board for electrically connecting the first print circuit board
and the second print circuit board, a hinge for pivotably
connecting the first housing and the second housing, and a
first joint member and a second joint member for electrically
connecting the first feeding point and the second feeding
point of the antenna device to the second print circuit board,
respectively, the connection board being arranged to pass
in-between the first joint member and the second joint mem-
ber. In this case, the space created in the first and second joint
members can be utilized efficiently.

[0018] Also, in the portable radio apparatus of the present
invention, the antenna device may be arranged on a side
where the hinge is installed, the side being within the second
housing, or, alternatively, the antenna device may be arranged
on a side opposite to a side where the microphone is installed,
the side being within the second housing.

[0019] Also, the portable radio apparatus of the present
invention comprises a first housing including an image dis-
play and a first print circuit board, a second housing including
a microphone and a second print circuit board, a connection
board for electrically connecting the first print circuit board
and the second print circuit board, a hinge for pivotably
connecting the first housing and the second housing, and a
first joint member and a second joint member for electrically
connecting the first feeding point and the second feeding
point of the antenna device to the second print circuit board,
respectively, with the connection board being arranged to
pass in-between the first joint member and the second joint
member.

[0020] Also, in the portable radio apparatus of the present
invention, the antenna device may be arranged on a side
where the hinge is installed, the side being within the first
housing.

ADVANTAGEOUS EFFECTS

[0021] According to the present invention, the first feeding
point and the second feeding point are arranged on the board
at a distance from each other, so they do not influence the
mutual impedance of each other, while ensuring predeter-
mined characteristics over a broadband.
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DESCRIPTION OF DRAWINGS

[0022] FIG. 1 is a schematic view showing an example of
the construction of an antenna device by techniques related to
the present invention;

[0023] FIG. 2 is a Smith chart showing an example of the
impedance of an antenna device by techniques related to the
present invention;

[0024] FIG. 3 is a Smith chart after impedance matching is
achieved in an antenna device by techniques related to the
present invention;

[0025] FIG. 4 is a schematic view showing an example of
the construction of an antenna device according to the present
invention;

[0026] FIG. 5 is a side sectional view of an example of a
folding-type mobile phone having an antenna device accord-
ing to the present invention mounted thereon;

[0027] FIG. 6A is a schematic view showing the construc-
tion of the periphery of an antenna device according to the
present invention, more particularly, a plan view including the
periphery of an antenna device;

[0028] FIG. 6B is a schematic view showing the construc-
tion of the periphery of an antenna device according to the
present invention, more particularly, a sectional view of an
antenna device;

[0029] FIG. 7A is an example of a Smith chart showing the
impedance of an antenna device according to the present
invention, particularly a LOW-Band antenna;

[0030] FIG. 7B is an example of a Smith chart showing the
impedance of an antenna device of the present invention,
particularly a HIGH-Band antenna;

[0031] FIG. 8A is an example of a Smith chart after imped-
ance matching is done in an antenna device according to the
present invention, particularly a LOW-Band antenna;

[0032] FIG. 8B is an example of a Smith chart after imped-
ance matching is done in an antenna device of the present
invention, particularly a HIGH-Band antenna;

[0033] FIG.9is aside sectional view of another example of
a folding-type mobile phone having an antenna device
according to the present invention mounted thereon; and
[0034] FIG. 10 is a side sectional view of yet another
example of a folding-type mobile phone having an antenna
device according to the present invention mounted thereon.

MODE FOR INVENTION

[0035] An exemplary embodiment of the present invention
is explained hereinafter with reference to the accompanying
drawings.

[0036] FIG. 4 is a schematic view showing an example of
the construction of an antenna device according to the present
invention.

[0037] Antenna device 1 includes LOW-Band antenna ele-
ment 2 and HI-Band antenna element 3 which are indepen-
dently arranged within one antenna board 20. Also, antenna
device 1 is provided with HI-Band feeding point 4a and
LOW-Band feeding point 45 which respectively supply
power to LOW-Band antenna element 2 and HI-Band antenna
element 3 and which are arranged independently of each
other with a distance therebetween. In order for an antenna to
operate in both the WCDMA mode and the GSM mode, it
must be made certain that LOW-Band antenna element 2 will
operate in 824 MHz-960 MHz, and HI-Band antenna element
3 will operate in 1710 MHz-2170 MHz.
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[0038] HI-Band feeding point 4a is provided on the side of
first lateral portion 20a of antenna board 20, which is also
close to corner 21a. In FIG. 4, HI-Band feeding point 4a is
arranged at the lower left of antenna board 20, while LOW-
Band feeding point 45 is provided on the side of second lateral
portion 205 of antenna board 20, which is also close to corner
215. In FIG. 4, LOW-Band feeding point 45 is arranged at the
lower right of antenna board 20. Such arrangement provides
a certain distance between HI-Band feeding point 4a and
LOW-Band feeding point 45 where a lot of current flows
within antenna board 20, so that the impedance of HI-Band
feeding point 4a¢ and LOW-Band feeding point 456 will not
influence each other. Furthermore, HI-Band feeding point 4a
and LOW-Band feeding point 45 may be arranged diagonally
on antenna board 20 in order to increase the distance between
the two. For example, HI-Band feeding point 4¢ may be
placed on corner 21a, and LOW-Band feeding point 45 may
be placed on corner 21c¢. Alternatively, HI-Band feeding point
4a may be placed on corner 21d, and LOW-Band feeding
point 45 may be placed on corner 214.

[0039] Accordingly, for antenna device 1 according to this
embodiment, HI-Band feeding point 4a and LOW-Band feed-
ing point 45 are arranged on both lateral portions 20a and 205
of antenna board 20, and HI-Band antenna element 3 and
LOW-Band antenna element 2 are arranged between both
feeding points 4a and 4b. More specifically, HI-Band antenna
element 3 and LOW-Band antenna element 2 are arranged,
extending towards the inside of antenna board 20 from each of
feeding points 4a and 45. That is, HI-Band antenna element 3
has a layout such that base portion 35 thereof is electrically
connected to side 4al of HI-Band feeding point 4a and
extends towards corner 21d, and such that open side 3a
thereof is directed towards the inside of antenna board 20
from corner 21d. Also, LOW-Band antenna element 2 has a
layout such that base portion 25 thereof is electrically con-
nected to side 451 of LOW-Band feeding point 45 and extends
towards corner 21c¢, forming a rectangular wave shape from
corner 21¢, and such that open side 2a thereof is directed
towards the inside of antenna board 20.

[0040] As explained above, a board mounting region for
antenna board 20 may be utilized in an efficient manner by
arranging antenna elements 2 and 3 between both feeding
points 4a and 4b, which in turn enables making antenna board
20 smaller.

[0041] Referring again to FIG. 4, although HI-Band feed-
ing point 4a and HI-Band antenna element 3 are arranged on
the left side of antenna board 20 and LOW-Band feeding point
4b and LOW-Band antenna element 2 are arranged on the
right side of antenna board 20, it could also be done the other
way around.

[0042] The aim of the present invention is to arrange feed-
ing points 4a and 45 where a lot of current flows as far as
possible from each other such that the impedance of feeding
points 4a and 4b do not influence each other. In FIG. 4, for
example, open side 3a of HI-Band antenna element 3 and
open side 2a of LOW-Band antenna element 2 are placed at
locations where they slightly overlap in the horizontal direc-
tion. This shows an example of a layout where antenna board
20 can be as small as possible and feeding points 4a and 45
can be separated as far as possible from each other. Therefore,
if use of antenna board 20, whose size is large, is allowed,
open sides 2a and 3a will not overlap at all in the horizontal
direction. In other words, HI-Band antenna element 3 and
LOW-Band antenna element 2 may be designed in a manner
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in which open sides 3a and 2a thereof are arranged to have a
gap or distance between each other in the direction (x direc-
tion in FIG. 4) where HI-Band feeding point 4a and LOW-
Band feeding point 46 are arranged.

[0043] Moreover, although FIG. 4 shows an example where
HI-Band antenna element 3 extending from side 4al of HI-
Band feeding point 4¢ and LOW-Band antenna element 2
extending from side 451 of LOW-Band feeding point 45 are
arranged between feeding points 4a and 45, the present inven-
tion is not limited thereto. For example, HI-Band antenna
element 3 may be extended from side 4a2 of HI-Band feeding
point 4a, and LOW-Band antenna element 2 may be extended
from side 462 of LOW-Band feeding point 45. That is, any
construction that separates feeding points 4a and 45 as far as
possible from each other and that makes efficient use of the
space between them may be adopted.

[0044] Next, FIG. 5 shows a side sectional view of a fold-
ing-type mobile phone having antenna device 1 according to
this embodiment.

[0045] The folding-type mobile phone shown in FIG. 5
includes upper housing 5 and lower housing 6 pivotably con-
nected together by hinge 7. Upper housing 5 accommodates
upper print circuit board 9, display 10, etc. Lower housing 6
accommodates, in its interior, antenna device 1, lower print
circuit board 11, cell 12, microphone 14, etc. Upper print
circuit board 9 and lower print circuit board 11 are electrically
connected by upper-lower board connecting portion 8 which
consists of flexible substrates. Antenna device 1 is arranged
inside lower housing 6 close to hinge 7.

[0046] FIGS. 6A and 6B show the construction of the
periphery of an antenna device. FIG. 6 A is a plan view includ-
ing the periphery of antenna device 1, and FIG. 6B is a
sectional view of antenna device 1.

[0047] Asshown in FIG. 6A, antenna matching circuit 21a
is connected to HI-Band feeding point 4a, and antenna match-
ing circuit 215 is connected to LOW-Band feeding point 45.
Also, these antenna matching circuits 21a and 215 are elec-
trically connected to lower print circuit board 11. Each of
antenna matching circuits 21¢ and 215 is an impedance
matching circuit which combines inductance or a capacitance
to prevent the loss due to reflection when a radio circuit and an
antenna are combined. Antenna matching circuits 21a and
215b each cause the antenna and radio circuit to have imped-
ance matching with each other, by adjusting the inductance or
capacitance provided inside thereof.

[0048] However, if antenna matching circuits 21a and 215
that have such a function are arranged too close to each other,
the impedance of feeding points 21a and 215 influence each
other. Therefore, to separate the matching circuits from each
other, once antenna board 20 is mounted in a folding-type
mobile phone, antenna matching circuit 21a is installed adja-
cent to HI-Band feeding point 4a, while antenna matching
circuit 215 is installed adjacent to LOW-Band feeding point
4b.

[0049] Also, as shown in FIG. 6B, each of feeding points 4a
and 45 is electrically connected to lower print circuit board 11
by antenna feed terminal 13. In case of antenna device 1
according to this embodiment, because feeding points 4a and
4b, antenna matching circuits 21a and 216 and antenna feed
terminals 13 are placed on both sides of antenna board 20,
there are spaces between each pair. Accordingly, this embodi-
ment aims to make efficient use of the spaces by allowing
upper-lower board connecting portion 8 to pass therethrough.
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Also, this efficient use of the space enables reduction of the
size of folding-type mobile phones.

[0050] FIGS.7A and 7B are Smith charts, each showing the
antenna impedance of a folding-type mobile phone according
to this embodiment. The impedance locus in each figure is a
calculated value from 700 MHz to 2300 MHz, O indicating
a range of LOW-Band (824 MHz-960 MHz), < indicating a
range of HI-Band (1710 MHz-2170 MHz). FIG. 7A shows
the impedance in the LOW-Band range, and FIG. 7B shows
the impedance in the HIGH-Band range.

[0051] FIGS. 8A and 8B are Smith charts, each showing
antenna impedance after matching for impedances is done
using antenna matching circuit 21a, 215b. The circle drawn at
the center of each of the Smith charts with broken lines
indicates a circle having a fixed VSWR (Voltage Standing
Wave Ratio) and the portion inside the circle corresponds to a
range where impedance matching between the antenna and
the circuit is done. FIG. 8 A shows the impedance after match-
ing in a LOW-Band range, and FIG. 8B shows the impedance
after matching in a HIGH-Band range. Compared with FIG.
3, the portions indicated by O and < are enclosed within the
circle having a fixed VSWR, meaning that antenna device 1
according to this embodiment has matched impedances over
a broadband in both LOW-Band and HI-Band ranges. This is
the result or advantage of the separated layout of antenna
matching circuits 21a¢ and 215 in which impedances in the
LOW-Band and HI-Band ranges are respectively and inde-
pendently matched.

[0052] As explained so far, according to this embodiment,
LOW-Band antenna element 2 and HI-Band antenna element
3 are arranged on both sides within one antenna board 20, and
two feeding points, i.e. HI-Band feeding point 4a and LOW-
Band feeding point 45, are provided at a distance from each
other. As a result, the mounting region of antenna board 20 is
utilized very efficiently, and feeding points are restrained
from influencing the mutual impedance each other. Thus,
operation of the predetermined characteristics over a broad-
band is ensured in an antenna device that has configuration
according to this embodiment. Moreover, in this embodi-
ment, because impedance matching at independent feeding
points 4a and 45 is done by antenna matching circuits 21a and
2154, respectively, impedance matching can also be adjusted
easily, compared with a single-feed antenna by techniques
related to the present invention.

[0053] Inafolding-type mobile phone, as shown in FIG. 9,
antenna device 1 may be installed inside upper housing 5 and
close to hinge 7, or, alternatively, as shown in FIG. 10,
antenna device 1 may be installed inside lower housing 6 and
close to microphone 14 provided on the opposite side ofhinge
7. In the former case, antenna matching circuit 21a and
antenna matching circuit 215 are connected to upper print
circuit board 9.

[0054] This application claims a priority based on Japanese
Patent Application No. 2006-353615 filed on Dec. 28, 2006,
the entire contents of which are incorporated herein by refer-
ence.

1. An antenna device comprising:
an antenna board, including
a first antenna element operating in a first frequency
band,
a first feeding point electrically connected to the first
antenna element,
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a second antenna element operating in a second fre-
quency band that is lower than the first frequency
band, and

a second feeding point electrically connected to the sec-
ond antenna element,

wherein, the first feeding point is arranged on the side of
a first lateral portion of the board, and the second
feeding point is arranged on the side of a second
lateral portion opposite to the first lateral portion.

2. The antenna device according to claim 1, wherein the
first antenna element and the second antenna element are
arranged between the first feeding point and the second feed-
ing point.

3. The antenna device according to claim 2, wherein the
first antenna element and the second antenna element are
arranged in a manner in which an open side of the first antenna
element and an open side of the second antenna element are
disposed ata distance from each other in a direction where the
first feeding point and the second feeding point are arranged.

4. A portable radio apparatus comprising the antenna
device described in claim 1.

5. The portable radio apparatus according to claim 4, com-
prising:

a first matching circuit which is a matching circuit for the

first antenna element; and

a second matching circuit which is a matching circuit for

the second antenna element,

wherein the first matching circuit is arranged adjacent to

the first feeding point of the board mounted in the por-

table radio apparatus, and the second matching circuit is
arranged adjacent to the second feeding point of the
board mounted in the portable radio apparatus.

6. The portable radio apparatus of claim 4, comprising:

a first housing including an image display and a first print

circuit board;

a second housing including a microphone and a second

print circuit board;

a connection board that electrically connects the first print

circuit board and the second print circuit board;

a hinge that pivotably connects the first housing and the

second housing; and

a first joint member and a second joint member that elec-

trically connects the first feeding point and the second
feeding point of the antenna device to the second print
circuit board, respectively, with the connection board
being arranged to pass in-between the first joint member
and the second joint member.

7. The portable radio apparatus according to claim 6,
wherein the antenna device is arranged on a side where the
hinge is installed, the side being within the second housing.

8. The portable radio apparatus according to claim 6,
wherein the antenna device is arranged on a side opposite to
a side where the microphone is installed, the side being within
the second housing.

9. The portable radio apparatus according to claim 4, com-
prising:

a first housing including an image display and a first print

circuit board;

a second housing including a microphone and a second

print circuit board;

a connection board that electrically connects the first print

circuit board and the second print circuit board;
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a hinge that pivotably connects the first housing and the
second housing; and

a first joint member and a second joint member that elec-
trically connects the first feeding point and the second
feeding point of the antenna device to the second print
circuit board, respectively, with the connection board

Jan. 21, 2010

being arranged to pass in-between the first joint member
and the second joint member.
10. The portable radio apparatus according to claim 9,
wherein the antenna device is arranged on a side where the
hinge is installed, the side being within the first housing.

sk sk sk sk sk
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MOBILE COMMUNICATIONS DEVICE
DIVERSITY ANTENNA

BACKGROUND

[0001] Many mobile communications devices use multiple
diversity antennas in order to provide performance beyond
that achievable with a single antenna. Designers may typi-
cally wish to minimize the overall size of such devices in
order to increase their portability, and thus the desirability to
users. Thus, it is especially important to minimize the space
occupied by antennas in devices using multiple antennas.

SUMMARY OF THE INVENTION

[0002] The present application relates to a device compris-
ing a battery, a wireless transceiver, and a battery cover. The
battery cover is adapted to retain the battery in a desired
position, and is further adapted to act as a first antenna in
communication with the wireless transceiver for sending and
receiving signals in a first frequency band.

[0003] The present application further relates to a device
comprising a battery, a means for providing wireless commu-
nications, and an antenna means for conducting wireless sig-
nals to the means for providing wireless communications.
The antenna means is further adapted to retain the battery in
a desired position.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIGS. 1a and 15 show an exemplary mobile com-
munications device for implementing an exemplary diversity
antenna according to the present invention.
[0005] FIGS. 24 and 26 show an exemplary diversity
antenna according to the present invention.
[0006] FIGS. 3a and 35 show an exemplary mobile com-
munications device incorporating an exemplary diversity
antenna according to the present invention.

DETAILED DESCRIPTION

[0007] The exemplary embodiments of the present inven-
tion may be further understood with reference to the follow-
ing description and the appended drawings, wherein like ele-
ments are referred to with the same reference numerals. The
exemplary embodiments of the present invention describes
mobile communications devices designed to minimize the
space occupied by diversity antennas. In the exemplary
embodiments, these antennas are integrated with the battery
doors of the communications devices.

[0008] Increasingly, mobile communications devices (e.g.,
cellular telephones) require the presence of both 850 band
and 1900 band diversity antennas to achieve desirable perfor-
mance. The incorporation of a 1900 band diversity antenna is
fairly simple due to the small size of such an antenna. How-
ever, the relatively large size of an 850 band diversity antenna
(the quarter wave length of signals in this band in free space
is roughly 85 millimeters) results in additional challenges
arising from its inclusion in a device. Previous solutions, such
as the use of a planar inverted F-type antenna (“PIFA”) or
folded inverted conformal antenna (“FICA”) may provide for
acceptable signal reception, but are poorly suited to the spa-
tial constraints of mobile communications devices, and espe-
cially of clamshell-type mobile telephones.

[0009] As a result of their large size, integration of an 850
band diversity antenna with existing components of mobile

communications devices, rather than includin% them as addi-
This PDF of U.S. Published Application 201001
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tional components, is therefore desirable. The exemplary
embodiments of the present invention provide for the use of a
removable battery door as an 850 band diversity antenna.
FIGS. 1a and 15 illustrate an exemplary mobile communica-
tions device 100. In the illustrated embodiment, the device
100 is a clamshell-style mobile telephone; however, in other
embodiments, the device 100 may be any of the various other
types of devices that require the use of a similarly large
antenna but lack sufficient space to provide such an antenna.
FIGS. 1a and 15 illustrate the clamshell-style device 100 in
the opened position; FIG. 1a shows the front of the device 100
while FIG. 15 shows the same device 100 from the rear. The
device 100 includes an interior display 110, an exterior dis-
play 115, a keypad 120 and a battery 130 (shown uncovered).
Those of skill in the art will understand that this list of com-
ponents is intended to be exemplary and not all-inclusive.

[0010] FIGS. 2a and 25 illustrates a battery cover 140 that
is adapted to attach to exemplary device 100 in order to retain
the battery 130 within the device 100 and hold the battery 130
in its proper location so that electrical contact can be main-
tained. FIG. 2a shows the battery cover 140 from the rear,
while FIG. 25 shows an isometric perspective view. The bat-
tery cover 140 may be held in place by a locking mechanism
or other retaining means, which may incorporate one or more
tabs, latches, hinges, etc., or any other means known in the art.
Further, in the exemplary embodiment, the battery cover may
serve as an antenna, as will be described in greater detail
below.

[0011] The battery cover 140 may be constructed from any
conducting material such as a metal or other conductor. The
battery cover 140 contacts a metal frame (not shown) of the
device 100 attwo separate grounding points 142 and 144. The
grounding points 142 and 144 are used to tune the frequency
of the battery cover 140, in its capacity as an antenna, to the
desired band using methods that are known in the art. The
battery cover 140 also contacts a circuit board (not shown) of
the device 100 at a feed point 146, in order to provide for
signal transmission from the battery cover 140, also in its
capacity as an antenna, to the components of the device that
provide for communicative functionality (e.g., a radio trans-
ceiver). The feed point 146 may be, for example, a pin, a
spring, or some other means that may ensure a steady contact.
[0012] In addition to being adapted to affix to the device
100 so as to retain the battery 130, the battery cover 140 is
large enough to act as an 850 band diversity antenna, as
described above. For example, in this exemplary embodi-
ment, the battery cover 140 is 50 millimeters in width and 56
millimeters in height; the maximum radiation length from the
feed point 146 to either of the ground points 142 or 144 is
approximately 61 millimeters. For a metal conductor, such as
the battery cover 140, surrounded by other components, the
quarter wavelength of 850 band signals is on the order of 70
to 75 millimeters, somewhat shorter than the free space quar-
ter wavelength discussed above. While this is longer than the
maximum radiation length, the ground points 142 and 144 are
used to tune the battery cover 140 to receive signals in the 850
band. However, it is noted that the described locations of the
grounding points 142 and 144 and the feed point 146 are only
exemplary and that it is possible to move the locations to
obtain different lengths for the antenna function of the battery
cover 140.

[0013] FIG. 3a shows the battery cover 140 attached to the
opened device 100; FIG. 35 shows the same device in the
closed configuration. As described above, the battery cover
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140 restrains the battery 130 (not visible in this figure) in
order to insure that the battery 130 does not move during use
or when switching between the configurations of FIGS. 3a
and 35, and thereby interrupt the flow of power to other
components of the device 100.

[0014] By the implementation of the exemplary embodi-
ment, an 850 band diversity antenna may be added to amobile
device without adding size or weight to the device beyond
those of existing components. Thus, performance may be
maintained in areas where 1900 band signals or similar higher
frequency signals may not be properly received.

[0015] It will be apparent to those skilled in the art that
various modifications may be made in the present invention,
without departing from the spirit or the scope of the invention.
Thus, it is intended that the present invention cover modifi-
cations and variations of this invention provided they come
within the scope of the appended claims and their equivalents.

What is claimed is:
1. A device, comprising:
a battery;
a wireless transceiver; and
a battery cover adapted to retain the battery in a desired
position, and further adapted to act as a first antenna in
communication with the wireless transceiver for send-
ing and receiving signals in a first frequency band.
2. The device of claim 1, wherein the first frequency band
is a GSM frequency band.
3. The device of claim 2, wherein the first frequency band
is in the range of approximately 869 to 894 MHz
4. The device of claim 1, further comprising a second
antenna in communication with the wireless transceiver for
sending and receiving signals in a second frequency band.
5. The device of claim 4, wherein the second frequency
band is a GSM frequency band.
6. The device of claim 5, wherein the second frequency
band is in the range of approximately 1850 to 1990 MHz.
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7. The device of claim 1, further comprising one of a
display and a keypad.

8. The device of claim 1, wherein the battery cover com-
prises a grounding point and a feed point.

9. The device of claim 8, wherein the grounding point and
the feed point are one of pins and conductive contacts.

10. The device of claim 8, wherein the grounding point is
disposed at a first end of the battery cover and the feed point
is disposed at a second end of the battery cover.

11. The device of claim 8, wherein a first distance between
the grounding point and the feed point is in the range of
approximately 55 millimeters to 65 millimeters.

12. The device of claim 8, wherein the battery cover further
comprises a further grounding point.

13. The device of claim 1, wherein the battery cover is
constructed from a conductive material.

14. The device of claim 13, wherein the conductive mate-
rial is a metal.

15. A device, comprising:

a battery;

a means for providing wireless communications; and

an antenna means for conducting wireless signals to the

means for providing wireless communications, the
antenna means being further adapted to retain the battery
in a desired position.

16. The device of claim 15, wherein the antenna means is
adapted to receive signals in a GSM frequency band.

17. The device of claim 16, wherein the GSM frequency
band is in the range of approximately 869 to 894 MHz.

18. The device of claim 15, further comprising a further
antenna means for conducting further wireless signals to the
means for providing wireless communications.

19. The device of claim 18, wherein the further antenna
means is adapted to receive signals in a GSM frequency band.

20. The device of claim 19, wherein the GSM frequency
band is in the range of approximately 1850 to 1990 MHz.

sk sk sk sk sk
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An antenna for mounting in or on a non-conducting substrate,
the antenna comprising a radiation element, a ground plane,
coupling means for coupling the ground plane to the radiation
element, and feeder means for connecting the antenna to other
devices. The radiation element, the ground plane and the
coupling means are separated from each other by the sub-
strate, and the radiation element is so shaped and positioned
with respect to the ground plane as to define a range of
distances between a first edge of the ground plane and a first
edge of the radiation element.
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ANTENNA INTEGRATED IN A PRINTED
CIRCUIT BOARD

TECHNICAL FIELD

[0001] The present invention discloses an antenna for
mounting in or on a non-conducting substrate. The antenna
comprises a radiation element, a ground plane, coupling
means for coupling the ground plane to the radiation element
and feeder means for connecting the antenna to other devices.
Inthe antenna, the radiation element, the ground plane and the
coupling means are separated from each other by the sub-
strate.

BACKGROUND

[0002] In mobile telecommunications networks, such as
cellular telephony networks, there is a growing need for small
antennas which can be used in small base stations, i.e. in
nodes which are used to control and route all traffic to and
from users within a certain area of the network.

[0003] Such antennas should preferably be possible to inte-
grate into the base station, thus implying small size as a
requirement for the antenna. Other demands on such antennas
are, for example, that they should be inexpensive to manufac-
ture, have a good omnidirectional radiation pattern, and that
reflection losses in the antenna should be small over the
operational bandwidth of the system.

SUMMARY

[0004] The requirements for an antenna described above
are addressed by the present invention in that it discloses an
antenna for mounting in or on a non-conducting substrate.
The antenna comprises a radiation element, a ground plane,
coupling means for coupling the ground plane to the radiation
element, and feeder means for connecting the antenna to other
devices.

[0005] In the antenna of the invention, the radiation ele-
ment, the ground plane and the coupling means are separated
from each other by the substrate, and the radiation element is
so shaped and positioned with respect to the ground plane as
to define a range of distances between a first edge of the
ground plane and a first edge of the radiation element.
[0006] In a preferred embodiment of the invention, the
substrate has a first and a second main surface, and the radia-
tion element and the ground plane are arranged on the first
main surface of the substrate, with the coupling means being
arranged on the second main surface of the substrate.

[0007] Thus, by means of the invention, an antenna is pro-
vided which can be integrated into a printed circuit board, a
PCB, by using the substrate of the PCB as the substrate on or
in which the antenna is mounted. In addition, the bandwidth
which it is desired to cover with the antenna can be adjusted
by adjusting the range of distances which is defined by the
first edges of the ground plane and the radiation element.
[0008] Suitably but not necessarily, the ground plane addi-
tionally comprises means for matching the impedance of the
radiation element, so as to minimize losses.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The invention will be described in more detail in the
following, with reference to the appended drawings, in which
[0010] FIG. 1a shows a schematic top view of a PCB with
an antenna according to the invention, and

[0011] FIG. 15 shows a detail from FIG. 1a, and
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[0012] FIG. 2 shows a cross-section of the PCB of FIG. 1,
and
[0013] FIG. 3 shows an equivalent circuit for an antenna of

the invention, and

[0014] FIGS. 4-6 show other possible embodiments of the
invention, and
[0015] FIG. 7 shows an additional alternative embodiment

of the invention.

DETAILED DESCRIPTION

[0016] FIG. 1a shows an embodiment 100 of an antenna of
the invention. FIG. 1a is a “top view” of the antenna 100, and
shows that the antenna is arranged on a non conducting sub-
strate 102, such as for example, the supporting substrate of a
printed circuit board, a PCB. The substrate 102 on which the
antenna is arranged in the exemplary embodiment of FIG. 1a
is essentially flat, i.e. it has a first and a second main surface,
the upper surface and the bottom surface.

[0017] As shown in FIG. 1a, the antenna 100 comprises a
radiation element 110 and a ground plane 160 for the radia-
tion element 110, both of which are made of an electrically
conducting material such as, for example, copper. The radia-
tion element 110 and the ground plane 160 are both arranged
on the same main surface of the substrate 102.

[0018] The antenna 100 also comprises coupling means
150, by means of which the radiation element 110 is coupled
to the ground plane 160. In the embodiment shown in FIG. 1a,
the coupling means 150 is designed as a “tongue” or strip of
conducting material, which is arranged on the opposite main
surface of the substrate 102, as compared to the surface on
which the radiation element and the ground plane are
arranged. This could be expressed as saying that if the radia-
tion element 110 and the ground plane 160 are arranged on the
upper surface of the substrate 102, the coupling element 150
will be arranged on the bottom surface of the substrate 102.
The location of the strip 150 on the opposite main surface of
the substrate 102 as compared to the ground plane 160 and the
radiation element 110 is also indicated by the use of dashed
lines to show the strip 150.

[0019] Thus, the radiation element 110 is coupled capaci-
tively to the ground plane 160 by means of'the strip 150 which
is located on the opposite side of the substrate 102.

[0020] AscanbeseeninFIG. 1a, the radiation element 110
is so arranged and designed that a range of distances d,-d, is
defined from an edge 120, 130, of the radiation element 110 to
an edge 161 of the ground plane 160. The reason for this will
be explained later in this text, with reference to FIG. 15.
[0021] The range of distances d,-d;, between the ground
plane 160 and the radiation element 110 can be achieved in a
number of ways, one of which is shown in FIGS. 14 and 15:
the ground plane 160 has a first edge which comprises a
straight line 161, and the radiation element has at least a first
edge 120 which comprises a straight line. The first edge 120
of'the radiation element is arranged at an angle, i.e. obliquely,
with respect to an imagined line S which extends perpendicu-
larly from the first edge 161 of the ground plane 160, thereby
defining said range of distances d,-d,.

[0022] AscanbeseeninFIG. 1a, d, is the shortest distance
between the edge of the radiation element 110 that faces the
ground plane, and d, is the longest such distance.

[0023] Also shownin FIG. 1a is that in a preferred embodi-
ment, the radiation element 110 of the antenna 100 is sym-
metrical with respect to the imagined line S. Thus, in the
preferred embodiment shown, the radiation element com-
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prises two edges 120, 130, which both extend obliquely in the
manner described above, with one edge extending in either
direction from the line S. The two edges 120, 130, are also
interconnected by a short section 140 which extends in par-
allel to the straight edge 161 of the ground plane 160.
[0024] In order to minimize losses in the antenna 100, the
antenna also comprises means for matching the impedance of
the radiation element 110. In a preferred embodiment, the
matching means comprise a number of grooves or tracks 164
in the ground plane 160. If the ground plane has a rectangular
shape, so that there are two side edges 162, 163, of the ground
plane, the grooves will extend inwards from these side edges
162, 163, with a certain depth D and height h.

[0025] It should be pointed out here that the grooves shown
in FIG. 1 are merely one example of such grooves, it is
entirely possible, for example, to let the grooves extend into
the ground plane from a side of the ground plane which faces
the radiation element 110.

[0026] More will be said about the matching function of the
grooves 164 later on in this document, but another important
function of the grooves which should be mentioned is that
they inhibit ground plane currents.

[0027] As is also shown in FIG. 1a, the antenna 100 com-
prises feeder means 170, 171, for connecting the antenna to
other devices and thereby making it possible to supply the
antenna with signals for transmission and to supply other
devices with signals which have been received by the antenna
100.

[0028] The feeder means can be designed in a variety of
ways which are well known to the man skilled in the field, but
one possible design is shown in FIG. 1a: a coaxial contact is
arranged on the ground plane 160, one part 170 of which is an
outer ring which is connected to the ground plane, and the
other part of which is a pin 171 which is connected to the strip
150, and which extends through the substrate 102, up through
the ground plane without making galvanic contact with the
ground plane.

[0029] Turning now to FIG. 15, theradiation element 110 is
shown on its own. FIG. 15 is intended to illustrate the reason
for the range of distances d,-d; exhibited by invention. In
FIG. 15, a number of distances ds-dg are shown, intended to
illustrate a distance which is also shown in the radiation
element 110 as such by means of dashed lines: the sum of the
distances ds-dg is half of the circumference of the radiation
element 110. This distance, i.e. half of the circumference of
the radiation element will determine the approximate centre
frequency of the operating bandwidth of the antenna 100.
[0030] As can be realized, by varying the distances d, and
d,, the circumference of the body or radiation element 110
can be varied, and thus the operating bandwidth of the
antenna 100 will be moved in the frequency plane. The total
bandwidth of the antenna 100, will be determined, inter alia,
by the size of the radiation element 110.

[0031] Itcanalso be pointed out that although in a preferred
embodiment, the range of distances defined by d, and d, is
chosen such that the first distance d, is significantly much
longer than the second distance d, , a range of distances which
is such that d, and d, are equal will also lead to a functioning
antenna.

[0032] When discussing the shape of the radiation element
110, it can also be mentioned that the size of the radiation
element can be used to vary the gain of the antenna, and the
shape (rectangular, round, etc) can be used to determine the
performance of the antenna over the operational bandwidth.

Jan. 21, 2010

[0033] FIG.2 shows a cross sectional view of the antenna of
FIG. 1 along the line S in FIG. 1a. Thus, components which
are shown in both FIG. 1 and FIG. 2 have been given the same
reference numbers.

[0034] Ashasbeendescribed in connection with FIG. 1, but
as can be seen more clearly in FIG. 2, the antenna 100 com-
prises a layer on a first main surface 210 of a non conducting
substrate 102, and also a layer on the second main surface of
the same substrate. In F1G. 2, the first main surface 210 ofthe
substrate 102 and the second main surface 220 of the substrate
102 can be seen more clearly than in FIG. 1.

[0035] The antenna layer on the first main surface 210 of
the substrate 102 comprises the radiation element 110 and the
ground plane 160, which are arranged at a closest distance d,
from each other. The antenna layer on the second main sur-
face 220 of the substrate 102 comprises the strip 150, which
couples the radiation element to the ground plane capaci-
tively.

[0036] Also shown in FIG. 2 are the feeder means, which
comprise the outer ring 171 of a coaxial contact, said ring
being galvanically connected to the ground plane 160, and the
pin 170, which is galvanically connected to the strip 150, and
which extends upwards through the substrate 102, and
through the ground plane 160, however without contacting
the ground plane. Thus, a small section of the ground plane
needs to be removed in order to allow the pin 171 to extend in
the desired manner.

[0037] As can also be seen in FIG. 2, the strip 150 has a
longitudinal extension referred to as d,.

[0038] Turning now to FIG. 3, another aspect of the inven-
tion is illustrated: FIG. 3 is an equivalent circuit of the antenna
100, which shows that the radiation element 110 in combina-
tion with the ground plane 160 can be seen as comprising an
inductance L, 310, a capacitance C, 320, and a resistance R,
330. These together can be seen as an impedance, referred to
as X, which comprises a real and an imaginary component,
so that X,=ReX, +j*Im X,

[0039] Theimpedance X, can be matched to the impedance
of connecting devices, i.e. to a desired impedance, by means
of the tracks or grooves 164 and the strip 150. The grooves
164 are shown as a first parallel impedance X,, 350, and the
strip is shown as a second parallel impedance X, 340. The
combination of X, and X can be seen as an impedance X,
which comprises a real and an imaginary component, so that
X,=ReX, +*Im X,,.

[0040] In order to achieve ideal matching of the antenna
100, the following criteria should be fulfilled:

VImX =—1/ImX,,

[0041] Inorderto achieve the desired result which is shown
in the equation above, a number of design parameters are
available, such as:
[0042] The depth and height of the grooves 164, shown
as Dand hin FIG. 1
[0043] The distance of the grooves from the radiation
element 110
[0044] The length d, of the strip 150.
[0045] When it comes to using the length of the strip 150 as
a tuning parameter, it can be kept in mind that the distance
shown as d, in FIG. 1, i.e. the distance from the edge of the
ground plane 160 to the end of the strip 150 beneath the
radiation element 110 should be kept approximately at a value
of' A/4, where A is the centre wavelength of the desired opera-
tional bandwidth of the antenna 100. However, the distance d,
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can be varied somewhat around the value of A/4, in order for
it to be used as a tuning factor.

[0046] The embodiment of an antenna of the invention
shown in FIG. 1 is one example of the invention. Various other
variations can be used within the scope of the invention, some
of which are shown in FIGS. 4-6. In order to facilitate the
understanding of FIGS. 4-6, the reference numbers from FI1G.
1 have been used for corresponding components in FIGS. 4-6.
[0047] FIG. 4 shows a possible variation of the invention in
which the ground plane 160 and the radiation element 110
both are shaped as rectangles, which are obliquely positioned
relative to one another, thereby creating the range of distances
d,-d,.

[0048] FIG. 5 shows another possible variation of the
invention, in which the ground plane 160 and the radiation
element 110 both are shaped as rectangles, but in which the
radiation element 110 is positioned with one corner pointing
towards the straight edge of the ground plane, so that the
shortest distance between the radiation element and the
ground plane is the distance to the corner of the radiation
element.

[0049] In FIG. 6, yet another possible variation is shown:
the radiation element 110 (as well as the ground plane 160)
does not need to be rectangular, but can instead be shaped as
shown in FIG. 6, 1i.e. round, which will also create the range of
distances d,-d,. As will be realized, the round shape of the
radiation element 110 can be varied so that the radiation
element instead is oval.

[0050] Finally, FIG. 7 shows another embodiment of the
invention. The embodiment of FIG. 7 is similar to that of FIG.
2, and similar details have been given similar reference
numerals.

[0051] The embodiment of FIG. 7 is intended to show
another aspect of the invention: in the embodiments described
above, the antenna components have been arranged on out-
side surfaces of the substrate 102. As shown in FIG. 7, one or
more of the components can be “embedded” in the substrate
102, as shown in FIG. 7, where there is a second substrate
layer 102' arranged to cover the radiation element 110 and the
ground plane 160. Thus, in such an embodiment, one or more
of the antenna components may be arranged in the substrate
102, 102', instead of on it.

[0052] In addition, it should be pointed out that the radia-
tion element 110 and the ground plane 160 need not be
arranged essentially level with each other, as shown in FIGS.
2 and 7. It is possible to let the radiation element and the
ground plane be separated from each other in the same direc-
tion that they are shown as being separated from the strip 150,
so that they are not level with each other. This can be
achieved, for example, by shaping the substrate 102 in a way
which gives the desired result.

[0053] The invention is not limited to the examples of
embodiments described above and in the appended drawings,
but may be freely varied within the scope of the appended
patent claims.

[0054] In order to mention just a few of the many other
variations of the invention which are possible, it can be men-
tioned that the edge of the radiation element which faces the
ground plane can also be given a meander shape, so that a
variety of distances are created. In addition to this, it is per-
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fectly possible to fold the radiation element and/or the ground
plane over an edge, with retained function.

[0055] Also, it can be mentioned that the symmetry of the
radiation element which has been shown in FIGS. 1-2 and in
some of the other variations which have been described
above, is not absolutely necessary, but is one way of achieving
a good performance of the antenna.

[0056] Finally, it should be mentioned that although the
embodiments shown in the drawings and described above
comprise plane substrates and antenna components, it is
entirely possible within the scope of the invention to shape the
substrate as a curved plane, and to arrange the antenna com-
ponents on or in that substrate, so that one or more of the
antenna components will also exhibit a correspondingly
curved shape.

What is claimed is:

1-8. (canceled)

9. An antenna for mounting in or on a non-conducting
substrate, said antenna comprising:

a radiation element;

a ground plane;

coupling means for coupling the ground plane to the radia-

tion element;

feeder means for connecting the antenna to other devices;

wherein the radiation element, the ground plane and the

coupling means are separated from each other by the
substrate, the radiation element is shaped and positioned
with respect to the ground plane so as to define a range of
distances (d,-d;) between a first edge of the ground
plane and a first edge of the radiation element.

10. The antenna of claim 9, wherein the substrate exhibits
a first and a second main surface and in which the radiation
element and the ground plane are arranged on the first main
surface of the substrate and the coupling means are arranged
on the second main surface of the substrate.

11. The antenna of claim 9, wherein the ground plane
additionally comprises impedance matching means so as to
minimize losses.

12. The antenna of claim 9, wherein said first edge of the
ground plane comprises a straight line which faces the radia-
tion element and in which the radiation element is symmetri-
cal with respect to an imagined straight line which extends
perpendicularly from said first edge of the ground plane.

13. The antenna of claim 11, wherein the matching means
of the ground plane comprises a plurality of grooves which
extend inwards into the ground plane at a certain depth (D)
and height (h).

14. The antenna of claim 13, wherein the grooves extend
inwards from side edges of the ground plane which do not
face the radiation element.

15. The antenna of claim 12, wherein the first edge of the
radiation element comprises a straight line which is parallel to
the straight line of the first edge of the ground plane, and also
exhibits, on both sides of said first edge, a second edge which
is oblique with respect to the first edge of the ground plane.

16. The antenna of claim 9, wherein the range of distances
is such that there is a first distance (d,) and a second distance
(d,) with the first distance being significantly much longer
than the second distance.
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(57) ABSTRACT

In order to reduce waveform distortion caused by higher
harmonic components of rectangular waveforms reduced as
compared with fundamental frequency component when a
wireless digital signal is directly and wirelessly transmitted
and received by baseband transmission, an antenna apparatus
includes a dielectric substrate including a ground conductor
formed on a back surface thereof, and a radiation conductor
formed on a front surface of the dielectric substrate. Upon
directly transmitting and receiving a wireless digital signal
via a feed point of the radiation conductor, formation of
notched portions at sides of the radiation conductor, which
intersect an electric field plane defined by an electric field
when the antenna apparatus is excited, leads to reduction in
the waveform distortion of waveform of the transmitted wire-
less digital signal.
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ANTENNA DEVICE

TECHNICAL FIELD

[0001] The present invention relates to an antenna appara-
tus. In particular, the present invention relates to an antenna
apparatus for directly and wirelessly transmitting and receiv-
ing a wireless digital signal.

BACKGROUND ART

[0002] Wideband antenna apparatuses for directly and
wirelessly transmitting and receiving wireless digital signals
have been widespread. Patent Document 1 discloses a micros-
trip antenna according to a prior art, in which the occurrence
of a higher harmonic mode is reduced within a wide band.
Paying attention to the distribution of the respective reso-
nance modes of the microstrip antenna, the Patent Document
1 controls the antenna characteristics by suppressing higher-
order frequency resonance modes by providing notched por-
tions at four corners of a radiation conductor plate formed on
a surface of a dielectric substrate.

[0003] Patent Document 1: Japanese patent laid-open pub-
lication No. JP 05-129825-A.

[0004] Patent Document 2: Japanese patent laid-open pub-
lication No. JP 2005-278067-A.

[0005] Patent Document 3: Japanese patent laid-open pub-
lication No. JP 2005-079972-A.

[0006] Non-Patent Document 1: Ramesh Garg, et al.,
“Microstrip antenna Design Handbook”, Artech House,
November 2000.

[0007] Non-Patent Document 2: Osamu Koyasu at al.,
“Improvement of Transmission Characteristic with Passive
Equalizer and Fast Ethernet Cable” The Institute of Electron-
ics, Information and Communication Engineers, Transaction
C, Vol. J87-C, No. 11, pp. 873-880, Nov. 1, 2004.

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

[0008] However, when a wireless digital signal of a rectan-
gular wave is directly and wirelessly transmitted and received
by the above-mentioned microstrip antenna according to the
prior art, higher harmonic components are attenuated as com-
pared with the fundamental frequency component of the rect-
angular wave (for example, refer to the characteristics of a
transmission attenuation S,; of an oval dipole wideband
antenna apparatus according to a prior art at the higher-order
degrees shown in FIG. 31 which will be described in detail
later). As a result, there has been such a problem that the
waveform of the wireless digital signal received at the receiv-
ing side is distorted.

[0009] An object of the present invention is to provide an
antenna apparatus capable of solving the above-mentioned
problem, and capable of reducing the waveform distortion
caused by the higher harmonic components of rectangular
waveforms reduced as compared with the fundamental fre-
quency component when a wireless digital signal is directly
and wirelessly transmitted and received by the baseband
transmission.

Means for Solving the Problems

[0010] According to one aspect view of the invention, there
is provided an antenna apparatus antenna apparatus including
(a) a dielectric substrate having a ground conductor formed
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on a back surface thereof and (b) a radiation conductor
formed on a front surface of the dielectric substrate, the
antenna apparatus directly transmitting and receiving a wire-
less digital signal by baseband transmission via a feed point of
the radiation conductor. The radiation conductor reduces
waveform distortion of a transmitted wireless digital signal
by forming at least one notched portion at at least one side of
sides of the radiation conductor, which intersect an electric
field plane defined by an electric field when the antenna
apparatus is excited, so that at least a third-order harmonic
signal level becomes larger than a fundamental wave signal
level.

[0011] In the above-mentioned antenna apparatus, at least
one notched portion is formed so that at least the third-order
harmonic signal level becomes larger than the fundamental
wave signal level and a second-order harmonic signal level.
[0012] In addition in the above-mentioned antenna appara-
tus, the notched portion is formed substantially at a center of
the side intersecting the electric field plane of the radiation
conductor.

[0013] Further, in the above-mentioned antenna apparatus,
a sum of lengths of the notched portions on the sides of the
radiation conductor is set to be shorter than one-sixth of a
length of a whole circumference of the radiation conductor
when the notched portions are not formed.

[0014] Still further, in the above-mentioned antenna appa-
ratus, the notched portion is formed so as not to be located at
one of a position of a center of gravity of the radiation con-
ductor and the feed point.

[0015] In addition, in the above-mentioned antenna appa-
ratus, the notched portions are formed at both sides of the
radiation conductor, which intersect the electric field plane,
respectively, and are formed symmetrically with respect to a
magnetic field plane orthogonal to the electric field plane.
[0016] Further, in the above-mentioned antenna apparatus,
the dielectric substrate further includes at least one groove,
which is formed in at least one position that intersects the
electric field plane in the vicinity of the notched portion.
[0017] Still further, in the above-mentioned antenna appa-
ratus, a depth of each of the grooves is set to one value
selected within a range from zero to a value equal to a thick-
ness of the dielectric substrate.

[0018] In addition, in the above-mentioned antenna appa-
ratus, a sum of lengths of sides of the groove parallel to the
sides of the radiation conductor is set to be shorter than
one-sixth of a length of a whole circumference of the radia-
tion conductor when the notched portions are not formed.
[0019] Further, in the above-mentioned antenna apparatus,
each of the grooves is formed at a position located within a
range from an end portion of the dielectric substrate to a
position of a center of gravity or the feed point of the radiation
conductor.

[0020] Still further, in the above-mentioned antenna appa-
ratus, the dielectric substrate includes at least two grooves,
and the two grooves are formed symmetrically with respect to
the magnetic field plane.

Effects of the Invention

[0021] According to the antenna apparatus of the present
invention, the radiation conductor has at least one notched
portion formed at at least one side of sides of the radiation
conductor so that at least a third-order harmonic signal level
becomes larger than a fundamental wave signal level, where
the sides intersects an electric field plane defined by an elec-
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tric field when the antenna apparatus is excited. Therefore, it
is possible to reduce the radiation intensity of the fundamen-
tal frequency component as compared with the radiation
intensity of the higher harmonic components, and it is pos-
sible to remarkably reduce the waveform distortion caused by
the higher harmonic components of rectangular waveforms
reduced as compared with the fundamental frequency com-
ponent when a wireless digital signal is directly and wire-
lessly transmitted and received by the baseband transmission.
[0022] In addition, since the operation of reducing the fun-
damental frequency component of the rectangular waveform
to be transmitted is performed by employing passive devices,
the circuit configuration is simple, and it is possible to reduce
the power consumption as compared with the power con-
sumption when active devices are employed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 11is a plan view showing a configuration of an
antenna apparatus according to a first preferred embodiment
of the present invention;

[0024] FIG. 2 is a perspective view showing an appearance
of the antenna apparatus of FIG. 1;

[0025] FIG. 3 is alongitudinal sectional view along an A-A'
plane of FIG. 1;
[0026] FIG. 4 is a plan view showing a configuration of an

antenna apparatus having a radiation conductor 33 without
any notched portions 5 and 6;

[0027] FIG. 5 is a longitudinal sectional view along a B-B'
plane of FIG. 4;
[0028] FIG. 6 is a diagram for comparing electric field and

magnetic current distributions in each mode of an antenna
apparatus according to a prior art without any notched por-
tions 5 and 6, with those ofthe antenna apparatus according to
the present preferred embodiment with the notched portions 5
and 6;

[0029] FIG.7 is a plan view showing a configuration of the
antenna apparatus according to the prior art without any
notched portions 5 and 6;

[0030] FIG. 8 is a longitudinal sectional view along a C-C'
plane of FIG. 7;
[0031] FIG. 9 is a circuit diagram showing an equivalent

circuit of the antenna apparatus of FIG. 7;

[0032] FIG.10isaplan view showing a configuration of the
antenna apparatus according to the present preferred embodi-
ment with the notched portions 5 and 6;

[0033] FIG.111isalongitudinal sectional view along a D-D'
plane and an F-F' plane of FIG. 10;

[0034] FIG. 12 is a longitudinal sectional view along an
E-E' plane of FIG. 10;

[0035] FIG. 13 is a circuit diagram showing an equivalent
circuit of the antenna apparatus of FIG. 10;

[0036] FIG. 14 is a circuit diagram showing a simulation
circuit for simulating the antenna apparatus according to the
prior art that employs the equivalent circuit of FIG. 9;
[0037] FIG. 15 is a waveform chart showing results of
simulations using the simulation circuit of FIG. 14;

[0038] FIG. 16 is a circuit diagram showing a circuit for
simulating the antenna apparatus according to the present
preferred embodiment that employs the equivalent circuit of
FIG. 13;

[0039] FIG. 17 is a waveform chart showing results of
simulations performed by using the simulation circuit of FIG.
16;
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[0040] FIG. 18 is a simulation circuit diagram of compara-
tive examples that use an electromagnetic field simulator;
[0041] FIG. 19 is a waveform chart showing results of
simulations of eye pattern of a received signal received by the
antenna apparatus according to prior art;

[0042] FIG. 20 is a waveform chart showing results of
simulations of eye pattern of a received signal received by the
antenna apparatus according to the present preferred embodi-
ment;

[0043] FIG. 21 is a plan view showing a first example of
shapes of notched portions 5A to 5D and 6A to 6D, and a
radiation conductor 3 of an antenna apparatus according to a
modified preferred embodiment of the first preferred embodi-
ment of the present invention;

[0044] FIG. 22 is a plan view showing a second example of
shapes of notched portions 5A to 5D and 6A to 6D, and a
radiation conductor 3 of an antenna apparatus according to a
modified preferred embodiment of the first preferred embodi-
ment of the present invention;

[0045] FIG. 23 is a plan view showing a third example of
shapes of notched portions 5A to 5D and 6A to 6D, and a
radiation conductor 3 of an antenna apparatus according to a
modified preferred embodiment of the first preferred embodi-
ment of the present invention;

[0046] FIG. 24 is a plan view showing a fourth example of
shapes of notched portions 5A to 5D and 6A to 6D, and a
radiation conductor 3 of an antenna apparatus according to a
modified preferred embodiment of the first preferred embodi-
ment of the present invention;

[0047] FIG. 25 is a plan view showing a configuration of an
antenna apparatus according to a second preferred embodi-
ment of the present invention;

[0048] FIG. 26 is a perspective view corresponding to FIG.
25;
[0049] FIG. 27 is a longitudinal sectional view of a G-G'

plane of FIG. 25;

[0050] FIG. 28 is a plan view showing a first example of
positions of grooves 7A to 7C of an antenna apparatus accord-
ing to a modified preferred embodiment of the second pre-
ferred embodiment of the present invention;

[0051] FIG. 29 is a plan view showing a second example of
positions of grooves 7A to 7C of an antenna apparatus accord-
ing to a modified preferred embodiment of the second pre-
ferred embodiment of the present invention;

[0052] FIG. 30 is a plan view showing a third example of
positions of grooves 7A to 7C of an antenna apparatus accord-
ing to a modified preferred embodiment of the second pre-
ferred embodiment of the present invention;

[0053] FIG. 31 is a graph showing a transmission attenua-
tion S,; [dB] of a transmission signal in a fundamental wave
mode and a second and higher order harmonic modes, when
each of a wireless transmission system and a wired transmis-
sion system is formed by making a pair of prior art oval dipole
wideband antenna apparatuses (which are prototype antennas
made by the inventor, and there are two prototype examples.)
opposed to each other;

[0054] FIG. 32is aspectrum chart showing frequency char-
acteristics of a return loss S,, [dB] in square-shaped rectan-
gular patch antenna apparatus according to a prior art;
[0055] FIG. 33 is aspectrum chart showing frequency char-
acteristics of the return loss S, | [dB] in the antenna apparatus
according to the first preferred embodiment;

[0056] FIG. 34 is aspectrum chart showing frequency char-
acteristics of the return loss S, ; [dB] in a rectangular loop slot
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antenna apparatus according to a prior art (an antenna appa-
ratus of FIG. 4 of the Patent Document 3, in which a ground
conductor is formed and provided via a slot of a predeter-
mined width around a patch conductor of the rectangular
patch antenna apparatus of FIG. 32); and

[0057] FIG.351is aspectrum chart showing frequency char-
acteristics of the return loss S, ; [dB] in a rectangular loop slot
antenna apparatus according to a prior art (an antenna appa-
ratus of FIG. 1 of the Patent Document 3, in which a ground
conductor is formed and provided via a slot of a predeter-
mined width around an H-shaped patch conductor).

DESCRIPTION OF REFERENCE SYMBOLS

[0058] 1,1A ... dielectric substrate;
[0059] 2...ground conductor;
[0060] 3, 3A ... radiation conductor;
[0061] 5, 6,5A, 5B, 5C, 5D, 6A, 6B, 6C, 6D . . . notched
portion;

[0062] 7,8,7A,7B,7C... groove;
[0063] 9...{feed point;

[0064] 10 ... coaxial cable;

[0065] 11 ... central conductor;
[0066] 12 ... dielectric;

[0067] 13 ... ground conductor;
[0068] 14 ...through hole conductor;

[0069] 14/ ... through hole;

[0070] 15,35 ... antenna apparatus;
[0071] 16 ... rectangular wave signal generator;
[0072] 17 ... clock signal generator;
[0073] 18...two-port model of antenna;
[0074] C1, C11, C12,C13 ... capacitor,
[0075] Lo0-L2,L11-L13,1.21-L.23 ... inductor; and
[0076] R1, R3,R4 ... radiation space resistance.
BEST MODE FOR CARRYING OUT THE
INVENTION
[0077] Preferred embodiments according to the present

invention will be described below with reference to the
attached drawings. Components similar to each other are
denoted by the same reference numerals and will not be
described herein in detail.

First Preferred Embodiment

[0078] FIG. 11is a plan view showing a configuration of an
antenna apparatus according to a first preferred embodiment
of'the present invention, FIG. 2 is a perspective view showing
an appearance of the antenna apparatus of FIG. 1, and FIG. 3
is a longitudinal sectional view along an A-A' plane of FIG. 1.
The antenna apparatus according to the present preferred
embodiment is, for example, a microstrip antenna foruseina
wireless bus, a wireless interconnection or the like for directly
transmitting and receiving, for example, a wireless digital
signal by baseband transmission. Referring to FIGS. 1 to 3,
the antenna apparatus is configured by including a dielectric
substrate 1, a ground conductor 2, a radiation conductor 3
having a length L. and a width Lz, and a feeder 10. The
radiation conductor 3 has notched portions 5 and 6 at the
peripheral portions thereof. Each of the notched portions 5
and 6 is formed substantially at the center of a side of the
radiation conductor 3. The sides of the radiation conductor 3,
at which the notched portions 5 and 6 are formed, intersect an
electric field plane (referred to as an E plane hereinafter) to
which the direction of radiation electric field is parallel. The
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notched portion 5 has a depth L, and a length (a width) L,
and the notched portion 6 has a depth [, and alength L ,. The
notched portions 5 and 6 are formed symmetrically with
respect to an H plane.

[0079] The ground conductor 2 is formed on a back surface
ofthe dielectric substrate 1, and the radiation conductor 3 that
serves as a radiator is formed on a front surface of the dielec-
tric substrate 1. A coaxial cable 10 that serves as a feeder is
configured by including a central conductor 11, a ground
conductor 13, and a dielectric 12 for insulation between the
conductors 11 and 13. In this case, the central conductor 11 is
connected to a feed point 9 of the radiation conductor 3 via a
through hole conductor 14 filled into a through hole 14/
penetrating the dielectric substrate 1 in the thickness direction
thereof. In addition, the ground conductor 13 is connected to
the ground conductor 2. The coaxial cable 10 feeds power
from the feed point 9 to the radiation conductor 3 so that a
digital transmission signal is transmitted and received. A
wireless signal fed by the coaxial cable 10 is fed to the feed
point 9 of the radiation conductor 3 so that the radiation
conductor 3 is excited, by which the wireless signal is radi-
ated into a free space.

[0080] Next, referring to FIGS. 4 and 5, a size setting
method of the notched portions 5 and 6 of FIG. 1 is described.
FIG. 4 is a plan view showing a configuration of an antenna
apparatus having a radiation conductor 33 without any
notched portions 5 and 6. FIG. 5 is a longitudinal sectional
view along a B-B' plane of FIG. 4. Referring to FIGS. 4 and
5, a flow of electric lines of force at one moment is schemati-
cally shown in order to show a state of vibration of an electric
field at the lowest frequency (referred to as a fundamental
frequency hereinafter) when the resonance of the electromag-
netic field occurs between the radiation conductor 33 and the
ground conductor 2. The direction of the electric lines of force
is shown by “De”, and the direction of the magnetic current is
shown by “Dh”. In this case, a resonance field is distributed in
a direction almost parallel to the E plane, and is symmetric
with respect to the magnetic field plane (referred to as the H
plane hereinafter) orthogonal to the E plane. The E plane
extends in the thickness direction of the dielectric substrate 1
in the B-B' plane of FIG. 5, and is parallel to the B-B' plane.
The H plane is orthogonal to the E plane, and exists in the
thickness direction of the dielectric substrate 1. The reso-
nance field at the fundamental frequency as described above
becomes a standing wave having a node at the H plane portion
of the radiation conductor 33. The resonance field corre-
sponding to A/2 wavelength exists as the standing wave along
the peripheral portions of the radiation conductor 33 as
described above. Therefore, as shown in FIG. 4, it is consid-
ered that fundamental spatial harmonic components contrib-
ute to the electromagnetic radiation at the fundamental reso-
nance frequency, in consideration of spatial harmonic
components of the spatial intensity distribution of the stand-
ing wave of the electric field along a cycle length Ls of the
standing wave distribution.

[0081] Therefore, in the present preferred embodiment, in
order to suppress the fundamental frequency component, the
length L , of each of the notched portions 5 and 6 is set to be
shorter than one third of the cycle length Ls of the standing
wave distribution so that the fundamental component of the
spatial harmonic components is suppressed. In other words,
each ofthe lengths [, and L, of the notched portions 5 and 6
is set to be shorter than the length of one-sixth of the length of
the whole circumference of the radiation conductor 33 when
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the notched portions 5 and 6 are not formed. Namely, the
setting is achieved so that the following Equation (1) holds in
FIGS.1to 3:

Ly<(Lg+L )3 M

[0082] In addition, the notched portions 5 and 6 are pro-
vided in positions which do not include any intersection in the
H plane that coincides with the node of the resonance field of
the fundamental frequency and the radiation conductor 3, and
include the belly portions of the standing wave distribution at
the fundamental frequency of the electric field, i.e., intersec-
tion portions with the E plane where a leakage field at the
peripheral portion of the radiation conductor 3 becomes large.
In addition, the notched portions 5 and 6 are formed so as not
to be positioned at the position of a center of gravity of the
radiation conductor 3 so that the resonance at the fundamental
resonance frequency is not hindered, and are formed so as not
to be positioned at the feed point 9 so that the feeding is not
disturbed. With this arrangement, it is possible to suppress a
value close to the peak of the standing wave distribution of the
fundamental frequency component.

[0083] The operation and effects of the antenna apparatus
having the above configuration are described below. FIG. 6 is
a diagram for comparing electric field and magnetic current
distributions in each mode of the antenna apparatus according
to the prior art without any notched portions 5 and 6, with
those of the antenna apparatus according to the present pre-
ferred embodiment with the notched portions 5 and 6. In FIG.
6, the following modes are defined in the increasing order of
natural oscillation in each radiation conductor: (a) a funda-
mental wave mode which is an operation mode of the funda-
mental frequency component, (b) a second-order harmonic
wave mode which is an operation mode of the second-order
harmonic wave component, and (c) a third-order harmonic
wave mode which is an operation mode of the third-order
harmonic wave component. As shown in FIG. 6, in the fun-
damental wave mode, the notched portions 5 and 6 are pro-
vided at the radiation conductor 3 in the antenna apparatus
according to the present preferred embodiment, and there-
fore, the overall magnetic current distribution is reduced as
compared with the same distribution when the notched por-
tions 5 and 6 are not provided. In the second-order mode,
there is no large difference between both of them. In the
third-order harmonic wave mode, the magnetic current is
cancelled and reduced in the antenna apparatus according to
the prior art, however, in the antenna apparatus according to
the present preferred embodiment, a magnetic current at
almost the same level as the fundamental wave mode is gen-
erated since the notched portions 5 and 6 are provided at the
radiation conductor 3. Therefore, it can be understood that the
magnetic current distribution is reduced in the fundamental
wave mode, and the fundamental frequency component is
suppressed in the antenna apparatus according to the present
preferred embodiment as compared with the case where the
notched portions 5 and 6 are not provided.

[0084] FIG.7 is a plan view showing a configuration of the
antenna apparatus according to the prior art without any
notched portions 5 and 6, FIG. 8 is a longitudinal sectional
view along a C-C' plane of FIG. 7, and FIG. 9 is a circuit
diagram showing an equivalent circuit of the antenna appa-
ratus of FIG. 7. It is noted that the coaxial cable 10 is not
shown in FIG. 8. Referring to FIGS. 7 and 8, in the antenna
apparatus according to the prior art, a radiation electromag-
netic field from the antenna apparatus is formed by a so-called
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leakage field distributed at the end portions of the radiation
conductor 33 among the electric field between the radiation
conductor 33 and the ground conductor 2, and electromag-
netic coupling due to a magnetic current induced by the
leakage field. Therefore, as shown in the equivalent circuit of
FIG. 9, the antenna apparatus according to the prior art with-
out any notched portions can be expressed by a model includ-
ing a capacitor C1 between the radiation conductor 33 and the
ground conductor 2, and inductors L1 and [.2 which represent
a mutual induction with the free space side.

[0085] FIG.10is a plan view showing a configuration of the
antenna apparatus according to the present preferred embodi-
ment with the notched portions 5 and 6, FIG. 11 is a longitu-
dinal sectional view along a D-D' plane and an F-F' plane of
FIG. 10, FIG. 12 is a longitudinal sectional view along an E-E'
plane of FIG. 10, and FIG. 13 is a circuit diagram showing an
equivalent circuit of the antenna apparatus of FIG. 10. It is
noted that the coaxial cable 10 is not shown in FIG. 12.
Referring to FIG. 10, since the radiation conductor 33 is
provided with the notched portions 5 and 6 in the antenna
apparatus according to the present preferred embodiment, it
can be considered that the radiation conductor 3 is configured
by three rectangular portions defined by the notched portions
5 and 6. As shown in FIG. 13, it is possible to represent the
antenna apparatus according to the present preferred embodi-
ment by a model including capacitors C11, C12 and C13
between the respective portions of the radiation conductor 33
and the ground conductor 2, and inductors 1.11 to [.13 and
[.21 to 1.23 which represent mutual induction with the free
space side.

[0086] FIG. 14 is a circuit diagram showing a simulation
circuit for simulating the antenna apparatus according to the
prior art that employs the equivalent circuit of FIG. 9. Refer-
ring to FIG. 14, the simulation circuit for simulating the
antenna apparatus according to the prior art is configured by
including a rectangular wave signal generator 16, an inductor
L0, an antenna apparatus 35 including the capacitor C1 and
the inductor L1, the inductor [.2, and a radiation space resis-
tance R1. The rectangular wave signal generator 16 generates
a rectangular wave signal having a sampling frequency of 1
GHz and an amplitude level Vi of 1V, and outputs the rect-
angular wave signal. In the present simulation, an inductance
of'the inductor L0 was setto 1 nH, an electrostatic capacitance
of the capacitor C1 was set to 5 pF, an inductance of each of
theinductors L1 and .2 was set to 5 nH, and a resistance of the
radiation space resistance R1 was set to 50 Q. In addition, a
mutual coupling coefficient of the inductors .1 and .2 was
approximated to 0.9. The rectangular wave signal from the
rectangular wave signal generator 16 is transmitted to the
radiation space resistance R1 via the antenna apparatus 35,
and a voltage Vo measured on the space side is simulated.
[0087] FIG. 15 is a waveform chart showing results of
simulations using the simulation circuit of FIG. 14. Referring
to FIG. 15, it can be found that the waveform of the voltage Vo
on the radiation space resistance R1 side is distorted because
of the characteristics of the antenna apparatus 35, as com-
pared with the rectangular wave Vi of the input signal.
[0088] FIG. 16 is a circuit diagram showing a circuit for
simulating the antenna apparatus according to the present
preferred embodiment that employs the equivalent circuit of
FIG. 13. Referring to FIG. 16, the simulation circuit for
simulating the antenna apparatus according to the present
preferred embodiment is configured by including the rectan-
gular wave signal generator 16, the inductor [0, an antenna
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apparatus 15 including the capacitors C11 to C13 and the
inductors .11 to .13, inductors 1.21 to .23, and the radiation
space resistance R1. The rectangular wave signal generator
16 generates a rectangular wave signal having a sampling
frequency of 1 GHz and an amplitude level Vi of 1V, and
outputs the rectangular wave signal. In the present simulation,
the inductance of the inductor LO was set to 1 nH, each of
electrostatic capacitances of the capacitors C11 and C13 was
set to 2 pF, each of inductances of the inductors .11, 1.13, .21
and 1.23 was set to 2 nH, each of inductances of the inductors
L12 and 122 was set to 1 nH, and the resistance of the
radiation space resistance R1 was set to 50 Q. In addition, a
mutual coupling coefficient of the inductors .11 and [.21, and
a mutual coupling coefficient of the inductors .13 and 1.23
were each approximated to 0.9, and a mutual coupling coef-
ficient of the inductors .12 and .22 was approximated to 0.2.
The rectangular wave signal from the rectangular wave signal
generator 16 is transmitted to the radiation space resistance
R1 via the antenna apparatus 15, and the voltage Vo measured
on the space side is simulated.

[0089] FIG. 17 is a waveform chart showing results of
simulations performed by using the simulation circuit of FIG.
16. Referring to FIG. 17, since the fundamental frequency
component is reduced from the waveform of the voltage Vo on
the radiation space resistance R1 side as compared with FIG.
15, the amplitude of the voltage Vo is reduced. However, the
degree of distortion of the rectangular wave is reduced due to
areduction in a difference between the higher harmonic com-
ponents and the fundamental frequency component.

[0090] Next, the antenna apparatus according to the prior
art and the antenna apparatus according to the present pre-
ferred embodiment were subjected to comparative experi-
ments by using an electromagnetic field simulator capable of
taking the differences in the antenna structure directly into
consideration. FIG. 18 is a simulation circuit diagram of
comparative examples that use the electromagnetic field
simulator. In the comparative experiments, the radiation con-
ductor 33 of the antenna apparatus according to the prior art
was set to have a length 33a of 15.9 mm and a width 3356 of
24.4 mm, a relative permittivity of the dielectric substrate 1
was set to 2.5, the radiation conductor 3 of the antenna appa-
ratus according to the present preferred embodiment was set
to have the length L5 of 15.9 mm and the width L. of 24.4
mm, and the notched portions 5 and 6 was set to have the
lengths ., and L, of 10.7 mm and the depths L, and L, of
0.82 mm. In addition, a transmitter side load R3 was set to 50
2, and a space side load R4 was set to 1 k2. A two-port model
18 of the antenna was constituted by pairing these antenna
models on the transmitting side and the receiving side, a
pseudo-M-sequence random clock signal Vs with 1-GHz
sampling frequency generated by a clock signal generator 17
was transmitted from the transmitting side, and eye pattern
analysis of the signal waveform of the signal Vo received on
the receiving side was performed. An analysis method
employed includes obtaining a transfer function between the
transmitting side and the receiving side by an electromagnetic
field simulation, and evaluating the transmission of the
pseudo-M-sequence random clock signal Vs using the trans-
fer function.

[0091] FIGS. 19 and 20 are waveform charts showing
results of the simulation of eye patterns of the received signals
received by the antenna apparatuses according to the prior art
and the present preferred embodiment, respectively. As
shown in FIGS. 19 and 20, in the antenna apparatus according
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to the present preferred embodiment, the difference between
the higher harmonic components and the fundamental fre-
quency component becomes smaller, and therefore, it can be
understood that the signal reception with keeping the wave-
form shape as the rectangular wave can be achieved by reduc-
ing the degree of distortion of the rectangular wave as com-
pared with the antenna apparatus according to the prior art.
[0092] As described above, according to the antenna appa-
ratus according to the present preferred embodiment, it is
possible to reduce the radiation intensity of the fundamental
frequency component with respect to the radiation intensity
of'the higher harmonic components by providing the notched
portions 5 and 6 formed at the sides that intersect the E plane
at the radiation conductor 3. Therefore, when a wireless digi-
tal signal is directly and wirelessly transmitted and received,
it is possible to reduce the waveform distortion of the wireless
digital signal, which is caused by the higher harmonic com-
ponents of the rectangular waveforms reduced as compared
with the fundamental frequency component.

[0093] In addition, since the operation of reducing the fun-
damental frequency component of the rectangular waveform
to be transmitted is performed by employing passive devices,
the circuit configuration is simple, and it is possible to reduce
the power consumption as compared with the power con-
sumption when active devices are employed.

[0094] In the present preferred embodiment, the notched
portions 5 and 6 have rectangular shapes. However, the
present invention is not limited to this configuration, and the
notched portions 5 and 6 may have other shapes as shown in,
for example, FIGS. 21 to 23. In addition, the radiation con-
ductor 3, which has a rectangular shape, may have another
shape as shown in, for example, FIG. 24. It is needless to say
that various modifications can be considered for the notched
portions 5 and 6, and the radiation conductor 3 in addition to
the shapes shown in FIGS. 21 to 24. Further, the shapes of the
notched portion 5 and the notched portion 6 may be different
from each other. In addition, it is acceptable to provide either
one of the notched portions 5 and 6.

[0095] In addition, the feeder was the coaxial cable 10 of
the back surface coaxial feed system, however, the present
invention is not limited to this, and a coplanar type feed
system, an electromagnetic coupling type system or the like
may be employed.

Second Preferred Embodiment

[0096] FIG. 25 is a plan view showing a configuration of an
antenna apparatus according to a second preferred embodi-
ment of the present invention, FIG. 26 is a perspective view
corresponding to FIG. 25, and FIG. 27 is a longitudinal sec-
tional view of a G-G' plane of FIG. 25. The antenna apparatus
according to the present preferred embodiment is different
from the antenna apparatus according to the first preferred
embodiment shown in FIGS. 1 to 3 in that a dielectric sub-
strate 1A is provided in place of the dielectric substrate 1. The
other points are similar to those of the first preferred embodi-
ment shown in FIGS. 1 to 3, and no detailed description is
provided for the components denoted by the same reference
numerals.

[0097] Referring to FIGS. 25 to 27, the dielectric substrate
1A has concave grooves 7 and 8, which are opened on the
surface of the dielectric substrate 1A, and are formed in
positions that intersect the E plane in the vicinity of the
notched portion 5 and 6. The grooves 7 and 8 have lengths 75
and 8b, widths 7a and 8a and depths 7d and 84, respectively.
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Each of the depths 74 and 84 of the grooves 7 and 8 is equal
to the thickness of the dielectric substrate 1. Each of the
widths 7a and 8a of the grooves 7 and 8 is set to be shorter than
one third of the cycle length Ls of the standing wave distri-
bution. In addition, the groove 7 is formed in a position
located at a distance 7¢ apart from the position of a center of
gravity of the radiation conductor 3, and the groove 8 is
formed in a position located at a distance 8¢ apart from the
feed point 9. The grooves 7 and 8 are formed symmetrically
with respect to the H plane.

[0098] According to the above configuration, by providing
the grooves 7 and 8 on the dielectric substrate 1, the field
intensity of the dielectric substrate 1 in the vicinity of the
grooves 7 and 8 becomes smaller than that of the other por-
tions of the dielectric substrate 1, and this leads to a reduced
magnetic current. This exhibits an advantageous effect of
reducing the mutual coupling coefficient between the induc-
tors in the equivalent circuit, in a manner similar to that of the
first preferred embodiment. As a result, it is possible to selec-
tively reduce the electromagnetic coupling in the fundamen-
tal wave mode, and suppress the fundamental frequency com-
ponent of the electric field.

[0099] As described above, according to the antenna appa-
ratus according to the present preferred embodiment, by pro-
viding the convex grooves 7 and 8 on the dielectric substrate
1, it is possible to reduce the waveform distortion caused by
the higher harmonic components of rectangular waveforms
reduced as compared with the fundamental frequency com-
ponent when wireless digital signals are directly and wire-
lessly transmitted and received.

[0100] In the present preferred embodiment, the positions,
where the grooves 7 and 8 are formed as shown in FIGS. 25 to
27, are only examples, and the grooves 7 and 8 may be located
in other positions as shown in, for example, FIGS. 28 to 30.
Referring to FIG. 28, a groove 7A may be formed in place of
the groove 7, a length 7Ab of the groove 7A may be larger
than the length 75 of the groove 7 shown in FIGS. 25 to 27,
and the groove 7A may extend to a vicinity of the end portion
of'the dielectric substrate 1. The groove 7A may be formed in
a position located within a range from the end portion of the
dielectric substrate 1 to the position of the center of gravity of
the radiation conductor 3 or the feed point 9. Referring to FIG.
29, a groove 7B may be formed in place of the groove 7, the
distance 7Bc of the groove 7B from the position of the center
of'gravity of the radiation conductor 3 may be smaller than the
distance 7¢ of the groove 7 from the position of the center of
gravity of the radiation conductor 3 shown in FIGS. 25 to 27,
and a part of the groove 7B may overlap a part of the radiation
conductor 3. By forming the groove 7B so that a part thereof
overlap a part of the radiation conductor 3, the electrostatic
capacitance of the capacitor C12 (See FIG. 13) in the equiva-
lent circuit can be reduced, and this exhibits such an advan-
tageous effect that designs with various electrostatic capaci-
tances of the antenna portion can be easily achieved. In
addition, referring to FIG. 30, a groove 7C may be formed in
place of the groove 7, the width 7Ca of the groove 7C may be
larger than the width 7a of the groove 7 shown in FIGS. 25 to
27, and the groove 7C may overlap a part of the radiation
conductor 3. The width 7Ca of the groove 7C may be set to an
arbitrary value so that the width becomes shorter than one
third of a sum of the width L and the length Lz of the entire
radiation conductor 3. Although the grooves 7A, 7B and 7C of
the modified preferred embodiments of the groove 7 are
shown in FIGS. 28 to 30, it is needless to say that modified
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preferred embodiments similar to those described above can
be considered with regard to the groove 8.

[0101] In addition, each of the depths 7d and 8d of the
grooves 7 and 8 is equal to the thickness of the dielectric
substrate 1. However, the present invention is not limited to
this configuration, and each of the depths 7d and 84 of the
grooves 7 and 8 may have any arbitrary value selected within
a range from zero to a value equal to the thickness of the
dielectric substrate 1. In addition, the length 75, width 7a and
depth 7d of the groove 7 are the same as the length 86, width
8a and depth 84 of the groove 8, respectively, however, they
may be set to values different from each other. Further, the
grooves 7 and 8 have rectangular shapes in plan view, how-
ever, the present invention is not limited to this, and the
grooves 7 and 8 may have the other shapes such as a circular
shape.

[0102] Inaddition, both of the notched portions 5 and 6 and
the grooves 7 and 8 are provided in the present preferred
embodiment, however, only grooves 7 and 8 may be provided
without providing the notched portions 5 and 6.

IMPLEMENTAL EXAMPLE

[0103] Simulation results concerning the antenna appara-
tuses of the prior art and the preferred embodiments obtained
by the inventor are described below.

[0104] FIG. 31 is a graph showing a transmission attenua-
tion S,; [dB] of a transmission signal in a fundamental wave
mode and a second and higher order harmonic modes, when
each of a wireless transmission system and a wired transmis-
sion system is formed by making a pair of prior art oval dipole
wideband antenna apparatuses (which are prototype antennas
made by the inventor, and there are two prototype examples.)
opposed to each other. Referring to FIG. 31, straight lines
other than the polygonal lines connecting the plotted points
are linearly approximated straight lines in the wireless trans-
mission system and the wired transmission system. As appar-
ent from FIG. 31, the signal levels of the second and higher
order harmonic components are largely attenuated as com-
pared with the signal level of the fundamental wave compo-
nent in both of the wireless transmission system and the wired
transmission system.

[0105] Next, comparison results of the returnloss S, | inthe
following four antenna apparatuses are shown below. FIG. 32
is a spectrum chart showing frequency characteristics of a
return loss S;; [dB] in square-shaped rectangular patch
antenna apparatus according to a prior art (a first comparative
example), and FIG. 33 is a spectrum chart showing frequency
characteristics of the return loss S, [dB] in the antenna appa-
ratus according to the first preferred embodiment. In addition,
FIG. 34 is a spectrum chart showing frequency characteristics
of the return loss S, [dB] in a rectangular loop slot antenna
apparatus according to a prior art (an antenna apparatus of
FIG. 4 of the Patent Document 3, in which a ground conductor
is formed and provided via a slot of a predetermined width
around a patch conductor of the rectangular patch antenna
apparatus of FIG. 32: a second comparative example). Fur-
ther, FIG. 35 is a spectrum chart showing frequency charac-
teristics of the return loss S, [dB] in a rectangular loop slot
antenna apparatus according to a prior art (an antenna appa-
ratus of FIG. 1 of the Patent Document 3, in which a ground
conductor is formed and provided via a slot of a predeter-
mined width around an H-shaped patch conductor: a third
comparative example). Referring to FIGS. 32 to 35, the ref-
erence numeral 101 denotes the return loss S, [dB] in the
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fundamental wave mode, the reference numeral 102 denotes
the return loss S;; [dB] in the second-order harmonic wave
mode, and the reference numeral 103 denotes the return loss
S, [dB] in the third-order harmonic wave mode. Referring to
FIGS. 32 to 35, resonance occurs at a local minimum point of
the return loss, and, generally speaking, the transmission
signal level becomes larger when the return loss at the fre-
quency of the resonance point is smaller.

[0106] As apparent from the comparisons among FIGS. 32
and 33, the present preferred embodiment exhibits an advan-
tageous effect of raising the signal level in the third-order
harmonic wave mode while lowering the transmission signal
level in the fundamental wave mode (by the effect of forming
the notched portions). In addition, as apparent from FIGS. 34
and 35, the transmission signal level in the fundamental wave
mode changes, however, it is not possible to obtain the advan-
tageous effect of raising the signal levels in the third and
higher degree harmonic wave modes, since it is not possible
to obtain the resonance in the third and higher degree har-
monic wave modes.

INDUSTRIAL APPLICABILITY

[0107] According to the antenna apparatus of the present
invention, the radiation conductor has at least one notched
portion formed at at least one side of sides of the radiation
conductor so that at least a third-order harmonic signal level
becomes larger than a fundamental wave signal level, where
the sides intersects an electric field plane defined by an elec-
tric field when the antenna apparatus is excited. Therefore, it
is possible to reduce the radiation intensity of the fundamen-
tal frequency component as compared with the radiation
intensity of the higher harmonic components, and it is pos-
sible to remarkably reduce the waveform distortion caused by
the higher harmonic components of rectangular waveforms
reduced as compared with the fundamental frequency com-
ponent when a wireless digital signal is directly and wire-
lessly transmitted and received by the baseband transmission.
[0108] In addition, since the operation of reducing the fun-
damental frequency component of the rectangular waveform
to be transmitted is performed by employing passive devices,
the circuit configuration is simple, and it is possible to reduce
the power consumption as compared with the power con-
sumption when active devices are employed.

[0109] The antenna apparatus according to the present
invention can be used for, for example, a wireless bus, a
wireless interconnection and the like for directly and wire-
lessly transmitting and receiving wireless digital signals.

1. An antenna apparatus comprising (a) a dielectric sub-
strate including a ground conductor formed on a back surface
thereof and (b) a radiation conductor formed on a front sur-
face of the dielectric substrate, the antenna apparatus directly
transmitting and receiving a wireless digital signal by base-
band transmission via a feed point of the radiation conductor,

wherein the radiation conductor reduces waveform distor-

tion of a transmitted wireless digital signal by forming at
least one notched portion at at least one side of sides of
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the radiation conductor, which intersect an electric field
plane defined by an electric field when the antenna appa-
ratus is excited, so that at least a third-order harmonic
signal level becomes larger than a fundamental wave
signal level.

2. The antenna apparatus as claimed in claim 1,

wherein at least one notched portion is formed so that at
least the third-order harmonic signal level becomes
larger than the fundamental wave signal level and a
second-order harmonic signal level.

3. The antenna apparatus as claimed in claim 1,

wherein the notched portion is formed substantially at a
center of the side intersecting the electric field plane of
the radiation conductor.

4. The antenna apparatus as claimed in claim 1,

wherein a sum of lengths of the notched portions on the
sides of the radiation conductor is set to be shorter than
one-sixth of a length of a whole circumference of the
radiation conductor when the notched portions are not
formed.

5. The antenna apparatus as claimed in claim 1,

wherein the notched portion is formed so as not to be
located at one of a position of a center of gravity of the
radiation conductor and the feed point.

6. The antenna apparatus as claimed in claim 1,

wherein the notched portions are formed at both sides of
the radiation conductor, which intersect the electric field
plane, respectively, and are formed symmetrically with
respect to a magnetic field plane orthogonal to the elec-
tric field plane.

7. The antenna apparatus as claimed in claim 1,

wherein the dielectric substrate further includes at least one
groove, which is formed in at least one position that
intersects the electric field plane in the vicinity of the
notched portion.

8. The antenna apparatus as claimed in claim 7,

wherein a depth of each of the grooves is set to one value
selected within a range from zero to a value equal to a
thickness of the dielectric substrate.

9. The antenna apparatus as claimed in claim 7,

wherein a sum of lengths of sides of the groove parallel to
the sides of the radiation conductor is set to be shorter
than one-sixth of a length of a whole circumference of
the radiation conductor when the notched portions are
not formed.

10. The antenna apparatus as claimed in claim 7,

wherein each of the grooves is formed at a position located
within a range from an end portion of the dielectric
substrate to a position of a center of gravity or the feed
point of the radiation conductor.

11. The antenna apparatus as claimed in claim 7,

wherein the dielectric substrate includes at least two
grooves, and

wherein the two grooves are formed symmetrically with
respect to the magnetic field plane.

sk sk sk sk sk
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MULTI-BAND ANTENNA

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates generally to a multi-
band antenna, and more particularly to a multi-band antenna
suitable for built into an electronic device, such as notebook.
[0003] 2. Description of the Prior Art

[0004] Wireless communication devices, such as cellular
phones, notebook computers, electronic appliances, and the
like, are normally equipped with an antenna that serves as a
medium for transmitting and receiving electromagnetic sig-
nals such as data, audio, video or other signals.

[0005] Inrecent years, an inner antenna trends to combine
a WLAN (Wireless Local Area Net) antenna and a WWAN
(Wireless Wide Area Net) antenna together. WLAN adopts
two communications protocols to as Bluetooth and Wi-Fi.
Bluetooth works in 2.4 GHz, and Wi-Fi works in 2.4 GHz and
5 GHz. WWAN adopts three communications protocols of
GSM (Global System for Mobile Communication), GPS
(Global Positioning System) and CDMA (Code Division
Multiple Access). Working frequency of the GSM is 900/
1800 MHz, and working frequency of the GPS is 1.575 GHz.
CDMA includes three kinds of communication protocol to as
CDMA2000, WCDMA and TD-SCDMA. Working fre-
quency of the CDMA2000 is 800, 900, 1700, 1800, 1900, and
2100 MHz. Working frequency of the WCDMA is 1800,
1900, and 2100 MHz. And TD-SCDMA is limited in 900,
1800, and 2100 MHz.

[0006] Accordingly, it is preferable that an antenna of a
notebook could cover above-described working environment,
while the portable electronic device is capable of working in
WLAN and WWAN. Currently, the portable electronic device
is usually built-in with two antennas for respectively working
in the WLAN and WWAN. However, portable electronic
devices promote to be smaller and thinner so that receiving
two antennas therein become more and more difficult and
challenging.

[0007] US Patent Publication No. 7289071 discloses a
multi-band antenna capable of working at WWAN and
WLAN environments. The multi-band antenna is capable to
work in both WWAN and WLAN at the same time.

[0008] However, the such multi-band antenna has compa-
rably limited working frequencies, and is not capable to cover
some frequency bands of WWAN. In addition, the design of
two antennas sharing the common edge of a grounding ele-
ment makes the WLAN antenna and the WWAN antenna
influence each other to reduce the radiating performance of
the antenna.

[0009] Hence, in this art, a multi-band antenna to overcome
the above-mentioned disadvantages of the prior art will be
described in detail in the following embodiment.

BRIEF SUMMARY OF THE INVENTION

[0010] A primary object, therefore, of the present invention
is to provide a multi-band antenna which is an PIFA.

[0011] In order to implement the above object and over-
comes the above-identified deficiencies in the prior art, the
multi-band antenna comprises an insulative supporting mem-
ber, an antenna stripe comprising a ground element, a first
antenna used for wireless wide area net and a second antenna
used on wireless local area net, wherein said first antenna
comprises a first radiating portion with a horizontal first feed-
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ing tab, said first radiating portion is separated from the
grounding element, said antenna stripe surrounds the sup-
porting member, said first radiating portion is fixed on the
supporting member and covers plural faces of the supporting
member.

[0012] Other objects, advantages and novel features of the
invention will become more apparent from the following
detailed description of a preferred embodiment when taken in
conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a perspective view illustrating a preferred
embodiment of a multi-band antenna in according with the
present invention;

[0014] FIG. 2 is a perspective view of FIG. 1, but viewed
from a different angle;

[0015] FIG. 3 is a perspective view of FIG. 1 without a
supporting member;

[0016] FIG. 4 is a perspective view of FIG. 3, but viewed
from a different angle;

[0017] FIG. 5 is a test chart recording for the multi-band
antenna of FIG. 1, showing Voltage Standing Wave Ratio
(VSWR) as a function of WWAN frequency;

[0018] FIG. 6 is a test chart recording for the multi-band
antenna of FIG. 1, showing Voltage Standing Wave Ratio
(VSWR) as a function of WLAN frequency;

DETAILED DESCRIPTION OF THE INVENTION

[0019] Reference will now be made in detail to a preferred
embodiment of the present invention.

[0020] Reference to FIGS. 1 and 4, a multi-band antenna
100 in accordance with a preferable embodiment of the
present invention is shown. The multi-band antenna 100 com-
prises an antenna stripe 101 and a supporting member 102.
The antenna stripe 101 comprises a horizontal grounding
element 3 with a pair of setting portions 4, 5, a first antenna 1
and a second antenna 2.

[0021] The supportingmember 102 is made from insulative
material and the antenna stripe 101 surrounds the supporting
member 102 to fix the supporting member 102 therein. The
supporting member 102 comprises plural grooves 1021 to
protect the radiating effect of the antenna stripe 101 from
being reduced. The antenna stripe 101 is bend to adapt to the
shape of the supporting member 102.

[0022] The supporting member 102 is of an lengthwise
column and comprises an upside 1022, an bottom 1023, a
foreside 1024, a rearward 1025, a left side 1026 and a right
side 1027. The rearward 1025 is composed of two continuous
faces, and an angle is between the two faces.

[0023] The first antenna 1 works on wireless wide area net,
and comprises a first radiating element 12 separated from the
grounding element 102, a vertical first coupling radiating
sheet 13 extending from one side of the grounding element
102, and a second coupling radiating sheet 14 extending from
the other side of the grounding element 102 opposite to the
first coupling radiating sheet 13. The first radiating element
12 comprises a horizontal tab 11, a vertical L-shape metal
sheet 122 extending along a horizontal direction and a con-
necting portion 121 connecting the metal sheet 122 and the
first feeding tab 11.

[0024] The first coupling radiating sheet 13 is similar to L
shape and comprises a first arm 131 perpendicularly extend-
ing from the grounding element 102 along a vertical direction
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and a second arm 132 perpendicularly extending from the first
arm 131 along a horizontal direction. The first coupling radi-
ating sheet 13 couples the first radiating element 12 to pro-
duce a first lower frequency band which is from 1.7 GHz to
2.2 GHz frequency.

[0025] The second coupling radiating sheet 14 comprises a
vertical first piece 141 perpendicularly extending from the
grounding element 102, an L-shape horizontal second piece
142, and an L-shape piece 143 connecting the first piece 141
and the second piece 142. The second coupling radiating
sheet 14 couples the first radiating element 12 to produce a
second higher frequency band which is from 820 MHz to 960
MHz.

[0026] The first antenna 1 further comprises a feeding line
15. The feeding line 15 comprises an inner conductor 151
connecting the first feeding tab 11 and an outer conductor 152
connecting the grounding element 102. Reference to FIG. 5,
the multi-band antenna 100 works at 1.7 GHz-2.2 GHz and
820 MHz-960 MHz frequency bands to be suitable to be used
under the standard of WWAN, GSM, CDMA200, WCDMA
and TD-SCDMA.

[0027] The second antenna 2 comprises a connecting por-
tion 21 perpendicularly extending from the grounding ele-
ment 3, an [-shape second feeding tab 22, a second radiating
portion 23 and a third radiating portion 24. The connecting
portion 21 is Z shape and connecting the grounding element
102 with the second and third radiating portion 23, 24. The
second radiating portion 23 is L shape and has an end
upwardly extending along a vertical direction. The third radi-
ating portion 24 connects the second radiating portion 23 and
comprises an L-shape first strip 243 connecting the second
radiating portion 23, an L-shape second strip 244 and a ver-
tical third strip 245 connecting the first strip 243 and the
second strip 244.

[0028] The second antenna 2 further comprises a feeding
line 25. The feeding line 25 comprises an inner conductor 251
connecting the second feeding tab 22 and an outer conductor
252 connecting the grounding element 102. The second radi-
ating portion 23 works at a lower frequency band of the
second antenna 2 and the third radiating portion 24 is used on
ahigher frequency band of the second antenna 2. Reference to
FIG. 6, the second antenna 2 produces 2.4 GHz-2.5 GHz and
4.9 GHz-5.86 GHz frequency bands which can cover the
working bands of WLAN.

[0029] The two setting portions 4 is L. shape, and upwardly
extends from the two ends of the grounding element 3. The
two setting portion 4 respectively comprises a hole 5 to
assemble the multi-band antenna 100 on the electric device.
[0030] Reference to FIG. 2 the bottom 1023 of the support-
ing member 102 is attaches to the grounding element 3 of the
multi-band antenna 100 and the second coupling radiating
sheet 14 surrounds the rearward 1025 and the upside 1022 of
the supporting member 102. The third radiating portion 24
surrounds the foreside 1024, upside 1022 and rearward 1025
of the supporting member 102. The left side 1026 and right
side 1027 respectively attach to the two setting portions 4.
And then, the supporting member 102 is fixed in the inner
space of antenna stripe 101. The first radiating portion 12 is
fixed on the supporting member 102. The first feeding tab 11
is fixed on the higher bottom face 1028. The metal sheet 122
is fixed on the foreside 1024 and the connecting portion 121
passes through the rearward 1025, the upside 1022 and the
foreside 1024. So the supporting member 102 is fixed among
the antenna stripe 101. In addition, the connecting portion 21
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and the second radiating portion 23 attach to the foreside
1024, the first coupling radiating sheet 13 attaches to the
foreside 1024. In other embodiment, the shapes of the sup-
porting member 102 and the antenna stripe 101 can be
changed in according with the inner space of the electric
device. The shape of the antenna stripe 101 is designed to
adapt the supporting member 102 to make the antenna stripe
101 and the supporting member 102 assemble together to
form an integer and make the first radiating portion 12 of the
antenna stripe 101 fixed on the supporting member 102.
[0031] While the foregoing description includes details
which will enable those skilled in the art to practice the
invention, it should be recognized that the description is illus-
trative in nature and that many modifications and variations
thereof will be apparent to those skilled in the art having the
benefit of these teachings. It is accordingly intended that the
invention herein be defined solely by the claims appended
hereto and that the claims be interpreted as broadly as per-
mitted by the prior art.

What is claimed is:

1. A multi-band antenna comprises:

an insulative supporting member;

an antenna stripe comprising a ground element, a first

antenna used for wireless wide area net and a second
antenna used on wireless local area net;

wherein said first antenna comprises a first radiating por-

tion with a horizontal first feeding tab, said first radiating
portion is separated from the grounding element, said
antenna stripe surrounds the supporting member, said
first radiating portion is fixed on the supporting member
and covers plural faces of the supporting member.

2. The multi-band antenna as claimed in claim 1, wherein
said supporting member is of a lengthwise column.

3. The multi-band antenna as claimed in claim 1, wherein
said supporting member comprises six sides and the rearward
of the supporting member is composed of two continuous
faces.

4. The multi-band antenna as claimed in claim 3, wherein
said first radiating portion further comprises a vertical
L-shape metal sheet extending along a horizontal direction
and a connecting portion connecting the metal sheet and the
tab.

5. The multi-band antenna as claimed in claim 4, wherein
said supporting member further comprises a cutout to form a
higher bottom face, said first feeding tab of the first radiating
portion attaches the higher bottom face, said metal sheet
attaches the foreside and said connecting portion passes
through the rearward and the upside and foreside.

6. The multi-band antenna as claimed in claim 3, wherein
said second antenna comprises a second radiating portion
separated from the grounding element, a third radiating por-
tion, a second feeding tab and a connecting portion connect-
ing the grounding element to the first, second radiating por-
tions.

7. The multi-band antenna as claimed in claim 6, wherein
said connecting portion and said second radiating portion of
the second antenna attaches the foreside of the supporting
member, said third radiating portion is bend to across the
foreside, upside and rearward of the supporting member.

8. The multi-band antenna as claimed in claim 1, wherein
said first antenna further comprises a first coupling radiating
sheet upwardly extending from one side of the grounding
element and a second coupling radiating sheet upwardly
extending from the other side of the grounding element.
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9. The multi-band antenna as claimed in claim 8, wherein
said first coupling radiating sheet is of an L-like configuration
and comprises a first arm perpendicularly extending from the
grounding element along a vertical direction and a second
arm perpendicularly extending from the first arm along a
horizontal direction.

10. The multi-band antenna as claimed in claim 9, wherein
said second coupling radiating sheet comprises a vertical first
piece perpendicularly extending from the grounding element,
an L-shape horizontal second piece and an L-shape third
piece connecting the first piece and the second piece.

11. The multi-band antenna as claimed in claim 10,
wherein said first coupling radiating sheet couples said first
radiating portion to resonate a higher frequency and the sec-
ond coupling radiating sheet couples said first radiating por-
tion to resonate a lower frequency.

12. The multi-band antenna as claimed in claim 1, wherein
said multi-band antenna further comprises a pair of L-shape
setting portions respectively upwardly extending from the
two ends of the grounding element.

13. The multi-band antenna as claimed in claim 1, wherein
said supporting member comprises plural grooves to protect
the radiating effect of the antenna stripe from being reduced.

14. A multi-band antenna comprising:

an insulative supporting member essentially being of a

lengthwise column;

a metallic antenna stripe wrapping said support member

and including:

a grounding element extending in a lengthwise direction

along said supporting member;

a first antenna located in a first position of said supporting

member and including a first radiating element; and

a second antenna located in a second position of said sup-

porting member which is spaced from said first position
in said lengthwise direction; wherein

said second antenna unitarily extends from the grounding

element while said first radiating element is separated
from the grounding element but independently sup-
ported by said supporting member.

15. The multi-band antenna as claimed in claim 14,
wherein said first antenna further includes a first coupling
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radiating portion located beside said first radiating element
for resonation in said lengthwise direction and unitarily
extending from the grounding element.

16. The multi-band antenna as claimed in claim 15,
wherein said first antenna further includes a second coupling
radiating portion located beside said first radiating element
for resonation in said lengthwise direction and spaced from
the first coupling radiating portion in a transverse direction
perpendicular to said lengthwise direction.

17. The multi-band antenna as claimed in claim 16,
wherein said first coupling radiating portion and said second
coupling radiating portion respectively extend from two sides
of the said grounding element.

18. The multi-band antenna as claimed in claim 15,
wherein said second antenna, the first radiating element, and
said first coupling radiating portion are sequentially arranged
along the supporting member in said lengthwise direction.

19. The multi-band antenna as claimed in claim 14, where
the supporting member defines a plurality of holes extending
therethrough in a transverse direction perpendicular to said
lengthwise direction.

20. A multi-band antenna comprising:

an insulative supporting member essentially being of a

lengthwise column;

a metallic antenna stripe wrapping said support member

and including:

a grounding element extending in a lengthwise direction

along said supporting member;

a first antenna located in a first position of said supporting

member and including a first radiating element; and

a second antenna located in a second position of said sup-

porting member which is spaced from said first position
in said lengthwise direction; wherein
said first antenna further includes at least a coupling radi-
ating portion extending from the grounding element and
located beside the corresponding first radiating element
for resonation in said lengthwise direction; wherein

said second antenna and said coupling radiating portion are
located by two sides of the first radiating element in said
lengthwise direction.

sk sk sk sk sk
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57 ABSTRACT

A mobile wireless communications device includes a housing
and at least one circuit board. Radio frequency (RF) circuitry
is carried by the circuit board and includes a transceiver. A
processor is carried by the at least one circuit board and
operative with the RF circuitry. An antenna is mounted within
the housing. An antenna contact is secured on the at least one
circuit board and operatively connects the RF circuitry and
engages the antenna at an antenna contact point. Electromag-
netic interference (EMI) shielding is positioned at the antenna
contact point and reduces RF inductance effects.
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MOBILE WIRELESS COMMUNICATIONS
DEVICE WITH ANTENNA CONTACT
HAVING REDUCED RF INDUCTANCE

FIELD OF THE INVENTION

[0001] The present invention relates to the field of commu-
nications devices, and more particularly, to mobile wireless
communications devices and related methods.

BACKGROUND OF THE INVENTION

[0002] Cellular communication systems continue to grow
in popularity and have become an integral part of both per-
sonal and business communications. Cellular telephones
allow users to place and receive phone calls most anywhere
they travel. Moreover, as cellular telephone technology is
increased, so too has the functionality of cellular devices. For
example, many cellular devices now incorporate Personal
Digital Assistant (PDA) features such as calendars, address
books, task lists, calculators, memo and writing programs,
etc. These multi-function devices usually allow users to send
and receive electronic mail (email) messages wirelessly and
access the internet via a cellular network and/or a wireless
local area network (WLAN), for example.

[0003] As the functionality of cellular communications
devices continues to increase, so too does demand for smaller
devices that are easier and more convenient for users to carry.
The circuit boards and associated electronic components
thereon are becoming increasingly reduced in size and placed
closer together. These components include antennae, RF
components/power amplifiers, antenna switches, and other
electronic components that pick up conductive energy and
create interference within various circuits and components.
For example, some components could pick up conducted
energy directly from a power amplifier circuit, the charging
contacts of a battery, antenna contacts, or from the radiated
energy emitted by an antenna. This unwanted reception of
conducted or near field radiated energy from power amplifi-
ers, antennae or other components is particularly problematic
in a packet burst transmission as part of a Global System for
Mobile communications (GSM) system, including the 450
MHz, 900 MHz, 1800 MHz and 1900 MHz frequency bands.
Other issues arise with modulation schemes that use In-phase
(D and Quadrature (Q) circuits, creating linearity issues with
power amplifiers and poor antenna match. This can cause
degradation of TRP (total radiated power) and raise harmonic
interference issues because of the higher non-linearity of a
power amplifier as an example.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Other objects, features and advantages will become
apparent from the detailed description which follows, when
considered in light of the accompanying drawings in which:
[0005] FIG. 1 is a schematic block diagram of an example
of'a mobile wireless communications device configured as a
handheld device and illustrating basic internal components
thereof as a non-limiting example.

[0006] FIG. 2 is a front elevation view of the mobile wire-
less communications device of FIG. 1.

[0007] FIG. 3 is a schematic block diagram showing basic
functional circuit components that can be used in the mobile
wireless communications device of FIGS. 1-2.

[0008] FIG. 4 is a fragmentary and isometric view of the
rear or back section of a housing case as part of a housing for
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the mobile wireless communications device such as shown in
FIGS. 1-3 and showing an example of the relative position of
the antenna and battery charging contacts in a non-limiting
example.

[0009] FIG. 5 is a fragmentary, side elevation view of a
battery charging contact and its spring connector and antenna
on the housing case and showing a filter positioned near the
charging contacts to minimize transmission harmonics emis-
sion and receiver de-sense.

[0010] FIG. 6is ablock diagram of a conventional In-phase
and Quadrature (I/Q) modulation and power amplification
circuit showing one power amplification circuit after combin-
ing 1/Q signals.

[0011] FIG. 7 is a block diagram of an In-phase and
Quadrature modulation and power amplification circuit that
includes a separate power amplifier circuit for each of the
In-phase and Quadrature circuits in accordance with a non-
limiting example.

[0012] FIGS. 8 and 9 are side elevation views of prior art
antenna contacts used with different mobile wireless commu-
nications devices.

[0013] FIG. 10is a schematic circuit diagram of the equiva-
lent circuit for the prior art antenna contacts shown in FIGS.
8and 9.

[0014] FIG. 11 is a fragmentary, isometric view of an
antenna contact that, in accordance with a non-limiting
example, ensures good radio frequency (RF) and mechanical
performance.

[0015] FIG. 12 is another fragmentary, isometric view of
the antenna contact as shown in FIG. 11 and showing the
added conductive Electromagnetic Interference (EMI) mate-
rial to reduce inductance and variation resulting from an
extended RF stub.

[0016] FIG. 13 is a schematic circuit diagram of an equiva-
lent RF circuit of the antenna contacts in accordance with a
non-limiting example shown in FIGS. 11 and 12 that ensures
good radio frequency (RF) and mechanical performance.
[0017] FIG. 14 is another fragmentary, isometric view of
the antenna contact such as shown in FIG. 12 and showing a
better view of the EMI material added near the contact point
and also showing relative dimensions in a non-limiting
example.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0018] The present description is made with reference to
the accompanying drawings, in which preferred embodi-
ments are shown. However, many different embodiments
may be used, and thus the description should not be construed
as limited to the embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be
thorough and complete. Like numbers refer to like elements
throughout.

[0019] A mobile wireless communications device includes
ahousing and atleast one circuit board. Radio frequency (RF)
circuitry is carried by the circuit board and includes a trans-
ceiver. A processor is carried by the at least one circuit board
and operative with the RF circuitry. An antenna is mounted
within the housing. An antenna contact is secured on the at
least one circuit board and operatively connects the RF cir-
cuitry and engages the antenna at an antenna contact point.
Electromagnetic interference (EMI) shielding is positioned at
the antenna contact point and reduces RF inductance effects.
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[0020] This EMI shielding material can be formed as a
conductive foam and could also be formed as a foil-backed,
nickel-plated base polymer having an electrically conductive
and pressure-sensitive adhesive.

[0021] In another aspect, the antenna could include a flex
section at the contact point and forming an RF stub. The EMI
material engages the flex section. The antenna contact can be
formed as a lower leg that is secured to the circuit board and
anupper leg having an inverted V-shaped upper contact mem-
ber engaging the antenna at the antenna contact point. This
upper leg can be biased towards the lower leg. The lower leg
and upper leg could form a hairpin clip configuration. The
upper leg could also include a horizontal landing element that
extends from the inverted V-shaped upper contact member
and overlaps a portion of the lower leg. This landing element
could include edges that are upturned from the lower leg and
form a U-shaped bend while maintaining physical and elec-
trical contact with the lower leg to avoid potential solder
wicking during a solder reflow process when the antenna
contact is soldered onto a circuit board.

[0022] A method aspect is also set forth.

[0023] A brief description will now proceed relative to
FIGS. 1-3, which discloses an example of a mobile wireless
communications device, for example, a handheld portable
cellular radio, which can incorporate non-limiting examples
of'the various circuits, including the improved battery charg-
ing contact circuit, In-phase and Quadrature Modulation and
Power Amplification circuit, and antenna contact as later
described. FIGS. 1-3 are representative non-limiting
examples of the many different types of functional circuit
components and their interconnection, and operative for use
in the circuits of the mobile wireless communications device
that can incorporate the improvements, advantages and fea-
tures as described.

[0024] Referring initially to FIGS. 1 and 2, an example of a
mobile wireless communications device 20, such as a hand-
held portable cellular radio with improvements and advan-
tages as described below is set forth. This device 20 illustra-
tively includes a housing 21 having an upper portion 46 and a
lower portion 47, and at least one dielectric substrate (i.e.,
circuit board) 67, such as a conventional printed circuit board
(PCB) substrate, for example, carried by the housing. A num-
ber of different circuit boards can be used for supporting
different components. For example, one circuit board could
support the microprocessor and RF components, another cir-
cuit board could be formed as an antenna circuit board, and
yet another circuit board could be formed as a circuit board
for supporting different components such as a keyboard.
[0025] A housing (not shown in detail) would typically
cover and enclose various components, such as circuit boards
and an antenna. The housing includes a housing case, for
example, a plastic case. The housing case could support a
separate housing cover for front and rear sides depending on
the type of design. Any type of housing or housing case will
allow access to any circuit board and supports the one or more
circuit boards. A battery opening provides access for a battery
to power the device. The housing case could support an
antenna in one non-limiting example, such as at its lower
edge. The term circuit board 67 as used hereinafter can refer
to any dielectric substrate, PCB, ceramic substrate or other
circuit carrying structure for carrying signal circuits and elec-
tronic components within the mobile wireless communica-
tions device 20. The illustrated housing 21 is a static housing,
for example, but it should be understood that a flip or sliding
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housing can be used as is typical in many cellular and similar
telephones. These and other housing configurations with dif-
ferent housing case designs may be used.

[0026] Circuitry 48 is carried by the circuit board 67, such
as a microprocessor, memory, one or more wireless transceiv-
ers (e.g., cellular, WL AN, etc.), which includes RF circuitry,
including audio and power circuitry, and in this aspect,
including any keyboard circuitry. This circuitry could also
generally be termed RF circuitry. It should be understood that,
as noted before, keyboard circuitry could be on a separate
keyboard, etc., as will be appreciated by those skilled in the
art. The different components as described can also be dis-
tributed on one circuit board or among a plurality of different
circuit boards as noted before. A battery (not shown) is also
preferably carried by the housing 21 for supplying power to
the circuitry 48. The term RF circuitry could encompass the
interoperable RF transceiver circuitry, including receive and
transmit circuits and power circuitry, including charging cir-
cuitry and audio circuitry, including In-phase and Quadrature
circuits that include respective power amplifier circuits for
respective In-phase and Quadrature circuits.

[0027] Inone aspect, an audio output transducer 49 (e.g., a
speaker) is carried by an upper portion 46 of the housing 21
and connected to the circuitry 48. One or more user input
interface devices, such as a keypad (keyboard) 23 (FIG. 2), is
also preferably carried by the housing 21 and connected to the
RF circuitry 48. The term keypad as used herein also refers to
the term keyboard, indicating the user input devices having
lettered and/or numbered keys commonly known and other
embodiments, including multi-top or predictive entry modes.
Other examples of user input interface devices include a
scroll wheel 37 and a back button 36. Of course, it will be
appreciated that other user input interface devices (e.g., a
stylus or touch screen interface) may be used in other embodi-
ments.

[0028] An antenna and associated antenna circuit 45 (FIG.
1) is preferably supported within the housing and in one
aspect at a lower portion 47 in the housing, such as on the
housing case lower edge. The antenna can be formed as a
pattern of conductive traces that make an antenna circuit,
which physically forms the antenna. It is operatively con-
nected to the circuitry 48 on the main circuit board 67 or other
circuitry on other boards. In one non-limiting example, the
antenna could be formed on a separate antenna circuit board
or an antenna circuit board section that extends from the main
circuit board at the lower portion of the housing. By placing
the antenna 45 adjacent the lower portion 47 of the housing
21, the distance is advantageously increased between the
antenna and the user’s head when the phone is in use to aid in
complying with applicable SAR requirements. Also, a sepa-
rate keyboard circuit board could be used as noted before.
[0029] More particularly, a user will typically hold the
upper portion of the housing 21 very close to their head so that
the audio output transducer 49 is directly next to the ear. Yet,
the lower portion 47 of the housing 21 where an audio input
transducer (i.e., microphone) is located need not be placed
directly next to a user’s mouth, and can be held away from the
user’s mouth. That is, holding the audio input transducer close
to the user’s mouth may not only be uncomfortable for the
user, but it may also distort the user’s voice in some circum-
stances.

[0030] In some designs, the antenna 45 is placed adjacent
the lower portion 47 of the housing 21 to allow for less impact
on antenna performance due to blockage by a user’s hand.
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Users typically hold cellular phones towards the middle to
upper portion of the phone housing, and are therefore more
likely to put their hands over such an antenna than they are an
antenna mounted adjacent the lower portion 47 of the housing
21. Accordingly, more reliable performance may be achieved
from placing the antenna 45 adjacent the lower portion 47 of
the housing 21.

[0031] Another benefit of'this type of configuration is that it
provides more room for one or more auxiliary input/output
(I/O) devices 50 to be carried at the upper portion 46 of the
housing. Furthermore, by separating the antenna 45 from the
auxiliary I/O device(s) 50, this may allow for reduced inter-
ference therebetween.

[0032] Some examples of auxiliary 1/O devices 50 include
a WLAN (e.g., Bluetooth, IEEE 802.11) antenna for provid-
ing WLAN communication capabilities, and/or a satellite
positioning system (e.g., GPS, Galileo, etc.) antenna for pro-
viding position location capabilities, as will be appreciated by
those skilled in the art. Other examples of auxiliary I/O
devices 50 include a second audio output transducer (e.g., a
speaker for speaker phone operation), and a camera lens for
providing digital camera capabilities, an electrical device
connector (e.g., USB, headphone, secure digital (SD) or
memory card, etc.).

[0033] It should be noted that the term “input/output” as
used herein for the auxiliary I[/O device(s) 50 means that such
devices may have input and/or output capabilities, and they
need not provide both in all embodiments. That is, devices
such as camera lenses may only receive an optical input, for
example, while a headphone jack may only provide an audio
output.

[0034] The device 20 further illustratively includes a dis-
play 22, for example, a liquid crystal display (LCD) carried
by the housing 21 and connected to the circuitry 48. A back
button 36 and scroll wheel 37 can also be connected to the
circuitry 48 for allowing a user to navigate menus, text, etc.,
as will be appreciated by those skilled in the art. The scroll
wheel 37 may also be referred to as a “thumb wheel” or a
“track wheel” in some instances. The keypad 23 illustratively
includes a plurality of multi-symbol keys 24 each having
indicia of a plurality of respective symbols thereon. The key-
pad 23 also illustratively includes an alternate function key
25, a next key 26, a space key 27, a shift key 28, a return (or
enter) key 29, and a backspace/delete key 30.

[0035] The next key 26 is also used to enter a symbol
upon first pressing or actuating the alternate function key 25.
Similarly, the space key 27, shift key 28 and backspace key 30
are used to enter a “0” and “#”, respectively, upon first actu-
ating the alternate function key 25. The keypad 23 further
illustratively includes a send key 31, an end key 32, and a
convenience (i.e., menu) key 39 for use in placing cellular
telephone calls, as will be appreciated by those skilled in the
art.

[0036] Moreover, the symbols on each key 24 are arranged
in top and bottom rows. The symbols in the bottom rows are
entered when a user presses a key 24 without first pressing the
alternate function key 25, while the top row symbols are
entered by first pressing the alternate function key. As seen in
FIG. 2, the multi-symbol keys 24 are arranged in the first three
rows on the keypad 23 below the send and end keys 31, 32.
Furthermore, the letter symbols on each of the keys 24 are
arranged to define a QWERTY layout. The letters on the
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keypad 23 are presented in a three-row format, with the letters
of'each row being in the same order and relative position as in
a standard QWERTY keypad.

[0037] Each row ofkeys (including the fourth row of func-
tion keys 25-29) is arranged in five columns in this non-
limiting example. The multi-symbol keys 24 in the second,
third, and fourth columns of the first, second, and third rows
have numeric indicia thereon (i.e., 1 through 9) accessible by
first actuating the alternate function key 25. Coupled with the
next, space, and shift keys 26, 27, 28, which respectively enter
a “*”_ “0”, and “#” upon first actuating the alternate function
key 25, as noted above, this set of keys defines a standard
telephone keypad layout, as would be found on a traditional
touch-tone telephone, as will be appreciated by those skilled
in the art.

[0038] Accordingly, the mobile wireless communications
device 20 as described may advantageously be used not only
as a traditional cellular phone, but it may also be conveniently
used for sending and/or receiving data over a cellular or other
network, such as Internet and email data, for example. Of
course, other keypad configurations may also be used in other
embodiments. Multi-tap or predictive entry modes may be
used for typing e-mails, etc. as will be appreciated by those
skilled in the art.

[0039] In one non-limiting aspect, the antenna 45 is pref-
erably formed as a multi-frequency band antenna, which pro-
vides enhanced transmission and reception characteristics
over multiple operating frequencies. More particularly, the
antenna 45 is designed to provide high gain, desired imped-
ance matching, and meet applicable SAR requirements over a
relatively wide bandwidth and multiple cellular frequency
bands. By way of example, in one non-limiting example, the
antenna 45 preferably operates over five bands, namely a 850
MHz Global System for Mobile Communications (GSM)
band, a 900 MHz GSM band, a DCS band, a PCS band, and a
WCDMA band (i.e., up to about 2100 MHz), although it may
be used for other bands/frequencies as well. To conserve
space, the antenna 45 may advantageously be implemented in
three dimensions although it may be implemented in two-
dimensional or planar embodiments as well. In one non-
limiting example, it is L-configured and positioned at the
lower portion or edge of the support case.

[0040] The mobile wireless communications device shown
in FIGS. 1 and 2 can incorporate email and messaging
accounts and provide different functions such as composing
e-mail, PIN messages, and SMS messages. The device can
manage messages through an appropriate menu that can be
retrieved by choosing a messages icon. An address book
function could add contacts, allow management of an address
book, set address book options and manage SIM card phone
books. A phone menu could allow for the making and answer-
ing of phone calls using different phone features, managing
phone call logs, setting phone options, and viewing phone
information. A browser application could permit the brows-
ing of web pages, configuring a browser, adding bookmarks,
and changing browser options. Other applications could
include a task, memo pad, calculator, alarm and games, as
well as handheld options with various references.

[0041] A calendar icon can be chosen for entering a calen-
dar program that can be used for establishing and managing
events such as meetings or appointments. The calendar pro-
gram could be any type of messaging or appointment/meeting
program that allows an organizer to establish an event, for
example, an appointment or meeting.
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[0042] A non-limiting example of various functional com-
ponents that can be used in the exemplary mobile wireless
communications device 20 of FIGS. 1 and 2 is further
described in the example below with reference to FIG. 3. The
device 20 illustratively includes a housing 120 shown in
outline by the dashed lines, a keypad 140, and an output
device 160. The output device 160 shown is preferably a
display, which is preferably a full graphic LCD. Other types
of output devices may alternatively be used. A processing
device 180 such as a microprocessor is contained within the
housing 120 and is coupled between the keypad 140 and the
display 160. The processing device 180 controls the operation
of the display 160, as well as the overall operation of the
mobile device 20, in response to actuation of keys on the
keypad 140 by the user

[0043] The housing 120 may be elongated vertically, or
may take on other sizes and shapes (including clamshell
housing structures). The keypad may include a mode selec-
tion key, or other hardware or software for switching between
text entry and telephony entry.

[0044] In addition to the processing device 180, other parts
of the mobile device 20 are shown schematically in FIG. 3.
These include a communications subsystem 101; a short-
range communications subsystem 102; the keypad 140 and
the display 160, along with other input/output devices 106,
108, 110 and 112; as well as memory devices 116, 118 and
various other device subsystems 121. The mobile device 20 is
preferably a two-way RF communications device having
voice and data communications capabilities. In addition, the
mobile device 20 preferably has the capability to communi-
cate with other computer systems via the Internet.

[0045] Operating system software executed by the process-
ing device 180 is preferably stored in a persistent store, such
as the flash memory 116, but may be stored in other types of
memory devices, such as a read only memory (ROM) or
similar storage element. In addition, system software, spe-
cific device applications, or parts thereof, may be temporarily
loaded into a volatile store, such as the random access
memory (RAM) 118. Communications signals received by
the mobile device may also be stored in the RAM 118.
[0046] The processing device 180, in addition to its oper-
ating system functions, enables execution of software appli-
cations 130A-130N on the device 20. A predetermined set of
applications that control basic device operations, such as data
and voice communications 130A and 130B, may be installed
on the device 20 during manufacture. In addition, a personal
information manager (PIM) application may be installed dur-
ing manufacture. The PIM is preferably capable of organizing
and managing data items, such as e-mail, calendar events,
voice mails, appointments, and task items. The PIM applica-
tion is also preferably capable of sending and receiving data
items via a wireless network 141. Preferably, the PIM data
items are seamlessly integrated, synchronized and updated
via the wireless network 141 with the device user’s corre-
sponding data items stored or associated with a host computer
system.

[0047] Communication functions, including data and voice
communications, are performed through the communications
subsystem 101, and possibly through the short-range com-
munications subsystem. The communications subsystem 101
includes a receiver 150, a transmitter 152, and one or more
antennae 154 and 156. In addition, the communications sub-
system 101 also includes a processing module, such as a
digital signal processor (DSP) 158, and local oscillators
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(LOs) 161. The specific design and implementation of the
communications subsystem 101 is dependent upon the com-
munications network in which the mobile device 20 is
intended to operate. For example, the mobile device 20 may
include a communications subsystem 101 designed to operate
with the Mobitex™, Data TAC™ or General Packet Radio
Service (GPRS) mobile data communications networks, and
also designed to operate with any of a variety of voice com-
munications networks, such as AMPS, TDMA, CDMA, PCS,
GSM, etc. Other types of data and voice networks, both
separate and integrated, may also be utilized with the mobile
device 20.

[0048] Network access requirements vary depending upon
the type of communication system. For example, in the Mobi-
tex and DataTAC networks, mobile devices are registered on
the network using a unique personal identification number or
PIN associated with each device. In GPRS networks, how-
ever, network access is associated with a subscriber or user of
a device. A GPRS device therefore requires a subscriber
identity module, commonly referred to as a SIN card, in order
to operate on a GPRS network.

[0049] When required network registration or activation
procedures have been completed, the mobile device 20 may
send and receive communications signals over the communi-
cation network 141. Signals received from the communica-
tions network 141 by the antenna 154 are routed to the
receiver 150, which provides for signal amplification, fre-
quency down conversion, filtering, channel selection, etc.,
and may also provide analog to digital conversion. Analog-
to-digital conversion of the received signal allows the DSP
158 to perform more complex communications functions,
such as demodulation and decoding. In a similar manner,
signals to be transmitted to the network 141 are processed
(e.g., modulated and encoded) by the DSP 158 and are then
provided to the transmitter 152 for digital to analog conver-
sion, frequency up conversion, filtering, amplification and
transmission to the communication network 141 (or net-
works) via the antenna 156.

[0050] In addition to processing communications signals,
the DSP 158 provides for control of the receiver 150 and the
transmitter 152. For example, gains applied to communica-
tions signals in the receiver 150 and transmitter 152 may be
adaptively controlled through automatic gain control algo-
rithms implemented in the DSP 158.

[0051] In a data communications mode, a received signal,
such as a text message or web page download, is processed by
the communications subsystem 101 and is input to the pro-
cessing device 180. The received signal is then further pro-
cessed by the processing device 180 for an output to the
display 160, or alternatively to some other auxiliary 1/O
device 106. A device user may also compose data items, such
as e-mail messages, using the keypad 140 and/or some other
auxiliary 1/0 device 106, such as a touchpad, a rocker switch,
athumb-wheel, or some other type of input device. The com-
posed data items may then be transmitted over the commu-
nications network 141 via the communications subsystem
101.

[0052] Ina voice communications mode, overall operation
of'the device is substantially similar to the data communica-
tions mode, except that received signals are output to a
speaker 110, and signals for transmission are generated by a
microphone 112. Alternative voice or audio I/O subsystems,
such as a voice message recording subsystem, may also be
implemented on the device 20. In addition, the display 160
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may also be utilized in voice communications mode, for
example to display the identity of a calling party, the duration
of a voice call, or other voice call related information.
[0053] Any short-range communications subsystem
enables communication between the mobile device 20 and
other proximate systems or devices, which need not neces-
sarily be similar devices. For example, the short-range com-
munications subsystem may include an infrared device and
associated circuits and components, or a Bluetooth™ com-
munications module to provide for communication with simi-
larly-enabled systems and devices.

[0054] FIG. 4 shows a section of the mobile wireless com-
munications device such as shown in FIGS. 1-3 and showing
the relative position of the antenna and battery charging con-
tacts on a portion of the back or rear section of the housing
case 200 as part of the housing forming the mobile wireless
communications device. A rear cover in some non-limiting
examples could be inserted over the illustrated housing case.
It is shown removed in this non-limiting example. In other
aspects, the housing case could include integrated or separate
front and rear housing covers depending on specific design
options.

[0055] As illustrated in this one particular configuration,
the housing case 200 is substantially rectangular configured
and includes opposing ends and longitudinal edges and
includes an end formed as a lower edge 202 corresponding,
for example, to the lower portion 47 of the mobile wireless
communications device of FIG. 1. The antenna 204 in this
example is supported at the lower edge 202 of the housing
case 200 and configured as an L-shaped antenna in cross-
section and extends over the lower edge 202 of the housing
case as illustrated. In this example, the antenna 204 extends
substantially along the entire lower edge 202 except at the
longitudinal edges.

[0056] Two battery charging contacts 208, 210 are posi-
tioned on the housing case 200 and operable to engage charg-
ing contacts (not shown) such as part of a charging cradle. The
charging contacts 208, 210 are separated by an insulator strip
211 in this example. The battery charging contacts 208, 210
are placed in close proximity to the antenna 204 as illustrated
in FIG. 4. On the housing case 200, the central section is
defined by a battery well 214 to which a battery for powering
the device could be received, and shown by the rectangular
line 216 and could also define an area in the housing case 200
for access to various components, including any PCB boards
as described relative to FIGS. 1-3.

[0057] Charging contacts are a feature of many mobile
wireless communications devices such as shown and
described relative to FIGS. 1-3. As shown by the close prox-
imity between the battery charging contacts 208, 210 and the
antenna 204 in FIG. 4, radio frequency (RF) coupling occurs
at the charging contacts and can affect the antenna perfor-
mance and cause transmitter circuitry harmonics emissions
and receiver circuitry de-sense. The charging contacts 208,
210 are typically also positioned close to a power amplifier
circuit such as described relative to FIGS. 1-3, which also
causes various RF and other interference issues with the
internal circuitry and antenna.

[0058] As shown in FIG. 5, each of the charging contacts
208, 210 includes an internal connector as an electrical con-
ductor indicated generally at 220 that extends downward and
includes a lower internal spring (e.g., biased) connector 222
that connects to a battery charging pad 224 positioned on the
printed circuit board 226. Thus, each internal connector 220
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with its associated spring connector 222 segment forms a
biased electrical connector between the exposed surface of
the contact such as shown by the reference numerals 208 and
210 in FIG. 4 and battery charging pads on the circuit board.
In this side elevation view, only one charging contact and
associated battery charging pad is illustrated. The battery
charging pad 224 connects to battery charging circuitry 225
such as by signal traces on the circuit board. The charging
circuitry 225 could be separate from the circuit board in some
examples and connected by lead wires to battery charging pad
224. Tt should be understood that in this example, FIG. 5
shows only one charging contact in this elevation view, but
each charging contact could have an internal connector 220
and its associated lower section formed as a spring connector
222 connected to a respective battery charging pad 224.
[0059] The battery charging contacts 208, 210, and any
associated battery charging pad 224 and the internal connec-
tor 220 and its associated spring connector 222 can operate
similar to an antenna, creating some interference issues. The
charging contacts 208, 210, their internal connector 220 and
associated spring connector 222 and the battery charging pad
224 connect to the charging circuit 225, which typically has a
low impedance for RF. It is typically close to the antenna, and
heavily couples energy to the antenna 204 and loads the
antenna impedance. A respective charging contact could have
a respective polarity as understood by those skilled in the art.
[0060] Any type of spring connector such as the illustrated
internal connector 220 with its associated spring connector
222 can resonate at the band of interest and cause interfer-
ence. The battery charging contacts 208, 210 with their inter-
nal connectors and charging pads can pick up digital noise
from the digital circuits as part of a mobile wireless commu-
nications device where energy is supplied from the battery
and coupled back with any power amplifier harmonics to the
battery and battery charging circuit. This creates even greater
digital noise and desensitizes any radio frequency circuitry
associated with the receiver. Also, during any transmission, a
power amplifier can eject harmonics and these harmonics can
be coupled to the charging contacts 208, 210.

[0061] Some proposals to reduce interference have used
ferrite beads positioned on printed circuit boards, for
example, on the signal traces formed on circuit boards, to
reduce the harmonics and interference. Ferrite beads on a
circuit board help reduce noise coupled beyond the ferrite
beads, for example, close to any internal connectors including
spring connectors, charging contacts or battery charging
pads. The ferrite beads, however, are positioned on the circuit
board and not at the internal connectors and associated spring
connectors and charging contacts for the charging circuit.
Thus, the RF impedance is still increased at that point in some
designs.

[0062] As shown in FIG. 5, an RF filter 230 as a core of
ferrite material is placed at each of the respective charging
contacts 208, 210 at a portion of the internal connector 220
above the associated spring connector 222 in this non-limit-
ing example and will prevent RF coupling to the antenna 202
and the associated battery charging contact and its internal
connector and associated spring connector 222 and any asso-
ciated battery charging pads. This ferrite material will also
prevent high impedance and prevent noise from being ejected
that will de-sense the receiver circuit or radiate harmonics
during the transmit mode.

[0063] The L-shaped antenna 204 as shown in FIG. 4 in this
example is wrapped around the lower edge 202 of the support
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case 200 (FIG. 5). The PCB board 226 as illustrated includes
the various RF components as described relative to FIGS. 1-3,
including connection lines and other components. These
components are not shown in detail in FIG. 5. The battery
charging contacts 208, 210 are shown closely positioned near
the antenna 204 and supported by the housing case 200 and,
as explained before, include the downward extending internal
connector 220 and its associated lower section formed as a
spring connector 222 and such that battery charging contacts
208, 210 electrically engage a battery charging pad 224 on the
printed circuit board 226 as part of the battery charging cir-
cuit. As illustrated, the battery charging pad 224 connects to
part of charging circuit 225, which is positioned on the circuit
board in this non-limiting example, but as noted before, could
be supported elsewhere in the housing.

[0064] As illustrated, an internal section of the housing
corresponding to the housing case 200 includes a downward
extending RF filter support 232 for the ferrite material as an
RF filter 230, e.g., a “holster,” as a non-limiting example in
this instance, which could be formed as a cylindrical wall 234
that extends around a substantial portion of the internal con-
nector to hold the ferrite material (formed cylindrically in this
example to fit within the filter support) in place relative to the
battery charging contacts and their internal connector 220 up
to the lower spring connector 222. The RF filter 230 formed
from the ferrite material does not interfere with the biasing
action of the internal connector in this non-limiting example
since the spring connector is not covered. Other configura-
tions besides a cylinder could be used to form the RF filter
support 232 as part of the housing case. The ferrite material
230 is received in this RF filter support and secured thereby
and acts similar to a ferrite bead relative to the internal con-
nector 220 and its associated spring connector 222 as part of
the battery charging contact 208 and prevents RF coupling.
The ferrite material as an RF filter 230 acts similar to a ferrite
bead, such as placed directly on the circuit board, but instead
is a ferrite material that encompasses a portion of the internal
connector 220. It could also encompass part of the associated
spring connector 222 as long as it did not interfere with any
biasing function of the spring connector.

[0065] In this non-limiting example, the spring connector
222 as part of the internal connector 220 is used to add
resilience to the overall connector. The mobile wireless com-
munications device during charging is typically placed in a
charging cradle (in this example), and resilience in movement
helps ensure contact for charging. The ferrite based RF filter
230 is incorporated with the charging contacts 208, 210 and
provides the high RF impedance across the frequency bands
of interest such that the charging contacts will present high
impedance to the antenna. Therefore, the antenna perfor-
mance will not be degraded.

[0066] This RF filter 230 is formed in this non-limiting
example from a ferrite material that blocks the transmission
(Tx) harmonics coupled from any RF power amplifier to any
traces or connection lines formed on the printed circuit board
such as from the battery charging pad and prevent any energy
from radiating by the charging contacts. In a radio frequency
(RF) receive mode, most of the digital noise coupled from the
processor or other CPU and other high frequency digital
circuits to the charging contacts 208, 210 will be eliminated
by the ferrite RF filter 230, which prevents receiver de-sens-
ing due to the noise picked-up by the antenna 204. By imple-
menting this RF filter 230 near the charging contacts 208, 210
as shown in FIG. 5, these technical problems are minimized

Jan. 21, 2010

as compared to a more conventional technique of placing
ferrite beads on a printed circuit board. Thus, the charging
contacts 208, 210 are designed such as in the non-limiting
example shown in FIG. 5 to incorporate the RF filter 230.
[0067] Referring now to FIG. 6, there is illustrated a block
diagram of a conventional In-phase and Quadrature (I/Q)
modulation and power amplification circuit illustrated gener-
ally at 300 that is typically used in many different types of
communications devices, especially lower power mobile
wireless communications devices. The circuit 300 has one
power amplifier circuit after the In-phase and Quadrature
modulation and mixing and power combining.

[0068] FIG. 6 shows this conventional [/QQ modulation and
power amplification circuit 300. It has In-phase and Quadra-
ture inputs (1) and (Q) for a respective In-phase circuit 302
and Quadrature circuit 304 that each include a respective
digital-to-analog converter (DAC) 310, 312, low pass filter
314, 316 and mixer 318, 320 as illustrated. A local oscillator
330 generates a local oscillator (LO) signal into a frequency
divider 332, which passes the resulting and divided signals
into the respective mixers 318, 320 as illustrated. The fre-
quency divider 332 provides for +45 and -45 phase/fre-
quency adjustment for I and Q modulation.

[0069] The output from the mixers 318, 320 are combined
(or summed) at a power combiner 340 into one signal that is
then bandpass filtered within a respective bandpass filter 342.
One or more RF power amplifiers form a power amplifier
circuit 350 amplifies the signal after bandpass filtering. The
amplified signal is then filtered in a low pass filter 352. The
filtered signal is passed to further RF circuits for other pro-
cessing, including an antenna as part of any transmitter cir-
cuitry for signal transmission over-the-air. The modulation
and power amplification circuit 300 shown in FIG. 6 may
have linearity issues with the power amplifier (PA) circuit 350
and requires a more flexible IQ modulation scheme. This can
be especially relevant when the power amplifier circuit design
is used for 8 PSK (phase shift keying), quadrature amplitude
modulation (QAM) and similar modulation schemes, typical
in some lower power communications devices.

[0070] This conventional circuit 300 also may have a poor
antenna match degrading total radiated power (TRP) and
cause less efficiency because of the current power amplifier
drawbacks, making it difficult to make improvements in radio
frequency transmitter performance and battery life. Also, this
type of conventional circuit 300 may have harmonics issues
because of the higher non-linearity of the power amplifier.
Some very high power I/QQ modulation circuits such as in
large and powerful base stations may use multiple power
amplifiers that are power combined into an antenna, but they
typically incorporate complex circuit features such as feed
forward, feedback, free-distortion, complex mixing and com-
plex power amplifier circuits. Those types of solutions are not
always adequate for lower power mobile wireless communi-
cations device. Some communications circuits for [/Q modu-
lation incorporate parallel output stages. These are usually
targeted to achieve better linearity in any power amplifier
circuit. The parallel output stages are sometimes used for heat
control, increased power output, signal quality, peak power
improvement and similar aspects. These circuits still may
suffer drawbacks and may not be as reliable or adapted for
lower power application as indicated above.

[0071] FIG. 7 is a block diagram of an 1Q modulation and
power amplification circuit 400 in accordance with a non-
limiting aspect that includes I/Q signal inputs and an In-phase
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circuit 402 and Quadrature circuit 404, including the basic
components in each I/Q circuit 402, 404 of a respective DAC
410,412, LPF 414, 416 and mixer 418, 420. The components
are similar to components shown in FIG. 6, but with modifi-
cations that could be made as a result of the changes in each
1/Q circuit 402, 404 to include a power amplifier circuit as
described below.

[0072] Eachl/Qcircuit402, 404 includes a power amplifier
circuit 450a, 4506 that is used only for amplifying respective
I or Q signals in the respective I/Q circuits 402, 404. The
respective power amplifier circuit 450a, 4506 is positioned
into each of the respective In-phase and Quadrature circuits
402, 404. The local oscillator 430 and frequency divider
circuits 432 can be similar as with the circuit of FIG. 6 with
modifications as are necessary. After mixing within respec-
tive mixers 418, 420, the respective [ and Q signals are each
bandpass filtered within the respective bandpass filters 442a,
442b, and then each power amplified by respective power
amplifier circuits 450a, 4505 such that the separate In-phase
and Quadrature signals are power amplified separately and
not after being combined as in the circuit of FIG. 6. After-
ward, the respective I and Q signals are power combined
within a power combiner 460 and the resultant signal filtered
within a low pass filter 462.

[0073] This I/Q modulation and power amplification circuit
400 in this non-limiting example uses two separate power
amplifier circuits 450a/4505 with 3 dB less output power as
compared to a more conventional single power amplifier cir-
cuit positioned after combining such as shown in FIG. 6,
resulting in better linearity of the power amplifier circuit and
increased DC power efficiency, while still maintaining the
same output power through a 3 dB power combiner 460 as a
non-limiting example. The power combiner 460 isolates the
output from the input such that the circuit 400 can prevent a
poor antenna match from directly affecting the power ampli-
fier and radio frequency (RF) performance. With higher and
more efficient power amplifier circuits 450a, 4505 as
described for each 1/Q circuit 402, 404, it is possible to gain
longer battery life. Because it is possible to use more linear
power amplifiers with the design as shown in FIG. 7, there is
less harmonic emission from the power amplifier output.

[0074] Not only is IQ modulation achieved with the circuit
design shown in FIG. 7, but also digital amplitude, frequency
and phase modulation is achieved in an efficient manner. The
better linearity and power-added efficiency occurs because of
using smaller power amplifier circuits such as associated with
a mobile wireless communications device to achieve a
desired output power, for example, greater than 33 dBm. This
1/Q modulation and power amplification circuit 400 allows a
more flexible digital modulation for different modulation
schemes with similar hardware architectures. It is possible to
implement the circuit 400 on a single transceiver chip such as
shown by the line at 470 due to the use of the respective power
amplifier circuits 450a, 4505, transmitting 3 dB less of RF
power than a normal single power amplifier circuit 350 such
as shown in FIG. 6. The 1Q modulation and power amplifi-
cation circuit 400 shown in FIG. 7 includes as a non-limiting
example a 3 dB power combiner 460 such as a quadrature
hybrid power combiner and provides an easier power ampli-
fier match for better output power, efficiency and immunity to
mobile antenna impedance change. The power combiner 460
also allows the cancellation of even order transmit harmonics,
which in turn, will make any harmonics filter design easier
with less insertion loss and associated factors.
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[0075] A quadrature hybrid power combiner 460 as a non-
limiting example can be formed using different techniques
and typically combines two, usually equal amplitude, quadra-
ture-phased input signals into a single output signal. The
combiner could use lumped element circuits, strip line cir-
cuits, or other circuits. The strip line circuits can be used in
those applications requiring low loss or high power or both.
Typically, a fundamental circuit element is a 3 dB quarter-
wave coupler and formed as a four port network. The signal
applied to a first port could be split equally between a second
and third port with one of the outputs having a relative 90-de-
gree phase shift. When the second and third ports are termi-
nated into matching impedances, the signal applied to the first
port is typically transmitted to a load connected to the second
and third ports such that a fourth port receives negligible
power and is “isolated.” An impedance mismatch at the sec-
ond port could reflect some signal power back from the sec-
ond port to be divided proportionally between the first and
fourth ports. Itis also possible to vary the relative input/output
phasing even though the relationship between the output ports
is maintained at 90 degrees. It may be possible to form a
lumped element construction with one or more toroidal cores.
Typically in a lumped element design, the insertion loss is
related to the Q values of different components used in the
network. In astrip line component, however, the insertion loss
can result from the resistance of conductors and a mismatch
loss at input/output ports and directivity loss. Thicker con-
ductors could reduce some of that loss.

[0076] The I/Q modulation and power amplification circuit
400 shown in FIG. 7 overcomes the technical drawbacks and
problems associated with the type of circuit 300 shown in
FIG. 6 in which only one power amplifier circuit 350 is used
after power combining, especially with power amplifier
designs for GSM/GPRS/EDGE systems to achieve both
GMSK and 8 PSK. Different RF transceiver systems have
different transceiver architectures for digital frequency and
phase modulations with IQ modulation.

[0077] The I/Q modulation and power amplification circuit
400 of FIG. 7 with respective power amplifier circuits 450a,
45056 in each of I and Q circuits 402, 404 allows greater
control over any power amplifier driver and/or power ampli-
fier biasing, even when using either open loop systems or
larger or smaller closed loop systems. Controllers 480a, 4805
(or one controller) are operative with the respective power
amplifier circuit 4504, 4505 and controls gain and other fac-
tors. The controllers 480a, 4805 can be open loop or closed
loop control (as shown by the dashed feedback line in each
circuit). The I/Q modulation and power amplification circuit
400 shown in FIG. 7 unifies the IQ modulation scheme with
linear/higher efficiency/higher power requirements of power
amplifier designs such that different types of digital modula-
tions, for example, AM, FM and PM can be fulfilled. Also, the
two respective power amplifier circuits 450a, 4505 shown in
FIG. 7 can be calibrated to achieve high linear/efficiency/
power amplifier design with low harmonics and less sensitiv-
ity to antenna loading.

[0078] Inone non-limiting aspect, the power combiner 460
is operative as a 3 dB quadrature hybrid combiner as noted
before. With this circuit design as described, two power
amplifier circuits 450a, 4505 could be used with only 30 dBm
(1 watt) output power to achieve 33 dBm. The loss due to the
power combiner 460 could be about 0.2 to about 0.3 dB,
which could handled using a sharp low pass filter 462 to force
down the third harmonics of the power amplifier. Thus, it is
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possible that the power amplifier circuits 450a, 4505 with 30
dBm output can be established to achieve 33 dBm output.
Typically, using the 3 dB quadrature hybrid power combiner
460, it is possible to isolate the antenna matching from the
power amplifier matching to obtain better transmission radi-
ated power (TRP). As a result, the antenna design does not
require more than one feed port to incorporate the power
combiner as described.

[0079] It should be understood that the quadrature hybrid
power combiner 460 can be tolerable to the mismatch of an
antenna load impedance. Also, the quadrature hybrid gives
greater reflectivity for phase and frequency modulation.
Thus, efficient amplitude modulation can occur by changing
the bias of the power amplifier circuits 450a, 4505 for each of
the In-phase and Quadrature circuits 402, 404 and give
greater flexibility in circuit function.

[0080] FIG. 7A illustrates a graph showing an example of
the cancellation of some even order harmonics using the
circuit of FIG. 7.

[0081] Some mobile wireless communications devices
incorporate various antenna designs that include antenna con-
tacts such as shown in FIGS. 8 and 9. These antenna contacts
typically connect between an antenna carried inside the
mobile wireless communications device such as shown in
FIGS. 1-3 and a circuit board carrying RF circuitry, such as a
transceiver. An equivalent schematic circuit diagram for the
antenna contact 500 of FIGS. 8 and 9 and an associated
antenna is shown in FIG. 10 in which the antenna 502 is
illustrated. This antenna 502 includes a contact point (c) 504
connecting the antenna contact and at an antenna flex section
506 that extends from the contact point (c) 504 to the point
where the antenna contact connects, and an extended flex
section as an RF stub 508.

[0082] As illustrated, the antenna contact 500 is configured
to act like a spring such as shown in the examples of FIGS. 9
and 10 (configured similar to an elongated clip or hairpin with
upper and lower or top and bottom legs) and having an induc-
tance L, based on its configuration and its contact to the RF
stub and flex and to a contact on the printed circuit board 520.
Both FIGS. 9 and 10 show how the antenna contact 500 forms
a spring type mechanism in which the lower section or leg 530
forms a board contact that could be soldered or attached by
other techniques to the printed circuit board 520, for example,
an antenna board as in FIG. 10. The upper section or leg 532
of the antenna contact is a biased spring section forming an
upper leg engages an antenna at its contact point 504, includ-
ing any necessary feed lines or other contact points or con-
nections.

[0083] FIG. 9 shows an additional contact section 534 that
slides on the upper spring biased section or leg 532 to form a
section that engages at the contact point the RF stub as
explained before. This contact section 534 includes an upper
contact member 536 shaped in an inverted U for making
contact to the antenna near the RF stub at the contact point in
one non-limiting example. The antenna contact 500 in FIG. 8
could have a similar additional upper contact member 534
slid thereon.

[0084] One drawback of such antenna contact designs as
shown in FIGS. 8 and 9 and the equivalent schematic circuit
of FIG. 10 is that these antenna contacts as circuits do not
provide adequate RF performance because of the long physi-
cal length that creates a higher radio frequency (RF) induc-
tance. The RF performance varies significantly because of the
design variation in antenna contact design. Also, the spring
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effect of these types of antenna contacts often is lost after
being depressed even one time. This type of antenna contact
is not as strong as desirable and does not adequately secure to
an antenna after the mobile wireless communications device
has been dropped several times, thus, creating reliability
issues such as caused from weak solder joints engaging the
antenna contact, for example, to the circuit board.

[0085] FIGS. 11-14 show an antenna contact 600 in accor-
dance with a non-limiting aspect that offers better RF perfor-
mance by significantly reducing any antenna contact length
and providing parallel inductances as shown in the equivalent
schematic circuit diagram of FIG. 13. This antenna contact
600 has similar functional components as in that shown in
FIGS. 8-10 but with enhanced performance resulting from
better design. As shown in the schematic circuit diagram of
FIG. 13, basic components of the antenna contact 600 include
the extended flex portion as the RF stub 608, the contact point
604, the antenna flex 606 and other portions forming the
antenna 602 and operating through RF components on the
circuit board 620 such as a transceiver circuit. The equivalent
inductance Le in FI1G. 13 is significantly reduced as compared
with the single higher inductance of I shown in the antenna
contact and associated antenna schematic circuit of FIG. 8.

[0086] FIGS. 11, 12 and 14 are fragmentary and partial
isometric views of the antenna contact 600 and showing the
basic configuration in FIG. 12 with a portion of the antenna
flex 606 and the contact point 604 and RF stub 608. Relative
dimensions are shown in the equivalent schematic circuit of
FIGS. 13 and 14 to give an idea of the resulting improvement
in performance.

[0087] This configuration as shown in FIGS. 11-14 pro-
vides consistent physical contact with the antenna flex 606
and RF stub 608 (FIG. 11). To reduce the variation of the
contact point C 604 and the extended antenna flex 606 and the
RF stub 608, a core shield EMI material 650 as an RF filter is
added on the antenna flex at the contact point and engages the
RF stub 608 and provides secure contact and low RF induc-
tance and variation. As illustrated, to strengthen the resulting
biasing of the antenna contact configuration, the antenna
contact 600 includes a lower leg 630 at the upper spring
biased section or upper leg 632 is formed to have increased
mechanical support resulting from an inverted V-shaped con-
figuration forming P1 and P2 for that upper section or upper
leg 632 along with a horizontally extending slide landing
element 670 P3. To avoid potential solder wicking during a
solder reflow process when the antenna contact 600 is sol-
dered onto a circuit board such as a main circuit board or
antenna board, the edges 672 for the slide landing element P3
670 are elevated from contact with P4 630 as the lower section
that contacts the printed circuit board and forms a concave
shape or U-shaped bend while still maintaining physical and
electrical contact with the lower leg 630 P4. Thus, the antenna
contact still has a configuration similar to a C-clip, but with
greater efficiency of design. This improved antenna contact
600 as described and shown in FIGS. 11-13 provides strong
and secure physical contact to improve the reliability of a
drop test while offering good and consistent radio frequency
(RF) performance.

[0088] The EMI material forming the filter 650 as shown in
FIGS. 12 and 14 can be a conductive foam glued to the
antenna flex as the RF stub 608, such as a gore-shield® EMI
material as the GS8000 EMI shielding gasket. This type of
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material provides excellent conformability and excellent cav-
ity-to-cavity EMI shielding and conductivity at low compres-
sive forces.

[0089] This type of material can be supplied as a precision
die-cut part on rolls and can be formed as a foil-backed,
nickel-plated base polymer with an electrically conductive
and pressure-sensitive adhesive. No curing is required.

GS8000 Nominal Properties

Property Nominal Value Test Method
Composite thickness 1.62 = 0.25 mm Measured
Die-cut thickness 1.0 mm* Optically
Liner 0.51 mm Polyester N/A
Recommended compression 0.3 to 0.5 mm N/A
stop (0.4 mm ideal)
Pressure to compress to 3.5 kg/em? EM2WIIN
0.4 mm (50 psi) T-1055%3
DC resistance at 0.4 mm 6 me2 EM2WIIN
T-1055>*
Volume resistivity at 0.4 mm  0.03 Q-cm Modified
ASTM-D2739
Shielding effectiveness at >80 dB Modified
0.4 mm (0.1 to 3 GHz) ARP-1705%

[0090] An example of relative dimensions for the antenna
contact 600 is shown in FIG. 14. “X” could be about 4.2 mm.
“Y” could be about 1.6 mm. “Z” could be about 1.5 mm.
[0091] This application is related to copending patent
applications entitled, “MOBILE WIRELESS COMMUNI-
CATIONS DEVICE WITH SEPARATE IN-PHASE AND
QUADRATURE POWER AMPLIFICATION,” and
“MOBILE WIRELESS COMMUNICATIONS DEVICE
WITH RF IMMUNE CHARGING CONTACTS,” which are
filed on the same date and by the same assignee and inventors,
the disclosures which are hereby incorporated by reference.
[0092] Many modifications and other embodiments will
come to the mind of one skilled in the art having the benefit of
the teachings presented in the foregoing descriptions and the
associated drawings. Therefore, it is understood that various
modifications and embodiments are intended to be included
within the scope of the appended claims.

That which is claimed is:

1. A mobile wireless communications device, comprising:

a housing;

at least one circuit board carried by the housing and includ-

ing radio frequency (RF) circuitry carried by the circuit
board and comprising a transceiver, and a processor
carried by the at least one circuit board and operative
with the RF circuitry;

an antenna mounted within the housing; and

an antenna contact secured on the at least one circuit board

and operatively connecting the RF circuitry and engag-
ing the antenna at an antenna contact point, and further
comprising an electromagnetic interference (EMI)
shielding material positioned at the antenna contact
point for reducing RF inductance effects.

2. The mobile wireless communications device according
to claim 1, wherein said EMI shielding material comprises a
conductive foam.

3. The mobile wireless communications device according
to claim 1, wherein said EMI shielding material comprises a
foil-backed, nickel-plated base polymer having an electri-
cally conductive and pressure-sensitive adhesive.
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4. The mobile wireless communications device according
to claim 1, wherein said antenna includes an a flex section at
the contact point and forming an RF stub, and said EMI
material engages said flex section.

5. The mobile wireless communications device according
to claim 1, wherein said antenna contact comprises a lower
leg that is secured to said circuit board and an upper leg
having an inverted V-shaped upper contact member engaging
the antenna at the antenna contact point.

6. The mobile wireless communications device according
to claim 5, wherein said upper leg is biased towards said lower
leg.

7. The mobile wireless communications device according
to claim 5, wherein said lower leg and upper leg form a hairpin
clip configuration.

8. The mobile wireless communications device according
to claim 5, wherein said upper leg further comprises a hori-
zontal landing element that extends from said inverted
V-shaped upper contact member and overlaps a portion of the
lower leg.

9. The mobile wireless communications device according
to claim 8, wherein said landing element comprises edges that
are upturned from the lower leg and forming a U-shaped bend
while maintaining physical and electrical contact with the
lower leg to avoid potential solder wicking during a solder
reflow process when the antenna contact is soldered onto a
circuit board.

10. A mobile wireless communications device, compris-
ing:

a housing;

at least one circuit board carried by the housing and includ-

ing radio frequency (RF) circuitry carried by the circuit
board and comprising a transceiver, and a processor
carried by the at least one circuit board and operative
with the RF circuitry;

an antenna mounted within the housing; and

an antenna contact secured on the at least one circuit board

and operatively connecting the RF circuitry, wherein
said antenna further comprises a flex section at the con-
tact point and forming an RF stub and said antenna
contact further comprises a lower leg that is secured to
said circuit board and an upper leg having an inverted
V-shaped upper contact member engaging the antenna at
the antenna contact point such that the inverted v-shaped
upper contact member provides parallel inductances and
reduces RF inductance effects.

11. The mobile wireless communications device according
to claim 100 wherein said upper leg is biased towards said
lower leg.

12. The mobile wireless communications device according
to claim 10, wherein said lower leg and upper leg form a
hairpin clip configuration.

13. The mobile wireless communications device according
to claim 10, wherein said upper leg further comprises a hori-
zontal landing element that extends from said inverted
V-shaped upper contact member and overlaps a portion of the
lower leg.

14. The mobile wireless communications device according
to claim 13, wherein said landing element comprises edges
that are upturned from the lower leg and forming a U-shaped
bend while maintaining physical and electrical contact with
the lower leg to avoid potential solder wicking during a solder
reflow process when the antenna contact is soldered onto a
circuit board.
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15. The mobile wireless communications device according
to claim 10, and further comprising an electromagnetic inter-
ference (EMI) shielding material positioned at the antenna
contact point for reducing RF inductance effects.

16. The mobile wireless communication device according
to claim 15, wherein said EMI material engages said flex
section.

17. The mobile wireless communications device according
to claim 15, wherein said EMI shielding material comprises a
conductive foam.

18. The mobile wireless communications device according
to claim 15, wherein said EMI shielding material comprises a
foil-backed, nickel-plated base polymer having an electri-
cally conductive and pressure-sensitive adhesive.

19. A method of operating a mobile wireless communica-
tions device, which comprises:

providing a housing, at least one circuit board carried by

the housing and including radio frequency (RF) circuitry
carried by the circuit board and comprising a transceiver,
and a processor carried by the at least one circuit board
and operative with the RF circuitry, an antenna mounted
within the housing, and an antenna contact secured on
the at least one circuit board and operatively connecting
the RF circuitry and engaging the antenna at an antenna
contact point; and

reducing RF inductance effects by positioning an electro-

magnetic interference (EMI) shielding material at the
antenna contact point.
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20. The method according to claim 19, wherein said
antenna comprises a flex section at the contact point and
forming an RF stub and further comprising reducing RF
inductance effects by forming an upper leg of the antenna
contact to have an inverted V-shaped upper contact member
engaging the antenna at the antenna contact point such that
the inverted v-shaped upper contact member provides parallel
inductances and reduces RF inductance effects.

21. The method according to claim 20, and further com-
prising upturning edges of on a horizontal landing element
that extends from the inverted V-shaped upper contact mem-
ber and overlaps a portion of a lower leg of the antenna contact
to form a U-shaped bend while maintaining physical and
electrical contact with the lower leg to avoid potential solder
wicking during a solder reflow process when the antenna
contact is soldered onto a circuit board.

22. The method according to claim 19, and further com-
prising biasing the upper leg towards a lower leg of the
antenna contact that is secured to the circuit board and opera-
tively connected to said RF circuitry.

23. The method according to claim 19, and further com-
prising forming the EMI shielding material as a conductive
foam.

24. The method according to claim 19, and further com-
prising forming the EMI shielding material as a foil-backed,
nickel-plated base polymer having an electrically conductive
and pressure-sensitive adhesive.

sk sk sk sk sk
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A multi-frequency antenna and an electronic device having
the multi-frequency antenna are disclosed. The multi-fre-
quency antenna comprises: a first radiating element including
a first end and a second end; a grounding element connected
to the first end of the first radiating element; a feeding struc-
ture for inputting an electrical signal to the first radiating
element; and a second radiating element including a first end
and a second end. The first end of the second radiating ele-
ment includes a transitional portion; and the second radiating
element is connected to the second end of the first radiating
element by the transitional portion. So that the first radiating
element forms a first current path to generate a first resonant
mode; and the second radiating element forms a second cur-
rent path to generate a second resonant mode.
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MULTI-FREQUENCY ANTENNA AND AN
ELECTRONIC DEVICE HAVING THE
MULTI-FREQUENCY ANTENNA

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a multi-frequency
antenna and an electronic device having the multi-frequency
antenna, and, more particularly, to an inductively coupled
multi-frequency antenna and an electronic device having the
multi-frequency antenna.

[0003] 2. Description of the Related Art

[0004] With wireless communication technology develop-
ment, people have higher and higher demands for wireless
communication. There are many electronic devices with
wireless communication function such as mobile phones,
GPS, PDAs, and notebook computers. Meanwhile, more and
more information are transmitted via the wireless network, so
the bandwidth is also increased.

[0005] Prior art technology includes many different wire-
less communication technologies for different operation fre-
quencies, such as UWB, WIMAX, WiFi or 3G wireless com-
munication technology. Therefore, in order to satisfy wireless
communication at different frequencies, multi-frequency
antennas have become the main trend.

[0006] However, people also prefer smaller and lighter
electronic devices, and the wireless communication units
need to have smaller size too.

[0007] Prior art technology discloses a planar Inverted-F
antenna. Please refer to FIGS. 1A and 1B. FIG. 1A is a
schematic drawing of a prior art planar Inverted-F antenna.
FIG. 1B is a VSWR relationship drawing of the prior art
planar Inverted-F antenna. As shown in FIG. 1A, a prior art
antenna 90 has a radiating element 91, a grounding element
92 and a feeding structure 93, As shown in FIG. 1B, the
antenna 90 only has one single resonant mode, which cannot
provide multi-frequencies.

[0008] Therefore, it is desirable to provide a multi-fre-
quency antenna that can provide broad bandwidth and smaller
dimensions to mitigate and/or obviate the aforementioned
problems.

SUMMARY OF THE INVENTION

[0009] A main objective of the present invention is to pro-
vide a multi-frequency antenna and an electronic device hav-
ing the multi-frequency antenna, which can provide broad
bandwidth and smaller dimensions.

[0010] The electronic device of the invention comprises a
wireless transmission module and a multi-frequency antenna,
the multi-frequency antenna and the wireless transmission
module are electrically connected together. The multi-fre-
quency antenna comprises: a first radiating element including
a first end and a second end; a grounding element connected
to the first end of the first radiating element; a feeding struc-
ture for inputting an electrical signal to the first radiating
element; and a second radiating element including a first end
and a second end. The first end of the second radiating ele-
ment includes a transitional portion; and the second radiating
element is connected to the second end of the first radiating
element by the transitional portion. So that the first radiating
element forms a first current path to generate a first resonant
mode; and the second radiating element forms a second cur-
rent path to generate a second resonant mode.
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[0011] Inone embodiment of the invention, the first radiat-
ing element and the second radiating element are integrated
together; the transitional portion has a substantially 90°
angle, the second radiating element is connected to the second
end of the first radiating element via the transitional portion
and extends toward to the first end of the first radiating ele-
ment, so the second radiating element is substantially parallel
with the first radiating element; and a gap is formed between
the first radiating element and the second radiating element.

[0012] In one embodiment of the invention, the multi-fre-
quency antenna further has a top load, and the top load and the
second end of the second radiating element are electrically
connected together; wherein the top load is an inductive load.
The top load is electrically connected to the second radiating
element via passive component connection, circuit connec-
tion or direct connection; the shape of the top load is a loop
shape, which is different from the shape of the second radi-
ating element.

[0013] In one embodiment of the invention, the multi-fre-
quency antenna has a base and a third radiating element. The
base has a first surface and a second surface, and the first
radiating element, the grounding element, the feeding struc-
ture, the second radiating element and the top load being
disposed on the first surface. The third radiating element is
disposed on the second surface and is electrically connected
to the grounding element. The feeding structure feeds back
the electrical signal to the third radiating element by capaci-
tive coupling.

[0014] Other objects, advantages, and novel features of the
invention will become more apparent from the following
detailed description when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]
antenna.

[0016] FIG.1BisaVSWR relationship drawing ofthe prior
art antenna.

[0017] FIG. 2A is a schematic drawing of a multi-fre-
quency antenna in a first embodiment according to the inven-
tion.

[0018] FIG. 2B is a VSWR relationship drawing of the
multi-frequency antenna in the first embodiment according to
the invention.

[0019] FIG. 3A is a schematic drawing of a multi-fre-
quency antenna in a second embodiment according to the
invention.

[0020] FIG. 3B is a VSWR relationship drawing of the
multi-frequency antenna in the second embodiment accord-
ing to the invention.

[0021] FIG. 4A is a back view schematic drawing of a
multi-frequency antenna in a third embodiment according to
the invention.

[0022] FIG. 4B is a front view schematic drawing of a
multi-frequency antenna in the third embodiment according
to the invention.

[0023] FIG. 4C is a VSWR relationship drawing of the
multi-frequency antenna in the third embodiment according
to the invention.

FIG. 1A is a schematic drawing of a prior art
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[0024] FIG.51is a functional block drawing of an electronic
device according to the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0025] Pleases refer to FIG. 2A and FIG.2B. FIG. 2A is a
schematic drawing of a multi-frequency antenna in a first
embodiment according to the invention. FIG. 2B is a VSWR
relationship drawing of the multi-frequency antenna in the
first embodiment according to the invention.

[0026] Asshown in FIG. 2A, a multi-frequency antenna 10
of the first embodiment has a first radiating element 11, a
grounding element 12, a feeding structure 13 and a second
radiating element 14. The first radiating element 11 has a first
end 111 and a second end 112. The grounding element 12 is
connected to the firstend 111 of the first radiating element 11.
[0027] The feeding structure 13 has a feeding point (not
shown) being electrically connected to a feeding wire (not
shown), which is used for inputting electrical signals to the
first radiating element 11. The feeding wire can be a RF cable
or other various cables.

[0028] As shown in FIG. 2A, the second radiating element
14 has a first end 141 and a second end 142, and the first end
141 of the second radiating element 14 has a transitional
portion, the second radiating element 14 is connected to the
second end 112 of the first radiating element 12 via the tran-
sitional portion.

[0029] Since the second radiating element 14 is connected
to the first radiating element 12 via the transitional portion,
when the feeding structure 13 feeds electrical signals to the
first radiating element 11, a first current path is formed on the
first radiating element 11 and a second current path is formed
on the second radiating element 14. Therefore, the multi-
frequency antenna 10 generates two resonant modes to pro-
vide multiple frequencies. The first radiating element 11 gen-
erates the first resonant mode, and the second radiating
element 14 generates the second resonant mode with a lower
operation frequency than the first resonant mode.

[0030] As shown in FIG. 2A, the first radiating element 11
has a V shape, however, the radiating element with any other
shape can still be the first radiating element 11. The second
radiating element 14 has an L shape, but radiating element
with any other shape can still be the second radiating element
14. Furthermore, the first radiating element 11 and the second
radiating element 14 are integrated together. However, differ-
ent shapes and lengths ofthe first radiating element 11 and the
second radiating element 14 can change the characteristics of
the antenna, and the antenna designer can change the shapes
and lengths of the first radiating element 11 or the second
radiating element 14 to have different operation frequencies
and bandwidth of the multi-frequency antenna 10. Similarly,
a gap is formed between the first radiating element 11 and the
second radiating element 14, and the size of the gap can
change the characteristic of the antenna.

[0031] As shownin FIG. 2A, the transitional portion of the
first end 141 of the second radiating element 14 has a sub-
stantially 90° angle, and the second radiating element 14 is
connected to the second end 112 of'the first radiating element
11 via the transitional portion and extends toward to the first
end 111 of the first radiating element 11 so the second radi-
ating element 14 is substantially parallel with the first radiat-
ing element 11. Therefore, the multi-frequency antenna 10
can have a smaller dimension to satisfy modern design
requirement. However, the transitional portion of the second

Jan. 21, 2010

radiating element 14 can be not the 90° angle, and the second
radiating element 14 can be not parallel with the first radiating
element 11. As long as the first radiating element 11 and the
second radiating element 14 can form several current paths
and several resonant modes, the multi-frequency antenna 10
is accepted.

[0032] FIG. 2B shows a VSWR relationship drawing of the
multi-frequency antenna 10 at different frequencies. As
shown in FIG. 2B, the multi-frequency antenna 10 at opera-
tion frequency between 1.7 GHz to 2.2 GHz generates the first
resonant mode and at a lower operation frequency 0.95 GHz
generates the second resonant mode.

[0033] Comparing FIG. 1B with FIG. 2B, the prior art
antenna 90 can only generate one single resonant mode, and
the antenna 10 of the invention can generate two resonant
modes and has multi-frequencies.

[0034] Please refer to FIG. 3A and FIG. 3B. FIG. 3A is a
schematic drawing of a multi-frequency antenna in a second
embodiment according to the invention. FIG. 3B is a VSWR
relationship drawing of the multi-frequency antenna in the
second embodiment according to the invention.

[0035] As shown in FIG. 3A, in a second embodiment, the
multi-frequency antenna 20 comprises a first radiating ele-
ment 21, a grounding element 22, a feeding structure 23, a
second radiating element 24 and a top load 25.

[0036] Thedifference between the second embodiment and
the first embodiment is, in the second embodiment, the multi-
frequency antenna 20 comprises the top load 25 electrically
connected with the second radiating element 24. With the
electric reactance matching effect of the top load 25, the
second resonant mode generated by the second radiating ele-
ment 24 at low operation frequency can provide broad band-
width.

[0037] As shown in FIG. 3A, the top load 25 has a loop
shape, which can shorten the resonant path. However, the top
load 25 just needs to have a shape different from the shape of
the second radiating element 24, and the top load 25 is able to
form an inductive load to change the bandwidth. Further-
more, as long as the top load 25 and the second radiating
element 24 are electrically connected together, the antenna of
the invention can provide multi-frequencies. For example, the
top load 25 and the second radiating element 24 can be elec-
trically connected via passive component connection, circuit
connection or direct connection.

[0038] FIG. 3B shows a VSWR relationship drawing of the
multi-frequency antenna 20 at different frequencies. Compar-
ing FIG. 2B with FIG. 3B, the multi-frequency antenna 20 in
the second embodiment depends on the electrical connection
of the top load 25 so the second resonant mode at low fre-
quency can provide broad bandwidth.

[0039] Please refer to FIG. 4A, FIG. 4B and FIG. 4C. FIG.
4A is a back view schematic drawing of a multi-frequency
antenna in a third embodiment according to the invention.
FIG. 4B is a front view schematic drawing of a multi-fre-
quency antenna in the third embodiment according to the
invention. FIG. 4C is a VSWR relationship drawing of the
multi-frequency antenna in the third embodiment according
to the invention.

[0040] As shown in FIG. 4A and FIG. 4B, the multi-fre-
quency antenna 30 in the third embodiment comprises a first
radiating element 31, grounding elements 32 and 32', feeding
structures 33 and 33, a second radiating element 34, a top
load 35, a third radiating element 36 and a base 37. The base
37 has a first surface (the back surface) 371 and a second
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surface (the front surface) 372. The first radiating element 31,
the grounding element 32, the feeding structure 33, the sec-
ond radiating element 34 and the top load 35 are disposed on
the first surface (the back surface) 371 of the base 37; and the
third radiating element 36, the grounding element 32' and the
feeding structure 33' are disposed on the second surface (the
front surface) 372 of the base 37. The base 37 can be a FR4
(Flame Retardant 4) standard fiber glass printed circuit board
or other various design.

[0041] The difference between the third embodiment and
the second embodiment is, in the third embodiment, the
multi-frequency antenna 30 further has a third radiating ele-
ment 36. The third radiating element 36 is disposed on the
second surface (the front surface) 372 of the base 37. The
third radiating element 36 and the grounding element 32
disposed on the first surface (the back surface) 371 of the base
37 are electrically connected together via the grounding ele-
ment 32'; and the third radiating element 36 and the feeding
structure 33 disposed on the first surface (the back surface)
371 of the base 37 are electrically connected via the feeding
structure 33'. Therefore, the multi-frequency antenna 30
feeds electrical signals to the third radiating element 36 via
the feeding structures 33 and 33' by capacitive coupling, to
adjust the matching of the first resonant mode and the second
resonant mode to increase the bandwidth.

[0042] As shown in FIG. 4B, the third radiating element 36
is an irregular shape, or any various shape.

[0043] FIG. 4C shows a VSWR relationship drawing of the
multi-frequency antenna 30 at different frequencies. Compar-
ing FIG. 3B with FIG. 4C, the multi-frequency antenna 30 in
the third embodiment utilizes the third radiating element 36
capacitive coupling effect to increase the bandwidth of the
first resonant mode and the second resonant mode.

[0044] Furthermore, the multi-frequency antennas 10, 20
and 30 can be planar antennas.

[0045] Please refer to FIG. 5, which is a functional block
drawing of an electronic device according to the invention. In
one embodiment of the invention, the electronic device 50 can
be acell phone, a GPS, a PDA, or a notebook computer or any
other portable device. As shown in FIG. 5, an electronic
device 50 comprises the multi-frequency antenna 30 and a
wireless transmission module 51. The electronic device 50
utilizes RF cable (not shown) to feed into the multi-frequency
antenna 30 and being electrically connected to the wireless
transmission module 51, to process signals from the multi-
frequency antenna 30 via the wireless transmission module
51. Afterward, the electronic device 50 utilizes the multi-
frequency antenna 30 to receive or transmit wireless signals
to other device (not shown).

[0046] Moreover, the electronic device 50 can also have
either the multi-frequency antenna 10 or 20 to replace the
multi-frequency antenna 30.

[0047] Although the present invention has been explained
in relation to its preferred embodiment, it is to be understood
that many other possible modifications and variations can be
made without departing from the spirit and scope of the
invention as hereinafter claimed.

What is claimed is:

1. A multi-frequency antenna comprising:

a first radiating element including a first end and a second
end;

a grounding element connected to the first end of the first
radiating element;
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a feeding structure for inputting an electrical signal to the
first radiating element; and

a second radiating element including a first end and a
second end; the

first end of the second radiating element including a tran-
sitional portion;

and the second radiating element is connected to the sec-
ond end of the first radiating element by the transitional
portion;

whereby the first radiating element forms a first current
path to generate a first resonant mode; and the second
radiating element forms a second current path to gener-
ate a second resonant mode.

2. The multi-frequency antenna as claimed in claim 1,
wherein the first radiating element and the second radiating
element are integrated together.

3. The multi-frequency antenna as claimed in claim 1,
wherein the transitional portion has a substantially 90° angle,
the second radiating element is connected to the second end of
the first radiating element via the transitional portion and
extends toward to the first end of the first radiating element, so
the second radiating element is substantially parallel with the
first radiating element.

4. The multi-frequency antenna as claimed in claim 3,
wherein a gap is formed between the first radiating element
and the second radiating element.

5. The multi-frequency antenna as claimed in claim 1 fur-
ther comprising a top load, the top load and the second end of
the second radiating element being electrically connected
together; wherein the top load is an inductive load.

6. The multi-frequency antenna as claimed in claim 5,
wherein the top load is electrically connected to the second
radiating element via passive component connection, circuit
connection or direct connection.

7. The multi-frequency antenna as claimed in claim 5,
wherein the shape of the top load is different form the shape
of the second radiating element.

8. The multi-frequency antenna as claimed in claim 5,
wherein the shape of the top load is a loop shape.

9. The multi-frequency antenna as claimed in claim 5 fur-
ther comprising:

a base having a first surface and a second surface; the first
radiating element, the grounding element, the feeding
structure, the second radiating element and the top load
being disposed on the first surface; and

a third radiating element disposed on the second surface
and electrically connected to the grounding element;
wherein the feeding structure feeds back the electrical
signal to the third radiating element by capacitive cou-
pling.

10. An electronic device capable of wireless transmission,
comprising a wireless transmission module and a multi-fre-
quency antenna, the wireless transmission module and the
multi-frequency antenna being electrically connected
together; the multi-frequency antenna comprising: a first
radiating element including a first end and a second end; a
grounding element connected to the first end of the first radi-
ating element;

a feeding structure for inputting an electrical signal to the

first radiating element; and

a second radiating element including a first end and a
second end; the first end of the second radiating element
including a transitional portion;
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and the second radiating element is connected to the sec-
ond end of the first radiating element by the transitional
portion;

whereby the first radiating element forms a first current

path to generate a first resonant mode; and the second
radiating element forms a second current path to gener-
ate a second resonant mode.

11. The electronic device as claimed in claim 10, wherein
the first radiating element and the second radiating element
are integrated together.

12. The electronic device as claimed in claim 10, wherein
the transitional portion has a substantially 90° angle, the
second radiating element is connected to the second end of the
first radiating element via the transitional portion and extends
toward to the first end of the first radiating element, so the
second radiating element is substantially parallel with the first
radiating element.

13. The electronic device as claimed in claim 12, wherein
a gap is formed between the first radiating element and the
second radiating element.

14. The electronic device as claimed in claim 10 further
comprising a top load, the top load and the second end of the
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second radiating element being -electrically connected
together; wherein the top load is an inductive load.

15. The electronic device as claimed in claim 14, wherein
the top load is electrically connected to the second radiating
element via passive component connection, circuit connec-
tion or direct connection.

16. The electronic device as claimed in claim 14, wherein
the shape of the top load is different than the shape of the
second radiating element.

17. The electronic device as claimed in claim 14, wherein
the shape of the top load is a loop shape.

18. The electronic device as claimed in claim 14 further
comprising:

a base having a first face and a second face; the first radi-
ating element, the grounding element, the feeding struc-
ture, the second radiating element and the top load being
disposed on the first face; and

a third radiating element disposed on the second face and
electrically connected to the grounding element;
wherein the feeding structure feeds back the electrical
signal to the third radiating element by capacitive
coupling.
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SHORTED MONOPOLE ANTENNA

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a built-in antenna.
The present invention in particular relates to a low profile
shorted monopole antenna formed by a single metal sheet and
capable of operating in the 2.4 GHz band.

[0003] 2. Description of Related Art

[0004] With the development of wireless communication
technology, various wireless products are widely marketed
every year. Consequently related electronic circuit system
and product design are focused for study and research. The
mobile-unit antenna currently applied in WLAN system is a
metal-plate structure or a PCB structure. The metal-plate
antenna feeds RF signal by a mini-coaxial cable. On the other
hand, the antenna of PCB type is almost a planar inverted-F
antenna (PIFA), which is a planar antenna of inverted-F
shape, and it is manufactured as a monopole antenna. The
monopole antenna is constructed by a radiating unit and a
grounding unit, which are separated units and do not connect
with each other. An additional dielectric substrate is used for
structure support for the radiating and grounding unit, and
therefore the radiating rand grounding unit are printed on the
dielectric substrate.

[0005] Generally speaking, the cost for manufacturing
antenna of PCB type is higher than that for manufacturing the
metal-plate antenna. A traditional planner monopole antenna
is disclosed in Taiwan patent N.O. 00573382. The radiating
unit and the grounding unit are respectively printed on two
sides of a single dielectric substrate and the signals are fed in
by a micro strip and a coaxial cable. According to other
related patents, such as U.S. Pat. No. 6,600,448 and US 2007/
0296636, the metal-plate antenna is made by molding and
pressing the metal material. The two patents disclose a planar
inverted-F antenna and the radiating unit and the grounding
unit are formed on the same surface. Therefore, the necessary
size of the antenna negatively affects the required space for
the antenna, which is undesirable in this age of miniaturiza-
tion.

SUMMARY OF THE INVENTION

[0006] The primary object of the present invention is to
provide a shorted monopole antenna, and in particular an
antenna with a low profile. The shorted monopole antenna is
formed from a metal sheet and it is applied to wireless band of
2.4 GHz. The antenna is suitable for being assembled inside
alaptop computer, a wireless printer, and other wireless prod-
ucts that require or desire reduction in product size.

[0007] A single metal sheet is used for forming the antenna
with a ground plane and a main radiating element by bending
the metal piece according to the present invention. The main
radiating element has at least one bending portion so as to
reduce the height of the antenna and is disposed above the
ground plane. Furthermore, a shorting element is used for
connecting the main radiating element with the ground plane
so that the main radiating element, the ground plane, and the
shorting element can be manufactured integrally in one piece.
In another embodiment, a metal plate connects to a long edge
of'the ground plane and performs as a grounding unit; there-
fore the antenna can be assembled flexibly. The shorted
monopole antenna of the present invention can be applied to

Jan. 14, 2010

wireless band of 2.4 GHz (2400 to 2484 MHz) or for a band
of 802.11b/g/n, and the antenna can be built in the wireless
devices.

[0008] In order to achieve the above object, the present
invention provides a shorted monopole antenna. The shorted
monopole antenna comprises a ground plane, having a signal
grounding point, wherein the ground plane defines a short
edge and a long edge; a main radiating element, disposed
above the ground plane, wherein the main radiating element
has at least one bending portion and a signal feeding point; a
shorting element, one side of the shorting element is con-
nected with the short edge of the ground plane and another
side of the shorting element is connected with the main radi-
ating element; and a coaxial cable having an inner conductor
and an outer conductor, the inner and the outer conductors
connected electrically to the signal feeding point and the
signal grounding point respectively. Thereby the antenna per-
forms with good impedance bandwidth and radiation charac-
teristics, and itis suitable for assembling inside the housing of
the wireless units. It’s proved that the antenna can operate in
the frequency of wireless network of 2.4 GHz.

[0009] The present invention provides a shorted monopole
antenna which is formed by bending a single metal sheet. The
formed antenna system has a main radiating element and a
ground plane that performs with good impedance bandwidth
and radiation characteristics. Furthermore, the formed
antenna system has a metal plate which is used for assembling
with a predetermined unit and the metal plate will not affect
the influence regarding the performance of the antenna sys-
tem in the frequency band of 2.4 GHz. Therefore, the antenna
of'the present invention is flexibly assembled inside the wire-
less products and the metal plate can be designed to have
mechanisms to enable assembling or attachment on to the
desired electrical devices or wireless products.

[0010] In order to better understand the characteristics and
technical contents of the present invention, a detailed descrip-
tion thereof will be made with reference to accompanying
drawings. However, it should be understood that the drawings
and the description are illustrative only and are not used to
limit the scope of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 shows the first embodiment of the shorted
monopole antenna according to the present invention.
[0012] FIG. 1A shows the first embodiment of the shorted
monopole antenna, before being formed, as a single metal
sheet according to the present invention.

[0013] FIG. 2 shows the measured and simulated return
loss of the first embodiment of the shorted monopole antenna
according to the present invention.

[0014] FIG. 3 shows the measured radiation pattern of the
first embodiment of the shorted monopole antenna operating
at 2442 MHz according to the present invention.

[0015] FIG. 4 shows the gain and radiation efficiency of the
first embodiment of the shorted monopole antenna according
to the present invention.

[0016] FIG. 5 shows the simulated return loss of the first
embodiment of the shorted monopole antenna with/without
the metal plate according to the present invention.

[0017] FIG. 6 shows the second embodiment of the shorted
monopole antenna according to the present invention.
[0018] FIG. 7 shows the angle between the metal plate and
the ground plane of the third embodiment according to the
present invention.
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[0019] FIG. 8 shows the fourth embodiment of the shorted
monopole antenna according to the present invention.
[0020] FIG. 9 shows the metal plate of the shorted mono-
pole antenna according to the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0021] Pleasereferto FIGS. 1 and 1A, the present invention
discloses a shorted monopole antenna 1. The first embodi-
ment of the formed shorted monopole antenna 1 is shown in
FIG. 1, and FIG. 1A shows the shorted monopole antenna 1
before being formed, as a single metal sheet. The shorted
monopole antenna 1 includes a ground plane 11, a main
radiating element 12, a shorting element 13, a metal plate 14,
and a coaxial cable 15, and the above-mentioned elements
(except the coaxial cable 15) are formed by bending a signal
metal sheet. The ground plane 11 defines a short edge 112, a
long edge 113, and has a signal grounding point 111. The
main radiating element 12 is located above the ground plane
11 and itis bended by a bending portion 122. Furthermore, the
main radiating element 12 has a signal feeding point 121. The
main radiating element 12 defines a side 124 and an edge
portion 123. One side of the shorting element 13 connects to
the short edge 112 of the ground plane 11 and another side of
the shorting element 13 connects to the edge portion 123 of
the main radiating element 12. The metal plate 14 connects to
the long edge 113 of the ground plane 11. The coaxial cable
15 has an inner conductor 151 and an outer conductor 152,
wherein the inner and the outer conductors 151, 152 connects
electrically to the signal feeding point 121 and the signal
grounding point 111 respectively.

[0022] The ground plane 11, the main radiating element 12,
the shorting element 13, and the metal plate 14 are made of
conducting material. The metal sheet shown in FIG. 1A is
used for forming the shorted monopole antenna 1 by bending
methods such as a punching method. After forming process, a
specific feeding gap d is selected and a distance g between the
main radiating element 12 and the ground plane 11 is adjusted
for balancing the inductive reactance and the capacitive reac-
tance so that the well-defined VSWR (Voltage Standing Wave
Ratio) of 1.5:1 is achieved.

[0023] FIG. 2 shows the measured and simulated return
loss of the shorted monopole antenna 1. The X-axis and the
Y-axis represents the operating frequency (MHz) and the
return loss (dB) respectively. In the first embodiment, the
length and the width of the ground plane 11 are 40 mm and 5
mm respectively. The length of the main radiating element 12
is 23 mm, and the width and the height of the main radiating
element 12 are both 5 mm (i.e. the length ofthe main radiating
element 12 is shorter than that of the ground plane 11, and the
width of the main radiating element 12 is not longer than that
of'the ground plane 11). The feeding gap d between the main
radiating element 12 and the ground plane 11 is 1 mm (note
that the feeding gap d can be a value smaller than 1.5 mm).
The width and the length of the shorting element are both 5
mm and the distance g between the main radiating element 12
and the shorting element 13 is equal to 2 mm. Moreover, the
length and the width of the metal plate 14 are 40 mm and 10
mm respectively. According to FIG. 2, in the definition of
VSWR of1.5:1 orreturnloss of 14 dB, the antenna 1 has good
impedance matching in wireless frequency band of 2.4 GHz.
In addition, the measured return-loss line 21 well matches
with the simulated return-loss line 22.
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[0024] The radiation pattern of the shorted monopole
antenna 1 operating at 2442 MHz is shown in FIG. 3. Accord-
ing to the measured results, the radiation pattern on the X-Y
plane is omni-directional.

[0025] The measured antenna gain and radiation efficiency
of the shorted monopole antenna 1 are shown in FIG. 4. The
left-hand Y axis and the right-hand Y axis respectively repre-
sent the gain of antenna (dBi) and the radiation efficiency of
antenna (%). Similar to FIG. 2, X axis represents the operat-
ing frequency (MHz). According to FIG. 4, the measured gain
41 shows that the value of the gain of antenna is 2.4 dBi and
the measured data of efficiency 42 shows that the value of the
radiation efficiency of antenna is 83%. Basically, the values of
the operating data of the antenna in wireless frequency band
of 2.4 GHz are qualified for wireless applications.

[0026] FIG. 5 shows the simulated return loss of the first
embodiment with and without the metal plate 14. According
to simulated line 51 of return loss; the impedance bandwidth
of the shorted monopole antenna 1 without metal plate 14 is
qualified for 2.4 GHz wireless applications.

[0027] FIG. 6 shows the second embodiment of the present
invention. The difference between the first and the second
embodiments is that the main radiating element 12 has three
bending portions, i.e. the first bending portion 61, the second
bending portion 62, and the third bending portion 63 and
these bending portions are parallel to each other. By the
above-described structure, the height of the shorted mono-
pole antenna 1 can be reduced so that it can be easily be
assembled within a smaller space required.

[0028] FIG. 7 shows the third embodiment of the present
invention. The difference between the third and another
embodiment is that the angle 71 between the metal plate 14
and the ground plane 11 is not exactly 90 degrees. In this
embodiment, the metal plate 14 “swings” away from the
ground plane 11, wherein the angle 71 between the metal
plate 14 and the ground plane 11 is larger than 90 degrees.
Note that other elements such as main radiating element 12 of
the antenna are not illustrated in FIG. 7, and the un-drawn
elements are similar to those of the first and second embodi-
ments. Thus, the metal plate 14 is used for being assembled
within a housing of a wireless product, and the ground plane
11, the main radiating element 12, and the shorting element
13 can rotate to a specific angle in order to be applied to and
fit in the space of the housing.

[0029] FIG. 8 shows the fourth embodiment of the shorted
monopole antenna 1. The width of the metal plate 14 is equal
to that of the ground plane 11. Moreover, the angle 71
between the metal plate 14 and the ground plane 11 approxi-
mates 180 degrees. Note that other elements such as main
radiating element 12 of the antenna are the same as those of
the first embodiment. Thus, the size of the shorted monopole
antenna 1 can be further reduced because of the smaller metal
plate 14 and the smaller ground plane 1. Similarly, the angle
71 can be adjusted for assembling the shorted monopole
antenna 1 on a wireless device. In the fourth embodiment, the
angle 71 is preferably between 45 to 180 degrees.

[0030] FIG.9 shows the metal plate 14 of the shorted mono-
pole antenna 1. The metal plate 14 has a plurality of holes 91
thereon for assembling the antenna on the base (i.e. one of the
possible mechanism to enable assembling or attachment). For
example, welding posts are assembled with the holes 91 to fix
the antenna on a predetermined position.





US 2010/0007559 Al

[0031] Theantenna ofthe present invention has a simplified
structure and is easily to manufacture. Furthermore, the
shorted monopole antenna 1 can be easily integratedly with
wireless products.

[0032] Although the present invention has been described
with reference to the foregoing preferred embodiment, it shall
be understood that the present invention is not limited to the
details thereof. Various equivalent variations and modifica-
tions may occur to those skilled in this art in view of the
teachings of the present invention. Thus, all such variations
and equivalent modifications are also embraced within the
scope of the present invention as defined in the appended
claims.

What is claimed is:

1. A shorted monopole antenna, comprising:

a ground plane, having a signal grounding point, wherein
the ground plane defines a short edge and a long edge;

amain radiating element, disposed above the ground plane,
wherein the main radiating element has at least one
bending portion and a signal feeding point;

a shorting element, one side of the shorting element con-
nected with the short edge of the ground plane and
another side of the shorting element is connected with
the main radiating element; and

a coaxial cable having an inner conductor and an outer
conductor, the inner and the outer conductors connected
electrically to the signal feeding point and the signal
grounding point respectively.
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2. The shorted monopole antenna according to claim 1,
further comprising a metal plate connected with the long edge
of the ground plane.

3. The shorted monopole antenna according to claim 2,
wherein the main radiating element, the ground plane, the
shorting element, and the metal plate are constructed by bend-
ing a single metal sheet.

4. The shorted monopole antenna according to claim 2,
wherein the distance between the main radiating element and
the ground plane is less than 1.5 mm.

5. The shorted monopole antenna according to claim 2,
wherein the length of the main radiating element is shorter
than the length of the ground plane.

6. The shorted monopole antenna according to claim 5,
wherein the width of the main radiating element is shorter
than or equal to the width of the ground plane.

7. The shorted monopole antenna according to claim 2,
wherein the shorting element is located between the main
radiating element and the ground plane.

8. The shorted monopole antenna according to claim 2,
wherein the main radiating element has a plurality of parallel
bending portions.

9. The shorted monopole antenna according to claim 2,
wherein the angle between the metal plate and the ground
plane is from 45 to 180 degrees.

10. The shorted monopole antenna according to claim 2,
wherein the metal plate further comprises a plurality of holes
thereon.
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(57) ABSTRACT

A multiple frequency band antenna includes a common con-
necting element, a first radiating element, a second radiating
element, a common feeding point and a common ground
terminal. The common connecting element includes a con-
necting part and a turning part, which are arranged in different
planes. The first radiating element is connected with the con-
necting part of the common connecting element. The second
radiating element is connected with the turning part of the
common connecting element. The second radiating element
has a longer path length compared with the first radiating
element. A combination of the common connecting element
and the first radiating element is configured to transmit and
receive wireless signals in a first frequency band. A combi-
nation of the common connecting element and the second
radiating element is configured to transmit and receive wire-
less signals in a second frequency band.
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MULTIPLE FREQUENCY BAND ANTENNA

FIELD OF THE INVENTION

[0001] The present invention relates to an antenna, and
more particularly to a multiple frequency band antenna for
use in a wireless communication device.

BACKGROUND OF THE INVENTION

[0002] In recent years, the development of the wireless
communication industry is vigorous. The wireless communi-
cation devices, for example, cell phones or PDAs, have
become indispensable commodities for people. An antenna
generally plays an important role for transmitting and receiv-
ing wireless signals in a wireless communication device.
Therefore, the operating characteristics of the antenna have a
direct impact on the transmission and receiving quality for the
wireless communication device.

[0003] Generally, the antenna of the portable wireless com-
munication device is roughly classified into two categories,
including the external type antenna and embedded type
antenna. The external type antenna is commonly shaped as a
helical antenna, and the embedded type antenna is commonly
shaped as a planar inverted-F antenna (PIFA). The helical
antenna is exposed to the exterior of the casing of the wireless
communication device and is prone to be damaged. Thus, the
helical antenna usually bears a poor communication quality.
A planar inverted-F antenna has a simple structure and a small
size and is easily integrated with electronic circuits. Nowa-
days, planar inverted-F antenna has been widely employed in
a variety of electronic devices.

[0004] Typically, a well-designed antenna is required to
have a low return loss and a high operating bandwidth. In
order to allow the user of the wireless communication device
to receive wireless signals with great convenience and high
quality, the current wireless communication devices have
been enhanced by increasing the number of antennas or
enlarge the antenna to allow the wireless communication
device to transmit and receive wireless signals with a larger
bandwidth or multiple frequency bands. However, with the
integration of circuit elements and the miniaturization of the
wireless communication device, the conventional design
method has been outdated.

[0005] For allowing the wireless communication device to
increase the number of antennas in the limited receiving space
s0 as to transmit and receive wireless signals with a larger
bandwidth and a better transmission quality and perfor-
mance, the structure of the antenna has been modified. Refer-
ring to FIG. 1, the structure of a conventional multiple fre-
quency band antenna is shown. As shown in FIG. 1, the
conventional multiple frequency band antenna 1 is a planar
inverted-F antenna, which includes a first radiating element
11 and a second radiating element 12. Moreover, a feeding
point 13 and a first ground terminal 14 are disposed at one side
of the distal region of the second radiating element 12. The
distal region of the first radiating element 11 and the distal
region of the second radiating element 12 are connected with
each other. The first radiating element 11 is bent for two times
to partially enclose the turning part of the second radiating
element 12 but separated from the second radiating element
12. The multiple frequency band antenna 1 is adapted for dual
frequency band applications, where the low frequency band is
the frequency band located at 880~960 MHz of the GSM900
(Global System for Mobile Communications 900), and the
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high frequency band is the frequency band located at
1710~1880 MHz of a digital communication system (DCS).
[0006] Please refer to FIG. 1 again. Via the feeding point
13, RF signals to be transmitted by RF circuits (not shown)
may be fed to the multiple frequency band antenna 1. Fur-
thermore, the RF signal sensed by the multiple frequency
band antenna 1 to the RF circuits via the feeding point 13. The
first radiating element 11 is shaped like a right hand square
bracket “]” and has a longer path length compared with the
second radiating element 12, thereby forming a resonant
mode to transmit and receive wireless signals in a low fre-
quency band located at, for example, 880~960 MHz of the
GSMI00 system. The second radiating element 12 is shaped
like the character “L”, and the linear segment 12a of the
second radiating element 12 that is not connected with the
first radiating element 11 is located in the gap between two
opposing linear segments 11a and 115 of the first radiating
element 11. Consequently, the second radiating element 12
has a shorter path length compared with the first radiating
element 11, and thus the second radiating element 12 can
form a resonant mode to transmit and receive wireless signals
in a high frequency band located at, for example, 1710~1880
MHz of the DCS system.

[0007] Referring to FIG. 2, the standing-wave ratio versus
frequency relationship of the multiple frequency band
antenna of FIG. 1 is shown. As shown in FIG. 2, the longitu-
dinal axis represents the standing-wave ratio (SWR) of the
multiple frequency band antenna 1 that shows a linear rela-
tionship with the gain value of the return loss. In addition, the
standing-wave ratio can be converted into the gain value of
the return loss through computations. It is noted that the
standing-wave ratio will vary with the frequency. Generally,
if the antenna 1 has a standing-wave ratio below 3 under a
frequency band, it indicates that the antenna performs well
under that frequency band. Hence, it can be understood from
FIG. 2 that the multiple frequency band antenna 1 of FIG. 11is
adapted for the low frequency band located at 880~960 MHz
of the GSM900 system, and for the high-frequency band
located at 1710~1880 MHz of the DCS system.

[0008] However, the contemporary wireless communica-
tion system not only supports the GSM900 system and the
digital communication system (DCS) system, but also sup-
ports the GSMB850 system (Global System for Mobile Com-
munications 850), the personal communication services
(PCS) system, and the WCDMA (Wideband Code Division
Multiple Access) system. The frequency bands of the
GSMB850 system, the PCS system and the WCDMA system
are located at 824~895 MHz, 1850~1990 MHz, and
1920~2170 MHz, respectively. Since the conventional
antenna is only adapted for single frequency band application
or dual frequency band applications, it is obvious that the
limited frequency bandwidth of the conventional antenna can
not be simultaneously adapted for the GSM850 system, the
GSMI00 system, the DCS system, the PCS system, and the
WCDMA system.

[0009] Therefore, there is a need of developing a multiple
frequency band antenna with a larger frequency bandwidth
for obviating the drawbacks encountered by the prior art.

SUMMARY OF THE INVENTION

[0010] An object of the present invention is to provide a
multiple frequency band antenna having a plurality of radiat-
ing elements, a common feeding point and a common ground
terminal for increasing the bandwidth of the antenna. The
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multiple frequency band antenna of the present invention is
adapted for the GSM850 system, the GSM900 system, the
DCS system, the PCS system, and the WCDMA system.
[0011] Another object of the present invention is to provide
a multiple frequency band antenna that can increase its band-
width without increasing dimension and size of the antenna,
thereby improving the efficiency of antenna and reducing the
power consumption of antenna.

[0012] In accordance with an aspect of the present inven-
tion, there is provided a multiple frequency band antenna for
a wireless communication device. The multiple frequency
band antenna includes a common connecting element, a first
radiating element, a second radiating element, a common
feeding point and a common ground terminal. The common
connecting element includes a connecting part and a turning
part, which are arranged in different planes. The first radiating
element is connected with the connecting part of the common
connecting element. The second radiating element is con-
nected with the turning part of the common connecting ele-
ment. The second radiating element has a longer path length
compared with the first radiating element. The common feed-
ing point is connected with the common connecting element.
The common ground terminal is connected with the first
radiating element. A combination of the common connecting
element and the first radiating element is configured to trans-
mit and receive wireless signals in a first frequency band. A
combination of the common connecting element and the sec-
ond radiating element is configured to transmit and receive
wireless signals in a second frequency band.

[0013] The above contents of the present invention will
become more readily apparent to those ordinarily skilled in
the art after reviewing the following detailed description and
accompanying drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a plan view showing the structure of a
conventional multiple frequency band antenna;

[0015] FIG. 2 is a characteristic plot showing the standing-
wave ratio versus frequency relationship of the multiple fre-
quency band antenna;

[0016] FIG.3 is a schematic perspective view of a multiple
frequency band antenna according to a preferred embodiment
of the present invention;

[0017] FIGS. 4A, 4B and 4C schematically illustrate three
possible applications of the multiple frequency band antenna
of the present invention;

[0018] FIG.5isthe comparison between the standing-wave
ratio versus frequency relationship of the multiple frequency
band antenna of FIG. 3 and the standing-wave ratio versus
frequency relationship of the conventional multiple fre-
quency band antenna.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0019] The present invention will now be described more
specifically with reference to the following embodiments. It
is to be noted that the following descriptions of preferred
embodiments of this invention are presented herein for pur-
pose of illustration and description only. It is not intended to
be exhaustive or to be limited to the precise form disclosed.

[0020] Referring to FIG. 3, a schematic perspective view of
a multiple frequency band antenna according to a preferred
embodiment of the present invention is illustrated. As shown
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in FIG. 3, the multiple frequency band antenna 3 of the
present invention is a planar inverted-F antenna. The multiple
frequency band antenna 3 comprises a common connecting
element 30, a first radiating element 31, a second radiating
element 32, a common feeding point 33 and a common
ground terminal 34. The multiple frequency band antenna 3
has a three-dimensional structure. The multiple frequency
band antenna 3 may be mounted on a flexible printed circuit
board (FPCB) (not shown). Due to the flexibility of the flex-
ible printed circuit board, the multiple frequency band
antenna 3 may be securely mounted in the receiving space
inside the casing of a wireless communication device without
the need of bending the inner wall of the receiving space.

[0021] Please refer to FIG. 3 again. The common connect-
ing element 30 comprises a first end part 301, a second end
part 302, a connecting part 303 and a turning part 304. The
first radiating element 31 comprises a first end part 311 and a
second end part 312. The second radiating element 32 com-
prises a first end part 321, a second end part 322, a first
connecting part 323, a second connecting part 324, a third
connecting part 325, a first linear segment 326, a second
linear segment 327, a third linear segment 328 and a turning
part 329.

[0022] Inthethree-dimensional space, the first end part 311
of'the first radiating element 31 is connected with one side of
the connecting part 303 of the common connecting element
30 such that the first radiating element 31 and the connecting
part 303 are in the same plane or curve. In this embodiment,
the first radiating element 31 and the connecting part 303 are
in the same plane. Another side of the connecting part 303 of
the common connecting element 30 is connected with the
turning part 304 but the turning part 304 and the connecting
part 303 of the common connecting element 30 are not in the
same plane or curve. In this embodiment, the turning part 304
is substantially perpendicular to the connecting part 303 of
the common connecting element 30. The first end part 321 of
the second radiating element 32 is connected with the turning
part 304 of the common connecting element 30. The first
connecting part 323, the second connecting part 324, the third
connecting part 325, the first linear segment 326, the second
linear segment 327 and the third linear segment 328 of the
second radiating element 32 are in the same plane or curve as
the turning part 304 of the common connecting element 30. In
some embodiments, the second end part 322 and the turning
part 329 of the second radiating element 32 are not in the same
plane or curve as the turning part 304 of the common con-
necting element 30. The turning part 329 of the second radi-
ating element 32 is connected with the third linear segment
328 of the second radiating element 32. In this embodiment,
the turning part 329 of the second radiating element 32 is
substantially perpendicular to the turning part 304 of the
common connecting element 30. That is, the turning part 329
of the second radiating element 32 is substantially perpen-
dicular to the third linear segment 328 of the second radiating
element 32. In addition, the turning part 329 of the second
radiating element 32 is substantially perpendicular to the first
radiating element 31.

[0023] One side of the first connecting part 323 of the
second radiating element 32 is connected with the turning
part 304 of the common connecting element 30. Another side
of the first connecting part 323 of the second radiating ele-
ment 32 is connected with one side of the first linear segment
326 of the second radiating element 32. Another side of the
first linear segment 326 is connected with one side of the
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second connecting part 324 of the second radiating element
32. Another side of the second connecting part 324 is con-
nected with one side of the second linear segment 327.
Another side of the second linear segment 327 is connected
with one side of the third connecting part 325 of the second
radiating element 32. Another side of the connecting part 325
of'the second radiating element 32 is connected with one side
of the third linear segment 328 of the second radiating ele-
ment 32. Another side of the third linear segment 328 is
connected with one side of the turning part 329 of the second
radiating element 32. From the first end part 321 to the second
end part 322 of the second radiating element 32, the first
connecting part 323, the first linear segment 326, the second
connecting part 324, the second linear segment 327, the third
connecting part 325, the third linear segment 328 and the
turning part 329 are arranged in sequence. Consequently, the
second radiating element 32 has a longer path length com-
pared with the first radiating element 31. The first linear
segment 326, the second linear segment 327 and the third
linear segment 328 are substantially parallel with each other.
The first linear segment 326 is separated from the second
linear segment 327 by a first gap 35. The second linear seg-
ment 327 is separated from the third linear segment 328 by a
second gap 36. In this embodiment, the widths of the first
connecting part 323, the second connecting part 324, the third
connecting part 325, the first linear segment 326, the second
linear segment 327, the third linear segment 328 and the
turning part 329 are substantially equal. The second linear
segment 327 and the third linear segment 328 have substan-
tially equal lengths but are shorter than the first linear segment
326. For example, the length of the first linear segment 326 of
the second radiating element 32 is 32.2 mm, the length of the
connecting part 303 of the common connecting element 30 is
14.75 mm, and the total length of the turning part 304 of the
common connecting element 30 and the first connecting part
323 of the second radiating element 32 is 7.22 mm.

[0024] The common feeding point 33 is connected with
another side of the connecting part 303 of the common con-
necting element 30. The common ground terminal 34 is con-
nected with one side of the first radiating element 31 except
the first end part 311 and the second end part 312. Via the
common feeding point 33, RF signals to be transmitted by RF
circuits (not shown) may be fed to the multiple frequency
band antenna 3. Furthermore, the RF signal sensed by the
multiple frequency band antenna 3 to the RF circuits via the
common feeding point 33.

[0025] FIGS. 4A, 4B and 4C schematically illustrate three
possible applications of the multiple frequency band antenna
of the present invention. As shown in FIG. 4A, the combina-
tion of the common connecting element 30 and the first radi-
ating element 31 has a relatively shorter path length, thereby
forming a resonant mode to transmit and receive wireless
signals in a first frequency band (e.g. a relatively higher
frequency band). The first frequency band is for example
located at 1710~2170 MHz. In this embodiment, the first
frequency band is located at the frequency band of a digital
communication system (DCS) system, a personal communi-
cation services (PCS) system, and a WCDMA system. The
frequency bands of the DCS system, the PCS system and the
WCDMA system are located at 1710~1880 MHz,
1850~1990 MHz and 1920~2170 MHz, respectively. As
shown in FIG. 4B, the combination of the common connect-
ing element 30 and the second radiating element 32 has a
relatively shorter path length, thereby forming a resonant
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mode to transmit and receive wireless signals in a second
frequency band (e.g. a relatively lower frequency band). The
second frequency band is for example located at 824~960
MHz. In this embodiment, the second frequency band is
located at the frequency band of a GSMS850 system and a
GSMI00 system. The frequency bands of the GSM850 sys-
tem and the GSM900 system are located at 824~894 MHz and
886~960 MHz, respectively. As shown in FIG. 4C, in the
combination of the common connecting element 30 and the
first connecting part 323, the first linear segment 326, the
second connecting part 324, the second linear segment 327 of
the second radiating element 32, the first gap 35 defined
between the first linear segment 326, the second connecting
part 324 and the second linear segment 327 (also referred as
a slot mode) may facilitate the effect of transmitting and
receiving RF signals in a first frequency band, thereby broad-
ening the bandwidth of the multiple frequency band antenna
3. In this embodiment, the first frequency band is located at
the frequency band of a digital communication system (DCS)
system, a personal communication services (PCS) system,
and a WCDMA system. The frequency bands of the DCS
system, the PCS system and the WCDMA system are located
at 1710~1880 MHz, 1850~1990 MHz and 1920~2170 MHz,
respectively.

[0026] Referring to FIG. 5, the comparison between the
standing-wave ratio versus frequency relationship of the mul-
tiple frequency band antenna of FIG. 3 and the standing-wave
ratio versus frequency relationship of the conventional mul-
tiple frequency band antenna is depicted. As shown in F1G. 5,
the longitude axis represents the standing-wave ratio (SWR)
of the multiple frequency band antenna that shows a linear
relationship with the gain value of the return loss and can be
converted into the gain value of the return loss through com-
putations. It is noted that the standing-wave ratio will vary
with the frequency. Generally, if the antenna has a standing-
wave ratio below 3 under a frequency band, it indicates that
the antenna performs well under that frequency band.
[0027] Itis found from FIG. 5 that the conventional antenna
1 as shown in FIG. 1 is adapted for dual frequency band
application where the first frequency band and the second
frequency band are located at 1710~1880 MHz and 880~960
MHz, respectively. That is, the conventional antenna 1 is
adapter for the frequency band located at 1710~1880 MHz for
the DCS system and 880~960 MHz for the GSM900 system.

[0028] However, the multiple frequency band antenna of
the present invention is adapter for the first frequency band
located at 1710~2170 MHz, for example at 1710~1880 MHz
for the DCS system, 1850~1990 MHz for the PCS system,
and 1920~2170 MHz for the WCDMA system. Moreover, the
multiple frequency band antenna of the present invention is
adapter for the second frequency band located at 824~960
MHz, for example at 824~894 MHz for the GSM850 system
and 886~960 MHz for the GSM900 system. Since the first
frequency band and the second frequency band for the mul-
tiple frequency band antenna of the present invention are both
broader than those for the conventional antenna, the multiple
frequency band antenna of the present invention may be
simultaneously adapted for the GSM850 system, the
GSMI00 system, the DCS system, the PCS system, and the
WCDMA system.

[0029] Table 1 demonstrates the gain values and the effi-
ciencies in various frequencies for the multiple frequency
band antenna of FIG. 3. Generally, the gain values above -3
and the efficiencies above 50% indicate desirable multiple





US 2010/0013713 Al

frequency band antenna in terms of performance and physical
characteristics. It can be understood from table 1 that the
multiple frequency band antenna 3 of the present invention
has a broader bandwidth to be used in the high frequency band
and the low frequency band. As a consequence, the multiple
frequency band antenna of the present invention may achieve
good performance in the frequency bands of the GSM850
system, the PCS system, and the WCDMA system. In other
words, the use of the conventional multiple frequency band
antenna fails to attain the performance of the multiple fre-
quency band antenna of the present invention. Besides, the
volume and size of the multiple frequency band antenna 3 of
the present invention are not considerably increased when
compared with the conventional multiple frequency band
antenna. Therefore, the multiple frequency band antenna of
the present invention may be further developed toward mini-
mization in its structure. As previously described, the con-
ventional multiple frequency band antenna requires one or
more feeding points and two or more ground terminals.
Whereas, the multiple frequency band antenna of the present
invention only requires a common feeding point and a com-
mon ground terminal, thereby simplifying the structure of the
antenna.

TABLE 1

The gain values and the efficiencies in various frequencies for the
multiple frequency band antenna

Frequency

Frequency band (MHz) Gain (dBi) Efficiency (%)
GSM850 824.6 -3.00 50.10
848.8 -2.90 50.97
869.2 -2.27 59.25
893.8 -0.94 80.44
GSM900 880.2 -1.52 70.36
914.8 -0.96 80.06
925.2 -1.53 70.21
959.8 -3.00 50.23
DCS 1710.2 -2.80 52.37
1784.8 -3.00 50.09
1805.2 -2.70 53.59
1879.8 -2.71 53.54
PCS 1850.2 -2.70 53.61
1909.8 -2.40 57.48
1930.2 -2.13 61.12
1989.8 -2.52 55.91
WCDMA 1922.4 -2.93 57.58
1977.6 -2.32 58.60
21124 -2.32 58.57
2167.6 -3.00 50.88

[0030] Inconclusion, the present invention provides a mul-

tiple frequency band antenna by configuring and connecting
aplurality of radiating elements and a common feeding point
and a common ground terminal, so as to increase the band-
width of the antenna. Thus, the multiple frequency band
antenna of the present invention can be simultaneously
applied to the GSMS850 system, the GSM900 system, the
DCS system, the PCS system and the WCDMA system. On
the other hand, the multiple frequency band antenna of the
present invention can increase the bandwidth of the antenna,
improve the antenna efficiency, reduce the power consump-
tion of the antenna without considerably increasing dimen-
sion and size of the antenna.

[0031] While the invention has been described in terms of
what is presently considered to be the most practical and
preferred embodiments, it is to be understood that the inven-
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tion needs not be limited to the disclosed embodiment. On the
contrary, it is intended to cover various modifications and
similar arrangements included within the spirit and scope of
the appended claims which are to be accorded with the broad-
est interpretation so as to encompass all such modifications
and similar structures.

What is claimed is:

1. A multiple frequency band antenna for a wireless com-
munication device, said multiple frequency band antenna
comprising:

a common connecting element including a connecting part
and a turning part, which are arranged in different
planes;

a first radiating element connected with said connecting
part of said common connecting element;

a second radiating element connected with said turning
part of said common connecting element, wherein said
second radiating element has a longer path length com-
pared with said first radiating element;

a common feeding point connected with said common
connecting element; and

a common ground terminal connected with said first radi-
ating element,

wherein a combination of said common connecting ele-
ment and said first radiating element is configured to
transmit and receive wireless signals in a first frequency
band, and a combination of said common connecting
element and said second radiating element is configured
to transmit and receive wireless signals in a second fre-
quency band.

2. The multiple frequency band antenna according to claim

1 wherein said first frequency band includes the frequency
bands of a digital communication (DCS) system, a personal
communication services (PCS) system and a wideband code
division multiple access (WCDMA) system.

3. The multiple frequency band antenna according to claim
1 wherein said second frequency band includes the frequency
bands of a GSMS850 system and a GSM900 system.

4. The multiple frequency band antenna according to claim
1 wherein said multiple frequency band antenna is mounted
on a flexible printed circuit board.

5. The multiple frequency band antenna according to claim
1 wherein said first radiating element comprises a first end
part and a second end part, and said second radiating element
comprises a first end part, a first connecting part, a second
connecting part, a third connecting part, a first linear segment,
a second linear segment and a third linear segment, wherein
said first connecting part, said second connecting part, said
third connecting part, said first linear segment, said second
linear segment and said third linear segment of said second
radiating element and said turning part of said common con-
necting element are in the same plane or curve.

6. The multiple frequency band antenna according to claim
5 wherein said first end part of said first radiating element is
connected with one side of said connecting part of said com-
mon connecting element such that said first radiating element
and the connecting part are in the same plane or curve.

7. The multiple frequency band antenna according to claim
5 wherein said first end part of said second radiating element
is connected with said turning part of said common connect-
ing element.

8. The multiple frequency band antenna according to claim
5 wherein from said first end part of said second radiating
element, said first connecting part, said first linear segment,
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said second connecting part, said second linear segment, said
third connecting part and said third linear segment are
arranged in sequence.

9. The multiple frequency band antenna according to claim
5 wherein said first linear segment, said second linear seg-
ment and said third linear segment of said second radiating
element are substantially parallel with each other, said first
linear segment is separated from said second linear segment
by a first gap, and said second linear segment is separated
from said third linear segment by a second gap.

10. The multiple frequency band antenna according to
claim 5 wherein said first connecting part, said second con-
necting part, said third connecting part, said first linear seg-
ment, said second linear segment and said third linear seg-
ment of said second radiating element have substantially
equal widths.

11. The multiple frequency band antenna according to
claim 5 wherein said second linear segment and said third
linear segment of said second radiating element have substan-
tially equal lengths but are shorter than said first linear seg-
ment.

12. The multiple frequency band antenna according to
claim 5 wherein said first linear segment of said second radi-
ating element has a length of 32.2 mm.

13. The multiple frequency band antenna according to
claim 5 wherein said turning part of the common connecting
element and said first connecting part of said second radiating
element has a total length of 7.22 mm.
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14. The multiple frequency band antenna according to
claim 5 wherein said second radiating element further com-
prises a turning part connected with said third linear segment
of'said second radiating element, and said turning part of said
second radiating element and said turning part of said com-
mon connecting element are arranged in different planes.

15. The multiple frequency band antenna according to
claim 14 wherein said turning part of said second radiating
element is substantially perpendicular to said turning part of
said common connecting element.

16. The multiple frequency band antenna according to
claim 14 wherein said turning part of said second radiating
element is substantially perpendicular to said first radiating
element.

17. The multiple frequency band antenna according to
claim 5 wherein said common feeding point is connected with
one side of said common connecting element, and said com-
mon ground terminal is connected with one side of the first
radiating element except said first end part and said second
end part of said first radiating element.

18. The multiple frequency band antenna according to
claim 1 wherein said connecting part of said common con-
necting element has a length of 14.75 mm.

19. The multiple frequency band antenna according to
claim 1 wherein said turning part of said common connecting
element is substantially perpendicular to said connecting part
of said common connecting element.

sk sk sk sk sk
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ANTENNA ARRANGEMENT

TECHNICAL FIELD

[0001] The present invention generally relates to antennas
and, more particularly, to a semi-planar inverted F-antenna
(PIFA) including a parasitic element.

BACKGROUND OF THE INVENTION

[0002] Wireless communication equipment, such as cellu-
lar and other wireless telephones, wireless network (WiLAN)
components, GPS receivers, mobile radios, pagers, etc., use
multi-band antennas to transmit and receive wireless signals
in multiple wireless communication frequency bands. Con-
sequently, one of the critical components of wireless devices
is the antenna which should meet the demands of high per-
formance in terms of high signal transmission strength, good
reception of weak signals, increased (or narrowed, if
required) bandwidth, and small dimensions.

[0003] In mobile telecommunication, electromagnetic
waves in the microwave region are used to transfer informa-
tion. An essential part of telecommunication devices is thus
the antenna, which enables the reception and the transmission
of electromagnetic waves.

[0004] Cellular systems may operate in two different fre-
quency bands called GSM (global system for mobile) and
DCS (digital communication system). In Europe, the fre-
quency bands for GSM 900, which are located at 880 MHz to
960 MHz, and GSM 1800 (DCS), located at 1710 MHz to
1880 MHz, are used. Additionally, there is the GSM 850
frequency band from 824 MHz to 894 MHz and the GSM
1900 (PCS) frequency band from 1850 MHz to 1990 MHz
widely used in the United States.

[0005] Planar inverted F-antennas (PIFAs) have many
advantages. They are easily fabricated, have a simple design,
and cost little to manufacture. Currently, the PIFA is widely
used in small communication devices, such as cellular
phones. This is due to the PIFA’s compact size that makes it
easy to integrate into a device’s housing, thereby providing a
protected antenna. The PIFA also provides an additional
advantage over, for example, the popular whip antennas with
respect to radiation exposure. A whip antenna has an omni-
directional radiation field, whereas the PIFA has a relatively
limited radiation field towards the user.

[0006] The PIFA is generally a A/4 resonant structure and is
implemented by short-circuiting the radiating element to the
ground plane using a conductive wall, plate or post. Thus, the
conventional PIFA structure consists of a conductive radiator
orradiating element disposed parallel to a ground plane and is
insulated from the ground plane by a dielectric material,
typically air. This radiating element connects to two pins,
typically disposed toward one end of the element, giving the
appearance of an inverted letter “F” from the side view. The
first pin electrically connects the radiating element to the
ground plane, and the second pin provides the antenna feed.
The frequency bandwidth, gain, and resonant frequency of
the PIFA depend on the height, width, and depth of the con-
ductive radiator element, and the distance between the first
pin connected to the radiating element and ground, and the
second pin connected to the antenna feed.

[0007] FIG. 2 illustrates a conventional PIFA 200 design.
The conventional PIFA 200 includes a conductive plate which
forms a radiating element 209 of the antenna. Radiating ele-
ment 209 is disposed about parallel to a ground plane 210
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formed on a substrate 211. This parallel orientation between
radiating element 209 and ground plane 210 provides optimal
performance, but other orientations are possible.

[0008] Radiating element 209 electrically connects to
ground plane 210 via a tuning or shortening element 212,
most often disposed at one side of radiating element 209 and
a feed element 213. Feed element 213 is somewhat electri-
cally insulated from ground plane 210. When electric current
is fed to radiating element 209 mounted above ground plane
210 through feed element 213, radiating element 209 and
ground plane 210 become excited and act as a radiating
device.

[0009] Theoperating frequency or the resonance frequency
of PIFA 200 can be modified either by adjusting the dimen-
sions and shape of radiating element 209 or by moving the
location of feed element 213 with respect to tuning element
212. The resonance frequency can also be finely adjusted by
changing the height and/or width of tuning element 212.
Thus, in the conventional PIFA, the operating frequency or
resonance is fixed by the size, shape, or placement of feed
element 213, tuning element 212, or radiating elements 209,
respectively. To change the bandwidth of PIFA 200, the
height must be increased which will lead to an undesirable
increase in the overall antenna size. With a trend towards
smaller terminals, i.e., thinner and shorter mobile terminals,
with very limited space available for the antenna element
(GSM/WCDMA), the bandwidth of the High Band, DCS,
PCS, and UMTS (1710 MHz—2170 MHz) at -6 dB S11 is
becoming more difficult to achieve.

[0010] PIFAs with parasitic elements are being used cur-
rently to enhance the High Band bandwidth, but usually use a
flex film on the antenna carrier with an additional connection
(c-clip or Pogo Pin) on the PCB.

SUMMARY OF THE INVENTION

[0011] One object of the present invention is to employ a
microstrip parasitic element (MPE) as a part of the ground
layer of the carrying structure, e.g., printed circuit board
(PCB) in such a way that the matching and bandwidth of the
antenna are improved and increased.

[0012] Embodiments of the invention use an antenna
arrangement including: a ground plane, a feed element, and a
radiating element coupled to the feed element, the radiating
element being substantially parallel to and vertically dis-
placed from the ground plane arranged on a first surface of a
carrying structure by the feed element and a shortening ele-
ment. The antenna further includes a parasitic element pro-
vided directly on the carrying structure as part of the carrying
structure ground layer. The parasitic element me be a micros-
trip that is arranged at a ground clearance area. The parasitic
element may extend over an edge of said carrying structure.
The parasitic element may also extend to a second surface of
said carrying structure. The carrying structure may be a PCB.
[0013] The invention also relates to a wireless communica-
tion device having an antenna that includes: a ground plane
provided on a carrying structure, a feed element, and a radi-
ating element coupled to the feed element, the radiating ele-
ment being substantially parallel to and vertically displaced
from the ground plane by the feed element and a shortening
element. The antenna further includes a parasitic element
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provided directly on the carrying structure as part of the
carrying structure ground layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The accompanying drawings, which are incorpo-
rated in and constitute a part of this specification, illustrate a
number of embodiments of the invention and, together with
the description, explain the invention. In the drawings:
[0015] FIG. 1 illustrates a block diagram of a wireless
communication device according to the present invention;
[0016] FIG. 2 illustrates a conventional PIFA design
according to prior art;

[0017] FIG. 3 illustrates a semi-PIFA according to the
invention;
[0018] FIG. 4 illustrates a block diagram of a wireless

communication device according to the invention; and
[0019] FIG. 5 illustrates a cross section through a part of a
PCB.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0020] The antenna designs described in the following
description are “planar” antennae. A “planar” antenna has an
extended shape that lies generally along a plane, i.e., the
antenna may have three dimensions but one of the dimensions
may be an order of a magnitude less than the other two
dimensions.

[0021] FIG. 1 illustrates a block diagram of an exemplary
wireless communication device 10. Wireless communication
device 10 may include a housing 11, a controller 101, a
memory 102, a user interface 103, a transceiver 104, a key
input unit 105, a display unit 106, and a multiband antenna
100. Transceiver 104 may interface wireless communication
device 10 with a wireless network using antenna 100. It is
appreciated that transceiver 104 may transmit or receive sig-
nals according to one or more of any known wireless com-
munication standards known to the person skilled in the art.
Controller 101 may control the operation of wireless commu-
nication device 10 responsive to programs stored in memory
102 and instructions provided by the user via interface 103.
[0022] Antenna designs according to the present invention,
with a microstrip parasitic element as part of the ground plane
on the PCB, may improve and increase the matching and
bandwidth.

[0023] FIG. 3 illustrates an antenna, for example, a semi-
PIFA according to the present invention. A PIFA 300 may
include a ground plane 310 formed on a substrate 311. In this
embodiment, ground plane 310 may be illustrated as being
embedded directly on substrate 311 (e.g., a PCB), which also
may carry other electrical components (not shown) of the
device. This configuration may provide the advantage that the
antenna can be mounted relatively close to the PCB, thus
saving volume in the wireless device.

[0024] PIFA 300 may include a radiating element 309 that
may include a low frequency radiating element and a high
frequency radiating element respectively. Radiating element
309 may include any known configuration or pattern and vary
in size to optimize the bandwidth, operating frequency, radia-
tion patterns, and the like. Radiating element 309 may elec-
trically connect to ground plane 310, for example, via a tuning
or shortening element 312. Feed element 313 may connect to
a signal source from a radio or other RF (radio frequency)
transmitter, receiver, or transceiver (not shown) to radiating
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element 309. Feed 313 may be at least partially electrically
insulated from ground plane 310, to prevent grounding there-
from.

[0025] To enhance the matching and bandwidth of the high-
band, a parasitic element 315 may be arranged extending
from ground plane 310, preferably on the antenna ground
clearance area 316. Parasitic element 315 may have any regu-
lar or irregular shape, such as rectangular, circular, meander,
etc.

[0026] If the size (e.g., length and width) of parasitic ele-
ment 315 is not sufficient (e.g. <10 mm antenna ground
clearance), it is also possible to continue with the microstrip
to the other side of the PCB or any suitable direction. This is
illustrated in F1G. 5, where 315" and 315" denote extension of
the parasitic element over the edge of the PCB 311 and the
other side of it, respectively. Parasitic element 315" may also
extend through a via.

[0027] The parasitic element according to the invention,
which may be a narrowband, wide-beam antenna, may be
fabricated by etching the antenna element pattern in metal
trace bonded to an insulating dielectric substrate with a con-
tinuous metal layer bonded to the substrate which forms a
ground plane. Possible microstrip antenna radiator shapes
include square, rectangular, circular, and elliptical, but any
continuous shape is possible. For example, the microstrip
antenna may be a rectangular patch. The rectangular patch
antenna may be approximately a one-half wavelength long
section of rectangular microstrip transmission line. When air
is the antenna substrate, the length of the rectangular micros-
trip antenna may be approximately one-half of a free-space
wavelength. As the antenna is loaded with a dielectric as its
substrate, the length of the antenna decreases as the relative
dielectric constant of the substrate increases.

[0028] FIG. 4is ablock diagram illustrating a structure of a
mobile communication terminal 40 in accordance with an
embodiment of the present invention. Referring to FIG. 4,
mobile communication terminal 40 may include a memory
402, akey input unit 405, a display unit 406, a transceiver 404,
a PIFA 400, a parasitic element 415, and a controller 401.
Controller 401 may process voice signals and/or data accord-
ing to the protocol for a phone call, data communication, or
wireless Internet access, and may control the respective com-
ponents of the mobile communication terminal. Furthermore,
controller 401 may receive key input from key input unit 405,
and control display unit 406 to generate and provide image
information in response to the key input. Controller 401 may
receive current location information from the user or BS.
Through the received location information, controller 401
may identify a frequency band mapped to the current location
from a region frequency memory 408 included in memory
402.

[0029] It should be noted that the word “comprising” does
not exclude the presence of other elements or steps than those
listed and the words “a” or “an” preceding an element do not
exclude the presence of a plurality of such elements. It should
further be noted that any reference signs do not limit the scope
of'the claims, that the invention may be implemented at least
in part by means of both hardware and software, and that

several “means”, “units” or “devices” may be represented by
the same item of hardware.

[0030] The above mentioned and described embodiments
are only given as examples and should not be limiting to the
present invention. Other solutions, uses, objectives, and func-
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tions within the scope of the invention as claimed in the below
described patent claims should be apparent for the person
skilled in the art.

What we claim is:

1. An antenna comprising:

a ground plane;

a feed element;

a radiating element coupled to the feed element, the radi-
ating element being substantially parallel to and verti-
cally displaced from the ground plane arranged on a first
surface of a carrying structure by the feed element and a
shortening element; and
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a parasitic element provided directly on the carrying struc-
ture as part of a ground layer of the carrying structure.

2. The antenna of claim 1, wherein the parasitic element
comprises a microstrip.

3. The antenna of claim 1, wherein the parasitic element is
arranged at a ground clearance area.

4. The antenna of claim 1, wherein the parasitic element
extends over an edge of the carrying structure.

5. The antenna of claim 1, wherein the parasitic element
extends to a second surface of said carrying structure.

6. The antenna of claim 1, wherein the carrying structure is
printed circuit board.
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COUPLED-LOOP CHIP ANTENNA

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention generally relates to a minia-
turized microstrip antenna, in particular, to a coupled-loop
chip antenna.

[0003] 2. Description of the Prior Art

[0004] With rapid development of wireless communica-
tions recently, increasingly high requirements on the quality
of the wireless communication continuously come up.
Antenna is a dispensable communication element for all the
wireless applications. In different wireless communication
applications, although the requirements on the characteristics
of the antenna are different, it can be summarized that, in
order to obtain a stable communication quality, the antenna is
required to be a communication element having various elec-
trical characteristics such as multiple frequency bands, appro-
priate bandwidths (depending upon the type of the wireless
communication application), a high integrity, a low cost, and
a small size. Among the selections of various antenna struc-
tures, the loop antenna is one structure adopted by the anten-
nas of various wireless communication products.

[0005] The loop antenna is an alternation of a unipole
antenna. The conventional unipole antenna is a linear struc-
ture, which has a length of at least one fourth of the frequency
to be radiated, and is vertical to the vast ground surface. The
structure can be easily fabricated but the antenna has the
disadvantages including an overly narrow bandwidth, a low
integrity, and a large size. The loop antenna makes an
improvement on the antenna body of the conventional unipole
antenna. For example, Taiwan Patent Publication No.
1270236 entitled “Loop Antenna Having Capacitive Struc-
ture” has disclosed a loop antenna having a capacitive struc-
ture. The loop antenna body is a linear structure with a plu-
rality of three-dimensional bends, and is close and parallel to
the vast ground surface for generating coupled capacitance,
so as to reduce the size of the antenna and increase the band-
width. However, the body of the loop antenna having a
capacitive structure is a metal line segment with a plurality of
three-dimensional bends, and is close to the ground, thus
causing a high cost during the fabricating process. Moreover,
due to the special three-dimensional bend structure, the
antenna in the wireless application product needs to be pro-
cessed specially to integrate with other structures, and thus
has no integrity. In brief, Taiwan Patent Publication No.
1270236, entitled “Loop Antenna Having Capacitive Struc-
ture,” indeed solves the problems in the conventional unipole
antenna and the loop antenna, but still fails to provide an
antenna having various electrical characteristics including
multiple frequency bands, appropriate bandwidth, a high
integrity, a low cost, and a small size.

[0006] In addition, the chip antenna with a high integrity is
a common implementation of antenna, but the characteristics
of'the antenna applying the chip process technique are always
limited to an overly small chip size, for example, the size of
the fabricated chip usually is in the range of millimeter (mm).
Therefore, the antenna structure in the range of millimeters
may generate an unnecessary electric field and magnetic field
coupling with the metal wire on other layers or other metal
structures, which damages the original antenna performance
and causes a narrow operating bandwidth. The bandwidth of
the conventional chip antenna is about 30 MHz, which is too
narrow for the chip antenna to be applied on various wireless
communication devices effectively.
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SUMMARY OF THE INVENTION

[0007] In order to solve the problems in the prior art, the
present invention is directed to a loop antenna, which is
designed into a multi-band structure to create appropriate
bandwidths, and is a chip antenna fabricated by a low-tem-
perature co-fired ceramics (LTCC) process, thus having a
relatively small volume of less than 100 mm>. Therefore, the
coupled-loop chip antenna provided in the present invention
has many preferable electrical characteristics including a
high integrity, a low cost, and an appropriate bandwidth.
[0008] In an embodiment of the present invention, a
coupled-loop chip antenna is provided, which includes: a
microwave substrate, being a hexahedron; a first conductive
layer, disposed on an upper surface of the substrate, for form-
ing a first loop; a second conductive layer, disposed on a first
side surface of the substrate, and electrically connected to a
feed-in point and a ground point; and a third conductive layer,
disposed on a lower surface of the substrate, for forming a
second loop. The first conductive layer and the second con-
ductive layer are electrically connected at the junction
between the upper surface and the first side surface, and the
second conductive layer and the third conductive layer are
electrically connected at the junction between the side surface
and the lower surface. In another embodiment of the present
invention, a coupled-loop chip antenna is provided, which
includes: a microwave substrate, being a hexahedron; a first
conductive layer, disposed on an upper surface of the sub-
strate; a second conductive layer, disposed on a first side
surface of the substrate, and electrically connected to the first
conductive layer and a feed-in point; a third conductive layer,
disposed on a lower surface of the substrate; a fourth conduc-
tive layer, disposed on a second side surface of the substrate
opposite to the second conductive layer, and electrically con-
nected to the third conductive layer and a ground point; and a
fifth conductive layer, disposed on the lower surface of the
substrate, and electrically connected to the second conductive
layer and the fourth conductive layer. A gap is formed
between the fifth conductive layer and the third conductive
layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Referring to the figures, wherein the same reference
numeral indicates the corresponding parts. Hereinafter the
figures are merely schematic views instead of being drawn in
the actual ratio scale:

[0010] FIG. 1 is a three-dimensional view of a coupled-
loop chip antenna according to an embodiment of the present
invention, for illustrating the embodiment of the present
invention;

[0011] FIG.2isatop view ofthe coupled-loop chip antenna
in FIG. 1;
[0012] FIG. 3 is a return loss diagram of the coupled-loop

chip in FIGS. 1 and 2;

[0013] FIG. 4 is a three-dimensional view of a coupled-
loop chip antenna according to another embodiment of the
present invention, for illustrating the embodiment of the
present invention;

[0014] FIG.5isatop view ofthe coupled-loop chip antenna
in FIG. 4; and
[0015] FIG. 6 is a return loss diagram of the coupled-loop

chip in FIGS. 4 and 5.
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DETAILED DESCRIPTION

[0016] As shown in FIGS. 1 and 2, an coupled-loop chip
antenna according to an embodiment of the present invention
includes: a microwave substrate (16), being a hexahedron; a
first conductive layer (10), disposed on an upper surface of the
substrate (16) for forming a first loop; a second conductive
layer (12), disposed on a first side surface of the substrate
(16), and electrically connected to a feed-in point and a
ground point (not shown in FIG. 1 or FIG. 2); and a third
conductive layer (14), disposed on a lower surface of the
substrate (16) for forming a second loop. The hexahedron is a
cuboid, including a cube. The first conductive layer (10) and
the second conductive layer (12) are electrically connected at
the junction between the upper surface and the first side
surface. The second conductive layer (12) and the third con-
ductive layer (14) are electrically connected at the junction
between the first side surface and the lower surface. The third
conductive layer (14) includes a bent conductive layer (142)
and a rectangular conductive layer (141). In the loop antenna,
the bent conductive layer (142) is electrically connected to the
second conductive layer (12) directly, and is disposed on the
right side of the lower surface. The rectangular conductive
layer (141) is electrically connected to the second conductive
layer (12) via the bent conductive layer (142). In addition, the
rectangular conductive layer (141) is disposed in an area of
the lower surface close to a second side surface of the sub-
strate opposite to the first side surface (see FIG. 2).

[0017] The first conductive layer is not limited to be the
rectangular shape, but may have any other shapes. However,
the rectangular shape may maximize the radiation area of the
antenna and simplify the process, and the first conductive
layer is not limited to be disposed at the left side of the upper
surface, but may also cover the whole upper surface so as to
maximize its equivalent area.

[0018] Furthermore, this embodiment adopts a multi-loop
structure design. After a feed-in signal is input through the
feed-in point, the current of the signal flows from the second
conductive layer (12) to three current paths (loops). In the first
loop, the current flows from the second conductive layer (12)
to the first conductive layer (10), then is coupled to the third
conductive layer (14), and finally back to the second conduc-
tive layer (12). The first loop is also in charge of radiating the
major operating frequency. A second loop formed by the first
conductive layer (10) and the second conductive layer (12)
and a third loop formed by the second conductive layer (12)
and the third conductive layer (14) also have relatively weak
current passing there-through, so as to resonate to generate an
additional operating frequency. In the coupled-loop chip
antenna provided in this embodiment, the multi-loop effect
achieved by the special structure may effectively solve the
three technical defects in the prior art. First, the ground sur-
face is applied as a loop, which increases the equivalent
radiation area of the whole antenna, and easily reduces the
area of the antenna. Second, in the multi-loop structure, when
the operating frequencies for resonance are similar to one
another, the bandwidth utilized by the loop antenna is much
larger than that of the single loop, so as to alleviate the defect
of narrow bandwidth caused by the miniaturization of the
chip antenna. Third, it can be seen from FIG. 1, the rectan-
gular conductive layer (141) in the third conductive layer (14)
partially overlaps the first conductive layer (10), and the over-
lapping part may have a capacitive effect due to the current
coupling. By means of the capacitive effect, the impedance at
the input end is adjusted to match the impedance at the feed-in

Jan. 14, 2010

port, so that the return loss is reduced to achieve a high
efficiency. In addition, the first conductive layer (10) and the
bent conductive wire (142) are respectively disposed at two
sides of the substrate (16), and thus the structure may prevent
the overly large capacitive effect from affecting the imped-
ance matching of the signal input.

[0019] FIG. 3 is a return loss diagram of the coupled-loop
chip in FIGS. 1 and 2. FIG. 3 shows the operating frequency
of'the coupled-loop chip antenna from about 1.81 GHzto 2.12
GHz. The bandwidth is about 310 MHz, which is 10.3 times
as much as that of the prior art.

[0020] Referring to FIGS. 1 and 2, in the coupled-loop chip
antenna, all the antenna parts are in simple geometrical
shapes, such as rectangle. The simple geometrical pattern is a
simple layout in a low-temperature co-fired ceramics (LTCC)
process.

[0021] As shown in FIGS. 4 and 5, a coupled-loop chip
antenna in another embodiment of the present invention
includes: a microwave substrate (50), being a hexahedron; a
first conductive layer (40), disposed on an upper surface of the
substrate (50); a second conductive layer (42), disposed on a
first side surface of the substrate (50), and electrically con-
nected to the first conductive layer (40) and a feed-in point
(not shown in FIGS. 4 and 5); a third conductive layer (44),
disposed on a lower surface of the substrate (50); a fourth
conductive layer (48), disposed on a second side surface of
the substrate (50) opposite to the second conductive layer
(42), and electrically connected to the third conductive layer
(44) and a ground point (not shown in FIGS. 4 and 5); and a
fifth conductive layer (46), disposed on a lower surface of the
substrate (50), and electrically connected to the second con-
ductive layer (42) and the fourth conductive layer (44). A gap
is formed between the fifth conductive layer (46) and the third
conductive layer (44).

[0022] Furthermore, this embodiment also employs a loop
structure design. When a feed-in signal is input from the
feed-in point, the current of the signal flows from the second
conductive layer (42) to the first conductive layer (40), then is
coupled to the third conductive layer (44), and finally back to
the second conductive layer (42) after passing through the
fourth conductive layer (48) and the fifth conductive layer
(46).

[0023] In the coupled-loop chip antenna in this embodi-
ment, the loop effect achieved by the special structure may
also effectively solve the technical defects in the prior art. In
the coupled-loop chip antenna provided in this embodiment,
since the ground surface is applied as a part of the loop, the
equivalent radiation area of the whole antenna is increased,
the area of the antenna itself is easily reduced, and the effi-
ciency of the antenna is thus increased. The efficiency of the
coupled-loop chip antenna provided in this embodiment is
88%. In addition, it can be seen from FIG. 5 that, the first
conductive layer (40) partially overlaps the third conductive
layer (44) in the vertical direction, so as to produce a capaci-
tive effect. By means of the capacitive effect, the impedance
at the input end is adjusted to match the impedance at the
feed-in port, so that the return loss is reduced to achieve a
desired bandwidth. In addition, a gap is formed between the
fifth conductive layer (46) and the third conductive layer (44).
The gap may prevent the overly large capacitive effect from
affecting the impedance matching of the signal input, and
maintain the loop architecture of the coupled-loop chip
antenna provided in this embodiment.
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[0024] FIG. 6 is a return loss diagram of the coupled-loop
chip in FIGS. 4 and 5. FIG. 6 shows the operating frequency
of'the coupled-loop chip antenna from about 1.54 GHzto 1.68
GHz. The bandwidth is about 80 MHz, which is 2.7 times as
much as that in the prior art.

[0025] Referring to FIGS. 4 and 5, in the coupled-loop chip
antenna, all the antenna parts are in simple geometrical
shapes, such as rectangle. The simple geometrical pattern is a
simple layout in the LTCC process.

[0026] Based on the above, the coupled-loop chip antenna
disclosed in the present invention employs simple geometri-
cal shapes to help accomplishing the LTCC process, and also
obtains the advantages including high integrity, low cost, and
small volume. The present invention utilizes the coupled-loop
structure to manufacture appropriate bandwidth on a desired
wireless communication application, so as to make up the
defect of insufficient bandwidth of the miniaturized micros-
trip antenna.

[0027] The above embodiments are merely provided for
illustrating the principle and functions of the present inven-
tion, instead of limiting the present invention. It can be known
with reference to the accompanying drawings of the present
invention, since alternations on the structure of the present
invention may be made without departing from the scope of
the present invention, other embodiments can also be imple-
mented.

LIST OF REFERENCE NUMERALS

[0028] 10 First Conductive Layer
[0029] 12 Second Conductive Layer
[0030] 14 Third Conductive Layer
[0031] 16 Microwave Substrate
[0032] 40 First Conductive Layer
[0033] 42 Second Conductive Layer
[0034] 44 Third Conductive Layer
[0035] 46 Fifth Conductive Layer
[0036] 48 Fourth Conductive Layer
[0037] 50 Microwave Substrate
[0038] 141 Rectangular Conductive Layer
[0039] 142 Bent Conductive Layer

What is claimed is:

1. A coupled-loop chip antenna, comprising:

a microwave substrate, being a hexahedron;

afirst conductive layer, disposed on an upper surface of the
substrate, for forming a first loop;
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a second conductive layer, disposed on a first side surface
of the substrate, and electrically connected to a feed-in
point and a ground point; and

a third conductive layer, disposed on a lower surface of the
substrate, for forming a second loop;

wherein the first conductive layer and the second conduc-
tive layer are electrically connected at a junction
between the upper surface and the first side surface, and
the second conductive layer and the third conductive
layer are electrically connected at a junction between the
first side surface and the lower surface.

2. The antenna according to claim 1, wherein the first
conductive layer is a rectangular plane, which has a length
and a width both smaller than those of the upper surface, and
is disposed at a left side of the upper surface.

3. The antenna according to claim 1, wherein the third
conductive layer comprises a bent conductive layer and a
rectangular conductive layer, the bent conductive layer is
electrically connected to the second conductive layer at the
junction and is disposed at a right side of the lower surface,
the rectangular conductive layer is electrically connected to
the second conductive layer via the bent conductive layer, and
the rectangular conductive layer is disposed in an area of the
lower surface close to a second side surface of the substrate
opposite to the first side surface.

4. A coupled-loop chip antenna, comprising:

a microwave substrate, being a hexahedron;

a first conductive layer, disposed on an upper surface of the

substrate;

a second conductive layer, disposed on a first side surface
of the substrate, and electrically connected to the first
conductive layer and a feed-in point;

a third conductive layer, disposed on a lower surface of the
substrate;

a fourth conductive layer, disposed on a second side surface
of the substrate opposite to the second conductive layer,
and electrically connected to the third conductive layer
and a ground point; and

a fifth conductive layer, disposed on the lower surface of
the substrate, and electrically connected to the second
conductive layer and the fourth conductive layer;

wherein a gap is formed between the fifth conductive layer
and the third conductive layer.

5. The antenna according to claim 4, wherein the first

conductive layer partially overlaps the third conductive layer
in a vertical direction, so as to produce a capacitive effect.

sk sk sk sk sk






_1326225933.pdf
US 20100001908A1

a9 United States

a2y Patent Application Publication o) Pub. No.: US 2010/0001908 A1

Chen 43) Pub. Date: Jan. 7, 2010
(54) DIGITAL TELEVISION ANTENNA Publication Classification
75) Inventor: Yen-Yu Chen, Chung Ho Cit (1) Int. C1.
(75) " Inventor (Te\l)'v) 1 iten, g Ho Y HOIQ 1/38 (2006.01)
Correspondence Address:
THOMAS, KAYDEN, HORSTEMEYER & RIS- (52) US.Cl .ot 343/700 MS
LEY, LLP
600 GALLERIA PARKWAY, S.E., STE 1500
ATLANTA, GA 30339-5994 (US) (57) ABSTRACT
. . A digital television antenna built in a portable device. The
(73)  Assignee: ?}EIEIITID;TIEEE)AGIES INC.. Chun portable device has a system ground board. The digital tele-
Ho City (TW) ’ ” & vision antenna includes a parasitic arm and a signal feeding
ty arm. The parasitic arm has a ground point and at least one
bending portion. The shape of the parasitic arm is a step-like
21) Appl. No.: 12/358,478 2P P P P
(1) Appl. No ’ form. The ground point of the parasitic arm touches the sys-
(22) Filed: Jan. 23, 2009 tem ground board of the portable device. The signal feeding
arm has a main portion and a feeding terminal for receiving a
(30) Foreign Application Priority Data digital television signal with a frequency from 470 MHz to
870 MHz. The shape of the main portion is approximate to a
Jul. 1, 2008 (TW) oo 97124739 rectangle.
100
- L1 > ’/_/
134
132 136
!
/ -+ 122
120 — , — N

/
30— — | \ 112

™~—110

[
|

— 124

“T~—150






Patent Application Publication

Jan. 7,2010 Sheet1 of 4

100

136

120 —

A 122

130 |

1T™~—110

112

A

— 124

“T~—150

US 2010/0001908 A1





Patent Application Publication

1 470.00000 MHz -5.5903 dB
2 570.00000 MHz -6.2425 dB
3 670.00000 MHz -6.1346 dB
4 770.00000 MHz -7.5015 dB
5 870.00000 MHz -6.1452 dB
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DIGITAL TELEVISION ANTENNA

RELATED APPLICATIONS

[0001] This application claims priority to Taiwan Applica-
tion Serial Number 97124739, filed Jul. 1, 2008, which is
herein incorporated by reference.

BACKGROUND
[0002] 1. Field of Invention
[0003] The present invention relates to an antenna appara-

tus. More particularly, the present invention relates to a digital
television antenna for a portable device.

[0004] 2. Description of Related Art

[0005] Thekey development incommunication technology
has been the transfer from wired to wireless communication.
In the field of wireless communication, the signal propagates
through the air in the form of an electromagnetic wave, where
the bridge of the signals between the wireless device and the
air is an antenna.

[0006] Because the operation frequency of the digital tele-
vision (DTV) is between 470 MHz to 870 MHz, the conven-
tional DTV antenna is usually attached to the exterior of the
device. A variety of problems are inherent to this arrange-
ment, however. For example, external forces easily damage
such an antenna, the overhead of the circuit design is
increased and the device is harder to carry. For these reasons,
the external antenna is increasingly unsuited for use in
advanced wireless communication devices.

[0007] Therefore, it is apparent that the DTV antenna built
in portable devices will be a mainstream trend in the commu-
nications field.

SUMMARY

[0008] An embodiment of the invention provides a digital
television antenna built in a portable device. The portable
device has a system ground board. The digital television
antenna includes a parasitic arm and a signal feeding arm. The
parasitic arm has a ground point and at least one bending
portion. The shape of the parasitic arm is a step-like form. The
ground point of the parasitic arm touches the system ground
board of the portable device. The signal feeding arm has a
main portion and a feeding terminal for receiving a digital
television signal with a frequency from 470 MHz to 870
MHz. The shape of the main portion is approximate to a
rectangle.

[0009] Another embodiment of the invention provides a
digital television antenna built in a portable device. The por-
table device has a system ground board. The digital television
antenna includes a nonconductive substrate, a parasitic arm,
and a signal feeding arm. The parasitic arm has a ground point
and at least one bending portion. The parasitic arm and the
signal feeding arm are formed on the nonconductive sub-
strate. The shape of the parasitic arm is a step-like form. The
ground point of the parasitic arm touches the system ground
board of the portable device. The signal feeding arm has a
main portion and a feeding terminal for receiving a digital
television signal with a frequency from 470 MHz to 870
MHz. The shape of the main portion is approximate to a
rectangle.
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[0010] Itisto be understood that both the foregoing general
description and the following detailed description are by
examples, and are intended to provide further explanation of
the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The accompanying drawings are included to pro-
vide a further understanding of the invention, and are incor-
porated in and constitute a part of this specification. The
drawings illustrate embodiments of the invention and,
together with the description, serve to explain the principles
of'the invention. In the drawings,

[0012] FIG. 1 illustrates a schematic diagram of a first
embodiment of the digital television antenna of the invention;
[0013] FIG. 2 illustrates a test chart of return loss for the
digital television antenna of the present invention;

[0014] FIG. 3 illustrates a test chart of the efficiency of the
first embodiment of the invention;

[0015] FIG. 4 illustrates a schematic diagram of a second
embodiment of the digital television antenna of the invention;
[0016] FIG. 5 illustrates a schematic diagram of a third
embodiment of the digital television antenna of the invention;
and

[0017] FIG. 6 illustrates a schematic diagram of a fourth
embodiment of the digital television antenna of the invention.
[0018] FIG. 7 illustrates a schematic diagram of a fifth
embodiment of the digital television antenna of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0019] Reference will now be made in detail to the present
preferred embodiments of the invention, examples of which
are illustrated in the accompanying drawings. Wherever pos-
sible, the same reference numbers are used in the drawings
and the description to refer to the same or like parts.

[0020] The invention provides a digital television antenna,
which can be built in a casing of a potable device to receive a
digital television signal with a frequency from 470 MHz to
870 MHz. The portable device can be a laptop computer, a
mini computer, or other portable devices with digital televi-
sion receiving function.

[0021] Refer to FIG. 1. FIG. 1 illustrates a schematic dia-
gram of a firstembodiment of the digital television antenna of
the invention. The digital television antenna 100 is built in the
portable device. The digital television antenna 100 includes a
nonconductive substrate 110, a parasitic arm 120, and a signal
feeding arm 130. The parasitic arm 120 and the signal feeding
arm 130 are formed on the nonconductive substrate 110. The
portable device has a system ground board 150. The digital
television antenna 100 can use the system ground board 150
for grounding. For example, the portable device can be a
laptop computer, and the system ground board 150 can be the
ground board disposed behind a liquid display panel.

[0022] The nonconductive substrate 110 has a first edge
112 neighboring the system ground board 150. The signal
feeding arm 130 is disposed between the parasitic arm 120
and the first edge 112. The parasitic arm 120 has a bending
portion 122, and the shape of the parasitic arm 120 is approxi-
mate to an inverted-L.. The bending portion 122 does not
touch the first edge 112. The parasitic arm 120 has a ground
point 124. The ground point 124 is disposed on the first edge
112, and the ground point 124 of the parasitic arm 120
touches the system board 150 for grounding.
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[0023] The signal feeding arm 130 has a main portion 132
and a feeding terminal 134. The shape ofthe main portion 132
is approximate to a rectangle. The main portion 132 does not
touch the first edge 112. The signal feeding arm 130 further
includes an extending portion 136 extended from the main
portion 130 toward the system ground board 150. The feeding
terminal 134 is disposed on the extending portion 136. The
shape of the signal feeding arm 130 is approximate to an
inverted-L.

[0024] The signal feeding arm 130 and the parasitic arm
120 are disposed on the same side of the nonconductive
substrate 110. The signal feeding arm 130 and the parasitic
arm 120 are disposed on the same plane. The parasitic arm
120 and the signal feeding arm 130 can be formed on the
nonconductive substrate 110 by a printing or an etching pro-
cess. The expanding length L, of the parasitic arm 120 is
longer than the expending length L., of the signal feeding arm
130. The corresponding wavelength of the parasitic arm 130
is V4, and the center frequency of the parasitic arm 130 is 600
MHz.

[0025] Refer to FIG. 2. FIG. 2 illustrates a test chart of
return loss for the digital television antenna of the present
invention. The size of the digital television antenna 100 for
test is described in the following. The length is 300 mm and
the width is 250 mm of the system ground board 150. The
length is 50.5 mm and the width is 10 mm of the signal
feeding arm 130. A rectangular slice whose length is 64 mm
and width is 12.5 mm is severed from a metal slice whose
length is 64 mm and width is 13 mm to form the parasitic arm
120, and the ground terminal 134 is electrically connected to
the system ground board 150.

[0026] The digital television antenna 100 in this invention
is utilized for receiving the digital television signal with a
frequency from 470 MHz to 870 MHz. According to the
experimental data, the impedance bandwidth of this embodi-
ment is less than -6 dB when the digital television antenna
100 receives the digital television signal with a frequency
from 470 MHz to 870 MHz. Namely, the digital television
antenna 100 can be regarded to have a good radiation char-
acteristic.

[0027] Refer to FIG. 3. FIG. 3 illustrates a test chart of the
efficiency of the first embodiment of the invention. The digital
television antenna 100 is utilized for receiving the digital
television signal with a frequency from 470 MHz to 870
MHz. According to the experimental data, the efficiency of
this embodiment keeps mostly higher than 50% when the
digital television antenna 100 receives the digital television
signal with a frequency from 470 MHz to 870 MHz. Namely,
the digital television antenna 100 can be regarded to have a
good working efficiency.

[0028] Refer to FIG. 4. FIG. 4 illustrates a schematic dia-
gram of a second embodiment of the digital television
antenna of the invention. The digital television antenna 200 is
built in a potable device for receiving a digital television
signal with a frequency from 470 MHz to 870 MHz. The
parasitic arm 220 and the signal feeding arm 230 are formed
on two opposite sides of the nonconductive substrate 210 in
this embodiment. The signal feeding arm 230 is disposed next
to the system ground board 250. The signal feeding arm 230
is arranged between the parasitic arm 220 and the system
ground board 250. The signal feeding arm 230 does not touch
the first edge 212. The shape of the main portion 232 of the
signal feeding arm 230 is approximate to a rectangle. The
feeding terminal 234 is placed on the main portion 232. The
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parasitic arm 220 has plural bending portions 222, and the
shape of the parasitic arm 220 is a step-like form.

[0029] Refer to FIG. 5. FIG. 5 illustrates a schematic dia-
gram of a third embodiment of the digital television antenna
of'the invention. The digital television antenna 300 is built in
aportable device for receiving a digital television signal with
a frequency from 470 MHz to 870 MHz. The parasitic arm
320 and the signal feeding arm 330 of the digital television
antenna 300 are formed on the same side of the nonconduc-
tive substrate 310. The parasitic arm 320 has plural bending
portions 322. The bending portions 322 are linear arranged,
and the shape of the parasitic arm 320 is approximate to an
inverted-L. The extending portion 336 of the signal feeding
arm 330 is extend toward the first edge 312, and the feeding
terminal 334 is disposed on the extending portion 336. The
feeding terminal 334 does not touch the first edge 312 in this
embodiment.

[0030] Refer to FIG. 6. FIG. 6 illustrates a schematic dia-
gram of a fourth embodiment of the digital television antenna
of'the invention. The digital television antenna 400 is built in
aportable device for receiving a digital television signal with
afrequency from 470 MHzto 870 MHz. The digital television
antenna 400 in this embodiment is a solid structure to reduce
the space in the portable device. The parasitic arm 420 and the
signal feeding arm 430 are formed on the same side of the
nonconductive substrate 410. The parasitic arm 420 and the
signal feeding arm 430 are not disposed on the same plane. A
part of the parasitic arm 425 is bent and become vertical to the
signal feeding arm 430.

[0031] Refer to FIG. 7. FIG. 7 illustrates a schematic dia-
gram of a fifth embodiment of the digital television antenna of
the invention. The nonconductive substrate 510 has plural
through holes 514, and the parasitic arm 520 formed on the
nonconductive substrate 510 can penetrate the through holes
514. Thus a part of the parasitic arm 520 is disposed at the
same side with the signal feeding arm 530, and another part of
the parasitic arm 520 is disposed at the opposite side to the
signal feeding arm 530. The expending length of the parasitic
arm 520 is longer than the expending length of the signal
feeding arm 530. The parasitic arm 520 can further include a
support arm 540 to improve the receiving efficiency of the
digital television antenna 500.

[0032] The digital television antenna is built in a portable
device for receiving a digital television signal with a fre-
quency from 470 MHz to 870 MHz. The parasitic arm and the
signal feeding arm of the digital television antenna can be
formed on the same side or two opposite sides of the noncon-
ductive substrate. The parasitic arm and the signal feeding
arm can be disposed on the same plane. The digital television
antenna can be a solid structure to reduce the space of the
digital television antenna in the portable device. The parasitic
arm can have at least one bending portion, and the shape ofthe
parasitic arm is a step-like form.

[0033] It will be apparent to those skilled in the art that
various modifications and variations can be made to the struc-
ture of the present invention without departing from the scope
or spirit of the invention. In view of the foregoing, it is
intended that the present invention cover modifications and
variations of this invention provided they fall within the scope
of the following claims and their equivalents.

What is claimed is:

1. A digital television antenna built in a portable device,
wherein the portable device has a system ground board, the
digital television antenna comprising:
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a parasitic arm having a ground point and at least one
bending portion, wherein a shape of the parasitic arm is
a step-like form, and the ground point of the parasitic
arm touches the system ground board of the portable
device; and

a signal feeding arm having a main portion and a feeding
terminal for receiving a digital television signal with a
frequency from 470 MHz to 870 MHz, wherein the
shape of the main portion is approximate to a rectangle.

2. The digital television antenna of claim 1, wherein the
signal feeding arm and the parasitic arm are disposed on the
same plane, and the signal feeding arm is disposed between
the system ground board and the parasitic arm.

3. The digital television antenna of claim 1, wherein the
signal feeding arm and the parasitic arm are not disposed on
the same plane.

4. The digital television antenna of claim 3, wherein a part
of'the parasitic arm is bent to be vertical to the signal feeding
arm.

5. The digital television antenna of claim 1, wherein an
expanding length of the parasitic arm is longer than an
expanding length of the signal feeding arm.

6. A digital television antenna built in a portable device,
wherein the portable device has a system ground board, the
digital television antenna comprising:

a nonconductive substrate;

a parasitic arm formed on the nonconductive substrate and
having a ground point and at least one bending portion,
wherein a shape of the parasitic arm is a step-like form,
and the ground point of the parasitic arm touches the
system ground board of the portable device; and

a signal feeding arm formed on the nonconductive sub-
strate and having a main portion and a feeding terminal
for receiving a digital television signal with a frequency
from 470 MHz to 870 MHz, wherein the shape of the
main portion is approximate to a rectangle.

7. The digital television antenna of claim 6, wherein the
signal feeding arm and the parasitic arm are formed on the
same side of the nonconductive substrate, and the signal
feeding arm is disposed between the system ground board and
the parasitic arm.

8. The digital television antenna of claim 6, wherein the
signal feeding arm and the parasitic arm are formed on oppo-
site sides of the nonconductive substrate respectively.

9. The digital television antenna of claim 6, wherein the
nonconductive substrate has a plurality of through holes, and
the parasitic arm penetrates through the through holes.

10. The digital television antenna of claim 6, wherein the
signal feeding arm and the parasitic arm are disposed on the
same plane, and the signal feeding arm is disposed between
the system ground board and the parasitic arm.
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11. The digital television antenna of claim 6, wherein the
signal feeding arm and the parasitic arm are not disposed on
the same plane.

12. The digital television antenna of claim 11, wherein a
part of the parasitic arm is bent to be vertical to the signal
feeding arm.

13. The digital television antenna of claim 6, wherein an
expanding length of the parasitic arm is longer than an
expanding length of the signal feeding arm.

14. A digital television antenna built in a portable device,
wherein the portable device has a system ground board, the
digital television antenna comprising:

a nonconductive substrate having a first edge neighboring

the system ground board;

a parasitic arm formed on the nonconductive substrate,

comprising:

a ground point disposed on the first edge and touching
the system ground board of the portable device, and

at least one bending portion, wherein a shape of the
parasitic arm is a step-like form, and the bending
portion does not touch the first edge; and

a signal feeding arm formed on the nonconductive sub-

strate and having a main portion and a feeding terminal
for receiving a digital television signal with a frequency
from 470 MHz to 870 MHz, wherein the shape of the
main portion is approximate to a rectangle, and the main
portion does not touch the first edge.

15. The digital television antenna of claim 14, wherein the
signal feeding arm and the parasitic arm are formed on the
same side of the nonconductive substrate, and the signal
feeding arm is disposed between the system ground board and
the parasitic arm.

16. The digital television antenna of claim 14, wherein the
signal feeding arm and the parasitic arm are formed on oppo-
site sides of the nonconductive substrate respectively.

17. The digital television antenna of claim 14, wherein the
nonconductive substrate has a plurality of through holes, and
the parasitic arm penetrates through the through holes.

18. The digital television antenna of claim 14, wherein the
signal feeding arm and the parasitic arm are disposed on the
same plane, and the signal feeding arm is disposed between
the system ground board and the parasitic arm.

19. The digital television antenna of claim 14, wherein the
signal feeding arm and the parasitic arm are not disposed on
the same plane.

20. The digital television antenna of claim 14, wherein a
part of the parasitic arm is bent to be vertical to the signal
feeding arm.
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BROADBAND ANTENNA

TECHNICAL FIELD OF THE INVENTION

[0001] The present invention relates to the field of broad-
band antennas for use with mobile terminal devices, such as
mobile phones, PHS phones (Personal Handyphone System)
and PDA equipment (Personal Digital Assistant) having com-
munication functions. More particularly, the present inven-
tion relates to a broadband antenna for at least six frequency
bands.

DESCRIPTION OF RELATED ART

[0002] Today there are a number of frequency bands that
are used for different mobile terminal devices, such as mobile
phones. The transmission and receiving of signals is made
according to one or more wireless communication standards.
For purpose of illustration, examples of a low frequency
wireless communication band include the AMPS frequency
band (Advanced Mobile Phone System) and the GSM low
frequency band (Global System for Mobile communica-
tions). Examples of a high frequency wireless communica-
tion band include a GSM high frequency band, a PCS fre-
quency band (Personal Communication Service) and
WCDMA frequency bands (Wideband Code Division Mul-
tiple Access).

[0003] The big variety of frequency bands causes problems
if one would like to use one mobile terminal device in differ-
ent frequency bands. The solution could be to use an antenna
of a very broadband type. However, the bandwidth is related
to the volume of the antenna and it might therefore be difficult
to get enough bandwidth, when the antenna is to be provided
in a small volume, for example in a mobile phone. Another
solution is to build in a switching function that changes some
components or the antenna structure inside the mobile termi-
nal device such that the antenna is tuned to the desired fre-
quency band at the time of use of the frequency band. How-
ever, if the mobile terminal device is to access several or all
frequency bands simultaneously this solution will not solve
the problem.

[0004] There are known multi-band antennas capable of
receiving and transmitting signals in several frequency bands.
They use a broadband antenna that is divided into two
branches, one for the low frequencies and one for high fre-
quencies. This type of antenna can be useful forup to 4 or 5
frequency bands.

[0005] Thus, there is a need for an antenna that is capable of
handling six or more frequency bands in such a way that a
mobile terminal device can be used in all the frequency bands
simultaneously.

SUMMARY OF THE INVENTION

[0006] The present invention is directed towards solving
the problem with adapting a broadband antenna to be efficient
in at least six frequency bands.

[0007] One object of the present invention is to provide a
broadband antenna having the capability of being used in six
different frequency bands without increasing the volume that
is necessary for providing the antenna.

[0008] According to a first aspect of the present invention,
this object is achieved by a broadband antenna provided on an
isolating antenna support structure comprising a PCB and a
rod-shaped part. The antenna comprises a low band branch
and a high band branch connected to a substantially rectan-
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gular ground plane provided on the PCB. The low band
branch extends in the same direction as the rod-shaped part
and is composed of a rectangle area on an upper portion of the
rod-shaped part and an elongated stripe area provided on the
upper portion of the rod-shaped part and continues onto a side
adjacent thereto. The high band branch is formed on the
rod-shaped part as a strip on the upper side and the side
adjacent thereto. The rectangle of the low band branch is
arranged with a vertical distance to the ground plane of 3-7
mm for creating a capacitive coupling there in between.
[0009] According to a second aspect of the invention there
is provided a broadband antenna in which the extension of the
strip of the low band branch and the high band branch are
essentially perpendicular to each other.

[0010] According to a third aspect of the invention there is
provided a broadband antenna in which the isolating antenna
support structure is made of plastic.

[0011] According to a fourth aspect of the invention there is
provided a broadband antenna in which a shunt inductor is
coupled between the ground plane, the high band branch and
the low band branch. In a preferred embodiment thereof the
shunt inductor comprises a coil having a value of 5-20 nano-
Henrys (nH), preferably 15 nH.

[0012] According to a fifth aspect of the invention there is
provided a broadband antenna, in which the vertical distance
between the rectangle of the low band branch and the ground
plane is 5 mm.

[0013] According to a sixth aspect of the present invention
there is provided a broadband antenna, in which the ground
plane has a projecting part 22 closest to the rectangle of the
low band branch having an area that is essentially the same as
the area of the rectangle of the low band branch.

[0014] It should be noted that the term “comprises/com-
prising” when used in this specification is taken to specify the
presence of stated features, integers, steps or components, but
does not preclude the presence or addition of one or more
other features, integers, steps, components or groups thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Thepresent invention will now be described in more
detail in relation to the enclosed drawings, in which:

[0016] FIG. 1 schematically shows different views of a
broadband antenna arranged on an antenna support structure.
[0017] FIG. 2 schematically shows a view of the tuning
areas according to the present invention.

[0018] FIG. 3 shows a shunt inductor according to the
present invention.

[0019] FIG. 4 shows a diagram of the voltage standing
wave ratio for the antenna according to the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0020] A broadband antenna capable of operating in six
different frequency bands is depicted in FIG. 1. The broad-
band antenna is provided on an antenna support structure. The
antenna support structure comprises two parts, namely a PCB
(Printed Circuit Board) and rod-shaped part 4. The rod-
shaped part is arranged on the upper short side of PCB. The
size of the antenna support structure may vary, but is prefer-
ably kept small, due to the expectations on modern mobile
terminal devices. In a preferred embodiment of the present
invention the PCB 2 has a size of 45 mm by 100 mm. The
rod-shaped part 4 is preferably 5 mm by 8 mm. Thus the
antenna support structure only builds 5-6 mm in height
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depending on the thickness of the PCB 2. The antenna support
structure is made of an isolating material, typically same kind
of plastic. However, it is obvious to a person skilled in the art
that other isolating materials may be used.

[0021] On the PCB 4 of the antenna support structure there
is provided a ground plane 6, which is made of a conductive
material, such as copper or brass. The ground plane covers
substantially 80-90% of the area of PCB 2. The space not
covered by the ground plate 6 is at the upper part of the PCB
2 and is intended for arranging the rod-shaped part 4 and also
for an empty space between the rod-shaped part 4 and the
ground plane 6. This empty space is to be described closer
below.

[0022] On the rod-shaped part 4 a low band branch 8, 10 of
the antenna is provided. The low band branch 8, 10 is pro-
vided on two sides of the rod-shaped part 4 as is evident from
FIG.1. Thelow band branch 8, 10 is extending in the direction
of'the rod-shaped part 4 and is composed of a rectangle-shape
10 and a elongated stripe-shape 8 provided on a upper portion
12 of the rod-shaped part 4. The stripe-shaped part continues
onto a side 14 adjacent thereto. The reason for this is to make
the low band branch 8, 10 long enough to be tuned in for the
low band frequencies.

[0023] A high band branch 16 is also provided on the rod-
shaped part 4. The direction of the high band branch 16
extends in a direction that preferably is essentially perpen-
dicular to that of the low band branch 8, 10. Also, the high
band branch 16 continues onto the side 14 adjacent to the
upper side 12. However, it is also possible that the direction of
the high band branch has another direction in relation to the
low band branch, depending on the design of the rod-shaped
part 4.

[0024] Itshould be noted that the rod-shaped part4 does not
need to have a uniform cross section throughout its entire
length. It would also be possible to reduce the cross section on
the portion where the stripe-shaped part is provided in order
to save material.

[0025] Both the low and the high band branch are made of
a conductive material corresponding to that of the ground
plane 6. Both the branches are also feed from the antenna feed
18. Furthermore, there is provided a shunt inductor 20 con-
nected between the ground plane 6 and both the low and high
band branch. The shunt inductor 20 is more closely depicted
in FIG. 3. The shunt inductor is used to improve the band-
width of the low band branch. Making a longer PCB 4 and
ground plane 6 could also solve the problem, but as men-
tioned above the present invention is directed towards opti-
mizing antenna while keeping the mobile terminal device as
small as possible.

[0026] The design of the rectangle area 10 together with the
design of an area on the ground plane 6 that is closest to the
rectangle area will also improve the overall performance by
interacting in such a way that a capacitive coupling is created
between the two areas with a value for the impedance versus
frequency is stabilized closer to 50 Ohm.

[0027] The design of the two above mentioned areas is
depicted in FIG. 2. FIG. 2 is simplified in order to show the
key features of the present invention. Thus, only the rectangle
10 of the low band branch is shown, together with the upper
part of the ground plane 6 that is turned towards the rod-
shaped part 4. The ground plane 6 has a part 22, which
projects outside its ordinary side line. The area of the part 22
corresponds essentially to the area of the rectangle 10. Pref-
erably, the area is slightly smaller and may be designed in a
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number of ways. The purpose of the design of the areas is to
create a capacitive coupling that enhances the high band
branch performance. One important factor of making the
capacitive coupling work is to secure that there is a vertical
distance of 3-7 mm between the rectangle 10 and the project-
ing part 22. In a preferred embodiment of the present inven-
tion a vertical distance of 5 mm has proven to be effective in
creating a stable capacitive coupling.

[0028] FIG. 3 shows the shunt inductor described above. In
a preferred embodiment the shunt inductor comprises a coil
L1, which has a value of 5-20 nH, preferably 15 nH. The use
of the shunt inductor increases the performance of the low
band branch, which is best seen in FIG. 4.

[0029] FIG. 4 shows a diagram of the voltage standing
wave ratio VSWR) at different frequencies. In the example
shown in FIG. 4 the broadband antenna is tuned in for oper-
ating at six different frequency bands. The frequency bands in
the example are an AMPS frequency band at 850 MHz, a
GSM low band frequency at 900 MHz, a GSM high frequency
band at 1800 MHz, a PCS frequency band at 1900 MHz and
two WCDMA frequency bands at 1920-2170 MHz and 2500-
2690 MHz respectively. This implies that the antenna must
cover 824 to 960 MHz and 1710 to 2690 MHz.

[0030] Asisevident from FIG. 4, two curves are shown, one
with a dashed line showing the performance of the antenna
without a shunt inductor and a capacitive coupling and one
with solid line that shows the performance for an antenna
according to one embodiment of the present invention. A first
peak around is shown at 100 and covers the two low frequency
bands mentioned above. As is evident from the figure the use
of a shunt inductor reduces the VSWR from about 2, 5 to
around 1, 8.

[0031] A second peak is shown at 200 and covers the high
GSM frequency band and the PCS frequency band. A third
peak covers the both WCDMA frequency bands. Also the
high frequency bands are improved by the use of the capaci-
tive coupling according to the present invention.

[0032] Thus, a broadband antenna according to the present
invention has been described. It shall also be understood that
even if the present invention has been described with pre-
ferred embodiments having certain features it is obvious to a
person skilled in the art that individual features in one
embodiment could be combined with other embodiments or
other individual features in other embodiments. Thus, the
present invention is best defined by the appended claims.

1. Broadband antenna for at least six frequency bands
provided on an isolating antenna support structure compris-
ing a PCB and a rod-shaped part, said antenna comprises a
low band branch and a high band branch connected to a
substantially rectangular ground plane provided on the PCB,
said low band branch is extending in the direction of the
rod-shaped part and is composed of a rectangle area on an
upper portion of the rod-shaped part and an elongated stripe
area provided on the upper portion of the rod-shaped part,
which stripe continues onto a side adjacent thereto, said high
band branch is formed on the rod-shaped part as a strip on the
upper side and the side adjacent thereto, said rectangle of the
low band branch is arranged with a vertical distance to the
ground plane of 3-7 mm for creating a capacitive coupling
there in between.

2. Broadband antenna, according to claim 1, in which the
extension of the strip of the low band branch and the high
band branch are essentially perpendicular to each other.

3. Broadband antenna according to claim 1, in which the
isolating antenna support structure is made of plastic.
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4. Broadband antenna according to claim 1, in which a
shunt inductor is coupled between the ground plane, the high
band branch and the low band branch.

5. Broadband antenna according to claim 4, wherein the
shunt inductor comprises a coil having a value of 5-20 nH,
preferably 15 nH.

6. Broadband antenna according to claim 1, in which the
vertical distance between the rectangle of the low band
branch and the ground plane is 5 mm.
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7. Broadband antenna according to claim 1, in which the
ground plane has a projecting part 22 closest to the rectangle
of the low band branch.

8. Broadband antenna according to claim 7, in which the
projecting part 22 has an area that is essentially the same as
the area of the rectangle of the low band branch.

sk sk sk sk sk
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COMPACT PLANAR ANTENNA ASSEMBLY

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an antenna assem-
bly, and more particularly to an antenna assembly including
two opposite antenna devices for suitably decreasing the vol-
ume or the size or the dimension of the antenna assembly and
for increasing the gain of the antenna assembly.

[0003] 2. Description of the Prior Art

[0004] Typical antenna devices comprise one or more
printed planar radiating elements applied or disposed on an
earth plate or a printed circuit board or a substrate by painting
or printing processes, and a ground plane positioned on one or
both sides of the substrate, for transmitting or receiving waves
or signals and for allowing the radiators to transmit or to
receive waves or signals or different resonant frequencies.
[0005] For example, U.S. Pat. No. 6,664,926 to Zinanti et
al. discloses one of the typical compact antenna devices com-
prising a radiating element in the shape of a right triangle and
formed on a substrate, and a ground plane positioned on one
or both sides of the substrate, and the typical antenna devices
may include one or more triangular radiating elements
arranged in groups of two or more in close proximity to one
another, or arranged in an array.

[0006] However, for increasing the gain of the antenna
devices, the sizes or the areas or the lengths or the dimensions
of the substrate and/or the radiating elements of the typical
antenna devices should be increased.

[0007] The applicant of the present invention has devel-
oped another typical antenna assembly and issued as U.S. Pat.
No. 7,129,898 to Chou and comprising a circuit board, one
antenna device disposed on one side of the circuit board for
receiving and transmitting signals laterally, and another
antenna device disposed on the other side of the circuit board
for receiving and transmitting signals vertically.

[0008] However, the two antenna devices should be dis-
posed on or applied to the two opposite sides of the circuit
board such that the manufacturing processes for the typical
antenna assembly will be complicated and such that the
manufacturing cost of the typical antenna assembly will be
increased.

[0009] The present invention has arisen to mitigate and/or
obviate the afore-described disadvantages of the conven-
tional antenna members or devices.

SUMMARY OF THE INVENTION

[0010] The primary objective of the present invention is to
provide an antenna assembly including two opposite antenna
devices for suitably decreasing the volume or the size or the
dimension of the antenna assembly and for increasing the
gain of the antenna assembly.

[0011] Inaccordance with one aspect ofthe invention, there
is provided an antenna assembly comprising a substrate
including a feed line, and an antenna device including two
first radiators disposed on the substrate and electrically
coupled to the feed line, and the first radiators being disposed
at a distance from each other and each including a middle
portion, and two second radiators disposed on the substrate
and electrically coupled to the middle portions of the first
radiators respectively for suitably decreasing the volume or
the size or the dimension of the antenna assembly and for
increasing the gain of the antenna assembly.
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[0012] The first radiators each include an antenna segment
disposed at a distance parallel to the first radiators. The
antenna segments are preferably disposed on an outer portion
of the first radiators respectively.

[0013] The middle portions of the first radiators are each
electrically coupled to the second radiators with a coupling
element. The coupling elements each may include either a
zigzag shape or a wave-shaped structure for further decreas-
ing the volume or the size or the dimension of the antenna
assembly.

[0014] A second antenna device may further be provided
and include two third radiators disposed on the substrate and
electrically coupled to the feed line for further increasing the
gain of the antenna assembly. It is preferable that the second
antenna device include a structure opposite to that of the first
antenna device in a mirror image.

[0015] The third radiators are disposed at a distance from
each other and each include a middle portion, and two fourth
radiators disposed on the substrate and electrically coupled to
the middle portions of the third radiators respectively.
[0016] The third radiators each include an antenna segment
disposed at a distance parallel to the third radiators. The
antenna segments of the third radiators are disposed on an
outer portion of the third radiators respectively.

[0017] The middle portions of the third radiators are each
electrically coupled to the fourth radiators with a conductive
coupling element. The coupling elements of the second
antenna device each include either a zigzag shape or a wave-
shaped structure for further decreasing the volume or the size
or the dimension of the antenna assembly.

[0018] Further objectives and advantages of the present
invention will become apparent from a careful reading of the
detailed description provided hereinbelow, with appropriate
reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 is a top plan schematic view of an antenna
assembly in accordance with the present invention;

[0020] FIG. 2 is a plan schematic view illustrating the test-
ing results of the gain versus frequencies;

[0021] FIG. 3 is a plan schematic view illustrating the
erected or vertical plane (E-Plane) of the radiation of the
antenna assembly when conducted with a frequency of 2.45
GHz;

[0022] FIG. 4 is another plan schematic view illustrating
the horizontal plane (H-Plane) of the radiation of the antenna
assembly when conducted with the frequency of 2.45 GHz;
[0023] FIG. 5 is a plan schematic view illustrating the
erected or vertical plane (E-Plane) of the radiation of the
antenna assembly when conducted with a frequency of 5.25
GHz;

[0024] FIG. 6 is another plan schematic view illustrating
the horizontal plane (H-Plane) of the radiation of the antenna
assembly when conducted with the frequency of 5.25 GHz;
[0025] FIG. 7 is a plan schematic view illustrating the
erected or vertical plane (E-Plane) of the radiation of the
antenna assembly when conducted with a frequency of 5.75
GHz;

[0026] FIG. 8 is another plan schematic view illustrating
the horizontal plane (H-Plane) of the radiation of the antenna
assembly when conducted with the frequency of 5.75 GHz;
[0027] FIG.9is atop plan schematic view similarto FIG. 1,
illustrating the other arrangement of the antenna assembly;
and
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[0028] FIG. 10 is a plan schematic view illustrating the
testing results of the gain versus frequencies of the antenna
assembly as shown in FIG. 9.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0029] Referring to the drawings, and initially to FIG. 1, an
antenna assembly 1 in accordance with the present invention
comprises a printed circuit board or earth plate or substrate 10
including a feed line 11 provided or attached to the middle
portion of the substrate 10 for transmitting or receiving waves
or signals, and two antenna devices 3, 5 attached to or dis-
posed on the same side or the upper portion of the substrate
10, but disposed on the two opposite ends of the substrate 10,
and also disposed on the two opposite ends of the feed line 11
and electrically coupled to the feed line 11. It is preferable that
the antenna devices 3, 5 include a structure opposite to each
other in a mirror image.

[0030] For example, one of the antenna devices 3 includes
two antenna members or radiators 31, 41 attached to or dis-
posed on the substrate 10, and arranged side by side with each
other, and coupled together with a coupling member 40 which
is then electrically coupled to the feed line 11, and the radia-
tors 31, 41 each include a free end or antenna segment 32, 42
bent or disposed at a distance essentially parallel to the radia-
tors 31, 41 and disposed on the outside or outer portion of the
radiators 31, 41, and each include a middle portion 33, 43
electrically coupled to another radiator 35, 45 directly or
indirectly with a coupling element 34, 44.

[0031] Itistobenoted that the provision and/or the arrange-
ment of the radiators 31, 35; and 41, 45 allows the antenna
assembly 1 in accordance with the present invention to be
operated in high frequencies, and the provision and/or the
arrangement of the antenna segment 32, 42 on the outer
portion or the side portion of the radiators 31, 41 allows the
antenna assembly 1 in accordance with the present invention
to be operated in low frequencies, such that the antenna
assembly 1 may be operated in both high and low frequencies
or in different resonant frequencies.

[0032] The coupling elements 34, 44 may include a zigzag
shape or a wave-shaped structure for increasing the coupling
distance between the radiators 31, 35; and 41, 45, and for
facilitating the signal transmitting and/or receiving effects for
the radiators 31, 35; and 41, 45. In addition, the provision
and/or the arrangement of the two opposite antenna devices 3,
5 may further increase the gain for the antenna assembly 1.
The antenna device 5 may include a structure arranged oppo-
site to the other antenna device 3 in the mirror image, and may
also include two radiators 51, 61 attached to or disposed on
the substrate 10, and arranged side by side with each other,
and coupled together with a coupling member 60 which is
then electrically coupled to the feed line 11, and the radiators
51, 61 each include a free end or antenna segment 52, 62 bent
or disposed at a distance essentially parallel to the radiators
51, 61 and disposed on the outside or outer portion of the
radiators 51, 61, and each include a middle portion 53, 63
electrically coupled to another radiator 55, 65 directly or
indirectly with a coupling element 54, 64.

[0033] For example, as shown in FIG. 2, illustrated are the
testing results of the gain versus frequencies for the antenna
assembly 1, and as shown in FIGS. 3-8, illustrated are the
erected or vertical plane (E-Plane) and the horizontal plane
(H-Plane) of the radiation of the antenna assembly 1 respec-
tively when conducted with the frequencies of 2.45 GHz, 5.25
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GHz, and 5.75 GHz respectively, in which the gain for the
antenna assembly 1 may be suitably increased. The lengths of
the radiators 31, 41, and/or of the antenna segments 32, 42,
and/or of the other radiators 35, 45 may be changed or
increased or decreased to change the working frequencies for
the antenna assembly 1.

[0034] Alternatively, the radiators 31, 41; and 35, 45 may
be bent or may be changed to the other shapes or structures or
configurations for increasing the length of the radiators 31,
41; and 35, 45 and for further increasing the gain of the
antenna assembly 1, and for further decreasing the volume or
the size or the dimension of the antenna assembly 1. For
example, as shown in FIGS. 9 and 10, the radiators 36, 46; and
56, 66 of the antenna devices 30, 50 may be changed to the
other shapes or structures or configurations, such as the “C”
shaped structure for decreasing the size or the dimension of
the antenna assembly 1 and for further increasing the gain of
the antenna assembly 1.

[0035] Accordingly, the antenna assembly in accordance
with the present invention includes two opposite antenna
devices for suitably decreasing the volume or the size or the
dimension of the antenna assembly and for increasing the
gain of the antenna assembly.

[0036] Although this invention has been described with a
certain degree of particularity, it is to be understood that the
present disclosure has been made by way of example only and
that numerous changes in the detailed construction and the
combination and arrangement of parts may be resorted to
without departing from the spirit and scope of the invention as
hereinafter claimed.

I claim:

1. An antenna assembly comprising:

a substrate including a feed line, and

an antenna device including two first radiators disposed on

said substrate and electrically coupled to said feed line,
and said first radiators being disposed at a distance from
each other and each including a middle portion, and two
second radiators disposed on said substrate and electri-
cally coupled to said middle portions of said first radia-
tors respectively.

2. The antenna assembly as claimed in claim 1, wherein
said first radiators each include an antenna segment disposed
at a distance parallel to said first radiators.

3. The antenna assembly as claimed in claim 2, wherein
said antenna segments are disposed on an outer portion of said
first radiators respectively.

4. The antenna assembly as claimed in claim 1, wherein
said middle portions of said first radiators are each electri-
cally coupled to said second radiators with a coupling ele-
ment.

5. The antenna assembly as claimed in claim 4, wherein
said coupling elements each include a zigzag shape.

6. The antenna assembly as claimed in claim 4, wherein
said coupling elements each include a wave-shaped structure.

7. The antenna assembly as claimed in claim 1 further
comprising a second antenna device including two third
radiators disposed on said substrate and electrically coupled
to said feed line.

8. The antenna assembly as claimed in claim 7, wherein
said third radiators are disposed at a distance from each other
and each include a middle portion, and two fourth radiators
disposed on said substrate and electrically coupled to said
middle portions of said third radiators respectively.
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9. The antenna assembly as claimed in claim 8, wherein
said third radiators each include an antenna segment disposed
at a distance parallel to said third radiators.

10. The antenna assembly as claimed in claim 9, wherein
said antenna segments of said third radiators are disposed on
an outer portion of said third radiators respectively.

11. The antenna assembly as claimed in claim 8, wherein
said middle portions of said third radiators are each electri-
cally coupled to said fourth radiators with a coupling element.

12. The antenna assembly as claimed in claim 11, wherein
said coupling elements of said second antenna device each
include a zigzag shape.

13. The antenna assembly as claimed in claim 11, wherein
said coupling elements of said second antenna device each
include a wave-shaped structure.

14. An antenna assembly comprising:

a substrate including a feed line,

afirst antenna device including two first radiators disposed

on said substrate and electrically coupled to said feed
line, and two second radiators disposed on said substrate
and electrically coupled to said first radiators respec-
tively, and

a second antenna device including two third radiators dis-

posed on said substrate and electrically coupled to said
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feed line, and two fourth radiators disposed on said
substrate and electrically coupled to said third radiators
respectively.

15. The antenna assembly as claimed in claim 14, wherein
said first radiators each include a middle portion electrically
coupled to said second radiators, and said third radiators each
include a middle portion electrically coupled to said fourth
radiators.

16. The antenna assembly as claimed in claim 15, wherein
said middle portions of said first radiators are each electri-
cally coupled to said second radiators with a coupling ele-
ment, and said middle portions of said third radiators are each
electrically coupled to said fourth radiators with a coupling
element.

17. The antenna assembly as claimed in claim 16, wherein
said coupling elements of said first and said second antenna
devices each include a zigzag shape.

18. The antenna assembly as claimed in claim 16, wherein
said coupling elements of said first and said second antenna
devices each include a wave-shaped structure.

19. The antenna assembly as claimed in claim 14, wherein
said first radiators each include an antenna segment disposed
at a distance parallel to said first radiators, and said third
radiators each include an antenna segment disposed at a dis-
tance parallel to said third radiators.
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