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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.

7 Claims, 3 Drawing Sheets

43






U.S. Patent Jan. 5,2010 Sheet 1 of 3 US 7,642,972 B1

100

FIG. 1





U.S. Patent Jan. 5,2010 Sheet 2 of 3 US 7,642,972 B1
100’
N~
/ 3/
1 ].7I ’ !
L\ =\ ’
S\ e N
\ | \\‘ 4
43 > o
N \
A \ <
15" 167 ,
11 48/

FIG. 2





U.S. Patent

100’

a2/ [

Jan. 5§, 2010 Sheet 3 of 3

43’

ol

US 7,642,972 B1

41

—

N 4o’






US 7,642,972 B1

1
ANTENNA

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an antenna, and more par-
ticularly to an antenna with anti-interference characteristic
for use in a portable electrical device.

2. The Related Art

With the rapid development of wireless communication
technologies, portable electrical devices used in wireless
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.

However, since a conventional antenna is mounted in a
small space of a portable electrical device, the conventional
antenna increases the vulnerability to the electromagnetic
interference from the ambient environment, that is, the con-
ventional antenna is easy to get influenced by neighbor elec-
trical 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

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

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.

Another object of the present invention is to provide a
wireless 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.
Wherein the acoustic component is surrounded by the radi-
ating end and the second connecting portion. A feeding con-
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ductor and a grounding conductor are connected to an edge of
the first radiating conductor different from the first edge and
the lateral edge.

As described 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

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 drawings, in which:

FIG. 1 shows a firstembodiment of an antenna according to
the present invention;

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

FIG. 3 is a perspective view illustrating an example illus-
trating application of the antenna in FIG. 2 in a mobile phone.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

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 radiating con-
ductor 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.

Please refer to 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 firstedge 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 predetermined 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 edge 12, and the
second radiating conductor 4 is on the same plane as the first
radiating conductor 1.

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 electro-
magnetic signal of the low-frequency band.
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Referring to FIG. 2, an antenna 100' in accordance with a
second embodiment of the present invention is illustrated. In
comparison with the first embodiment of the present inven-
tion, 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 conductor 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 second radi-
ating portion 17' is spaced away from the second connecting
portion 43' with a predetermined distance.

When the antenna 100" is used in a portable electrical
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 electro-
magnetic signal of the high-frequency band.

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' connected to the
printed circuit board. The second connecting portion 43' and
the radiating end 44' are arranged to partly encircle the acous-
tic component 62' and are spaced away from the acoustic
component 62' with a predetermined distance. 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 communication quality is greatly
improved.

The foregoing description of the present invention has been
presented for purposes of illustration and description. It is not
intended to be exhaustive or to limit the invention to the
precise form disclosed, and obviously many modifications
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
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
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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

An antenna comprises a first transmission element, a second
transmission element, a conductive element, a ground ele-
ment, a ground line and a signal line. The conductive element
is connected to the ground element. The first transmission
element is connected to the conductive element. The first
transmission element comprises a first spiral structure and a
first axis. The second transmission element is connected to
the conductive element. The ground line is electrically con-
nected to the ground element. The signal line is electrically
connected to the conductive element at a feed point.
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1
ANTENNA

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to an antenna, and more particularly
to an inverse F antenna comprising spiral structure.

2. Description of the Related Art

FIG. 1 shows a conventional antenna 10 comprising a
ground element 1, a conductive element 2, a transmission
element 3, and a coaxial cable 4. The conductive element 2 is
connected to the ground element 1. The transmission element
3 is connected to the conductive element 2. The coaxial cable
4 is electrically connected to the ground element 1 and the
conductive element 2.

Conventionally, the length of the transmission element 3 is
determined according to the wavelength of the wireless signal
transmitted by the antenna 1. The length of the transmission
element 3 thus cannot be reduced. As well, the conventional
antenna 10 requires additional a matching element to modify
impedance thereof, and volume of the antenna 10 is
increased.

BRIEF SUMMARY OF THE INVENTION

A detailed description is given in the following embodi-
ments with reference to the accompanying drawings.

The invention provides an antenna comprising a first trans-
mission element, a second transmission element, a conduc-
tive element, a ground element, a ground line and a signal
line. The conductive element is connected to the ground ele-
ment. The first transmission element is connected to the con-
ductive element. The first transmission element comprises a
first spiral structure and a first axis. The second transmission
element is connected to the conductive element. The ground
line is electrically connected to the ground element. The
signal line is electrically connected to the conductive element
at a feed point.

The embodiment provides an antenna of reduced size and
improved transmission.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention can be more fully understood by reading the
subsequent detailed description and examples with refer-
ences made to the accompanying drawings, wherein:

FIG. 1 shows a conventional antenna;

FIGS. 2a and 25 show an antenna of a first embodiment;

FIG. 3a is a front view of a first transmission element;

FIG. 354 is a perspective view of a first transmission ele-
ment;

FIG. 4 shows the transmission of a first embodiment;

FIGS. 5a and 5b show a modified example of the first
embodiment;

FIGS. 6a and 65 show an antenna of a second embodiment;

FIG. 7a shows a modified embodiment of the invention;

FIG. 76 shows another modified embodiment of the inven-
tion;

FIG. 7¢ shows another modified embodiment of the inven-
tion;

FIGS. 8a and 86 show an antenna of a third embodiment;
and

FIG. 9 shows the transmission of the third embodiment.

DETAILED DESCRIPTION OF THE INVENTION

The following description is of the best-contemplated
mode of carrying out the invention. This description is made
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for the purpose of illustrating the general principles of the
invention and should not be taken in a limiting sense. The
scope of the invention is best determined by reference to the
appended claims.

FIGS. 2a and 2b show an antenna 100 of a first embodi-
ment, which is an inverse F antenna. The antenna 100 com-
prises a first transmission element 110, a second transmission
element 120, a conductive element 130, a ground element
140, a ground line 151, and a signal line 152. The conductive
element 130 comprises a first section 131, a second section
132, a third section 133, a first angled portion 134 and a
second angled portion 135. The first section 131 is connected
to the ground element 140. The first angled portion 134 con-
nects the second section 132 and the first section 131. The
second angled portion 135 connects the third section 133 and
the second section 132. The first section 131 and the third
section 133 extend in a first direction Y. The second section
132 extends in a second direction X. The first direction Y is
perpendicular to the second direction X. The first transmis-
sion element 110 is connected to the third portion 133 com-
prising a first spiral structure and a first axis 111. The first axis
111 extends in a third direction —X. The second transmission
element 120 is connected to the third section 133. The second
transmission element 120 extends in the second direction X.
The ground line 151 is electrically connected to the ground
element 140. The signal line 152 is electrically connected to
the conductive element 130 on a feed point 153. In the first
embodiment, the feed point 153 is located on the second
angled portion 135 between the second section 132 and the
third section 133. However, the feed point 153 can be located
elsewhere on the second section 132 or the third section 133.

The first transmission element 110 comprises a first spiral
structure to decrease the length of the first transmission ele-
ment 110 and the size of the antenna 100.

FIG. 3 is a front view of the first transmission element 110,
and FIG. 3b is a perspective view of the first transmission
element 110. The first spiral structure of the first transmission
element 110 comprises a wire diameter d, a thread diameter ¢,
a thread pitch P and a thread number N, (not shown). The
impedance matching of the antenna 100 can be modified by
changing the wire diameter d, the thread diameter ¢, the
thread pitch P and the thread number N,. Additionally, the
bandwidth of the first transmission element 110 can be modi-
fied via changing the wire diameter d.

In the first embodiment, the wire diameter d is 0.5 mm, the
thread diameter ¢ is 2 mm, the thread pitch P is 1 mm, and the
thread number N, is 8. FIG. 4 shows the transmission of the
antenna 100 of the first embodiment. The antenna 100 has
Voltage Standing Wave Ratio (VSWR) lower than 2 in band-
widths 2.4-2.5 GHz and 4.9-5.83 GHz. The embodiment thus
provides an antenna of reduced size and improved transmis-
sion.

The ground element 140 is metal sheet or foil, for example,
copper sheet or copper foil. The conductive element 130 is
metal sheet or metal line. FIGS. 54 and 55 shows an antenna
100" of a modified example, wherein the conductive element
130" is a copper line. In another modified embodiment, the
ground element and the conductive element are formed on a
circuit board.

FIGS. 64 and 65 show an antenna 200 of a second embodi-
ment, wherein the second transmission element 220 com-
prises a second spiral structure and a second axis 221. The
wire diameter d of the second spiral structure is 0.5 mm, the
thread diameter ¢ is 2 mm, the thread pitch P is 1 mm, and the
thread number N, is 2.5. The second axis 221 extends in the
second direction X.
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FIG. 7a shows an antenna 201 of a modified embodiment,
wherefrom the second transmission element is omitted, and
the antenna 201 transmits wireless signal via the first trans-
mission element 110.

FIG. 7b shows an antenna 202 of another modified embodi-
ment, wherein the first transmission element 110' comprises a
first axis 111' extending in the second direction X.

FIG. 7¢ shows an antenna 203 of another modified embodi-
ment, wherein the second transmission element 120" is con-
nected to the transmission element 130 extending in the third
direction -X.

FIGS. 8a and 85 show an antenna 300 of a third embodi-
ment comprising a first transmission element 310, a second
transmission element 320, a conductive element 330, a
ground element 340, a ground line 351 and a signal line 352.
The first transmission element 310 is connected to the con-
ductive element 330. The first transmission element 310 com-
prises a first spiral structure. The second transmission ele-
ment 320 is connected to the conductive element 330. The
ground line 350 is electrically connected to the ground ele-
ment 340. The signal line 352 is electrically connected to the
conductive element 330 on a feed point 353. The ground
element 340 comprises a body 341 and a third angel portion
342. The third angled portion 342 is perpendicular to the body
341. The conductive element 330 is connected to the third
angled portion 342. The conductive element 330 is parallel to
the body 341. The second transmission element 320 is paral-
lel to the third angled portion 342. The signal line 352 is
connected to the feed point 353 passing an opening 343 of the
third angled portion 342.

In the third embodiment, the wire diameter d is 0.8 mm, the
thread diameter ¢ is 3 mm, the thread pitch P is 1.8 mm, and
the thread number Nj is 7. FIG. 9 shows the transmission of
the antenna 300 of the third embodiment. The antenna 300 has
Voltage Standing Wave Ratio (VSWR) lower than 2 in band-
widths 2.4-2.5 GHz and 4.9-5.83 GHz. The embodiment thus
provides an antenna of reduced size and improved transmis-
sion.

In the embodiments, the antennas are inverse F antennas.

However, the invention is not limited thereto. The spiral struc-
ture of the invention can be utilized in other antennas.
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While the invention has been described by way of example
and in terms of preferred embodiment, it is to be understood
that the invention is not limited thereto. To the contrary, it is
intended to cover various modifications and similar arrange-
ments (as would be apparent to those skilled in the art).
Therefore, the scope of the appended claims should be
accorded the broadest interpretation so as to encompass all
such modifications and similar arrangements.

What is claimed is:

1. An antenna, comprising:

a ground element, wherein the ground element comprises a
body and a third angled portion connected to and per-
pendicular to the body;

a conductive element, connected to the third angled por-
tion, and parallel to the body;

a first transmission element, connected to the conductive
element, wherein the first transmission element com-
prises a first spiral structure; and

a second transmission element, connected to the conduc-
tive element, wherein the second transmission element
is parallel to the third angled portion.

2. The antenna as claimed in claim 1, further comprising a
ground line, wherein the ground line is electrically connected
to the ground element.

3. The antenna as claimed in claim 2, further comprising a
signal line, wherein the signal line is electrically connected to
the conductive element on a feed point.

4. The antenna as claimed in claim 3, wherein a notch is
formed on an edge of the third angled portion, and the signal
line extends through the notch to the feed point.

5. The antenna as claimed in claim 3, wherein the feed
point is located on an edge of the conductive element.

6. The antenna as claimed in claim 5, wherein the feed
point is located on a base line, the base line located between
the first transmission element and the second transmission
element, and the base line is perpendicular to the third angled
portion.

7. The antenna as claimed in claim 1, wherein the first
transmission element extends in a first direction, the second
transmission element extends in a second direction, and the
first direction is opposite to the second direction.

#* #* #* #* #*
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(57) ABSTRACT

An ultra-wideband antenna structure is provided. The ultra-
wideband antenna structure includes a substrate with an edge,
a first surface and a second surface opposite to the first sur-
face; a ground surface mounted on the first surface; a radiat-
ing element mounted on the second surface and near the edge,
and being a bent metal piece; and a short-circuited metal unit
mounted on the first surface having a first end and a second
end, wherein the first end is electrically connected to the
ground surface and the second end is electrically connected to
the radiating element.
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1
ULTRA-WIDEBAND ANTENNA STRUCTURE

FIELD OF THE INVENTION

The present invention relates to an ultra-wideband antenna
structure, and more particularly to an ultra-wideband antenna
structure that can be applied in a plug-and-play device.

BACKGROUND OF THE INVENTION

Recently, the wireless communication industry has been
rising and flourishing, and different kinds of products and
techniques have been provided, which are all emphasized on
miniaturizing the product size for fashion and easy-taking.
Miniaturization has been the major trend for the wireless
communication industry.

All wireless communication devices transmit signals by
antennas, and the ultra-wideband antenna is especially popu-
lar because the frequency bands use thereof will be more
flexible. Although the ultra-wideband antenna is popular in
industrial and academic circles, the conventional size thereof
is relatively large for being embedded inside the plug-and-
play device so that the application thereof is limited.

The prior arts such as US2004/0100408A1, “Wide Band-
width antenna”, and US2005/0062670A1, “Planar wideband
Antenna”, both disclose such ultra-wideband antennas,
wherein the bandwidth thereof ranges from 3.1 to 10.6 GHz,
and the definition of bandwidth is with the return loss better
than 10 dB.

From the above description, it is known that how to develop
an ultra-wideband antenna miniaturized and suitable to be
embedded inside a plug-and-play device has become a major
problem to be solved. In order to overcome the drawbacks in
the prior art, a novel ultra-wideband antenna is provided. The
particular design in the present invention not only solves the
problems described above, but also is easy to implement.
Thus, the present invention has the utility for the industry.

SUMMARY OF THE INVENTION

In accordance with the present invention, there is provided
an ultra-wideband antenna structure that comprises a sub-
strate, a ground surface, a radiating element, and a short-
circuited metal unit. The substrate has an edge, a first surface
and a second surface opposite to the first surface, and the
ground surface is mounted on the first surface, while the
radiating element which is a bent metal piece is mounted on
the second surface and near the edge. As to the short-circuited
metal unit that is mounted on the first surface, it has a first end
and a second end, and the first end is electrically connected to
the ground surface while the second end is electrically con-
nected to the radiating element.

Preferably, the radiating element further comprises a front
end, a distal end, at least two bending lines, a radiating portion
having an opening direction, a feeding point, and a short-
circuiting point. Furthermore, the feeding point is disposed
near the front end and receives a signal transmitted to the
antenna, and the short-circuiting point is disposed near the
distal end and connected to the short-circuited metal unit. In
addition, the bent metal piece is approximately U-Shaped,
and the front end, the distal end and the at least two bending
lines are all approximately perpendicular to the opening
direction with the opening direction approximately parallel-
ing the substrate.

Preferably, the radiating element further comprises two
arms partitioned by the radiating portion, and each of the two
arms has an identical width.
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Preferably, the radiating element further comprises two
arms partitioned by the radiating portion, and each of the two
arms has an increasing width from the front end to the distal
end.

Preferably, the radiating element further comprises two
arms partitioned by the radiating portion, and each of the two
arms has a decreasing width from the front end to the distal
end.

Preferably, the substrate is rectangular.

Preferably, the ultra-wideband antenna structure further
comprises a supporting unit mounted between the radiating
element and the substrate for supporting thereby the radiating
element.

Preferably, the supporting unit is made of a polystyrene or
a plastic.

Preferably, the bent metal piece is made by bending a metal
piece being processed with one of a stamping and a cutting.

Preferably, the ground surface and the short-circuited
metal unit are mounted on the substrate by one of a printing
and an etching.

Preferably, the substrate is made of a dielectric material.

The above objects and advantages of the present invention
will become more readily apparent to those ordinarily skilled
in the art after reviewing the following detailed descriptions
and accompanying drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1(A) is a three-dimensional diagram of an ultra-wide-
band antenna structure according to a first preferred embodi-
ment of the present invention;

FIG. 1(B) is an expanded diagram of a radiating element
(U-shaped metal piece) of the ultra-wideband antenna shown
in FIG. 1(A);

FIG. 2 is a diagram showing the results of return loss
measurement according to the first preferred embodiment in
FIG. 1(A);

FIG. 3 is a polar graph showing an elevation pattern of the
first preferred embodiment in FIG. 1(A) at 5000 MHz;

FIG. 4 is a polar graph showing an elevation pattern of the
first preferred embodiment in FIG. 1(A) at 8000 MHz;

FIG. 5 is a diagram showing the results of antenna gain
measurement and radiation efficiency simulation according
to the first preferred embodiment in FIG. 1(A);

FIGS. 6(A)-6(B) are diagrams showing the structures of
the radiating element of the ultra-wideband antenna accord-
ing to a second and a third preferred embodiments of the
present invention; and

FIGS. 7(A)-7(B) are expanded diagrams showing the
structures of the radiating element of the ultra-wideband
antenna according to a fourth and a fifth preferred embodi-
ments of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

The present invention will now be described more specifi-
cally with reference to the following embodiments. It is to be
noted that the following descriptions of preferred embodi-
ments of this invention are presented herein for the purposes
of illustration and description only; it is not intended to be
exhaustive or to be limited to the precise form disclosed.

Please refer to FIGS. 1(A) and 1(B), wherein FIG. 1(A)
shows a three-dimensional diagram of an ultra-wideband
antenna structure according to a first preferred embodiment
of the present invention, and FIG. 1(B) is an expanded dia-
gram showing a radiating element of the ultra-wideband
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antenna shown in FIG. 1(A). The ultra-wideband antenna
structure 1 in the present invention comprises a substrate 11,
a ground surface 12, a radiating element 13, a feeding point
132, a short-circuiting point 134, and a short-circuited metal
unit 14. The substrate 11 is made of a dielectric material, with
atleast one edge 111, and is approximately rectangular as the
ground surface 12 thereon. The radiating element 13 is dis-
posed on the substrate 11 and near the edge 111, and is formed
by an approximately U-shaped metal piece with at least two
bending lines named hereinafter the first bending line 135 and
the second bending line 136 respectively. The U-shaped metal
piece has a front end 131, a distal end 137, a radiating portion
133 with an open direction approximately parallel to the
substrate 11, and two arms 138 partitioned by the radiating
portion 133, wherein the two bending lines 135 and 136 are
perpendicular to the opening direction and approximately
parallel to the front end 131 and the distal end 137. In a
preferred embodiment, the front end 131 and the distal end
137 contact the substrate 11, and the feeding point 132 near
the front end 131 receives signals. The short-circuiting point
134 is near the radiating portion 133, and the short-circuited
metal unit 14 on the substrate 11 has a first and a second ends,
wherein the first end is electrically connected to the ground
surface 12 and the second end is electrically connected to the
short-circuiting point 134.

Please refer to FIG. 2, which shows the results of return
loss measurement according to the first preferred embodi-
ment in FIG. 1(A). The size of the antenna is as follows: the
length of the ground surface 11 is about 60 mm, and the width
thereofis about 20 mm; the width ofthe front end 131 is about
3 mmy; the height from the front end 131 to the first bending
line 135 is about 6 mm; the width of the radiating portion 133
is about 20 mm; the distance between the first and the second
bending lines 135, 136 is about 11 mm, and the widths thereof
are about 6 mm; the height from the distal end 137 to the
second bending line 133 is about 6.4 mm; the length of the
short-circuited metal unit 14 is about 6 mm, and the width
thereof is about 1 mm. In FIG. 2, the y-axis represents the
return loss and the x-axis represents the operating frequency.
As shown in FIG. 2, under the definition of 10-dB return loss,
the operating bands of the antenna is from 3.1 to 10.6 GHz,
which is thus named the ultra-wideband antenna.

FIGS. 3-4 are polar graphs showing elevation patterns of
the first preferred embodiment respectively at 5000 and 8000
MHz, wherein the top view of the antenna structure is pre-
sented therein, which defines the direction of the structure in
a three-dimensional space. As shown in FIGS. 3-4, the
strengths of electric field components Eg and B, in the x-y,
y-z, and x-z planes are comparable, which improves the radia-
tion efficiency of the ultra-wideband in the complex wave-
propagation environment such as indoor wireless communi-
cation.

FIG. 5 is a diagram showing the results of antenna gain
measurement 51 and radiation efficiency simulation 52 in the
operating bands according to the first preferred embodiment,
wherein the left and right y-axes respectively represent the
antenna gain (dBi) and the radiation efficiency (%), and the
x-axis represents the operating frequency (MHz). As shown
in FIG. 5, the antenna gain within the operating bands is about
4.5 dBi, and the corresponding radiation efficiency is
approximately higher than 85%, which is acceptable for ultra-
wideband operation.

FIGS. 6(A)-6(B) are diagrams showing the structures of
the radiating element of the ultra-wideband antenna accord-
ing to a second and a third preferred embodiments of the
present invention, wherein the supporting unit 61 is mounted
between the radiating element 63 and the substrate of FIG.
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1A, and the supporting unit 61' is mounted between the radi-
ating element 63' and the substrate of FIG. 1A. The support-
ing units 61, 61' for supporting thereby the radiating elements
63, 63' can be made by the polystyrene or plastic, which are
rectangular or trapezoid. In addition, there are a front end 631
and a distal end 637 in the two radiating elements 63 and 63'
respectively. The respective operating characteristics of the
antennas with the two radiating elements 63 and 63" are simi-
lar to that of FIG. 1.

FIGS. 7(A)-7(B) are expanded diagrams showing the
structures of the radiating element of the ultra-wideband
antenna according to a fourth and a fifth preferred embodi-
ments of the present invention, wherein the radiating element
is a U-shaped metal piece. As shown in FIGS. 7(A)-7(B), the
U-shaped metal pieces 73, 73' both have two bending lines
735, 736 that are approximately perpendicular to the opening
direction of the radiating portions 733 thereof. The respective
two arms 738 of the U-shaped metal pieces 73, 73' are getting
wider or narrower. In addition, the U-shaped metal pieces 73,
73' respectively have a front end 731 and a distal end 737,
wherein the front end 731 can be an arc or a straight line.
When using the antennas with the respective U-shaped metal
pieces 73 and 73', the operating characteristics thereof are
similar to that of FIG. 1.

With regard to the forming process of the above-mentioned
ultra-wideband antenna structures, the U-shaped metal piece
is made by stamping or cutting a single metal piece, and the
ground surface and the short-circuited metal unit are formed
on the substrate by printing or etching.

Inthe present invention, the U-shaped metal piece prevents
the antenna structure from exciting the surface loop current,
which dramatically improves the impedance matching of the
antenna structure, especially within the middle portion (about
5-8 GHz) of the ultra-wideband. Therefore, the antenna struc-
ture can be operated in the ultra-wideband, so it is named the
ultra-wideband antenna. Besides, the bent U-shaped metal
piece can efficiently reduce the antenna size, and the lowest
frequency of the ultra-wideband can be efficiency decreased
by using the short-circuited metal unit, so the antenna size can
be further miniaturized. Importantly, because the antenna and
the ground surface are incorporated together, the elements
thereof are stable and not easily damaged. All of these fea-
tures are beneficial for the ultra-wideband antenna to be set
inside a plug-and-play device.

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 invention needs
not be limited to the disclosed embodiments. 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 broadest
interpretation so as to encompass all such modifications and
similar structures.

What is claimed is:

1. An ultra-wideband antenna structure, comprising:

a substrate having an edge, a first surface and a second

surface opposite to the first surface;

a ground surface mounted on the first surface;

a radiating element mounted on the second surface and
near the edge, being a three-dimensional metal piece,
and including:

a front end;

a distal end extending from the front end;

a radiating portion having an opening direction between
the front end and the distal end;

at least two folding lines approximately perpendicular to
the opening direction;
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a feeding point disposed near a central portion of the
front end and receiving a signal transmitted to the
ultra-wideband antenna structure; and

a short-circuiting point disposed near a corner of the
distal end; and

a short-circuited metal unit mounted on the first surface,
and having a first end and a second end, wherein the first
end is electrically connected to the ground surface, and
the second end is electrically connected to the short
circuiting point of the radiating element, and a part of the
short-circuited metal unit is disposed on an edge of the
first surface.

2. An ultra-wideband antenna structure as claimed in claim

1, wherein the front end and the distal end are approximately
perpendicular to the opening direction and the opening direc-
tion is approximately parallel to the substrate.

3. An ultra-wideband antenna structure as claimed in claim

1, wherein the three-dimensional metal piece comprises two
arms partitioned by the radiating portion, and each of the two
arms has an identical width.

4. An ultra-wideband antenna structure as claimed in claim

1, wherein the three-dimensional metal piece comprises two
arms partitioned by the radiating portion, and each of the two
arms is getting wider from the front end to the distal end.

5. An ultra-wideband antenna structure as claimed in claim

1, wherein the three-dimensional metal piece comprises two
arms partitioned by the radiating portion, and each of the two
arms is getting narrower from the front end to the distal end.
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6. An ultra-wideband antenna structure as claimed in claim
1, wherein the substrate is rectangular.

7. Anultra-wideband antenna structure as claimed in claim
1, further comprising a supporting unit mounted between the
radiating element and the substrate for supporting thereby the
radiating element.

8. Anultra-wideband antenna structure as claimed in claim
7, wherein the supporting unit is made of one of a polystyrene
and a plastic.

9. Anultra-wideband antenna structure as claimed in claim
1, wherein the folded metal piece is made by folding a metal
piece being processed with one of a stamping and a cutting.

10. An ultra-wideband antenna structure as claimed in
claim 1, wherein the ground surface and the short-circuited
metal unit are mounted on the substrate by one of a printing
and an etching.

11. An ultra-wideband antenna structure as claimed in
claim 1, wherein the substrate is made of a dielectric material.

12. An ultra-wideband antenna structure as claimed in
claim 1, wherein the at least two folding lines include a first
folding line near the front end and a second folding line near
the distal end, and the radiating portion has a width being
about 20 millimeter, a height being about 6.4 millimeter from
the distal end to the second folding line, and a distance being
about 11 millimeter between the first and the second folding
lines.
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1
ANTENNA STRUCTURE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an antenna structure, and
more particularly, to an antenna structure that effectively
improves the contact situation between an antenna and a main
board.

2. Description of the Prior Art

As wireless communication technology becomes more and
more popular, antennas have become one of the essential
components for many electronic devices, such as mobile
phones and global positioning system (GPS) devices. Such
electronic device typically has a metal plate spring disposed
on a main board of the electronic device. After an antenna is
utilized to contact with the metal plate spring, electrical sig-
nals received by the antenna can be transmitted to a signal
feeding point of the main board through the metal plate
spring. Because the metal plate spring has poor elasticity and
is prone to deform improperly, however, the contact situation
between the antenna and the metal plate spring is often badly,
thereby degrading signal receiving ability of the antenna.
Therefore, it is desirable to provide an improved antenna
connection solution.

SUMMARY OF THE INVENTION

It is therefore one of the objectives of the present invention
to provide an antenna structure to solve the above mentioned
problems.

The present invention discloses an antenna structure, com-
prising: a main board, at least having a signal feeding portion;
abearing component, connected to the main board and at least
having a protrusive portion; and an antenna, connected to the
bearing component and at least having a pin portion, wherein
the pin portion is disposed on the protrusive portion, and the
signal feeding portion and the pin portion contact with each
other.

These and other objectives of the present invention will no
doubt become obvious to those of ordinary skill in the art after
reading the following detailed description of the preferred
embodiment that is illustrated in the various figures and draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.11s an explosive view illustrating an antenna structure
according to an embodiment of the present invention.

FIG. 2 is a lateral view illustrating an antenna structure in
FIG. 1 after assemblage.

DETAILED DESCRIPTION

FIG.11s an explosive view illustrating an antenna structure
101 according to an embodiment of the present invention.
FIG. 2 is a lateral view illustrating the antenna structure 101
in FIG. 1 after assemblage. Please refer to both FIG. 1 and
FIG. 2 for better understanding the following description.

As shown in FIG. 1, the antenna structure 101 comprises a
main board 102, a bearing component 103, and an antenna
104. In this embodiment, the antenna structure 101 is dis-
posed in a mobile phone, the main board 102 is a circuit board
of the mobile phone, and the bearing component 103 is an
inner cover of the mobile phone. The antenna 104 is a flexible
printed circuit (FPC) antenna adhesively connected to the

20

25

30

35

40

45

50

55

60

65

2

bearing component 103. Additionally, the antenna 104 is a
planar inverted-F antenna (PIFA).

The main board 102 has a signal feeding portion 201. The
bearing component 103 is connected to the main board 102
and has a protrusive portion 202. The antenna 104 is con-
nected to the bearing component 103 and has a pin portion
203. Additionally, in this embodiment, the bearing compo-
nent 103 and the main board 102 are engaged with each other,
and the antenna 104 is adhesively connected to the bearing
component 103. Please note that the above connection style is
not meant to be a limitation of the present invention.

The pin portion 203 is disposed on the protrusive portion
202. Additionally, in this embodiment, the pin portion 203 is
adhesively connected to the protrusive portion 202 and sub-
stantially covers the protrusive portion 202.

In this embodiment, the protrusive portion 202 is made of,
for example, elastic plastics. Additionally, the protrusive por-
tion 202 is a hook-shaped protrusion and slightly exceeds the
height limit for a corresponding antenna area. Therefore, the
protrusive portion 202 deforms properly to make the signal
feeding portion 201 and the pin portion 203 contact with each
other tightly when the bearing component 103 is connected to
the mainboard 102. In other words, the protrusive portion 202
and the main board 102 interfere with each other when the
bearing component 103 is connected to the main board 102.
Thus, electrical signals received by the antenna 104 can be
transmitted to the signal feeding portion 201 of the main
board 102 through the pin portion 203. Additionally, in
another possible embodiment, the protrusive portion 202 can
also be a plate spring.

In an embodiment of the present invention, since a protru-
sive portion of a bearing component is elastic and slightly
exceeds the height limit for a corresponding antenna area, the
protrusive portion of the bearing component deforms prop-
erly to make a pin portion of an antenna and a signal feeding
portion of a main board contact with each other tightly when
the bearing component is connected to the main board by
adhesively connecting the pin portion of the antenna to the
protrusive portion. Therefore, the contact situation between
the antenna and the main board can be greatly improved,
thereby upgrading stability and reliability when the antenna
and the main board contact with each other. Thus, electrical
signals received by the antenna can be effectively transmitted
to the signal feeding portion of the main board through the pin
portion.

Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.

What is claimed is:

1. An antenna structure, comprising:

a main board, at least having a signal feeding portion;

a bearing component, connected to the main board and at

least having a protrusive portion; and
an antenna, connected to the bearing component and at
least having a pin portion, wherein the pin portion is
disposed on the protrusive portion, and the signal feed-
ing portion and the pin portion contact with each other;

wherein the antenna structure is disposed in a mobile
phone, the main board is a circuit board of the mobile
phone, and the bearing component is an inner cover of
the mobile phone.

2. The structure of claim 1, wherein the protrusive portion
is elastic, and wherein the protrusive portion deforms prop-
erly to make the signal feeding portion and the pin portion
contact with each other tightly when the bearing component
is connected to the main board.
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3. The structure of claim 1, wherein the protrusive portion
is made of plastics.

4. The structure of claim 1, wherein the protrusive portion
is a hook-shaped protrusion.

5. The structure of claim 1, wherein the protrusive portion
is a plate spring.

6. The structure of claim 1, wherein the antenna is a flexible
printed circuit (FPC) antenna adhesively connected to the
bearing component.

7. The structure of claim 1, wherein the antenna is a planar
inverted-F antenna (PIFA).

8. The structure of claim 1, wherein the pin portion is
adhesively connected to the protrusive portion.

9. The structure of claim 1, wherein the pin portion covers
the protrusive portion.

10. An antenna structure, comprising:

a main board, at least having a signal feeding portion;

a bearing component, connected to the main board and at
least having a protrusive portion, wherein the protrusive
portion is made of plastics; and

an antenna, connected to the bearing component and at
least having a pin portion, wherein the pin portion is
disposed on the protrusive portion, and the signal feed-
ing portion and the pin portion contact with each other.

11. The structure of claim 10, wherein the protrusive por-
tion is elastic, and wherein the protrusive portion deforms
properly to make the signal feeding portion and the pin por-
tion contact with each other tightly when the bearing compo-
nent is connected to the main board.

12. The structure of claim 10, wherein the protrusive por-
tion is a hook-shaped protrusion.

13. The structure of claim 10, wherein the protrusive por-
tion is a plate spring.
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14. The structure of claim 10, wherein the antenna is a
flexible printed circuit (FPC) antenna adhesively connected
to the bearing component.

15. The structure of claim 10, wherein the antenna is a
planar inverted-F antenna (PIFA).

16. The structure of claim 10, wherein the pin portion
covers the protrusive portion.

17. An antenna structure, comprising:

a main board, at least having a signal feeding portion;

a bearing component, connected to the main board and at

least having a protrusive portion; and

an antenna, connected to the bearing component and at

least having a pin portion, wherein the pin portion is
disposed on the protrusive portion and is adhesively
connected to the protrusive portion, and the signal feed-
ing portion and the pin portion contact with each other.

18. The structure of claim 17, wherein the protrusive por-
tion is elastic, and wherein the protrusive portion deforms
properly to make the signal feeding portion and the pin por-
tion contact with each other tightly when the bearing compo-
nent is connected to the main board.

19. The structure of claim 17, wherein the protrusive por-
tion is a hook-shaped protrusion.

20. The structure of claim 17, wherein the protrusive por-
tion is a plate spring.

21. The structure of claim 17, wherein the antenna is a
flexible printed circuit (FPC) antenna adhesively connected
to the bearing component.

22. The structure of claim 17, wherein the antenna is a
planar inverted-F antenna (PIFA).

23. The structure of claim 17, wherein the pin portion
covers the protrusive portion.

#* #* #* #* #*
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MOBILE TERMINAL FOR REDUCING
SPECIFIC ABSORPTION RATE

CROSS REFERENCE TO RELATED
APPLICATION

This application claims priority from and the benefit of
Korean Patent Application No. 10-2006-0136205, filed on
Dec. 28, 2006, which is hereby incorporated by reference for
all purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a mobile terminal that may
reduce a specific absorption rate, and more particularly, to a
mobile terminal that may reduce a specific absorption rate
and includes an antenna pattern and a ground pattern.

2. Discussion of the Background

Due to the rapid development of communication technol-
ogy using mobile terminals, the mobile terminal has become
popular. Accordingly, the average time spent using a mobile
terminal has rapidly increased. Therefore, concern about
whether electromagnetic waves radiated from the mobile ter-
minal have a harmful influence on a human body has
increased.

A Specific Absorption Rate (SAR) is generally used as a
numerical value for indicating the degree of harmful influ-
ence on a human body caused by electromagnetic waves
radiated from the mobile terminal. The SAR is the electric
power absorbed perunit mass of ahuman body cell, measured
inunits of W/kg. The SAR of ahuman body is measured using
a device called a human body phantom, which has an electric
constant similar to human body tissue, because it is difficultto
directly measure a human body. The SAR is represented by
the following equation:

SAR = %(%)lEilz

where o is the conductivity of a human body phantom, p is
density, and IFil is the peak value of a local electric field
vector.

The SAR in human body tissue is proportional to the square
ofelectric field strength within the tissue and is determined by
parameters of the incident electromagnetic field, such as the
frequency, strength, direction, and source of an electromag-
netic field, the relative position of a target object, genetic
properties of a characteristic tissue of an exposed human
body, and the ground effect and exposed environment effect.

Several countries have established and regulate safety stan-
dards regarding human body exposure to electromagnetic
waves based on the SAR. In order to satisfy SAR standards,
various methods of reducing the SAR may be used when
manufacturing a mobile terminal.

One such method is to coat Electro Magnetic Interference
(EMI) paints on the mobile terminal’s case. The EMI paints
provide an electromagnetic shielding effect by electromag-
netically separating the opposite sides of a closed curved
surface of a metal body. When EMI paints are coated on the
mobile terminal’s case, electromagnetic waves generated
within the case may not radiate from the mobile terminal. It
may also prevent the generation of static electricity and elec-
trification. While this method has an influence on the EMI and
electromagnetic susceptibility (EMS) of a terminal, it does
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not fundamentally decrease the influence of electromagnetic
waves radiated from the antenna. Further, in theory, when
EMI paints are coated on the mobile terminal, the SAR to the
human body may increase by re-reflection generated due to
EMI paints.

Another method is to arrange various parts within the
mobile terminal in consideration of the SAR. However, re-
arrangement of various parts within the mobile terminal in
order to reduce the SAR may negatively affect communica-
tion quality and/or the external shape of the mobile terminal.

SUMMARY OF THE INVENTION

The present invention provides a mobile terminal that may
reduce a SAR by forming a ground pattern that may absorb
electromagnetic waves around an antenna pattern.

The present invention also provides a mobile terminal
wherein an antenna pattern and a ground pattern are formed in
a position spaced apart from a ground by connecting the
ground pattern to the ground with a metal member.

Additional features of the invention will be set forth in the
description which follows, and in part will be apparent from
the description, or may be learned by practice of the inven-
tion.

The present invention discloses a mobile terminal includ-
ing a case, a circuit board, a ground in the circuit board, an
antenna pattern, and a ground pattern. The circuit board is
provided in the case. The ground pattern is spaced apart from
the antenna pattern and made of a material that absorbs elec-
tromagnetic waves. The ground pattern is connected to the
ground of the circuit board.

The present invention also discloses a mobile terminal
including a case, a circuit board including a ground, an aux-
iliary ground, an antenna pattern, and a ground pattern. The
case contains the circuit board. The auxiliary ground is
spaced apart from the ground of the circuit board. The ground
pattern is spaced apart from the antenna pattern and includes
a material that absorbs electromagnetic waves. The ground
pattern is also connected to the auxiliary ground.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
embodiments of the invention, and together with the descrip-
tion serve to explain the principles of the invention.

FIG. 1 is a perspective view showing an antenna carrier for
a case of a mobile terminal according to an exemplary
embodiment of the present invention.

FIG. 2 is a perspective view showing an antenna carrier for
a case of a mobile terminal according to another exemplary
embodiment of the present invention.

FIG. 3 is a perspective view showing an antenna carrier for
a case of a mobile terminal according to another exemplary
embodiment of the present invention.

FIG. 4 is a perspective view showing an antenna carrier
provided in a case of a mobile terminal according to another
exemplary embodiment of the present invention.

FIG. 5 is a perspective view showing an antenna carrier
provided in a case of a mobile terminal according to another
exemplary embodiment of the present invention.
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FIG. 6 shows a SAR result measured in a mobile terminal
according to another exemplary embodiment of the present
invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

The invention is described more fully hereinafter with ref-
erenceto the accompanying drawings, in which embodiments
of the invention are shown. This invention may, however, be
embodied in many different forms and should not be con-
strued as limited to the embodiments set forth herein. Rather,
these embodiments are provided so that this disclosure is
thorough, and will fully convey the scope of the invention to
those skilled in the art. In the drawings, the size and relative
sizes of layers and regions may be exaggerated for clarity.
Like reference numerals in the drawings denote like ele-
ments.

It will be understood that when an element or layer is
referred to as being “on” or “connected to” another element or
layer, it can be directly on or directly connected to the other
element or layer, or intervening elements or layers may be
present. In contrast, when an element is referred to as being
“directly on” or “directly connected to” another element or
layer, there are no intervening elements or layers present.

FIG. 1 is a perspective view showing an antenna carrier for
a case of a mobile terminal according to an exemplary
embodiment of the present invention.

As shown in FIG. 1, an antenna pattern 111 is formed in an
antenna carrier 110. An antenna is a device for transmitting
and receiving electromagnetic waves for the purpose of wire-
less communication. Considering the mobile terminal design
and user convenience, the antenna may be formed in the shape
of the antenna pattern 111 shown in FIG. 1. In the present
exemplary embodiment, the antenna pattern 111 is formed in
the antenna carrier 110. In another exemplary embodiment,
the antenna pattern 111 may be formed within a case of the
mobile terminal. The shape of the antenna pattern 111 is
determined considering the radiation performance and space
arrangement of the mobile terminal. One end of the antenna
pattern 111 is connected to a reception point of the mobile
terminal.

A ground pattern 112 is also formed in the antenna carrier
110. The ground pattern 112 is made of a material that can
absorb electromagnetic waves. In the present exemplary
embodiment, the ground pattern 112 is made of copper. In
other exemplary embodiments, the ground pattern 112 may
be made of metals other than copper or a material that can
absorb electromagnetic waves. The ground pattern 112
reduces the SAR of the mobile terminal by absorbing elec-
tromagnetic waves radiated from the antenna pattern 111.

The ground pattern 112 and the antenna pattern 111 are
spaced apart from each other. The distance between the group
pattern 112 and the antenna pattern 111 is determined con-
sidering the radiation performance of the antenna pattern 111
and the SAR of the mobile terminal. A short distance between
the ground pattern 112 and the antenna pattern 111 may
reduce the SAR; however, the ground pattern 112 has
increased influence on the radiation performance of the
antenna pattern 111. On the other hand, a far distance between
the ground pattern 112 and the antenna pattern 111 may
reduce the influence of the ground pattern 112 on the radiation
performance of the antenna pattern 11, but increase the SAR.

In the present exemplary embodiment, the distance
between the ground pattern 112 and the antenna pattern 111 is
3 mm. In other exemplary embodiments, the distance
between the ground pattern 112 and the antenna pattern 111
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may be modified considering the radiation performance of the
antenna pattern 111 and the SAR of the mobile terminal.
However, the smaller size of the mobile terminal also
decreases the internal space of the mobile terminal. Thus, the
distance between the ground pattern 112 and the antenna
pattern 111 may not exceed 1 cm.

One end of the ground pattern 112 is connected to a ground
formed in the mobile terminal. The ground may be a ground
of a circuit board of the mobile terminal or an auxiliary
ground formed for the ground pattern 112.

FIG. 2 is a perspective view showing an antenna carrier for
aamobile terminal case of another exemplary embodiment of
the present invention.

As shown in FIG. 2, an antenna pattern 211 formed in an
antenna carrier 210 may have at least one bending portion.
When the antenna pattern 211 has a bending portion, the
length of the antenna pattern 211 may be extended and a
radiation point of the antenna pattern 211 may be positioned
ata desired place. However, when the antenna pattern 211 has
a bending portion, electromagnetic waves are radiated at the
bending portion.

A ground pattern 212 has at least one bending portion
corresponding to the bending portion of the antenna pattern
211. As shown in FIG. 2, the ground pattern 212 has a bending
portion ‘a’ corresponding to a bending portion A of the
antenna pattern 211, and a bending portion ‘b’ corresponding
to a bending portion B of the antenna pattern 211. Since the
ground pattern 212 has a bending portion corresponding to
the bending portion of the antenna pattern 211, the ground
pattern 212 may more effectively absorb electromagnetic
waves radiated from the antenna pattern 211.

The ground pattern 212 need have only the corresponding
bending portion in one side facing the antenna pattern 211. As
shown in FIG. 2, the ground pattern 212 may not have a
corresponding bending portion at the side that does not face
the antenna pattern 211. Accordingly, the ground pattern 212
may have a large size. A larger ground pattern 211 may absorb
more electromagnetic waves, which may reduce the SAR of
the mobile terminal.

FIG. 3 is a perspective view showing an antenna carrier for
a mobile terminal case according to another exemplary
embodiment of the present invention.

As shown in FIG. 3, a ground pattern 312 formed in an
antenna carrier 310 may have a bending portion correspond-
ing to the bending portion of an antenna pattern 311. How-
ever, if the antenna carrier 310 has similar dimensions to the
antenna carrier 210 shown in FIG. 2, the ground pattern 312
may have a smaller overall size than the ground pattern 212
shown in FIG. 2. Accordingly, the ground pattern 312 shown
in FIG. 3 may absorb fewer electromagnetic waves than the
ground pattern 211 shown in FIG. 2. However, the smaller
internal space of the mobile terminal may require the ground
pattern 312. In this case, efficient use of the internal space of
the mobile terminal may reduce the size of the mobile termi-
nal.

FIG. 4 is a perspective view showing an antenna carrier
provided in a mobile terminal case of another exemplary
embodiment of the present invention.

As shown in FIG. 4, a speaker 430 may be provided in an
upper part of a case 440 of a mobile terminal 400, and a
microphone (not shown) may be provided at a lower end of
the case 440. Accordingly, when a user uses the mobile ter-
minal 400, the speaker 430 may be positioned adjacently to
the user’s ear, and the microphone may be positioned around
the user’s mouth. The present exemplary embodiment exem-
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plifies a folder type mobile terminal 400, but may be similarly
applied to a flip type mobile terminal or a slide type mobile
terminal.

Where to form an antenna pattern 411 and a ground pattern
412 in an antenna carrier 410 is determined considering vari-
ous design aspects of the mobile terminal 400.

In this exemplary embodiment of the present invention, the
antenna carrier 410 of the mobile terminal 400 is provided
beside the microphone. Accordingly, by arranging the posi-
tion of the antenna pattern 411 through which electromag-
netic waves are radiated from the mobile terminal 400 as far
away as possible from the user’s brain, electromagnetic
waves absorbed into the user’s brain may be reduced. How-
ever, in the mobile terminal 400 according to another exem-
plary embodiment of the present invention, the antenna car-
rier 410 may alternatively be provided beside the speaker 430.

When the antenna carrier 410 is provided beside the micro-
phone, the ground pattern 412 is spaced apart from a ground
(not shown) of the circuit board of the mobile terminal 400. In
this case, the ground pattern 412 and the ground of the circuit
board are connected to each other through a metal member. In
the present exemplary embodiment, the metal member is a
metal plate 420 inserted inside of the mobile terminal 400. In
other exemplary embodiments, the metal member may be
formed in a different pattern. The use of the metal member has
freed the antenna carrier 410 position that had been limited by
a ground position of the circuit board.

FIG. 5 is a perspective view showing an antenna carrier
provided in a mobile terminal 500 case according to another
exemplary embodiment of the present invention.

The mobile terminal 500 includes an auxiliary ground 550
formed in a case 540. The auxiliary ground 550 is formed in
a position separated from a ground of the circuit board. A
ground pattern 512 is connected to the auxiliary ground 550.
As the ground pattern 512 is connected to the auxiliary
ground 550, instead of to the ground of the circuit board,
limitations on positioning an antenna carrier 510 may be
reduced. By designing the mobile terminal 500 in a desired
form, a position of the antenna carrier 510 may be deter-
mined, and the auxiliary ground 550 may thus be formed at an
appropriate position. If the auxiliary ground 550 is formed at
a position at which it contacts the ground pattern 512, the
ground pattern 512 and the auxiliary ground 550 may be
connected to each other without using a metal member simi-
lar to that shown in FIG. 5.

Due to space restriction of the mobile terminal 500, the
auxiliary ground 550 may be spaced apart from the antenna
carrier 510. In this case, the ground pattern 512 and the
auxiliary ground 550 may be connected to each other through
a metal member.

FIG. 6 shows a SAR result measured in a mobile terminal
according to another exemplary embodiment of the present
invention.

The present experimental data was measured using a
human phantom having an electric constant similar to human
tissue.

FIG. 6(a) shows a SAR of a mobile terminal in which a
ground pattern is not formed, and FIG. 6(5) shows a SAR of
a mobile terminal in which a ground pattern is formed,
wherein the distance between an antenna pattern and the
ground pattern is 3 mm.

When a ground pattern is not formed, the highest value of
the SAR is 2.78 mW/g, and the 1 g SAR value (that is, the
average SAR in a volume of 1 gram of tissue) is 2.4 mW/g.
When the ground pattern is formed, the highest value of the
SARis 1.33 mW/g, and the 1 g SAR valueis 1.22 mW/g. The
1 g SAR value therefore decreases from 2.4 mW/g to 1.22
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6
mW/g. Also, as shown in FIG. 6(5), although the hot point
(the point where the SAR is highest) does not move, the field
strength of the hot point decreases.

As seen from the experimental results, a SAR is lower
when the ground pattern is formed than when the ground
pattern is not formed.

The mobile terminal according to an exemplary embodi-
ment of the present invention is a mobile electronic device for
mobile communication such as a mobile phone and Personal
Digital Assistant (PDA).

As described above, according to the present invention,
forming a ground pattern for absorbing electromagnetic
waves around an antenna pattern may reduce a SAR of a
mobile terminal.

Further, by connecting the ground pattern and a ground
using a metal member, the antenna pattern may be formed at
aposition separated from the ground. Therefore, in the mobile
terminal, the position of the antenna carrier may be deter-
mined regardless of the ground position.

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

What is claimed is:

1. A mobile terminal, comprising:

a case;

a circuit board in the case;

a ground in the circuit board;

an antenna pattern connected to a reception point; and

a ground pattern spaced apart from the antenna pattern and

comprising a material that absorbs electromagnetic
waves,

wherein the antenna pattern and the ground pattern are

arranged in the same plane of an antenna carrier,
wherein the ground pattern is connected to the ground in
the circuit board,

wherein the antenna pattern has at least one bending por-

tion, and the ground pattern has at least one bending
portion corresponding to the at least one bending portion
of the antenna pattern.

2. The mobile terminal of claim 1, further comprising a
metal member, wherein the ground pattern is connected to the
ground of the circuit board through the metal member.

3. The mobile terminal of claim 1, wherein the at least one
bending portion of the ground pattern is disposed only at a
side of the ground pattern facing the antenna pattern.

4. A mobile terminal, comprising:

a case;

a circuit board in the case and comprising a ground;

an auxiliary ground spaced apart from the ground;

an antenna pattern connected to a reception point; and a

ground pattern spaced apart from the antenna pattern
and comprising a material that absorbs electromagnetic
waves,

wherein the antenna pattern and the ground pattern are

arranged in the same plane of an antenna carrier,
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wherein the ground pattern is connected to, but not inte-
grally formed with, the auxiliary ground,

wherein the antenna pattern has at least one bending por-
tion, and the ground pattern has at least one bending
portion corresponding to the at least one bending portion
of the antenna pattern.

5. The mobile terminal of claim 4, wherein the auxiliary
ground is formed in the case.

8
6. The mobile terminal of claim 4, further comprising a
metal member, wherein the ground pattern is connected to the
auxiliary ground through the metal member.
7. The mobile terminal of claim 4, wherein the at least one
bending portion of the ground pattern is disposed only at a
side of the ground pattern facing the antenna pattern.






_1326226449.pdf
a2 United States Patent

US007649500B2

(10) Patent No.: US 7,649,500 B2

Liao et al. (45) Date of Patent: Jan. 19, 2010
(54) FILM ANTENNA ASSEMBLY AND 4,231,041 A * 10/1980 Graeser et al. .............. 343/767
FABRICATION METHOD 5,268,700 A * 12/1993 Hirotsu etal. .....o........ 343/713
(75) Tnventors: Chia-Yu Liao, Jhongli (TW); 7,233,296 B2* 6/2007 Songetal. .....ccocceeeeeee 343/713
Yuan-Ming Chang, Fongyuan (TW) 2004/0066345 Al* 4/2004 Schadler ..................... 343/767
(73) Assignee: Paragon Technologies, Co., Ltd., Taipei
County (TW) ) )
* cited by examiner
(4 Notes: Sty dscldmer b ke al 5, Famiver T
% S.C. 154(b) by 0 days J (74) Attorney, Agent, or Firm—Egbert Law Offices PLL.C
(21) Appl. No.: 12/111,038 67 ABSTRACT
(22) Filed: Apr. 28, 2008
The present invention provides a film antenna assembly and a
65 Prior Publication Data fabrication method thereof. The assembly includes an
Y
US 2009/0267839 A1 Oct. 29. 2009 antenna body, which is a conducting body placed onto the
T substrate. The antenna body is provided with a signal connec-
(51) Int.CL tor, a feeder, and a conducting medium. One side of the
H01Q 1736 (2006.01) conducting medium is coupled with the feeder, and the other
(52) US.CLl oo 343/700 MS; 343/906  side is located on the signal connector of antenna body. With
(58) Field of Classification Search .......... 343700 MS,  this combined structure of the feeder, the film antenna assem-
343/767, 906 bly could be protected against damage, and the stable electri-
See application file for complete search history. cal connection resolves the coupling issue of the film antenna
. and feeder for improved applicability and economic effi-
(56) References Cited ciency.
U.S. PATENT DOCUMENTS
4,222,056 A * 9/1980 Graeser etal. .............. 343/767 5 Claims, 8 Drawing Sheets

30 51 52
211 21
32 3
w \ki/ 3
e

[
i
40





U.S. Patent Jan. 19, 2010 Sheet 1 of 8 US 7,649,500 B2

FIG.1
21 212
~ 32 31 20
N K N 10
L2 i1
H_J
L0

FIG.2





U.S. Patent Jan. 19, 2010 Sheet 2 of 8 US 7,649,500 B2

10

20B

FIG.3






U.S. Patent Jan. 19, 2010 Sheet 3 of 8 US 7,649,500 B2

FIG.4

40 30

U ?

L LTSS ST T '77////////////,—\/ "

FIG.5





U.S. Patent Jan. 19, 2010 Sheet 4 of 8 US 7,649,500 B2

F1G.6

30

541 11 /__

20

/// l-////
“ V‘ 3 10
\
542

FIG.7





U.S. Patent Jan. 19, 2010 Sheet 5 of 8 US 7,649,500 B2

FIG.8






U.S. Patent Jan. 19, 2010 Sheet 6 of 8 US 7,649,500 B2

FI1G.9






U.S. Patent Jan. 19, 2010 Sheet 7 of 8 US 7,649,500 B2

///////?77/////7\410

F1G.10

30





U.S. Patent Jan. 19, 2010 Sheet 8 of 8 US 7,649,500 B2

10

30

31

FIG.11

40

L7
///////////////////////////////////,\/

20





US 7,649,500 B2

1

FILM ANTENNA ASSEMBLY AND
FABRICATION METHOD

CROSS-REFERENCE TO RELATED U.S.
APPLICATIONS

Not applicable.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not applicable.

NAMES OF PARTIES TO A JOINT RESEARCH
AGREEMENT

Not applicable.

REFERENCE TO AN APPENDIX SUBMITTED
ON COMPACT DISC

Not applicable.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to a film antenna,
and more particularly to an innovative antenna with an
antenna body and feeder in a combined structure as well as a
new fabrication method thereof.

2. Description of Related Art Including Information Dis-
closed Under 37 CFR 1.97 and 37 CFR 1.98.

In the modern information age, there is a growing trend of
wireless transmission functions being introduced into elec-
tronic products. So, the antenna assembly becomes a key
element of a variety of electronic products, such as commonly
used mobile phones, notebook computers and PDAs.

An antenna assembly is generally prefabricated into a solid
antenna(e.g. an inverted-antenna) by means of punch-form-
ing metal sheets. However, since lightweight and thin-profile
electronic products have become a popular trend, the inner
space of these electronic products, such as mobile phones,
notebook computers and PDAs, will be reduced greatly, thus
emphasizing the need for miniature antenna assemblies. For
this reason, a new film antenna is developed for lightweight
electronic products.

For a regular film antenna, a thin-profile antenna structure
is formed on the preset substrate (such as circuit boards,
chassis, etc.) by means of printing, evaporation, sputtering
and other means. The feed point and grounding portion of the
antenna must be electrically connected with the core wire and
conductor of a coaxial cable (feeder), thus enabling the feed-
ing of received and transmitted signals. For a solid antenna
made of metal sheets, the antenna is coupled with the coaxial
cable by means of welding without any damage. For a film
antenna, a thin structure is coated onto the surface of sub-
strate. Unfortunately, high-temperature welding causes
excessive melting of the film antenna, or even lead indirectly
to the damage of the substrate (often made of plastics).

Thus, to overcome the aforementioned problems of the
prior art, it would be an advancement in the art to provide an
improved structure that can significantly improve efficacy.

Therefore, the inventor has provided the present invention
of practicability after deliberate design and evaluation based
on years of experience in the production, development and
design of related products.
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2
BRIEF SUMMARY OF THE INVENTION

Based upon the innovation of the present invention, a
feeder is coupled with the conducting medium, and the con-
ducting medium is then positioned onto the antenna body. Itis
possible to provide the combined feeder structure and fabri-
cation method suitable for the film antenna assembly in the
present invention. This invention ensures that the film antenna
assembly is protected against damage, and a stable electrical
connection resolves the coupling issue of the film antenna and
feeder for improved applicability and economic efficiency.

Although the 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 here-
inafter claimed.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 depicts an assembled perspective view of the first
preferred embodiment of the electric field antenna of the
present invention.

FIG. 2 depicts an assembled sectional view of the first
preferred embodiment of the present invention.

FIG. 3 depicts a top plan view of the application of the
present invention when the antenna body is a magnetic field
antenna.

FIG. 4 depicts an assembled perspective view of the second
preferred embodiment of the present invention.

FIG. 5 depicts an assembled sectional view of the structure
disclosed in FIG. 4.

FIG. 6 depicts an assembled sectional view of the third
preferred embodiment of the present invention.

FIG. 7 depicts an assembled sectional view of the fourth
preferred embodiment of the present invention.

FIG. 8 depicts an assembled perspective view of the fifth
preferred embodiment of the present invention.

FIG. 9 depicts an assembled perspective view of the sixth
preferred embodiment of the present invention.

FIG. 10 depicts a partial sectional and side elevational view
of'the application of the present invention when the conduct-
ing medium is fabricated directly by solder.

FIG. 11 depicts a sectional view of the application of the
present invention when the conducting medium is mated with
the feeder via a gripper.

DETAILED DESCRIPTION OF THE INVENTION

The features and the advantages of the present invention
will be more readily understood upon a thoughtful delibera-
tion of the following detailed description of a preferred
embodiment of the present invention with reference to the
accompanying drawings.

FIGS. 1-2 depict preferred embodiments of a film antenna
and the fabrication method thereof. The embodiments are
provided only for explanatory objectives with respect to the
patent claims.

The film antenna assembly comprises a substrate 10, which
is assembled onto the circuit board or shell of the electronic
product, or other supports and components.

An antenna body 20 is a conducting body placed onto a
preset location of the substrate 10. The antenna body 20 is
provided with a signal connector 21, which contains a feeding
portion 212 and a grounding portion 211.

A feeder 30 is a coaxial cable comprising a core wire 31
and an exterior conductor 32. An intermediate insulating
layer is optionally contained in the cable, but is not shown in
the present invention.
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A conducting medium 40 has one side coupled with the
feeder 30 and the other side located on the signal connector 21
of antenna body 20 by several means.

The film antenna of the present invention is fabricated by
the following methods. Referring to FIG. 1, the conductive
film antenna body 20 has a preset location of the substrate.
The signal connector 21 of antenna body 20 is positioned onto
and electrically connected with the feeder 30 viaa conducting
medium 40 by several sequences. For instance, the conduct-
ing medium 40 is coupled with the feeder 30, and then with
the signal connector 21 of antenna body 20. Alternatively, the
conducting medium 40 is coupled with the signal connector
21 of antenna body 20, and then with the feeder 30. Moreover,
the antenna body 20 is formed first onto the substrate 10, or
the conducting medium 40 is first coupled with the antenna
body 20.

The antenna body 20 is formed onto the substrate 10 by
either of the following methods or their combinations: print-
ing, evaporation, sputtering, painting or coating.

The conducting medium 40 is made of metal (e.g. metal
plate, metal ring and metal sheet), conductive adhesive, or
welding material.

The conducting medium 40 is positioned onto the signal
connector 21 of antenna body 20 by either of the following
components or their combinations: fasteners, elastic compo-
nents, embedding components, pressing components and
adhesives, etc.

The conducting medium 40 could be mated with the feeder
30 through conductive welding, fusion or gluing materials.

The conducting medium 40 and the signal connector 21 of
antenna body 20 are coupled as referenced in the accompa-
nying drawings.

Referring to FIGS. 1 and 2, the antenna body 20 of the
present invention is configured into a radiative electric field,
where the conducting medium 40 is composed of two metal
rings 41, 42. One metal ring 41 is mated with the core wire 31
of'the feeder 30, and the other metal ring 42 is mated with the
exterior conductor 32 of the feeder 30 through two studs 51,
52. The studs 51, 52 are prefabricated by the substrate 10 or
fixed by combination. Then, two metal rings 41, 42 are sepa-
rately positioned via two studs 51, 52 onto the grounding
portion 211 and feeding portion 212 of signal connector 21 of
the antenna body 20 on the substrate 10 for electric connec-
tion. Referring to FIG. 3, the antenna body 20B is configured
into a complementary magnetic field, and also positioned
similarly by two studs 51, 52.

As illustrated in the following preferred embodiments, the
core wire 31 and exterior conductor 32 of feeder 30 must be
electrically connected with grounding portion 211 and feed-
ing portion 212 ofthe signal connector 21 of antenna body 20.

Referring to FIGS. 4 and 5, the conducting medium 40 of
the preferred embodiment is a metal plate 43. The feeder 30 is
welded onto the top of the metal plate 43 with the help of
adhesive 53. Referring to FIG. 4, if the adhesive 53 is a
conductive adhesive, it can be applied onto entire surface or
local surface of the metal plate 43, so that the metal plate 43
is electrically connected with the antenna body 20. If the
adhesive 53 is a non-conductive adhesive, it is applied onto
local surface of the bottom of the metal plate 43, so that the
bottom of metal plate 43 is partially contacted with the
antenna body 20 for electrical connection.

Referring to FIG. 6, the conducting medium 40 of the
preferred embodiment is also a metal plate 43 that is posi-
tioned by a stud 54. The stud 54 is prefabricated by the
substrate 10. The metal plate 43 is provided with a through
hole 44, which could be sleeved onto the stud 54. Then, the
protruding top of the stud 54 is formed into an expanded end
55 by heat pressing, so the metal plate 43 and antenna body 20
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could be assembled securely. The stud 54 can also be fabri-
cated separately and then assembled into a hole of the sub-
strate. Referring to FIG. 7, the conducting medium 40 could
be positioned by an embedding component, which has a
contact surface 541 for connecting the antenna body 20. An
embedding leg 542 is arranged at the bottom of the contact
surface 541, allowing insertion into a preset slot 11 of the
substrate 10.

Referring to FIG. 8, the conducting medium 40 of the
preferred embodiment is also a metal plate 43 that is posi-
tioned by a pressing component 56. The pressing component
56 is a blocky body and a bottom with a snapping slot 561,
enabling the pressing component 56 to be snapped onto the
metal plate 43. The bottom of the pressing component 56 is
positioned on the signal connector 21 of the antenna body 20
by means of snapping or gluing.

Referring to FIG. 9, the conducting medium 40 of the
preferred embodiment is a metal sheet 45. A downwardly
twisting flexible pressing end 451 is laterally arranged onto
the metal sheet 45. A protruding tube 11 is formed on the
substrate 10 for inserting the plug-in stud 57 so as to position
the conducting medium 40.

Referring to FIG. 10, the conducting medium 40 is also
fabricated directly by solder 46. As shown by the arrow in the
figure, the solder 46 is firstly placed at the core wire 31 of the
feeder 30. The solder 46 is firstly processed into a spherical
shape, and then pressed into a flat shape, and next the punched
solder 46 is fastened onto the antenna body 20 by an ultra-
sonic way.

Referring also to FIG. 10, the conducting medium 40 of the
present invention can also be prefabricated, e.g. the conduc-
tive adhesive of conductivity and adhesiveness could help
realize the coupling of the conducting medium 40 and feeder
30, or the conducting medium 40 and antenna body 10.

Referring also to FIG. 11, a gripper 47 is placed at top of the
conducting medium 40, thereby gripping securely the core
wire 31 of the feeder 30 for connection purpose.

We claim:

1. A film antenna assembly comprising:

a substrate;

an antenna body having a conducting body placed on said
substrate and a signal connector;

a conducting medium having a first side located on said
signal connector of said antenna body and a second side,
said conducting medium being positioned onto said sig-
nal connector by an embedding component, said embed-
ding component being either prefabricated by said sub-
strate or assembled onto said substrate; and

a feeder coupled to said second side of said conducting
medium.

2. The film antenna assembly of Claim 1, wherein said
conducting medium is comprised of a material selected from
the group consisting of a metal, a welding material, a conduc-
tive adhesive and a fusion material.

3. The film antenna assembly of Claim 1, wherein said
conducting medium is coupled with said feeder by a material,
said material being selected from a group consisting of a
conductive welding, a fusion material and an adhesive.

4. The film antenna assembly of Claim 1, further compris-
ing:

a gripper positioned on said conducting medium and con-

nected in a secure gripping relationship to said feeder.

5. The film antenna assembly of Claim 1, wherein said
signal connector comprises a feeding portion and a grounding
portion.
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1
ANTENNA DEVICE AND RADIO APPARATUS
HAVING A BROADBAND CHARACTERISTIC

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an antenna device and a
radio apparatus having a broadband characteristic, and in
particular to an antenna device having multiple resonances
and a radio apparatus including the antenna device.

2. Description of the Related Art

Known is a broadband antenna device as disclosed in Japa-
nese Patent Publication of Unexamined Applications (Ko-
kai), No. 2002-64324, particularly in FIG. 10. The antenna
device of JP 2002-64324 has a ground plane 6 and a planar
microstrip antenna 42 arranged parallel to the ground plane 6
, and is configured in such a way that an end of the microstrip
antenna 42 is connected to an end of a monopole antenna 1.

The antenna device of JP 2002-64324 has a single reso-
nance. The monopole antenna 1 is about a half as long as a
wavelength of a resonant frequency. The planar microstrip
antenna 42 is also about a half as long as the wavelength. The
planar microstrip antenna 42 may increase its width and thus
its electric volume so as to obtain a broad bandwidth.

Known is a planar multi-layered antenna of multiple reso-
nances as disclosed in Japanese Patent Publication of Unex-
amined Applications (Kokai), No. 2005-94501, particularly
in FIG. 5. The planar multi-layered antenna of JP 2005-94501
has a rectangular conductor pattern 43 and a U-shaped line
conductor pattern 45. The rectangular conductor pattern 43 is
arranged on a same plane as a ground board conductor 49.

The planar multi-layered antenna of JP 2005-94501 has
multiple resonances, a first resonant frequency f1 of'a current
resonance on the U-shaped line conductor pattern 45 as a
whole, and a second resonant frequency {2 of a resonance
along an inner side of the U-shaped portion of the line con-
ductor, where f1<f2.

Although having obtained a broadband characteristic, the
above antenna device of JP 2002-64324 does not have a
multi-resonance characteristic. Although the planar multi-
layered antenna of JP 2005-94501 has resonant frequencies
determined by the lengths of the whole U-shaped line con-
ductor pattern 45 and of the inner side of the U-shaped portion
of' the line conductor, how to broaden the frequency bands is
not very specifically disclosed.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is to pro-
vide an antenna device having a broadband characteristic and
multiple resonances, and to provide a radio apparatus includ-
ing the antenna device.

To achieve the above object, according to one aspect of the
present invention, an antenna device including a ground
plane, a plane conductor and a line conductor is provided. The
plane conductor is shaped like a polygon having a first side, a
second side and an angle between the first side and the second
side. The plane conductor is arranged almost on a same plane
as the ground plane. The plane conductor has a feed portion
around the angle. The first side faces a side of the ground
plane. The line conductor is arranged almost on the same
plane as the ground plane. The line conductor has a first end
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and a second end. The first end is connected to an end of the
second side being opposite the feed portion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is an explanatory diagram showing a configura-
tion of an antenna device of a first embodiment of the present
invention.

FIG. 1B is an explanatory diagram showing a configuration
of a modification of the antenna device of the first embodi-
ment shown in FIG. 1A.

FIG. 2A is a graph of a frequency characteristic ofa voltage
standing wave ratio (VSWR) of the antenna device of the first
embodiment estimated by simulation.

FIG. 2B is a graph of a frequency characteristic of input
impedance of the antenna device of the first embodiment
estimated by the simulation.

FIG. 3A is a graph of frequency characteristics of the
VSWR of the antenna device of the first embodiment esti-
mated by simulation in a case where a width of a plane
conductor of the antenna device is selected as a variable
parameter.

FIG. 3B is a graph of a frequency characteristic of input
impedance of the antenna device of the first embodiment
estimated by the simulation in a case where the width of the
plane conductor of the antenna device is selected as the vari-
able parameter.

FIG. 4 is a graph of frequency characteristics of the VSWR
of the antenna device of the first embodiment estimated by
simulation in a case where a width of a gap between the plane
conductor and the ground conductor is selected as a variable
parameter.

FIG. 5 is an explanatory diagram showing a configuration
of an antenna device of a second embodiment of the present
invention.

FIG. 6 A is a graph of a frequency characteristic of a VSWR
of'the antenna device of the second embodiment estimated by
simulation.

FIG. 6B is a graph of a frequency characteristic of input
impedance of the antenna device of the second embodiment
estimated by the simulation.

FIG. 7A is an explanatory diagram showing a configura-
tion of an antenna device of a third embodiment of the present
invention.

FIG. 7B is an explanatory diagram showing a configuration
of'a modified main portion of the antenna device of the third
embodiment.

FIG. 7Cis an explanatory diagram showing a configuration
of another modified main portion of the antenna device of the
third embodiment.

FIG. 8 is an explanatory diagram showing a configuration
of an antenna device of a fourth embodiment of the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, embodiments of the present invention will be
described in detail. In following descriptions, terms like
upper, lower, left, right, horizontal or vertical used while
referring to a drawing shall be interpreted on a page of the
drawing unless otherwise noted. Besides, a same reference
numeral given in no less than two drawings shall represent a
same member or a same portion.

A first embodiment of the present invention will be
described with reference to FIGS. 1A-4. FIG. 1A is an
explanatory diagram showing a configuration of an antenna
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device 100 of the first embodiment. The antenna device 100
has a plane conductor 1, a line conductor 2, a feed portion 3,
a ground plane 4 and so forth.

As shown in FIG. 1A, the plane conductor 1 is shaped as a
planar quadrilateral. The feed portion 3 is provided around an
angle of the quadrilateral of the plane conductor 1. The angle
is between two sides of the quadrilateral, i.e., a side 1a and a
side 15. The side 1a faces a side 4a of the ground plane 4
across a small gap G. Although being arranged almost parallel
to the side 4a of the ground plane 4 in FIG. 1A, the side 1a
may be at a small angle to the side 4a. Although being
arranged almost perpendicular to the side 4a of the ground
plane 4 in FIG. 1A, the side 15 may be at an angle other than
90 degrees to the side 4a.

The line conductor 2 is connected to a portion of the plane
conductor 1 around an end of the side 15 being opposite the
feed portion 3. The portion of the plane conductor 1 to which
the line conductor 2 is connected to the plane conductor 1
need not entirely coincide with the end of the side 15 being
opposite the feed portion 3, but may be around the above
opposite end of the side 15, e.g., slightly closer to the feed
portion 3. The line conductor 2 may be stick slightly out of the
opposite end of the side 15 in a vertical direction going away
from the feed portion 3, and then extend in a horizontal
direction.

The line conductor 2 is a line shaped radiation element, and
is arranged almost parallel to the side 4a of the ground plane
4. The line conductor 2 may be rod shaped or plane shaped
with a narrow width. The plane conductor 1 and the ground
plane 4 are arranged almost on a same plane, and so is the line
conductor 2.

Asshownin FIG. 1A, alow frequency distance L is defined
as indicated by a dotted line with arrows between the feed
portion 3 and the open end of the line conductor 2, by way of
the side 16 of the plane conductor 1. The low frequency
distance L relates to a relatively low one of multiple resonant
frequencies of the antenna device 100 (called the low reso-
nant frequency).

As shown in FIG. 1A, a high frequency distance H is
defined as indicated by a dotted line with arrows between the
feed portion 3 and an opposite angle of the feed portion 3, by
way of the side 1a of the plane conductor 1. The high fre-
quency distance H relates to a relatively high one of multiple
resonant frequencies of the antenna device 100 (called the
high resonant frequency).

FIG. 1B is an explanatory diagram showing a configuration
of an antenna device 110 which is a modification of the
antenna device 100 of the first embodiment. The antenna
device 110 shown in FIG. 1B is different from the antenna
device 100 shown in FIG. 1A in that the line conductor 2 is
arranged almost perpendicular to the side 4a of the ground
plane 4.

As shown in FIG. 1B, alow frequency distance L is defined
as indicated by a dotted line with arrows between the feed
portion 3 and the open end of the line conductor 2, by way of
the side 15 of the plane conductor 1, as in FIG. 1A. A high
frequency distance H is defined as indicated by a dotted line
with arrows between the feed portion 3 and the opposite angle
of the feed portion 3, by way of the side 1a of the plane
conductor 1, as in FIG. 1A.

A relation between the low frequency distance L. and the
low resonant frequency and a relation between the high fre-
quency distance H and the high resonant frequency will be
explained hereafter.

FIG.2A is agraph ofa frequency characteristic ofa voltage
standing wave ratio (VSWR) of the antenna device 100 or 110
shown in FIG. 1A or 1B estimated by simulation under con-
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ditions that the high frequency distance H is 19 millimeters
(mm), the low frequency distance L. is 30 mm, and the gap G
is 0.5 mm.

FIG. 2A has a horizontal axis representing the frequency in
gigahertz (GHz) and a vertical axis representing the VSWR.
In FIG. 2A, shown are relatively low and high frequency
bands in which fairly good VSWR values (no greater than
three) may be obtained. Both of the frequency bands show
broadband characteristics.

FIG. 2B is a graph of a frequency characteristic of input
impedance of the antenna device 100 or 110 estimated by the
simulation. FIG. 2B has a horizontal axis representing the
frequency in GHz and a vertical axis representing the imped-
ance in ohms. In FIG. 2B, shown are two curves, an upper
curve representing a real part (resistance component) of the
impedance and a lower curve representing an imaginary part
(reactance component) of the impedance.

In FIG. 2B, the curve of the imaginary part crosses a
horizontal line of Z=0 at two frequencies which are resonant
frequencies. One of the two resonant frequencies is the low
resonant frequency denoted by f; being 2.36 GHz, and a
wavelength of f; is denoted by A; being 127.1 mm.

Another one of the two resonant frequencies is the high
resonant frequency denoted by f;; being 5.02 GHz, and a
wavelength of f;, is denoted by A, being 59.8 mm. The high
frequency distance H being 19 mm is 0.32 times (i.e., nearly
0.3 times) as long as the wavelength A ;.

FIG. 3A is a graph of frequency characteristics of the
VSWR ofthe antenna device 100 or 110 shown in FIG. 1A or
1B estimated by simulation under conditions that the side 14,
or a width of the plane conductor 1 shown in FIG. 1A or 1B,
is 6-14 mm long, 2 mm apart. As a height of the plane
conductor 1 is 11 mm, the high frequency distance H varies
between 17 (=11+6) and 25 (=11+14) mm, 2 mm apart. The
low frequency distance L. and the gap G are given fixed values
0130 mm and 0.5 mm, respectively.

FIG. 3 A has a horizontal axis representing the frequency in
GHz and a vertical axis representing the VSWR. A bandwidth
of the relatively low frequency band for the VSWR being no
greater than three is broader if the side 1a is 14 mm long than
if the side 1a is 6 mm long.

FIG. 3B is a graph of frequency characteristics of the input
impedance of the antenna device 100 or 110 estimated by the
simulation under conditions that the side 1a is 6-14 mm long,
2 mm apart. Even if the length of the side 1a or the high
frequency distance H changes, the low resonant frequency f;
remains 2.36 GHz, and the wavelength A, remains 127.1 mm.
The low frequency distance L being 30 mm is 0.24 times (i.e.,
nearly a quarter times) as long as the wavelength ;. That is,
the low resonant frequency f; may be determined dependent
on the low frequency distance I and independent of other
dimensions of the antenna device 100 or 110.

The high resonant frequency is nearly 3.6 GHz and the
wavelength A, is 83 mm, if the side 1a is 14 mm long (the high
frequency distance H is 25 mm). The high frequency distance
H being 25 mm is 0.30 times as long as the wavelength A,.

The high resonant frequency is nearly 5.8 GHz and the
wavelength A, is 51.7 mm, if the side 1a is 6 mm long (the
high frequency distance H is 17 mm). The high frequency
distance H being 17 mm is 0.33 times (i.e., nearly 0.3 times)
as long as the wavelength A ;.

FIG. 4 is a graph of frequency characteristics of the VSWR
of the antenna device 100 or 110 shown in FIG. 1A or 1B
estimated by simulation under conditions that the gap G
shown in FIG. 1A or 1B is 1-6 mm, 1 mm apart. The high
frequency distance H and the low frequency distance L. are
given fixed values of 19 mm and 30 mm, respectively.
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FIG. 4 has a horizontal axis representing the frequency in
GHz and a vertical axis representing the VSWR. As shown in
FIG. 4, the antenna device 100 or 110 has two resonant
frequencies in the relatively low frequency band and in the
relatively high frequency band. Ifthe gap G is no greater than
5 mm, fairly good VSWR values (no greater than three) may
be obtained at both of the resonant frequencies. I[f the gap G is
6 mm, the VSWR values greater than three at the high reso-
nant frequency.

Although more or less depending upon the value of the gap
G, the low resonant frequency f; is nearly 2.1-2.6 GHz as
shown in FIG. 4, and the wavelength A, is 115-142 mm. The
low frequency distance L. being 30 mm is 0.21-0.26 times
(i-e., nearly a quarter times) as long as the wavelength A;.

Although more or less depending upon the value of the gap
G, the high resonant frequency f;; is nearly 4.3-5.3 GHz as
shown in FIG. 4, and the wavelength A, is 57-70 mm. The
high frequency distance H being 19 mm is 0.27-0.34 times
(i-e., nearly 0.3 times) as long as the wavelength A,.

As expected from FIG. 4, fairly good VSWR values (no
greater than three) may be obtained if the gap G is no greater
than nearly 0.3 times as long as the high frequency distance
H=19 mm, i.e., 5.4 mm.

According to the first embodiment of the present invention
described above, the antenna device 100 or 110 may be con-
figured to have multiple resonant frequencies and broadband
characteristics, where each of the resonant frequencies is
clearly associated with a dimension of each portion of the
antenna device.

A second embodiment of the present invention will be
described with reference to FIGS. 5-6B. FIG. 5 is an explana-
tory diagram showing a configuration of an antenna device
200 of the second embodiment.

As the configuration of the antenna device 200 is similar to
the configuration of the antenna device 100 of the first
embodiment except for a few differences, main portions of
the antenna device 200 are given same reference numerals as
the main portions of the antenna device 100 for convenience
of explanation. The differences will be explained hereafter.

The antenna device 200 has a plane conductor 1 having a
sloping left side, a lower side 1a and an upper side 1¢ being
wider than the side 1a.

As shown in FIG. 5, a high frequency distance H is defined
as indicated by a dotted line with arrows between the feed
portion 3 and an opposite angle of the feed portion 3, by way
of the side 1a of the plane conductor 1. The high frequency
distance H relates to a relatively high one of multiple resonant
frequencies of the antenna device 200 (called the high reso-
nant frequency).

FIG. 6A is a graph of a frequency characteristic ofa VSWR
of the antenna device 200 shown in FIG. 5 estimated by
simulation under conditions that the high frequency distance
H values 25 mm, the side 1a is 10 mm long, and the gap G is
0.5 mm.

FIG. 6A has a horizontal axis representing the frequency in
GHz and a vertical axis representing the VSWR. As shown in
FIG. 6A, relatively low and high frequency bands are linked
to each other to form a band in which fairly good VSWR
values (no greater than three) may be obtained, and which is
broader than each of the low and high frequency bands.

FIG. 6B is a graph of a frequency characteristic of input
impedance of the antenna device 200 estimated by the simu-
lation. FIG. 6B has a horizontal axis representing the fre-
quency in GHz and a vertical axis representing the impedance
in ohms. In FIG. 6B, shown are two curves, an upper curve
representing a real part (resistance component) of the imped-
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ance and a lower curve representing an imaginary part (reac-
tance component) of the impedance.

As shown in FIG. 6B, the antenna device 200 has three
resonant frequencies at each of which the curve of the imagi-
nary part crosses a horizontal line of Z=0. Each of the reso-
nant frequencies is called a low, high or higher resonant
frequency and is denoted by f;, f, or f;,, respectively.

As shown in FIG. 6B, the low resonant frequency f; is 2.30
GHz and a wavelength of f; denoted by A is 130.4 mm. The
low frequency distance L is 0.23 times (i.e., nearly a quarter
times) as long as the wavelength A, .

The high resonant frequency f,, is 3.61 GHz and a wave-
length of f,;, denoted by A, is 83.1 mm. The high frequency
distance H being 25 mm is 0.30 times as long as the wave-
length Agp.

The higher resonant frequency f;;, is 7.06 GHzand a wave-
length of t;;, denoted by A, is 42.5 mm. The higher resonant
frequency f;, relates to the length of the side 1a being 10 mm
as mentioned above. The side 1a being 10 mm long is 0.24
times (i.e., nearly a quarter times) as long as the wavelength
o

As described above, matching between resonance of the
line conductor 2 at the relatively low frequency and resonance
of'the plane conductor 1 at the relatively high frequency may
be coordinated by adjustment of the width of the upper por-
tion of the plane conductor 1, so that the antenna device 200
may obtain a broader band characteristic.

According to the second embodiment of the present inven-
tion described above, the antenna device 200 may be config-
ured to have the broader band characteristic by the linkage
between the multiple resonant frequencies, where each of the
resonant frequencies is clearly associated with a dimension of
each portion of the antenna.

A third embodiment of the present invention will be
described with reference to FIGS. 7A-7C. FIG. 7A is an
explanatory diagram showing a configuration of an antenna
device 300 of the third embodiment.

As the configuration of the antenna device 300 is similar to
the configuration of the antenna device 100 of the first
embodiment except for a few differences, main portions of
the antenna device 300 are given same reference numerals as
the main portions of the antenna device 100 for convenience
of explanation.

The antenna device 300 has a plane conductor which is a
modification of the plane conductor 1 of the first embodiment
and is given the same reference numeral. As shown in FIG.
7A, the plane conductor 1 of the antenna device 300 has a side
1a facing not parallel to but more or less sloping against a side
4a of the ground plane 4. If the gap G between the side 1a and
the side 4a is no greater than 0.3 times as long as the high
frequency distance H on average, the antenna device 300 may
be multiple resonant of a good performance.

FIG. 7B is an explanatory diagram showing a configuration
of' a modification of the main portion of the antenna device
300 shown in FIG. 7A omitting the ground plane 4. The plane
conductor 1 shown in FIG. 7B is a pentagon. As shown in FIG.
7B, a high frequency distance H is defined as indicated by a
dotted line with arrows from the feed portion 3, by way of the
side 1a of the plane conductor 1, and along sides reaching an
opposite angle of the feed portion 3. The high frequency
distance H relates to a relatively high one of multiple resonant
frequencies of the antenna device 300.

FIG. 7Cis an explanatory diagram showing a configuration
of' a modification of the main portion of the antenna device
300 shown in FIG. 7B omitting the ground plane 4. The plane
conductor 1 shown in FIG. 7C is a pentagon. As shown in FIG.
7C, a high frequency distance H is defined as indicated by a
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dotted line with arrows from the feed portion 3, by way of the
side 1a of the plane conductor 1, and along sides reaching an
opposite angle of the feed portion 3. The high frequency
distance H relates to a relatively high one of multiple resonant
frequencies of the antenna device 300.

An angle of the plane conductor 1 may be made round,
although not so shown in FIGS. 7A-7C. The sides related to
the high frequency distance H are not limited to a straight line
but may be an arc. Similarly, the side 15 related to the low
frequency distance L. are not limited to a straight line but may
be an arc. In such cases, the high frequency distance H or the
low frequency distance L is a distance along the arc.

The line conductor 2 is arranged not limited to parallel or
perpendicular to the side 4a of the ground plane 4 but may be
sloping against the side 4a.

According to the third embodiment of the present invention
described above, the antenna device 300 may be configured to
have multiple resonant frequencies and broadband character-
istics as the antennas of the first and second embodiments,
where each of the resonant frequencies is clearly associated
with a dimension of each portion of the antenna.

A fourth embodiment of the present invention will be
described with reference to FIG. 8, an explanatory diagram
showing a configuration of an antenna device 400 of the
fourth embodiment.

As the configuration of the antenna device 400 is similar to
the configuration of the antenna device 100 of the first
embodiment except for a few differences, main portions of
the antenna device 400 are given same reference numerals as
the main portions of the antenna device 100 for convenience
of explanation.

The antenna device 400 has a line conductor 2 that is
shaped differently from the line conductor 2 of each of the
previous embodiments. The line conductor 2 is folded back
without being open-ended and is grounded by being con-
nected to the side 4a of the ground plane 4 around the feed
portion 3.

It is generally true that if an antenna element formed by a
line conductor is arranged close to a ground plane, the
antenna may suffer from a decrease of input impedance, a
difficulty in impedance matching and degraded characteris-
tics.

According to the fourth embodiment of the present inven-
tion described above, the antenna device 400 may prevent the
input impedance from decreasing and may improve the char-
acteristics by having the line conductor 2 folded back as
shown in FIG. 8.

In the descriptions of the above embodiments, each of the
shapes, configurations and locations of the plane, line and
ground plane conductors, or each ofthe values provided as the
conditions of the simulations, has been given as an example
and may be variously modified within a scope of the present
invention, such as including a meander-shaped line conduc-
tor, adding a lumped constant element or a parasitic element,
etc.

The particular hardware or software implementation of the
pre-sent invention may be varied while still remaining within
the scope of the present invention. It is therefore to be under-
stood that within the scope of the appended claims and their
equivalents, the invention may be practiced otherwise than as
specifically described herein.

What is claimed is:

1. An antenna device comprising:

a ground plane having a first side;

a plane conductor shaped like a polygon having a second

side and a third side crossing each other, the plane con-
ductor being arranged almost on a same plane as the
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ground conductor, the plane conductor being provided
with a feed portion around the crossing between the
second side and the third side, the plane conductor being
arranged such that the second side faces the first side and
the third side is almost perpendicular to the first side, and
the plane conductor being configured to have a first
resonant frequency determined by a first distance
between the feed portion and an angle of the plane con-
ductor diagonally opposite the feed portion, the first
distance including a length of the second side; and

a line conductor arranged almost on the same plane as the
ground conductor, the line conductor being connected to
the plane conductor around an end of'the third side being
opposite the feed portion, and the line conductor being
configured to have a second resonant frequency which is
lower than the first resonant frequency determined by a
second distance between the feed portion and an end of
the line conductor including lengths of the third side and
the line conductor.

2. The antenna device of claim 1, wherein the first side and

the second side are parallel to each other.

3. The antenna device of claim 1, wherein an average of a
gap between the first side and the second side is smaller than
nearly 0.3 times as long as the first distance.

4. The antenna device of claim 1, wherein the end of the
line conductor is open.

5. The antenna device of claim 1, wherein the end of the
line conductor is grounded.

6. An antenna device configured to have a first resonant
frequency and a second resonant frequency, comprising:

a ground plane having a first side;

a plane conductor shaped like a polygon having a second
side and a third side crossing each other, the plane con-
ductor having a first angle between the second side and
the third side, the plane conductor having a second angle
diagonally opposite the first angle, the plane conductor
being arranged almost on a same plane as the ground
plane, the plane conductor having a feed portion around
the first angle, the second side facing the first side, the
third side being almost perpendicular to the first side,
and a distance between the feed portion and the second
angle including a length of the second side being nearly
0.3 times as long as a wavelength of the first resonant
frequency; and

a line conductor arranged almost on the same plane as the
ground plane, the line conductor being connected to the
plane conductor around an end of the third side being
opposite the feed portion, the line conductor having an
open end, and a distance between the feed portion and
the open end of the line conductor including lengths of
the line conductor and the third side being nearly a
quarter times as long as a wavelength of the second
resonant frequency.

7. The antenna device of claim 6, wherein an average of a
gap between the first side and the second side is smaller than
nearly 0.3 times as long as the distance between the feed
portion and the second angle of the plane conductor.

8. The antenna device of claim 6, wherein the plane con-
ductor further comprises a fourth side that is opposite and
longer than the second side.

9. A radio apparatus comprising:

aprinted board including a ground plane having a first side;

afirst antenna element formed by a plane conductor shaped
like a polygon having a second side and a third side
crossing each other, the plane conductor being arranged
almost on a same plane as the ground conductor, the
plane conductor being provided with a feed portion
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around the crossing between the second side and the
third side, the plane conductor being arranged such that
the second side faces the first side and the third side is
almost perpendicular to the first side, and the plane
conductor being configured to have a first resonant fre-
quency determined by a first distance between the feed
portion and an angle of the plane conductor diagonally
opposite the feed portion, the first distance including a
length of the second side; and

a second antenna element formed by a line conductor

arranged almost on the same plane as the ground con-
ductor, the line conductor being connected to the plane
conductor around an end of the third side opposite the
feed portion, and the line conductor being configured to

5

10

have a second resonant frequency which is lower than
the first resonant frequency determined by a second
distance between the feed portion and the open end
including lengths of the third side and the line conductor.
10. The radio apparatus of claim 9, wherein the first side
and the second side are parallel to each other.
11. The radio apparatus of claim 9, wherein an average of
a gap between the first side and the second side is smaller than
nearly 0.3 times as long as the first distance.
12. The radio apparatus of claim 9, wherein the end of the
line conductor is open.
13. The radio apparatus of claim 9, wherein the end of the
line conductor is grounded.

#* #* #* #* #*
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1
MULTI-BAND ANTENNA

BACKGROUND OF THE INVENTION

1. Field of the Invention

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

2. Description of the Prior Art

With the development of wireless communication, more
and more portable electronic devices, such as a notebook,
install an antenna system for working in a Wireless Local-
area Network (WLAN). Transmitting and receiving signals
plays an important role in wireless communication process.
In recent years, a majority of WLAN bases on Bluetooth
technical standard or 802.11 technical standard. Antenna in
Bluetooth technical standard is based on 2.4 GHz frequency
band, and in 802.11 technical standard is based on 2.4 GHz
and 5 GHz. So, antenna in notebook mostly works at the
above frequency bands at the present time.

However, more and more people dissatisfy their electronic
devices only working in an immovable network (signal trans-
mission distance is 10 meters in Bluetooth which almost
doesn’t permit the electronic devices to move.) or a only
short-haul movable network (signal transmission distance is
150 meters of 802.11 technical standard which limits the
move of the electronic device except between work rooms.)
of'the WLAN. Making the portable electronic devices work-
ing in WWAN (Wireless Wide Area) or GPS (Global Posi-
tioning System) is a purpose of the many people. Because the
portable electronic devices can work or amuse in broaden
range in WWAN or GPS. In recent years, WWAN adopts two
technical standards of GSM and CDMA. Operating fre-
quency bands of the GSM and CDMA are 900/1800 MHz,
and operating frequency band ofthe GPSis 1.575 GHz. So, an
antenna of a notebook must operate in above frequency
bands, the portable electronic device is capable of working in
WWAN and GPS. At present, the antenna used in the note-
book only can work in one of technology standards of the
WLAN, WWAN, and GPS. The antenna can’t work in above
three technology standards at the same time unless install
three sets of antennas respectively work in above technology
standards in the notebook. However, this is difficult to install
three sets antennas in the limited inner space of the notebook
and the antennas may influence one another when working. In
addition, installing three sets of antennas also increase the
cost of the notebook compared with installing one set
antenna.

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

A primary object, therefore, of the present invention is to
provide a multi-band antenna with wide frequency bandwidth
and fitting to be installed in a notebook or other portable
electrical devices.

In order to implement the above object and overcome the
above-identified deficiencies in the prior art, a multi-band
antenna comprises a PCB having a through hole, a first
antenna body comprising a first radiating element and a first
grounding element formed on a first surface of the PCB, a
second antenna body formed on a second surface of the PCB,
and a feeding line having an inner conductor electrically
connecting to the first radiating element and an outer conduc-
tor electrically connecting to the first grounding element. The
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second antenna body comprises a second radiating element, a
second grounding element, and a connecting element con-
necting the second radiating element and the second ground-
ing element. The first radiating element and the second radi-
ating element electrically connect with each other via the
through hole of the PCB.

Other objects, advantages and novel features of the inven-
tion will become more apparent from the following detailed
description of a preferred embodiment when taken in con-
junction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a multi-band antenna in
accordance with the present invention;

FIG. 2 is a perspective view similar to FIG. 1, but take from
a different aspect view; and

FIG. 3 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 INVENTION

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

Referring to FIG. 1 to FIG. 2, a multi-band antenna 1
according to the present invention operates at WWAN (824-
960 MHz and 1710-2170 MHz) and GPS (1575 MHz) at the
same time. The multi-band antenna 1 comprises a T-shape
PCB (Printed Circuit Board, PCB) 2, a first antenna body (not
labeled) formed on a first surface of the PCB 2, and a second
antenna body (not labeled) formed on a second surface of the
PCB 2.

The first antenna body comprises a first radiating element 3
formed on the upper side of the first surface of PCB 2 and a
first grounding element 71 formed on the lower side of the
first surface of the PCB 2 and independent from the first
radiating element 3. Of course, for perfect impedance match,
the first radiating element 3 and the first grounding element 71
in the present invention are arranged to be independent from
each other, it does not influence the operating performance of
the multi-band antenna 1 to connect the first radiating element
3 with the first grounding element 71. The first radiating
element 3 comprises an inverted U-shape first radiating arm
31 operating at lower frequency (824-960 MHz) and a second
radiating arm 32 operating at higher frequency (1710-2170
MHz) with shorter length than that of first radiating arm 31. A
feeding cap 5 extends from the joint of the first radiating arm
31 and the second radiating arm 32 toward the first grounding
element 71. A through hole 8 is defined in the joint of the first
radiating arm 31, the second radiating arm 32, and the feeding
cap 5 and extends through the PCB 2. The through hole 8 is
plated with conductive material and thus, perpendicularly
impenetrates the first antenna body, the PCB 2, and the second
antenna body from up-to-down direction.

The first radiating arm 31 comprises a first radiating por-
tion 311 connecting to the second radiating arm 32, a second
radiating portion 312 parallel to the first radiating portion
311, and a third radiating portion 313 connecting the first
radiating portion 311 and the second radiating portion 312
and perpendicular to the first radiating portion 311 and the
second radiating portion 312. The second arm 32 comprises a
main body 321 located on common beeline with the first
portion 311 of the first radiating arm 31 and an enlarged end
portion 322 extending from the main body 321. The enlarged
portion 322 shows a right-angled triangle shape and has a
wide terminal for achieving more wide frequency band.
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The first grounding element 71 comprises a rectangle patch
711 and a narrowband 712 extending from a side of the
rectangle patch 711 and parallel to the first radiating portion
311 of the first radiating arm 31. A corner of the rectangle
patch 711 near the feeding cap 5 is cut for multi-band antenna
1 achieving good frequency performance in the preferred
embodiment.

A feeding line (not shown) has an inner conductor electri-
cally connecting to the feeding cap 5 and an outer conductor
electrically connecting to the first grounding element 71.

The second antenna body comprises a second radiating
element 4 formed on an upper side of the second surface of the
PCB 2, a second grounding element 72 formed on a lower side
of the second of the PCB 2 and independent from the second
radiating element 4, and a connecting element 9 connecting
the second radiating element 4 and the second grounding
element 72. A lot of through holes 8 are formed in the rect-
angle patch 711. The through holes 8 perpendicularly impen-
etrate the first grounding element 71, PCB 2, and the second
grounding element 72 from up-to-down. The second radiat-
ing element 4 comprises a third radiating arm 41 operating at
lower frequency same as the first radiating arm 31 and a fourth
radiating arm 42 operating at higher frequency same as the
second radiating arm 32. The structure of the second radiating
element 4 and the second grounding element 72 respectively
are same as the first radiating element 3 and the first ground-
ing element 71 and are arranged symmetrically relative to the
PCB 2. So, detailed structures of the second radiating element
4 and the second grounding element 72 are omitted hereinaf-
ter.

The connecting element 9 comprises a first branch 91 per-
pendicular to the second grounding element 72, a second
branch 92 extending from a joint of the third radiating arm 41
and the fourth radiating arm 42 and parallel to the first branch
91, and a third branch 93 connecting the first branch 91 and
the second branch 92 and perpendicular to the first branch 91
and the second branch 92. The through hole 8 is thus formed
in the joint of the connecting element 9, the third radiating
arm 41, and the fourth radiating arm 42.

Of course, the feeding line can selectively locate on the first
or the second surfaces of the PCB 2. When the feeding line is
located on the second surface, the inner conductor of the
feeding line electrically connects to the joint of the second
branch 92 and the third branch 93 and the outer conductor
electrically connects to the second grounding element 72.

The first and the second grounding elements 71, 72 of the
multi-band antenna 1 achieve good grounding performance in
operation. However, only one grounding element also satis-
fies the need of the multi-band of 1 and does not influence the
performance of the multi-band antenna 1.

There are a lot of through holes 8 on the PCB 2 for better
performance of electrically connecting of the first grounding
element 71 and the second grounding element 72.

Referring to FIG. 3, sets forth a test chart recording of
Voltage Standing Wave Radio (VSWR) of the multi-band
antenna 1 as a function of frequency. Note that VSWR drops
below the desirable maximum value “2” in the 824-960 MHz
frequency band and 1400-2200 MHz frequency band, which
cover more than the total bandwidth of GPS (1575 MHz) and
cover a majority of bandwidth of WWAN (low frequency
band includes 824-960 MHz, high frequency band includes
1710-2170 MHz) and be provided with more wider frequency
band of the operating at high frequency.

The multi-band antenna 1 with two antenna bodies of the
present invention has better radiating intension compared
with the single antenna body formed on the PCB 2. As well-
known, the bigger the air dielectric area of an antenna (the
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area of an antenna contacting air) is, the bigger the radiation
intensity of the antenna is. The multi-band antenna 1 of the
present invention has better radiation intensity because it
increases total area of the radiating element contacts air
dielectric.

Inthe preferred embodiment, the first radiating element 3 is
in mirror with the second radiating element 4. In fact, the first
radiating element 3 being not in mirror with the second radi-
ating element 4 does not influence normal working and radi-
ating intensity of the multi-band antenna 1.

Itis to be understood, however, that even though numerous
characteristics and advantages of the present invention have
been set forth in the foregoing description, together with
details of the structure and function of the invention, the
disclosure is illustrative only, and changes may be made in
detail, especially in matters of shape, size, and arrangement of
parts within the principles of the invention to the full extent
indicated by the broad general meaning of the terms in which
the appended claims are expressed.

What is claimed is:

1. A multi-band antenna adapted for used in a portable
electronic device, comprising:

a PCB having a through hole;

a first antenna body formed on a first surface of the PCB,
the first antenna body comprising a first radiating ele-
ment with a first radiating arm operating at a lower
frequency band and a second radiating arm operating at
a higher frequency band, and a first grounding element;
and

a second antenna body formed on a second surface of the
PCB, the second antenna body comprising a second
radiating element having a third radiating arm operating
at said lower frequency band and a fourth radiating arm
operating at said higher frequency band; wherein

the first radiating element and the second radiating element
electrically connect with each other via the through hole
of the PCB.

2. The multi-band antenna as claimed in claim 1, wherein
the second antenna body also comprises a second grounding
element and a connecting element connecting the second
radiating element and the second grounding element.

3. The multi-band antenna as claimed in claim 2, wherein
the PCB has a lot of through holes for electrically connecting
the first grounding element and the second grounding ele-
ment.

4. The multi-band antenna as claimed in claim 1, wherein a
feeding cap extends from a joint of the first radiating arm and
the second radiating arm, the inner conductor of the feeding
line electrically connects to the feeding cap.

5. The multi-band antenna as claimed in claim 4, wherein a
through hole forms at the joint of the first radiating arm and
the second radiating arm for electrically connecting the first
radiating element and the second radiating element.

6. A multi-band antenna adapted for used in a portable
electronic device, comprising:

a PCB having a through hole;

a first antenna body formed on a first surface of the PCB,
the first antenna body comprising a first radiating ele-
ment; and

a second antenna body formed on a second surface of the
PCB, the second antenna body comprising a second
radiating element, a second grounding element, and a
connecting element connecting the second radiating ele-
ment and the second grounding element; wherein

the first radiating element and the second radiating element
electrically connect with each other via the through hole
of the PCB; wherein
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the first radiating element has a first radiating arm operat-
ing at a lower frequency band and a second radiating arm
operating at a higher frequency band; and the second
radiating element has a third radiating arm operating at
said lower frequency band and a fourth radiating arm
operating at said higher frequency band.

7. The multi-band antenna as claimed in claim 6, wherein
the multi-band antenna comprises a feeding line having an
inner conductor electrically connecting to the second radiat-
ing element and an outer conductor electrically connecting to
the second grounding element.

8. The multi-band antenna as claimed in claim 7, wherein
the PCB has a lot of through holes to electrically connect the
first grounding element and the second grounding element,
the through hole in plated with conductive material.

9. The multi-band antenna as claimed in claim 6, wherein
the first radiating arm forms an inverted U-shape, the second
radiating arm has an enlarged end.

10. The multi-band antenna as claimed in claim 6, wherein
the through hole forms at the joint of the third radiating arm
and the fourth radiating arm to electrically connect the first
radiating element and the second radiating element.

11. A multi-band antenna comprising:

a printed circuit board defining opposite first and second

surfaces thereon;

a first antenna body including a first radiating element on
the first surface to work on at least two different fre-
quency bands;

a second antenna body including a second radiating ele-
ment on the second surface;

at least one grounding element formed on one of said first
and second surfaces; wherein

the first radiating element and said second element are
electrically connected to each other via a conductive
trace extending through said printed circuit board and
reaching both said first surface and said second surface;
wherein

said trace is essentially located on one side of the first
radiating element with respect to a whole extending
length of said first radiating element while being spaced
from either end of said first radiating element so as to
result in said two different frequency bands.
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12. The multi-band antenna as claimed in claim 11,
wherein said conductive trace is formed in a corresponding
through hole in the printed circuit board.

13. The multi-band antenna as claimed in claim 11,
wherein said first radiating element defines a straight configu-
ration between said trace and one end while a deflected sec-
tion with at least one bend thereof between said trace and the
other end so as to result in said two different frequency bands.

14. The multi-band antenna as claimed in claim 11, said
printed circuit board defines a T-shaped configuration with a
horizontal segment and a vertical segment linked to each
other in a top view, wherein said first radiating element and
said second radiating element are located on the horizontal
segment while a first grounding element is located on the
vertical segment.

15. The multi-band antenna as claimed in claim 14, further
including a second grounding element cooperating with the
first grounding element to be located on said second surface
and said first surface, respectively, wherein a plurality of
traces extend through the first and second surfaces to electri-
cally connecting said first grounding element and said second
element.

16. The multi-band antenna as claimed in claim 15,
wherein the first radiating element and the first grounding
element are directly connected with each other is a connect-
ing element on the first surface, while the second radiating
element and the second grounding element lacks said con-
necting element for direct connection on said second surface.

17. The multi-band antenna as claimed in claim 11, further
including a first grounding element and a second grounding
element respectively located on said first surface and said
second surface thereon with a plurality of traces extending
through the first and second surfaces to electrically connect-
ing said first grounding element and said second element.

18. The multi-band antenna as claimed in claim 17,
wherein the first radiating element and the first grounding
element are directly connected with each other is a connect-
ing element on the first surface, while the second radiating
element and the second grounding element lacks said con-
necting element for direct connection on said second surface.

#* #* #* #* #*
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(57) ABSTRACT

This invention relates to an antenna for GPS. The antenna of
the invention comprises a ground metal plate, a parasitic
metal plate, a radiation metal plate and at least one supporting
element. The parasitic metal plate is disposed above the
ground metal plate and connects to the ground metal plate.
The radiation metal plate is an independent metal plate and is
disposed above the ground metal plate. The parasitic metal
plate cooperates with the radiation metal plate to induce a
resonance mode. The supporting element is disposed on the
ground metal plate and is used to support the radiation metal
plate. Whereby, the problems of large size and limited receiv-
ing angle of signal according to a conventional circular polar-
ization antenna for GPS could be improved.
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1
ANTENNA FOR GPS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an antenna for wireless
network, and more particularly to an antenna for GPS.

2. Description of the Related Art

Along with the rapid development of wireless communi-
cation technology, various communication products emerge
in quick succession. Thus, wireless communication products
gradually become a part of people’s life, and nearly all the
new products have the function of wireless transmission to
cater for the mass. As notebooks or mobile multimedia
devices often need data transmission, and wireless transmis-
sion can simplify the wirings and settings, an antenna is
required to achieve wireless transmission. In order to be
widely accepted in the market, it is critical for notebooks or
mobile multimedia devices with wireless transmission func-
tion to have preferred appearance, size, and performances, so
it is more important to have a good antenna design and dis-
pose the antenna at an appropriate position.

Conventional antennae for Global Positioning System
(GPS) are ceramic circular polarization antennae for GPS,
which have disadvantages that it cannot be customized and
has a limited receiving angle. As current electronic devices
are increasingly miniaturized, the inner space for accommo-
dating other peripheral elements is limited. Thus, due to space
limitation, the conventional circular polarization antennae for
GPS are rather difficult to be applied to products (for
example, notebook) with a small volume, so the application
range is limited.

Moreover, as the electromagnetic field pattern of the con-
ventional circular polarization antenna for GPS is right cir-
cularly polarized, the angle of receiving signals emitted by
satellites is only limited to a range of about 15° above the
conventional circular polarization antenna for GPS. There-
fore, the conventional circular polarization antenna for GPS
cannot receive signals from sides, which results in many dead
angles.

Therefore, it is necessary to provide an antenna for GPS, so
as to solve the above problems.

SUMMARY OF THE INVENTION

The present invention is to provide an antenna for GPS. The
antenna comprises a ground metal plate, a parasitic metal
plate, a radiation metal plate, and at least one supporting
element. The parasitic metal plate is disposed above the
ground metal plate and connects to the ground metal plate.
The radiation metal plate is an independent metal plate and is
disposed above the ground metal plate. The parasitic metal
plate cooperates with the radiation metal plate to induce a
resonance mode. The supporting element is disposed on the
ground metal plate and is used to support the radiation metal
plate.

The antenna for GPS provided by the present invention is a
linear polarization antenna for GPS, which has the advan-
tages that the antenna can be easily customized, applied to
various wireless communication products, enhance the abil-
ity of receiving signal from sides, and broaden the receiving
angle, thus solving the problem that the conventional circular
polarization antenna for GPS cannot receive signals from
sides and has many dead angles.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a schematic view of an antenna of the present
invention disposed in a screen case frame of an electronic
device;
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FIG. 1B is a partial enlarged schematic view of an antenna
of'the present invention disposed in a screen case frame of an
electronic device;

FIG. 2 is a schematic view of an antenna for GPS according
to a first embodiment of the present invention;

FIG. 3Ais a schematic view of an antenna for GPS accord-
ing to a second embodiment of the present invention (before
the flexible PCB is bent);

FIG. 3B is a schematic view of a flexible PCB folded into
a cuboid according to the present invention (after the flexible
PCB is bent);

FIG. 4 is a schematic view of an antenna for GPS according
to a third embodiment of the present invention;

FIG. 5 is a schematic view of an antenna for GPS according
to a fourth embodiment of the present invention;

FIG. 6 is a schematic view of a first aspect of an antenna for
GPS according to a fiftth embodiment of the present invention;

FIG. 7 is a schematic view of a second aspect of an antenna
for GPS according to the fifth embodiment of the present
invention;

FIG. 8 is a schematic view of a third aspect of an antenna
for GPS according to the fifth embodiment of the present
invention; and

FIG. 9 is a schematic view of a fourth aspect of an antenna
for GPS according to the fifth embodiment of the present
invention (after the flexible PCB is bent).

DETAILED DESCRIPTION OF THE INVENTION

Referring to FIGS. 1A and 1B, the configuration structure
of an integrated antenna applied to an electronic device 2 (a
notebook in this embodiment) according to the present inven-
tion is shown. The present invention is applicable to various
wireless electronic devices including, butnot limited to, note-
books. Common electronic devices such as personal digital
assistants (PDAs) can utilize the integrated antenna of the
present invention to realize wireless communication. The
electronic device 2 has a screen 21 and a screen case frame 22.
The antenna 3 for GPS according to the present invention is
disposed in the screen case frame 22 of the electronic device
2, and is connected to a control circuit of the electronic device
2 via a coaxial conductor 23 for data transmission.

The antenna 3 for GPS has at least one fixing portion for
fixing the antenna 3 for GPS to the screen case frame 22. In
this embodiment, the fixing portions are two through holes 35
(as shown in FIG. 2), through which two screws 24 fix the
antenna 3 for GPS to the screen case frame 22 of the elec-
tronic device 2 (as shown in FIG. 1B).

Referring to FIG. 2, a schematic view of the antenna 3 for
GPS according to a first embodiment of the present invention
is shown. In the first embodiment, the antenna for GPS com-
prises a ground metal plate 31, a parasitic metal plate 32, a
radiation metal plate 33, and at least one supporting element
34.

The ground metal plate 31 is disposed on a first side sur-
face. The parasitic metal plate 32 is disposed above the
ground metal plate 31 and connects to the ground metal plate
31. In the first embodiment, the parasitic metal plate 32 has a
first portion 321 and a second portion 322. The first portion
321 is disposed on a second side surface, which is adjacent to
the first side surface, and the second portion 322 is disposed
on a third side surface, which is opposite to the first side
surface. The first portion 321 of the parasitic metal plate 32 is
connected to the ground metal plate 31.

The radiation metal plate 33 is an independent metal plate
and is disposed above the ground metal plate 31. The parasitic
metal plate 32 cooperates with the radiation metal plate 33 to





US 7,652,633 B2

3

induce a resonance mode, in which a frequency of the reso-
nance mode is 1575 MHz. Though the cooperation of the
parasitic metal plate 32 and the radiation metal plate 33, a zero
electric potential is generated between the parasitic metal
plate 32 and the radiation metal plate 33. Moreover, the wave-
length excited by the parasitic metal plate 32 and the radiation
metal plate 33 is a half wavelength, such that in an application
of a frequency of 1575 MHz (the frequency of GPS), the
parasitic metal plate 32 and the radiation metal plate 33 can
have short length.

The radiation metal plate 33 has a first portion 331, a
second portion 332, and a third portion 333. The first portion
331 is disposed on the second side surface, the second portion
332 is disposed on the third side surface, the third portion 333
is disposed on the second side surface. The second portion
322 of the parasitic metal plate 32 is located at a correspond-
ing position above a first end of the ground metal plate 31, and
extends towards the radiation metal plate 33. The third por-
tion 333 of the radiation metal plate 33 is located at a corre-
sponding position above a second end of the ground metal
plate 31, and extends towards the parasitic metal plate 32. The
second end is opposite to the first end. The supporting ele-
ment 34 is disposed on the ground metal plate 31, and is used
to support the radiation metal plate 33. Preferably, the sup-
porting element 34 is an insulating element.

In the first embodiment, the supporting element 34 is a
ceramic substrate having a first side surface 341, a second side
surface 342, and a third side surface 343. The second side
surface 342 is adjacent to the first side surface 341, and the
third side surface 343 is opposite to the first side surface 341.
The ground metal plate 31 is disposed on the first side surface
341 of the ceramic substrate. The first portion 321 of the
parasitic metal plate 32 extends along a side of the ground
metal plate 31, and is disposed on the second side surface 342
of'the ceramic substrate. The second portion 322 of the para-
sitic metal plate 32 is disposed on the third side surface 343 of
the ceramic substrate. The first portion 331 of the radiation
metal plate 33 is disposed on the second side surface 342 of
the ceramic substrate, the second portion 332 is disposed on
the third side surface 343 of the ceramic substrate, and the
third portion 333 is disposed on the second side surface 342 of
the ceramic substrate. In other applications, the supporting
element 34 can also be a non-conductive solid material.

Referring to FIGS. 3A and 3B together, a schematic view
of'an antenna 4 for GPS according to a second embodiment of
the present invention is shown. In the second embodiment, the
antenna 4 for GPS comprises a ground metal plate 41, a
parasitic metal plate 42, a radiation metal plate 43, and at least
one supporting element 44. In the second embodiment, the
supporting element 44 is a flexible printed circuit board
(PCB). The ground metal plate 41 has a first end 411 and a
second end 412, and is disposed at a bottom edge of the
flexible PCB.

The parasitic metal plate 42 has a first portion 421 and a
second portion 422. The first portion 421 of the parasitic
metal plate 42 extends upward from a side of the ground metal
plate 41 close to the first end 411. The second portion 422 of
the parasitic metal plate 42 extends horizontally from the first
portion 421 towards the second end 412 of the ground metal
plate 41.

The radiation metal plate 43 has a first portion 431, a
second portion 43, and a third portion 433. The first portion
431 of the radiation metal plate 43 is spaced by a distance
from the side of the ground metal plate 41 close to the second
end 412 and extends upward. The top of the first portion 431
of the radiation metal plate 43 and the top of the first portion
421 of the parasitic metal plate 42 are spaced by the same
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distance from the ground metal plate 41. The second portion
432 of the radiation metal plate 43 is disposed at the same
level as the second portion 422 of the parasitic metal plate 42.
The second portion 432 of the radiation metal plate 43
extends toward the first end 411 of the ground metal plate 41.
The third portion 433 of the radiation metal plate 43 extends
from the bottom of the second portion 432 towards the first
end 411 ofthe ground metal plate 41 until between the ground
metal plate 41 and the second portion 422 of the parasitic
metal plate 42.

Next, the flexible PCB 44 is folded into a cuboid 44, so as
to form the antenna 4 for GPS according to the second
embodiment. Referring to FIG. 3B, the cuboid 44 has a first
side surface 441, a second side surface 442, and a third side
surface 443. The second side surface 442 is adjacent to the
first side surface 441, and the third side surface 443 is oppo-
site to the first side surface 441. The ground metal plate 41 is
disposed on the first side surface 441 of the cuboid 44. The
first portion 421 of the parasitic metal plate 42 extends along
a side of the ground metal plate 41, and is disposed on the
second side surface 442 of the cuboid 44. The second portion
422 of the parasitic metal plate 42 is disposed on the third side
surface 443 of the cuboid 44. The first portion 431 of the
radiation metal plate 43 is disposed on the second side surface
442 of the cuboid 44, the second portion 432 is disposed on
the third side surface 443 of the cuboid 44, and the third
portion 433 is disposed on the second side surface 442 of the
cuboid 44.

Referring to FIG. 4, a schematic view of an antenna 5 for
GPS according to a third embodiment of the present invention
is shown. In the third embodiment, the antenna 5 for GPS
comprises a ground metal plate 51, a parasitic metal plate 52,
aradiation metal plate 53, and at least one supporting element
54. The difference between the antenna 5 for GPS of the third
embodiment and the antenna 3 for GPS of the first embodi-
ment in FIG. 2 is that the radiation metal plate 53 of the third
embodiment has a first portion 531 and a second portion 532.
The second portion 532 of the radiation metal plate 53 and the
second portion 522 of the parasitic metal plate 52 are both
disposed on a third side surface (i.e., a top surface relatively to
the above of the ground metal plate 51).

It should be noted that, the supporting element 54 of the
third embodiment can be a ceramic substrate or a non-con-
ductive solid material. Or, the supporting element 54 of the
third embodiment is a flexible PCB, and the ground metal
plate 51, the parasitic metal plate 52, and the radiation metal
plate 53 are respectively disposed on the flexible PCB. Then,
the flexible PCB is folded into a cuboid antenna.

Referring to FIG. 5, a schematic view of an antenna 6 for
GPS according to a fourth embodiment of the present inven-
tion is shown. In the fourth embodiment, the antenna 6 for
GPS comprises a ground metal plate 61, a parasitic metal
plate 62, aradiation metal plate 63, and at least one supporting
element 64. The difference between the antenna 6 for GPS of
the fourth embodiment and the antenna 5 for GPS of the third
embodiment in FIG. 4 is that the first portion 621 and the
second portion 622 of the parasitic metal plate 62 in the fourth
embodiment are both disposed on the second side surface
(i.e., a front side surface adjacent to the ground metal plate
61).

Referring to FIG. 6, a schematic view of an antenna 7 for
GPS according to a fifth embodiment of the present invention
is shown. In the fifth embodiment, the antenna 7 for GPS
comprises a ground metal plate 71, a parasitic metal plate 72,
aradiation metal plate 73, and at least one supporting element
74. The difference between the antenna 7 for GPS of the fifth
embodiment and the antenna 6 for GPS of the fourth embodi-
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ment in FIG. 5 is that in the fifth embodiment, the first portion
721 and the second portion 722 ofthe parasitic metal plate 72,
the first portion 731 and the second portion 732 of the radia-
tion metal plate 73 are all disposed on the second side surface
(a front side surface adjacent to the ground metal plate 71
herein). Moreover, relative to the ground metal plate 71, the
second portion 722 of the parasitic metal plate 72 is approxi-
mately at the same level as the second portion 732 of the
radiation metal plate 73.

Moreover, the antenna 7 for GPS according to the fifth
embodiment also has the following different structural
aspects of element configuration. Relative to the ground
metal plate 71, the second portion 722 of the parasitic metal
plate 72 is at a level higher than that of the second portion 732
of'the radiation metal plate 73, as shown in FIG. 7. Or, relative
to the ground metal plate 71, the second portion 722 of the
parasitic metal plate 72 is at a level lower than that of the
second portion 732 of the radiation metal plate 73, as shown
in FIG. 8. The supporting element 74 of the antenna of various
implementation aspects in the fifth embodiment can be a
ceramic substrate or a non-conductive solid material.

It should be noted that, the supporting element 74 of the
fifth embodiment can also be a flexible PCB. The ground
metal plate 71, the parasitic metal plate 72, and the radiation
metal plate 73 are respectively disposed on the flexible PCB.
Then, the flexible PCB is folded into a cuboid antenna, as
shown in FIG. 9.

The antenna for GPS provided by the present invention is a
linear polarization antenna for GPS, which has following
advantages that the antenna can be easily customized,
adapted for various wireless communication products,
enhance the ability of receiving signal from sides, and
broaden the receiving angle, thus solving the problem that the
conventional circular polarization antenna for GPS cannot
receive signals from sides and has many dead angles.

While several embodiments of the present invention have
been illustrated and described, various modifications and
improvements can be made by those skilled in the art. The
embodiment of the present invention is therefore described in
an illustrative, but not restrictive, sense. It is intended that the
present invention may not be limited to the particular forms as
illustrated, and that all modifications which maintain the
spirit and scope of the present invention are within the scope
as defined in the appended claims.

What is claimed is:

1. An antenna for GPS, comprising:

a ground metal plate;

a parasitic metal plate, disposed above the ground metal

plate and connecting to the ground metal plate;

a radiation metal plate, disposed above the ground metal
plate, wherein the radiation metal plate is an indepen-
dent metal plate, and cooperates with the parasitic metal
plate to induce a resonance mode; and

at least one supporting element, disposed above the ground
metal plate, for supporting the radiation metal plate,

wherein the ground metal plate is disposed on a first side
surface of the antenna; the parasitic metal plate has a first
portion and a second portion, the first portion is disposed
on a second side surface of the antenna, the second
portion is disposed on a third side surface of the antenna,
in which the second side surface is adjacent to the first
side surface, and the third side surface is opposite to the
first side surface; the radiation metal plate has a first
portion, a second portion and a third portion, the first
portion is disposed on the second side surface, the sec-
ond portion is disposed on the third side surface, the
third portion is disposed on the second side surface;
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wherein, the second portion of the parasitic metal plate is
located at a corresponding position above a first end of
the ground metal plate, and extends towards the radia-
tion metal plate; the third portion of the radiation metal
plate is located at a corresponding position above a
second end of the ground metal plate, and extends
towards the parasitic metal plate; the second end is oppo-
site to the first end.

2. The antenna as claimed in claim 1, wherein the support-
ing element is a ceramic substrate having a first side surface,
a second side surface, and a third side surface, in which the
second side surface is adjacent to the first side surface and the
third side surface is opposite to the first side surface; the
ground metal plate is disposed on the first side surface of the
ceramic substrate; the first portion of the parasitic metal plate
extends along a side of the ground metal plate and is disposed
on the second side surface of the ceramic substrate, and the
second portion of the parasitic metal plate is disposed on the
third side surface of the ceramic substrate; the first portion of
the radiation metal plate is disposed on the second side sur-
face of the ceramic substrate, the second portion is disposed
on the third side surface of the ceramic substrate, and the third
portion is disposed on the second side surface of the ceramic
substrate.

3. The antenna as claimed in claim 1, wherein the support-
ing element is a non-conductive solid material having a first
side surface, a second side surface, and a third side surface, in
which the second side surface is adjacent to the first side
surface and the third side surface is opposite to the first side
surface; the ground metal plate is disposed on the first side
surface of the non-conductive solid material; the first portion
of'the parasitic metal plate extends along a side of the ground
metal plate and is disposed on the second side surface of the
non-conductive solid material, and the second portion of the
parasitic metal plate is disposed on the third side surface of
the non-conductive solid material; the first portion of the
radiation metal plate is disposed on the second side surface of
the non-conductive solid material, the second portion is dis-
posed on the third side surface of the non-conductive solid
material, and the third portion is disposed on the second side
surface of the non-conductive solid material.

4. The antenna as claimed in claim 1, wherein the support-
ing element is a flexible printed circuit board (PCB), the
ground metal plate is disposed at a bottom edge of the flexible
PCB; the first portion of the parasitic metal plate extends
upward from a side of the ground metal plate close to the first
end, and the second portion of the parasitic metal plate
extends horizontally from the first portion towards the second
end of the ground metal plate; the first portion of the radiation
metal plate is spaced by a distance from the side of the ground
metal plate close to the second end and extends upward, the
top of the first portion of the radiation metal plate and the top
of the first portion of the parasitic metal plate are spaced by
the same distance from the ground metal plate, the second
portion of the radiation metal plate is disposed at the same
level as the second portion of the parasitic metal plate, the
second portion of the radiation metal plate extends towards
the first end of the ground metal plate, the third portion of the
radiation metal plate extends from the bottom of the second
portion towards the first end of the ground metal plate until
between the ground metal plate and the second portion of the
parasitic metal plate.

5. The antenna as claimed in claim 4, wherein the flexible
PCB is folded into a cuboid having a first side surface, a
second side surface, and a third side surface, in which the
second side surface is adjacent to the first side surface and the
third side surface is opposite to the first side surface; the
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ground metal plate is disposed on the first side surface of the
cuboid; the first portion of the parasitic metal plate extends
along a side of the ground metal plate and is disposed on the
second side surface of the cuboid, and the second portion of
the parasitic metal plate is disposed on the third side surface
of the cuboid; the first portion of the radiation metal plate is
disposed on the second side surface of the cuboid, the second
portion is disposed on the third side surface of the cuboid, and
the third portion is disposed on the second side surface of the
cuboid.

6. The antenna as claimed in claim 1, wherein a frequency
of the resonance mode is 1575 MHz.

7. The antenna as claimed in claim 1, wherein the support-
ing element is an insulating element.

8. An antenna for GPS, comprising:

a ground metal plate;

a parasitic metal plate, disposed above the ground metal

plate and connecting to the ground metal plate;

a radiation metal plate, disposed above the ground metal
plate, wherein the radiation metal plate is an indepen-
dent metal plate, and cooperates with the parasitic metal
plate to induce a resonance mode; and

at least one supporting element, disposed above the ground
metal plate, for supporting the radiation metal plate,

wherein the ground metal plate is disposed on a first side
surface of the antenna; the parasitic metal plate has a first
portion and a second portion, the first portion is disposed
on a second side surface of the antenna, the second
portion is disposed on a third side surface of the antenna,
in which the second side surface is adjacent to the first
side surface and the third side surface is opposite to the
first side surface; the radiation metal plate has a first
portion and a second portion, the first portion is disposed
on the second side surface, the second portion is dis-
posed on the third side surface;

wherein, the second portion of the parasitic metal plate is
located at a corresponding position above a first end of
the ground metal plate, and extends towards the radia-
tion metal plate; the second portion of the radiation
metal plate is located at a corresponding position above
a second end of the ground metal plate, and extends
towards the parasitic metal plate; the second end is oppo-
site to the first end.

9. The antenna as claimed in claim 8, wherein the support-
ing element is a ceramic substrate having a first side surface,
a second side surface, and a third side surface, in which the
second side surface is adjacent to the first side surface and the
third side surface is opposite to the first side surface; the
ground metal plate is disposed on the first side surface of the
ceramic substrate; the parasitic metal plate has a first portion
and a second portion, the first portion is disposed on the
second side surface of the ceramic substrate, the second por-
tion is disposed on the third side surface of the ceramic
substrate; the radiation metal plate has a first portion and a
second portion, the first portion is disposed on the second side
surface of the ceramic substrate, the second portion is dis-
posed on the third side surface of the ceramic substrate.

10. The antenna as claimed in claim 8, wherein the sup-
porting element is a non-conductive solid material having a
first side surface, a second side surface, and a third side
surface, in which the second side surface is adjacent to the
first side surface and the third side surface is opposite to the
first side surface; the ground metal plate is disposed on the
first side surface of the non-conductive solid material; the
parasitic metal plate has a first portion and a second portion,
the first portion is disposed on the second side surface of the
non-conductive solid material, the second portion is disposed
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on the third side surface of the non-conductive solid material;
the radiation metal plate has a first portion and a second
portion, the first portion is disposed on the second side surface
of the non-conductive solid material, the second portion is
disposed on the third side surface of the non-conductive solid
material.

11. The antenna as claimed in claim 8, wherein the sup-
porting element is a flexible PCB, and is folded into a cuboid
having a first side surface, a second side surface, and a third
side surface, in which the second side surface is adjacent to
the first side surface and the third side surface is opposite to
the first side surface; the ground metal plate is disposed on the
first side surface of the cuboid; the parasitic metal plate has a
first portion and a second portion, the first portion is disposed
on the second side surface of the cuboid, the second portion is
disposed on the third side surface of the cuboid; the radiation
metal plate has a first portion and a second portion, the first
portion is disposed on the second side surface of the cuboid,
the second portion is disposed on the third side surface of the
cuboid.

12. An antenna for GPS, comprising;

a ground metal plate;

a parasitic metal plate, disposed above the ground metal

plate and connecting to the ground metal plate;

a radiation metal plate, disposed above the ground metal
plate, wherein the radiation metal plate is an indepen-
dent metal plate, and cooperates with the parasitic metal
plate to induce a resonance mode; and

at least one supporting element, disposed above the ground
metal plate, for supporting the radiation metal plate,

wherein the ground metal plate is disposed on a first side
surface of the antenna; the parasitic metal plate has a first
portion and a second portion both disposed on a second
side surface of the antenna, in which the second side
surface adjacent to the first side surface; the radiation
metal plate has a first portion and a second portion, the
first portion is disposed on the second side surface, the
second portion is disposed on a third side surface of the
antenna, in which the third side surface is opposite to the
first side surface;

wherein, the second portion of the parasitic metal plate is
located at a corresponding position above a first end of
the ground metal plate, and extends towards the radia-
tion metal plate; the second portion of the radiation
metal plate is located at a corresponding position above
a second end of the ground metal plate, and extends
towards the parasitic metal plate, in which the second
end is opposite to the first end.

13. The antenna as claimed in claim 12, wherein the sup-
porting element is a ceramic substrate having a first side
surface, a second side surface, and a third side surface, in
which the second side surface is adjacent to the first side
surface and the third side surface is opposite to the first side
surface; the ground metal plate is disposed on the first side
surface of the ceramic substrate; the parasitic metal plate has
a first portion and a second portion both disposed on the
second side surface of the ceramic substrate; the radiation
metal plate has a first portion and a second portion, the first
portion is disposed on the second side surface of the ceramic
substrate, the second portion is disposed on the third side
surface of the ceramic substrate.

14. The antenna as claimed in claim 12, wherein the sup-
porting element is a non-conductive solid material having a
first side surface, a second side surface, and a third side
surface, in which the second side surface is adjacent to the
first side surface and the third side surface is opposite to the
first side surface; the ground metal plate is disposed on the
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first side surface of the non-conductive solid material; the
parasitic metal plate has a first portion and a second portion
both disposed on the second side surface of the non-conduc-
tive solid material; the radiation metal plate has a first portion
and a second portion, the first portion is disposed on the
second side surface of the non-conductive solid material, the
second portion is disposed on the third side surface of the
non-conductive solid material.

15. The antenna as claimed in claim 12, wherein the sup-
porting element is a flexible PCB, and is folded into a cuboid
having a first side surface, a second side surface, and a third
side surface, in which the second side surface is adjacent to
the first side surface and the third side surface is opposite to
the first side surface; the ground metal plate is disposed on the
first side surface of the cuboid; the parasitic metal plate has a
first portion and a second portion both disposed on the second
side surface of the cuboid; the radiation metal plate has a first
portion and a second portion, the first portion is disposed on
the second side surface of the cuboid, and the second portion
is disposed on the third side surface of the cuboid.

16. An antenna for GPS, comprising:

a ground metal plate;

a parasitic metal plate, disposed above the ground metal

plate and connecting to the ground metal plate;

a radiation metal plate, disposed above the ground metal
plate, wherein the radiation metal plate is an indepen-
dent metal plate, and cooperates with the parasitic metal
plate to induce a resonance mode; and

at least one supporting element, disposed above the ground
metal plate, for supporting the radiation metal plate,

wherein the ground metal plate is disposed on a first side
surface of the antenna; the parasitic metal plate has a first
portion and a second portion both disposed on a second
side surface of the antenna, in which the second side
surface is adjacent to the first side surface; the radiation
metal plate has a first portion and a second portion both
disposed on the second side surface;

wherein, the second portion of the parasitic metal plate is
located at a corresponding position above a first end of
the ground metal plate, and extends towards the radia-
tion metal plate; the second portion of the radiation
metal plate is located at a corresponding position above
a second end of the ground metal plate, and extends
towards the parasitic metal plate, in which the second
end is opposite to the first end.

17. The antenna as claimed in claim 16, wherein the sup-

porting element is a ceramic substrate having a first side
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surface, a second side surface, and a third side surface, in
which the second side surface is adjacent to the first side
surface and the third side surface is opposite to the first side
surface; the ground metal plate is disposed on the first side
surface of the ceramic substrate; the parasitic metal plate has
a first portion and a second portion both disposed on the
second side surface of the ceramic substrate; the radiation
metal plate has a first portion and a second portion both
disposed on the second side surface of the ceramic substrate.

18. The antenna as claimed in claim 16, wherein the sup-
porting element is a non-conductive solid material having a
first side surface, a second side surface, and a third side
surface, in which the second side surface is adjacent to the
first side surface and the third side surface is opposite to the
first side surface; the ground metal plate is disposed on the
first side surface of the non-conductive solid material; the
parasitic metal plate has a first portion and a second portion
both disposed on the second side surface of the non-conduc-
tive solid material; the radiation metal plate has a first portion
and second portion both disposed on the second side surface
of the non-conductive solid material.

19. The antenna as claimed in claim 16, wherein the sup-
porting element is a flexible PCB, and is folded into a cuboid
having a first side surface, a second side surface, and a third
side surface, in which the second side surface is adjacent to
the first side surface and the third side surface is opposite to
the first side surface; the ground metal plate is disposed on the
first side surface of the cuboid; the parasitic metal plate has a
first portion and a second portion both disposed on the second
side surface of the cuboid; the radiation metal plate has a first
portion and a second portion both disposed on the second side
surface of the cuboid.

20. The antenna as claimed in claim 16, wherein relative to
the ground metal plate, the second portion of the parasitic
metal plate and the second portion of the radiation metal plate
are disposed at the same level.

21. The antenna as claimed in claim 16, wherein relative to
the ground metal plate, the second portion of the parasitic
metal plate is disposed at a level higher than that ofthe second
portion of the radiation metal plate.

22. The antenna as claimed in claim 16, wherein relative to
the ground metal plate, the second portion of the parasitic
metal plate is disposed at a level lower than that of the second
portion of the radiation metal plate.
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1
PORTABLE WIRELESS APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based on and claims the benefit of
priority from the prior Japanese Patent Application No. 2006-
265555, filed on Sep. 28, 2006; the entire contents of which
are incorporated herein by reference.

BACKGROUND

1. Technical Field

The present invention relates to a portable wireless appa-
ratus and, more particularly, to a portable wireless apparatus
where at least two housings are foldably connected to each
other.

2. Description of Related Art

Portable wireless apparatus, such as a portable telephone,
have employed an antenna diversity technique that use a
plurality of antennas and that selectively or synthetically
enhances the quality of signals sent therefrom and received
thereat. A portable wireless apparatus has hitherto been
known, which performs antenna diversity using what is called
a whip antenna externally extended from a housing thereof,
and also using a built-in antenna, for example, an inverted-F
antenna incorporated in the housing thereof. Recently,
another portable wireless apparatus has been known, which
effects antenna diversity using a plurality of antennas incor-
porated in a housing thereof (see, for example, Japanese
Patent No. 3,112,464 (Pages 1 to 4 and FIG. 3 or JP-A-2002-
027860 (Pages 2 and 3 and FIG. 3)).

According to a technique disclosed in Japanese Patent No.
3112464, there have been strong demands for not only the
miniaturization of the built-in type antenna of the portable
wireless apparatus but that of a non-built-in type antenna
thereof. Thus, the portable wireless apparatus is often config-
ured so that a high frequency current distributing in a ground-
ing circuit provided on a board or distributing on a conductive
part of a housing is utilized, rather than a high frequency
current distributing on an antenna element itself when
excited, as a main radiation source. In such a case, even when
diversity is effected using a plurality of antennas, it is difficult
to fully obtain advantages of the diversity in an occasion
where the grounding circuit on the board or the conductive
part of the housing, on which the high frequency current
distributes, is shared by the antennas.

According to the above-mentioned related art, diversity is
achieved by using a first antenna and a second antenna which
are respectively provided two housings turnably connected to
each other. A main radiation source of radiowaves (the con-
ductive part of one of the housings or the grounding circuit on
one of the built-in boards), which is used when the first
antenna is excited, is separated from a main radiation source
of'radio waves (the conductive part of the other housing or the
grounding circuit on the other built-inboard), which is used
when the second antenna is excited. The correlation in radia-
tion characteristics between the first antenna and the second
the antenna is weakened, so that advantages of antenna diver-
sity can be obtained.

According to technique disclosed in JP-A-2002-027860, in
a portable wireless apparatus performing antenna diversity
using a main antenna and an auxiliary antenna, a linear
antenna extending perpendicularly to a board surface is
folded to be parallel with the longitudinal direction of the
board and is formed as the auxiliary antenna. Thus, the aux-
iliary antenna is formed into an inverted-L shape so that the
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auxiliary antenna can compensate the degradation in sensi-
tivity of the main antenna due to change in orientation or
posture thereof.

SUMMARY

A portable wireless apparatus has been increased along
with dissemination thereof. There are models of portable
wireless adaptable to a plurality of radio systems. Some radio
systems dominantly employ predetermined polarized waves
(forexample, a wireless local area network (WLAN) employs
a vertically-polarized wave). To adapt a portable wireless
apparatus capable of effectively performing antenna diversity
to such akind of aradio system, it is necessary to configure an
antenna adaptable to the predetermined polarized wave in the
technique disclosed in Japanese Patent No. 3112464.

The technique disclosed in technique disclosed in JP-A-
2002-027860 implements polarized-wave between the main
antenna and the auxiliary antenna and cannot solve such a
problem.

According to an aspect of the invention, there is provide a
portable wireless apparatus having two housings foldably
connected to each other, which implements an antenna diver-
sity effect, and which is adaptable to a predetermined polar-
ized wave.

According to another aspect of the invention, there is pro-
vided a portable wireless-apparatus comprising: a first hous-
ing comprising; a first board having a first feeding portion;
and a first antenna element connected to the first feeding
portion and provided on a side of a first surface of the first
board; a second housing foldably connected to the first hous-
ing, the second hosing comprising; a second board having a
surface opposite to the first surface of the first board when the
second hosing is unfolded with respect to the first housing, the
second board comprising a second feeding portion; a second
antenna element connected to the second feeding portion and
provided on a side of the surface of the second board, wherein
a first radiation electromagnetic field can be generated by
high frequency currents respectively distributing in the first
antenna element and the first board when the first antenna
element is excited, and wherein the second radiation electro-
magnetic field can be generated by high frequency currents
respectively distributing the second antenna element and the
second board when the second antenna element is excited,
and wherein the first radiation electromagnetic field and the
second radiation electromagnetic field are made to corre-
spond to same linearly polarized electromagnetic wave when
the second housing is unfolded with respect to the first hous-
ing.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an exemplary diagram illustrating the configura-
tion of a portable wireless apparatus according to a first
embodiment of the invention.

FIG. 2is an exemplary first diagram illustrating an arrange-
ment of a built-in antenna of the portable wireless apparatus
according to the first embodiment.

FIG. 3 is an exemplary diagram illustrating a high-fre-
quency current distribution in the case of the antenna arrange-
ment shown in FIG. 2 in the first embodiment.

FIG. 4 is an exemplary second diagram illustrating an
arrangement of a built-in antenna of the portable wireless
apparatus according to the first embodiment.

FIG. 5 is an exemplary diagram illustrating a high-fre-
quency current distribution in the case of the antenna arrange-
ment shown in FIG. 4 in the first embodiment.
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FIG. 6 is an exemplary diagram illustrating an arrangement
of a built-in antenna of a portable wireless apparatus accord-
ing to a second embodiment.

FIG. 7 is an exemplary diagram illustrating a high-fre-
quency current distribution in the case of the antenna arrange-
ment shown in FIG. 6 in the second embodiment.

FIG. 8 is an exemplary diagram illustrating a radiation
electromagnetic field pattern obtained by simulation accord-
ing to the antenna arrangement in the second embodiment.

FIG. 9 is an exemplary diagram illustrating a radiation
electromagnetic field pattern obtained by simulation accord-
ing to an antenna arrangement other than the antenna arrange-
ment in the second embodiment.

FIG. 10 shows examples of balanced type antennas.

FIG. 11 shows unbalanced type antennas according to the
embodiments, such as monopole antenna, folded monopole
antenna, and inverted F-type antenna.

DESCRIPTION OF THE EMBODIMENTS

Hereinafter, embodiments of the invention are described
with reference to the accompanying drawings.

First Embodiment

A first embodiment of the invention is described below by
referring to FIGS. 1 to 5. FIG. 1 is a diagram illustrating the
configuration of a portable wireless apparatus 1 according to
the first embodiment of the invention. The portable wireless
apparatus 1 includes a first housing 10 and a second housing
20. The second housing 20 is openably/closably connected to
the first housing 10 through a connection portion 30. FIG. 1
illustrates a state in which the second housing 20 is opened
with respect to the first housing 10.

The first housing 10 and the second housing 20 respec-
tively incorporate a first board 11 and a second board 21,
which are represented by dashed lines. The first board 11 and
the second board 21 are connected by, for example, a connec-
tion member 31 that is constituted by, for example, a flexible
substrate, and that is provided through a connection portion
30. The connection member 31 connects one edge side, which
is closest to the second housing 20 among a plurality of edge
sides of the first board 11, to one edge side, which is closest to
the first housing 10 among a plurality of edge sides of the
second board 21. The connection member 31 may has a length
of

with respect to a direction orthogonal to the one edge side of
the first board 11, wheres A is a wavelength of the high
frequency currents, and n is an positive integer. The connec-
tion member 31 may be axissymmetricaly arranged with
respect to a center between the one edge side of the first board
11 and the edge side of the second board 21.

For example, a group of operation keys (not shown) serv-
ing as an operating portion are arranged on a surface of the
first housing 10 at the upper side (for convenience of descrip-
tion, hereunder referred to as a front side) of paper on which
FIG. 1 is drawn. A transmitter (not shown) is attached in the
vicinity of an end portion of the front side surface of the first
housing 10, which is a further end portion of this surface from
the second housing 20. Also, a display portion (not shown)
including, for example, a liquid crystal device is provided on
the front side surface of the second housing 20. A receiver
(not shown) is attached in the vicinity of an end portion of the
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front side surface of the second housing 20, which is a further
end portion from the first housing 10. FIG. 1 illustrates a state
in which the portable wireless apparatus is held by hand so
that the second housing 20 is placed above the first housing 10
(that is, both the surfaces, to which the transmitter (not
shown) and the receiver (not shown) are attached, are
obliquely upwardly directed.

FIG. 2 is a first diagram illustrating an arrangement of a
built-in antenna of the portable wireless apparatus 1. The first
board 11, the second board 21, and the connection member 31
are the same as those shown in FIG. 1, in which the apparatus
1 is taken from the same direction as that in which FIG. 2 is
taken. FIG. 2 illustrates a state which is similar to the state
shown in FIG. 1, in which the portable wireless apparatus 1 is
held by hand so that the second housing 20 (not shown in FI1G.
2) is opened with respect to the first housing 10 (not shown in
FIG.2). What is called a “block arrow” is drawn at a right-side
part of FIG. 2 to describe the portable wireless apparatus 1 by
referring to FIG. 3.

For convenience of description, an upper edge side, a lower
edge side, a left edge side, and a right edge side of the first
board 11, as viewed in FIG. 2, are referred to simply as an
upper side, a lower side, a left side and a right side of the first
board 11, respectively. Also, an upper edge side, a lower edge
side, a left edge side, and a right edge side ofthe second board
21, as viewed in FIG. 2, are referred to simply as an upper
side, a lower side, a left side and a right side of the second
board 21, respectively. The nomenclature of the upper side,
the lower side, the right side, and the left side of each of the
first board 11 and the second board 21 is common to the
following embodiments.

A first feeding portion 12 is provided in the vicinity of the
lower side of the first board 11. A first antenna element 13 is
connected to the first feeding portion 12. The first antenna
element 13 is an unbalanced type antenna, for example, an
open-tip monopole type antenna. Hereinafter, the unbalanced
type antenna is, for example, an antenna in which current can
flow into a circuit board connected to the antenna. FIG. 11
shows unbalanced type antennas according to embodiments,
such as monopole antenna, fold-back type monopole antenna,
and reverse F-character type monopole antenna. Each unbal-
anced type has an antenna 103, a feeding portion 101, a circuit
board 102 connected to the antenna 103 via the feed portion
101. FIG. 10 shows examples of balanced type antennas.
Each antenna 203 is connected to circuit board 202 via a
balanced-unbalanced type exchanger, such as a chip balun
(not shown). Each antenna 203 is electrically fed by the
balanced-unbalanced type exchanger. The first antenna ele-
ment 13 is provided on a surface of the first board 11 at the
lower side (for convenience of description, hereunder
referred to as a rear side) of paper on which FIG. 1 or FIG. 2
is drawn.

A second feeding portion 22 is provided in the vicinity of
the upper side of the second board 21. A second antenna
element 23 is connected to the second feeding portion 22. The
second antenna element 23 is an unbalanced antenna, for
example, an open-tip monopole antenna. The second antenna
element 23 is provided on the front side surface of the second
board 21, as viewed in FIG. 1 or 2.

FIG. 3 is a diagram illustrating a high-frequency current
distribution obtained when the first antenna element 13 or the
second antenna element 23, which is provided as shown in
FIG. 2, is excited. The first board 11, the second board 21, and
the connection member 31 are shown by being taken from the
direction of the block arrow shown at the right part of FIG. 2.
FIG. 3 illustrates a state which is similar to the state shown in
FIG. 1 or 2, in which the portable wireless apparatus 1 is held
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by hand so that the second housing 20 (not shown in FIG. 3)
is opened with respect to the first housing 10 (not shown in
FIG. 3).

As shown in FIG. 3, in a case where the first antenna
element 13 is excited, a high-frequency current distributes in
each of (the grounding circuit of) the first board 11 and the
first antenna element 13, which sandwich the first feeding
portion 12 shown in FIG. 3. In a case where the high-fre-
quency current distributes in a direction, in which the high-
frequency current flows into the first feeding portion 12 on the
first board 11, as shown in, for example, FIG. 3, the high-
frequency current distributes in the first antenna element 13 in
a direction, in which the high-frequency current flows out
from the first feeding portion 12 (incidentally, the direction of
the current distribution shown in FIG. 3 and the description
thereof have meanings in relative comparisons and do not
have meanings in absolute comparisons (this is the same with
the high-frequency current distribution described in each of
the following drawings and the descriptions of the embodi-
ments)).

As indicated in a lower dashed-line oval shown in FIG. 3,
the high-frequency current can be analyzed by being decom-
posed into a longitudinal vector component and a transverse
vector component. The high-frequency current distributing in
the first board 11 is decomposed into a horizontal vector
component, which is directed from right to left as viewed in
FIG. 3, and a vertical vector component that is directed from
top to bottom as viewed in FIG. 3. The high-frequency current
distributing in the first antenna element 13 is decomposed into
ahorizontal vector component, which is directed from right to
left as viewed in FIG. 3, and a vertical vector component that
is directed from top to bottom as viewed in FIG. 3.

Therefore, the horizontal vector component of the high-
frequency current distributing in the first board 11 cancels out
that of the high-frequency current distributing in the first
antenna element 13. The vertical vector component of the
high-frequency current distributing in the first board 11 is
complementary to that of the high-frequency current distrib-
uting in the first antenna element 13. Consequently, a radia-
tion electromagnetic field generated from the high-frequency
current distributing in the first board 11 and that distributing
in the first antenna element 13 corresponds to a vertical polar-
ized wave.

In a case where the second antenna element 23 shown in
FIG. 3 is excited, the high-frequency current distributes in
each of the second board 21 and the second antenna element
23, which sandwich the second feeding portion shown in FIG.
3. Consequently, as indicated by an upper dashed-line oval
shown in FIG. 3, the high-frequency current can be analyzed
by being decomposed into a longitudinal vector component
and a transverse vector component.

According to study performed similarly to the case where
the first antenna element 13 is excited, the horizontal vector
component of the high-frequency current distributing in the
second board 21 cancels out that of the high-frequency cur-
rent distributing in the second antenna element 23. The ver-
tical vector component of the high-frequency current distrib-
uting in the first board 21 is complementary to that of the
high-frequency current distributing in the first antenna ele-
ment 23. Consequently, a radiation electromagnetic field gen-
erated from the high-frequency current distributing in the
second board 11 and that distributing in the second antenna
element 13 corresponds to a vertical polarized wave, similarly
to the case where the first antenna element 13 is excited.

FIG. 4 is a second diagram illustrating an arrangement of a
built-in antenna of the portable wireless apparatus 1 accord-
ing to the portable wireless apparatus 1. The first board 11, the
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second board 21, and the connection member 31 are the same
asthose shownin FIG. 1 or 2, in which the apparatus 1 is taken
from the same direction as that in which FIG. 4 is taken. FIG.
4 illustrates a state which is similar to the state shown in FIG.
1, in which the portable wireless apparatus 1 is held by hand
so that the second housing 20 (not shown in FIG. 4) is opened
with respect to the first housing 10 (not shown in FIG. 4). A
“block arrow” is drawn at a right-side part of FIG. 4 to
describe the portable wireless apparatus 1 by referring to FIG.
5. It is assumed that the first feeding portion 12, the second
feeding portion 22, the first antenna element 13, and the
second antenna element 23 are the same as those described by
referring to FIG. 2, except the placement positions thereof.

As shown in FIG. 4, the first feeding portion 12 is provided
in the vicinity of the upper side of the first board 11. The first
antenna element 13 connected to the first feeding portion 12
is provided on the front side surface of the first board 11,
which is shown in FIG. 1 or 4.

As shown in FIG. 4, the second feeding portion 21 is
provided in the vicinity of the lower side of the second board
21. The second antenna element 23 connected to the second
feeding portion 22 is provided on the rear side surface of the
second board 21, which is shown in FIG. 1 or 4.

FIG. 5 is a diagram illustrating a high-frequency current
distribution obtained when the first antenna element 13 or the
second antenna element 23 is excited, as shown in FIG. 4. The
first board 11, the second board 21, and the connection mem-
ber 31 are the same as those shown in FIG. 4, in which the
apparatus 1 is taken from the direction of the “block arrow”
shown in the right side part of FIG. 4. FIG. 5 illustrates a state
which is similar to the state shown in FIG. 1 or 4, in which the
portable wireless apparatus 1 is held by hand so that the
second housing 20 (not shown in FIG. 5) is opened with
respect to the first housing 10 (not shown in FIG. 5).

Similarly to the description made by referring to FIG. 3, as
shown in FIG. 5, the horizontal vector component of the
high-frequency current distributing in the first board 11 can-
cels out that of the high-frequency current distributing in the
first antenna element 13. The vertical vector component of the
high-frequency current distributing in the first board 11 is
complementary to that of the high-frequency current distrib-
uting in the first antenna element 13. Consequently, radiation
electromagnetic fields generated from these high-frequency
currents correspond to a vertical polarized wave.

The descriptions made by referring to FIGS. 3 and 5 can be
generalized as follows. That is, in a state in which the portable
wireless apparatus 1 is held by hand, a high-frequency current
distributes in a portion lower than the first feeding portion 12
provided on the first board 11, because of the placement of the
first feeding portion 12 closer to the second housing 20, or due
to the shape of the grounding circuit provided on the first
board 11. Inthis case, the portable wireless apparatus 1 can be
adapted by attaching the first antenna element 13 to the front
side of the first board 11 so that the radiation electromagnetic
field generated from the high-frequency current corresponds
to a vertically-polarized wave. In such a state, a high-fre-
quency current distributes in a portion higher than the first
feeding portion 12 provided on the first board 11, because of
the placement of the first feeding portion 12 further from the
second housing 20, or due to the shape of the grounding
circuit provided on the first board. In this case, the portable
wireless apparatus 1 can be adapted by attaching the first
antenna element 13 to the rear side of the first board 11 so that
the radiation electromagnetic field generated from the high-
frequency current corresponds to a vertically-polarized wave.

Also, insuch a state, a high-frequency current distributes in
a portion higher than the second feeding portion 22 provided
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on the second board 21, because of the placement of the
second feeding portion 22 closer to the first housing 10, or due
to the shape of the grounding circuit provided on the second
board 21. Inthis case, the portable wireless apparatus 1 can be
adapted by attaching the second antenna element 23 to the
rear side of the second board 21 so that the radiation electro-
magnetic field generated from the high-frequency current
corresponds to a vertically-polarized wave. In such a state, a
high-frequency current distributes in a portion lower than the
second feeding portion 22 provided on the second board 21,
because of the placement of the second feeding portion 22
further from the first housing 10, or due to the shape of the
grounding circuit provided on the second board 21. In this
case, the portable wireless apparatus 1 can be adapted by
attaching the second antenna element 23 to the front side of
the second board 21 so that the radiation electromagnetic field
generated from the high-frequency current corresponds to a
vertically-polarized wave.

The above generalized description can be paraphrased as
follows. In a state in which the portable wireless apparatus 1
is held by hand, a high-frequency current distributes in a
portion lower than the first feeding portion 12 provided on the
first board 11, because of the placement of the first feeding
portion 12 closer to the second housing 20, or due to the shape
of'the grounding circuit provided on the first board 11. In this
case, the portable wireless apparatus 1 can be adapted by
attaching the first antenna element 13 to the rear side of the
first board 11 so that the radiation electromagnetic field gen-
erated from the high-frequency current corresponds to a hori-
zontally-polarized wave. In such a state, a high-frequency
current distributes in a portion higher than the first feeding
portion 12 provided on the first board 11, because of the
placement of the first feeding portion 12 further from the
second housing 20, or due to the shape of the grounding
circuit provided on the first board 11. In this case, the portable
wireless apparatus 1 can be adapted by attaching the first
antenna element 13 to the front side of the first board 11 so
that the radiation electromagnetic field generated from the
high-frequency current corresponds to a horizontally-polar-
ized wave.

Also, in such a state, a high-frequency current distributes in
a portion higher than the second feeding portion 22 provided
on the second board 21, because of the placement of the
second feeding portion 22 closer to the first housing 10, or due
to the shape of the grounding circuit provided on the second
board 21. Inthis case, the portable wireless apparatus 1 can be
adapted by attaching the second antenna element 23 to the
front side of the second board 21 so that the radiation elec-
tromagnetic field generated from the high-frequency current
corresponds to a horizontally-polarized wave. In such a state,
a high-frequency current distributes in a portion lower than
the second feeding portion 22 provided on the second board
21, because of the placement of the second feeding portion 22
further from the first housing 10, or due to the shape of the
grounding circuit provided on the second board 21. In this
case, the portable wireless apparatus 1 can be adapted by
attaching the second antenna element 23 to the rear side of the
second board 21 so that the radiation electromagnetic field
generated from the high-frequency current corresponds to a
horizontally-polarized wave.

Although ithas been described in the description of the first
embodiment that the first housing 10 and the second housing
20 can be folded through the connection portion 30 shown in
FIG. 1, the configuration of these housings is not limited
thereto. These housings may be configured to be of, for
example, the turnover type adapted so that the connection
portion 30 has a biaxial hinge (that is, the first housing 10 and
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the second housing 20 can be folded by changing the opposed
faces of the housings 10 and 20). Alternatively, these hous-
ings may be configured to be of, for example, the slide type
(that is, the first housing 10 and the second housing 20 can be
folded by causing the second housing 20 to slide with respect
to the first housing 10).

According to the first embodiment of the invention, a por-
table wireless apparatus, in which two housings respectively
incorporating boards are connected to each other, can be
adapted according to the orientation, in which the antenna
elements are respectively attached to the boards, and to the
manner of the distribution of the high-frequency current on
the board so that the radiation electromagnetic fields respec-
tively generated by exciting the antenna elements provided on
the boards correspond to the same linearly polarized wave.

Second Embodiment

Hereinafter, a second embodiment of the invention is
described with reference to FIGS. 6 to 9. A portable wireless
apparatus according to the second embodiment of the inven-
tion is the same as that according to the first embodiment
except the placement positions of the feeding points and the
antenna elements. Thus, each of the components of the por-
table wireless apparatus is refereed to as the same name as
that of a corresponding component. Also, the drawings
referred to in the description of the first embodiment are also
referred to.

FIG. 6 is a diagram illustrating an arrangement of a built-in
antenna of a portable wireless apparatus according to the
second embodiment of the invention. FIG. 6 is the same as
FIG. 2 except the placement positions the placement posi-
tions of the second feeding portion 22 and the second antenna
element 23. The drawing of the first housing 10 incorporating
the first board 11, the second housing 20 incorporating the
second board 21, and the connection portion 30 is omitted in
FIG. 6. The nomenclature of the edge sides of the first board
11 and the second board 21 is common to the first embodi-
ment.

The first feeding portion 12 is provided in the vicinity of a
corner portion of the first board 11, which is closer to the
second housing 20 (not shown in FIG. 6). The first antenna
element 13 is provided on the front side surface of the first
board 11, as viewed in FIG. 6. The second feeding portion 22
is provided in the vicinity of a corner portion of the second
board 2, which is close to the first housing (not shown in FI1G.
6) and is further from the first feeding portion 12. The second
antenna element 23 is provided on the rear side surface of the
second board 21, as viewed in FIG. 6. This is a mode of the
configuration of the portable wireless apparatus 1, which
corresponds to a vertically polarized wave and has been
described in the foregoing description of the first embodi-
ment.

FIG. 7 is a diagram illustrating high-frequency current
distributions in the first board 11, the second board 21, and the
connection member 31, which are caused when the first
antenna element 13 and the second antenna element 23 pro-
vided, as shown in FIG. 6, are excited. FIG. 7 shows a part of
each of the first board 11 and the second board 21. The
drawing of the first antenna element 12 and the second
antenna element 22 is omitted herein.

Each of the first board 11 and the second board 21 has a
grounding circuit at least along each edge side thereof. The
grounding circuit provided on the first board 11 is connected
to that provided on the second board 21 through the connec-
tion member 31.
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As shown in FIG. 7, a corner portion A of'the second board
21 is opposed to the first feeding portion 12. Also, a corner
portion B of the first board 11 is opposed to the second
feeding portion 22. The line length of the grounding circuit
extending from the first feeding portion 12 along the upper
side of the first board 11, through the connection member 31,
and along the lower side of the second board 21 to the corner
portion A is assumed to be equivalent to a quarter wavelength
of radio waves having a frequency used in the portable wire-
less apparatus 1. Similarly, the line length of the grounding
circuit extending from the second feeding portion 22 along
the lower side of the first board 21, through the connection
member 31, and along the upper side of the first board 11 to
the corner portion B is assumed to be equivalent to a quarter
wavelength of radio waves having a frequency used in the
portable wireless apparatus 1.

In a case where the first antenna element 13 (not shown in
FIG. 7) is excited, a high frequency current distributes along
the grounding circuit having a line length equivalent to the
quarter wavelength, for example, in a direction from the cor-
ner portion A to the feeding point 12. Also, a high frequency
current distributes along the right side of the first board 11
toward the first feeding portion 12. Additionally, a high fre-
quency current distributes along the right side of the second
board 21 from the corner portion A to a portion placed at an
upper part of the FIG. 7.

Thus, as shown in FIG. 7, a component of the high fre-
quency current distributing along the upper side of the first
board 11 cancels a component of the high frequency current
distributing along the lower side of the second board 21,
because the apparent orientations of these components are
opposite to each other. Meanwhile, the component of a high
frequency current distributing substantially in parallel to the
right side of the first board 11 does not cancel that of a high
frequency current distributing substantially in parallel to the
right side of the second board 21. These components are
predominant. A radiation electromagnetic field pattern has
null points arranged in an up-down direction in FIG. 7. The
radiation electromagnetic field pattern is almost non-direc-
tional in a plane perpendicular to paper on which FIG. 7 is
drawn (incidentally, the pattern is predominant in the right-
ward direction, as viewed in FIG. 7). In a state in which the
portable wireless apparatus is held by hand, a peak of the
radiation electromagnetic field pattern is directed in a radio
wave arrival direction with high possibility.

Incidentally, as shown in FIG. 6, the first antenna element
13 is provided to extend in a direction which is substantially
perpendicular to the right side of the first board 11. Thus, the
first antenna element can be set so that a high frequency
current distributing in the first antenna element 13 does not
cancel a high frequency current distributing along the right
side of the first board 11 or the second board 21.

Similarly, a radiation electromagnetic field pattern, which
is formed in a case where the second antenna element 23 (not
shown in FIG. 7) is excited, has null points arranged in the
up-down direction, as viewed in FIG. 7, and is almost non-
directional in a plane perpendicular to the paper on which
FIG. 7 is drawn (incidentally, the pattern is predominant in the
leftward direction, as viewed in FIG. 7). The radiation elec-
tromagnetic field pattern, which is formed in a case where the
second antenna element 23 is excited, is bilaterally-symmet-
ric with a radiation electromagnetic field pattern, which is
formed in a case where the second antenna element 13 is
excited, as viewed in FIG. 7. Thus, antenna diversity can
effectively be performed by combining the first antenna ele-
ment 13 with the second antenna element 23, as shown in
FIG. 6 or7.
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Incidentally, even in a case where the line length of the
grounding circuit provided between the first feeding portion
12 and the corner portion A is not exactly equivalent to the
quarter wavelength, the above advantage can be obtained in
an occasion where the line length of this grounding circuit is
close to the quarter wavelength. This is the same with the line
length of the grounding circuit provided between the second
feeding portion 22 and the corner portion B. Even in a case
where only one of the first feeding portion 12 and the second
feeding portion 22 is provided as illustrated in FIG. 7, the
advantage due to the radiation electromagnetic field pattern of
the right half part or the left half part of FIG. 7 can be
obtained.

The radiation electromagnetic field pattern obtained by the
arrangement of the antenna elements according to the second
embodiment is described below with reference to FIG. 8.
FIG. 8 is a diagram illustrating an example of the radiation
electromagnetic field pattern obtained by simulation. Con-
stituents respectively designated by reference numerals 11,
13, 21, and 23 are the same as those designated by the same
reference numerals shown in FIG. 6.

Among conditions set for simulation, the length of the
longer side (that is, the left side or the right side) of each of the
first board 11 and the second board 21 is 80 mm. The length
of'the shorter side (that is, the upper side or the lower side) of
each of the first board 11 and the second board 21 is 40 mm.
The first board 11 and the second board 21 are arranged in the
direction of the longer side at an interval of 10 mm in a plane.
The frequency of the radio waves used in simulation is 2.5
GHZ. Each of the first antenna element 13 and the second
antenna element 23 is an open-tip monopole type antenna
having a length equal to the quarter wavelength. In a horizon-
tal plane, a Y-axis is set to extend in a direction parallel to the
shorter side of the first board 11 or the second board 21. In the
horizontal plane, an X-axis is set to extend in a direction
perpendicular to the Y-axis. Also, a Z-axis is set to extend in
a vertical direction. A state, in which the portable wireless
apparatus 1 is held by hand, is simulated by setting the first
board 11 and the second board 21 to be inclined at an angle of
45° to the Z-axis.

Under the above conditions, a radiation electromagnetic
field pattern, which is formed in an X-Y plane when the first
antenna element 13 is excited, is obtained. The obtained
radiation electromagnetic field pattern is indicated in a
smaller circle shown in a downwardly leftward part of FIG. 8.
Then, a radiation electromagnetic field pattern, which is
formed in the X-Y plane when the second antenna element 23
is excited, is obtained. This radiation electromagnetic field
pattern is indicated in a smaller circle shown in an upwardly
rightward part of FIG. 8. Subsequently, a synthesis pattern is
synthesized from the two radiation electromagnetic field pat-
terns obtained as described above. The synthesis pattern is
indicated in a larger circle shown in a downwardly rightward
part of FIG. 8.

It is assumed to be common to the three circles that the
downward direction of each of the circles in FIG. 8 coincides
with a positive direction of the X-axis, and that the rightward
direction of each of the circles in FIG. 8 coincides with a
positive direction of the Y-axis. The outermost one of a plu-
rality of concentric circles corresponds to an antenna gain 0
dB. Then, concentric dotted circles are shown so that the
decrement of the radius of the dotted circle is (-5) dB. Solid
curves drawn in the outermost ones of the concentric circles
represent the radiation electromagnetic field pattern due to
the vertically polarized wave. Dashed curves drawn in the
outermost ones of the concentric circles represent the radia-
tion electromagnetic field pattern due to the horizontally
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polarized wave. According to a result of the simulation, which
is indicated in the larger circle shown at the downwardly
rightward part of FIG. 8, it is found that a synthetic radiation
electromagnetic field pattern is obtained, which is almost
non-directional in the X-Y plane due to the vertically polar-
ized wave. Additionally, antenna gains in all directions (over
360°) of the vertically polarized wave was averaged, so that
(-0.55) dBi was obtained as the value of a pattern average
gain (PAG).

FIG. 9 is a diagram illustrating an example of a radiation
electromagnetic field pattern obtained by simulation accord-
ing to an antenna arrangement other than the antenna arrange-
ment according to the invention, for comparison with the
radiation electromagnetic field pattern shown in FIG. 8. Con-
stituents respectively designated by reference numerals 11,
13, 21, and 23 shown in FIG. 9 are the same as those desig-
nated by the same reference numerals shown in FIG. 8. In the
arrangement of the antenna elements corresponding to FIG.
9, the first antenna element 13 is provided on the rear side
surface of the first board 11. The second antenna element 23
is provided on the rear side surface of the first board 11. Also,
for example, for convenience of mechanical mounting of the
portable wireless apparatus 1, the first antenna element 13
may be provided in the vicinity of the upper side of the first
board 1. The second antenna element 23 may be provided in
the vicinity of the upper side of the second substrate 21.

The remaining conditions for simulation (the setting of
coordinate axes, the inclination of each of the first board 11
and the second board 21 to the Z-axis, the sizes of the first
board 11 and the second board 21, the distance between the
first board 11 and the second board 21, and the frequency of
the wave) are common to the simulation corresponding to
FIG. 8. The meanings of the radiation electromagnetic field
patterns shown in the two smaller circles and the larger circle
shown in FIG. 8, and the unit of the antenna gain are common
to those in the case shown in FIG. 8.

A result of the simulation, which is indicated in the larger
circle shown at a downwardly rightward part of FIG. 9, shows
that the gain of the synthetic radiation electromagnetic field
pattern due to the vertically polarized wave is not almost
non-directional in the X-Y plane, because null points are
present dominantly in a specific direction, differently from
the result of the simulation corresponding to FIG. 8. It was
found that the pattern average gain (PAG) in the case of the
simulation corresponding to FIG. 9 was (-4.55) dBi and was
worse than that in the case of the simulation corresponding to
FIG. 8 about 4 dB.

According to the second embodiment of the invention, the
radiation electromagnetic field pattern due to a vertically
polarized wave in the state, in which the portable wireless
apparatus is held by hand, in a horizontal plane is made to be
closer to a non-directional one. Thus, favorable transmitting-
receiving characteristics can be obtained. Incidentally, the
configurations, the shapes, and the arrangement of constitu-
ents of the portable wireless apparatus have been described in
the foregoing description of the embodiments, for illustrative
purposes. Various modifications will become possible with-
out departing from the scope of the invention.

According to the above-embodiments, there is provided a
portable wireless apparatus having two housings foldably
connected to each other, which implements an antenna diver-
sity effect, and which is adaptable to a predetermined polar-
ized wave.

What is claimed is:

1. A portable wireless apparatus, comprising:

a first housing comprising;

a first board having a first feeding portion;
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a first antenna element connected to the first feeding
portion and provided on a side of a first surface of the
first board;

a second housing foldably connected to the first housing,
the second hosing comprising;

a second board having a surface opposite to the first
surface of the first board when the second hosing is
unfolded with respect to the first housing, the second
board comprising a second feeding portion;

a second antenna element connected to the second feed-
ing portion and provided on a side of the surface ofthe
second board,

wherein a first radiation electromagnetic field can be gen-
erated by high frequency currents respectively distribut-
ing in the first antenna element and the first board when
the first antenna element is excited, and

wherein the second radiation electromagnetic field can be
generated by high frequency currents respectively dis-
tributing the second antenna element and the second
board when the second antenna element is excited, and

wherein the first radiation electromagnetic field and the
second radiation electromagnetic field are made to cor-
respond to same linearly polarized electromagnetic
wave when the second housing is unfolded with respect
to the first housing.

2. The portable wireless apparatus according to claim 1,
wherein the first antenna element is an antenna in which
current can flow into the first board connected to the first
antenna element.

3. The portable wireless apparatus according to claim 1,
wherein the second antenna element is an antenna in which
current can flow into the second board connected to the sec-
ond antenna element.

4. The portable wireless apparatus according to claim 1,
wherein, when the second housing is unfolded to be placed
above the first housing, the first surface is used by being
directed frontwardly, and

wherein the first radiation electromagnetic field and the
second radiation electromagnetic field are made to cor-
respond to a vertically-polarized electromagnetic wave.

5. The portable wireless apparatus according to claim 4,
wherein an operating portion are provided on the first surface
of the first board.

6. The portable wireless apparatus according to claim 4,
wherein the first feeding portion is provided in a vicinity of a
corner portion of the first board, which is closer to the second
housing,

the second feeding portion is provided in a vicinity of a
corner portion of the second board, which is closer to the
first housing and is apart from the first feeding portion,

the corner portion of the second board forms at least partly
forms the side of the second board.

7. The portable wireless apparatus according to claim 6,
wherein each of the first feeding portion and the second
feeding portion is positioned at which a distance from a
corner portion of each of the first board and the second board
is set to be substantially from A/6 to A/4.

8. The portable wireless apparatus according to claim 1,
comprising:

a connection member configured to connect a side of the
first board, which is closer to the second housing, to a
side of the second board, which is closer to the first
housing, wherein the first feeding portion is provided in
a vicinity of a corner portion of the first board, which is
closer to the second housing,
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wherein, when the first antenna element is excited, high
frequency current distribute along the side of the first
board and the connection member, and the side of the
second board, and

wherein a component of the high frequency current along

the side of the first board substantially cancels a compo-
nent of the high frequency current distributing the side of
the second board.

9. The portable wireless apparatus according to claim 8,
wherein the corner portion of the first board at least partly
forms the side of the first board.

10. the portable wireless apparatus according to claim 9,
wherein the second feeding portion is provided in a vicinity of
a corner portion of the second board, which is closer to the
first housing and is apart from the first feeding portion,

wherein the corner portion of the second board forms at

least partly forms the side of the second board, wherein
the corner portion of the first board is opposite to the
corner portion of the second board with respect to the
connection member.

11. The portable wireless apparatus according to claim 8,
wherein the first board includes at least two longer sides and
at least two shorter sides,

wherein the side of the first board is included in at least two

shorter sides, and

wherein the first antenna element is substantially parallel to

the side of the first board.

12. The portable wireless apparatus according to claim 11,
wherein the connection member has a length of

with respect to a direction orthogonal to the side of the first
board,

wheres A is a wavelength of the high frequency currents,

and n is an positive integer.

13. The portable wireless apparatus according to claim 8,
wherein a first board has a first grounding circuit along the
side thereof,

wherein a second board has a second grounding circuit

along the side thereof, and

wherein the first grounding circuit is connected to the sec-

ond grounding circuit through the connection member.

14. The portable wireless apparatus according to claim 8,
wherein the connection member is axissymmetricaly
arranged with respect to a center between the side of the first
board and the side of the second board.

15. The portable wireless apparatus according to claim 1,
further comprising:

20

25

30

35

45

50

14

a connection member configured to connect a side of the
first board, which is closer to the second housing, to a
side of the second board, which is closer to the first
housing, wherein the first feeding portion is provided in
a vicinity of a corner portion of the first board, which is
closer to the second housing,

wherein the second feeding portion is provided in a vicinity
of a corner portion of the second board, which is closer
to the first housing and is apart from the first feeding
portion,

wherein, when the first antenna element or the second
antenna element is excited, a high frequency current
distributes along the side of the first board, the connec-
tion member, and the side of the second board, and

wherein a component of the high frequency current along
the side of the first board substantially cancels a compo-
nent of the high frequency current distributing along the
side of the second board.

16. The portable wireless apparatus according to claim 15,
wherein the corner portion of the first board at least partly
forms the side of the first board,

wherein the corner portion of the second board at least
partly forms the side of the second board, and

wherein the corner portion of the first board is opposite to
the corner portion of the second board with respect to the
connection member.

17. The portable wireless apparatus according to claim 15,
wherein the first board includes at least two longer sides and
at least two shorter sides,

wherein the side of the first board is included in at least two
shorter sides, and

wherein the first antenna element is substantially parallel to
the side of the first board.

18. The portable wireless apparatus according to claim 15,
wherein a first board has a first grounding circuit along the
side thereof,

wherein a second board has a second grounding circuit
along the side thereof, and

wherein the first grounding circuit is connected to the sec-
ond grounding circuit through the connection member.

19. The portable wireless apparatus according to claim 1,
wherein the first board includes at least two longer sides and
two shorter sides, and

wherein the first antenna element is substantially perpen-
dicular to one side of the two longer sides.

20. The portable wireless apparatus according to claim 1,
wherein the first board includes at least two longer sides and
two shorter sides, and

wherein the first antenna element is substantially parallel to
one side of the two shorter sides.
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ANTENNA FOR A WIRELESS PERSONAL
AREA NETWORK

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority of Taiwanese application
no. 097104200, filed on Feb. 4, 2008.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to an antenna, more particularly to
antenna that is applicable to a wireless personal area network
(WPAN).

2. Description of the Related Art

A conventional planar inverted-F antenna (PIFA), which is
applicable to a wireless personal area network (WPAN),
includes a coupling element, such as a parasitic coupling
element, and is operable in a Bluetooth frequency range from
2402 MHz to 2480 MHz, and an ultra-wideband (UWB)
Band I frequency range from 3168 MHz to 4752 MHz.

The aforementioned conventional PIFA is disadvanta-
geous in that it has relatively large physical size, narrow
bandwidth, and complicated structure, and is difficult to con-
trol so as to enable operation thereof in the Bluetooth fre-
quency range and the UWB Band I frequency range.

SUMMARY OF THE INVENTION

Therefore, the object of the present invention is to provide
an antenna that can overcome the aforesaid drawbacks of the
prior art.

According to the present invention, an antenna comprises a
loop radiating element, and first and second radiating arms.
The loop radiating element includes first and second seg-
ments, and an intermediate segment. Each of the first and
second segments has opposite first and second ends. The first
ends of the first and second segments are adapted to be
coupled respectively to positive and negative terminals of a
coaxial cable. The intermediate segment interconnects the
second ends of the first and second segments, and cooperates
with the first segment to define a first corner therebetween and
the second segment to define a second corner therebetween.
The first segment further has a side that extends between the
first and second ends thereof. The first and second radiating
arms extend outwardly and respectively from the first and
second ends of the first segment of the loop radiating element
and are disposed at the side of the first segment of the loop
radiating element.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages of the present invention will
become apparent in the following detailed description of the
preferred embodiment with reference to the accompanying
drawings, of which:

FIG. 1 is a schematic view of the preferred embodiment of
an antenna according to this invention;

FIG. 2 is a perspective view illustrating an exemplary
application in which the preferred embodiment is installed in
a notebook computer;

FIG. 3 is a schematic view illustrating an exemplary con-
necting configuration in which the preferred embodiment is
connected to a coaxial cable;

FIG. 4 is a schematic view illustrating dimensions of the
preferred embodiment;
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FIG. 5 is a perspective view illustrating a folded state of the
preferred embodiment;

FIG. 6 is a plot illustrating a voltage standing wave ratio
(VSWR) of the preferred embodiment;

FIG. 7 shows plots of radiation patterns of the preferred
embodiment respectively on the x-y, X-z, and y-z planes when
operated at 2440 MHz;

FIG. 8 shows plots of radiation patterns of the preferred
embodiment respectively on the x-y, X-z, and y-z planes when
operated at 3168 MHz;

FIG. 9 shows plots of radiation patterns of the preferred
embodiment respectively on the x-y, X-z, and y-z planes when
operated at 3960 MHz;

FIG. 10 shows plots of radiation patterns of the preferred
embodiment respectively on the x-y, X-z, and y-z planes when
operated at 4752 MHz; and

FIG. 11 shows plots illustrating VSWRs when both first
and second radiating arms or only the second radiating arm of
the preferred embodiment are/is removed.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIG. 1, the preferred embodiment of an
antenna 1 according to this invention is shown to include a
loop radiating element 2, and first and second radiating arms
3,4.

The antenna 1 of this invention, as illustrated in FIG. 2, is
installed in an electronic device 9, such as a notebook com-
puter, is disposed above a display 91 of the electronic device
9, is applicable to a wireless personal area network (WPAN),
and is operable in a Bluetooth frequency range from 2402
MHz to 2480 MHz, and an ultra-wideband (UWB) Band I
frequency range from 3168 MHz to 4752 MHz.

The loop radiating element 2 operates in a first frequency
range, and cooperates with the first radiating arm 3 to operate
in a second frequency range adjacent to the first frequency
range. In this embodiment, the first and second frequency
ranges cover frequencies in the UWB Band I frequency range.
Furthermore, the loop radiating element 2 cooperates with the
second radiating arm 4 to operate in a third frequency range
lower than the first and second frequency ranges. In this
embodiment, the third frequency range covers frequencies in
the Bluetooth frequency range.

The loop radiating element 2 includes first and second
segments 21, 22, and an intermediate segment 23. Each of the
first and second segments 21, 22 of the loop radiating element
2 has opposite first and second ends 211, 221,212, 222. In this
embodiment, the first ends 211, 221 of the first and second
segments 21, 22 of the loop radiating element 2, as illustrated
in FIG. 3, are coupled respectively to positive and negative
terminals 81, 82 of a coaxial cable 8. The intermediate seg-
ment 23 of the loop radiating element 2 interconnects the
second ends 212, 222 of the first and second segments 21, 22
of the loop radiating element 2, and cooperates with the first
segment 21 of the loop radiating element 2 to define a first
corner 5 therebetween and the second segment 22 of the loop
radiating element 2 to define a second corner 6 therebetween.
In this embodiment, the first segment 21 is parallel to the
second segment 22 and is transverse to the intermediate seg-
ment 23. Preferably, with further reference to FIG. 4, the first
segment 21 of the loop radiating element 2 has a length of 30
millimeters and a width of 3 millimeters, the second segment
22 ofthe loop radiating element 2 has a length of 30 millime-
ters and a width of 5 millimeters, and the intermediate seg-
ment 23 of the loop radiating element 2 has a length of 1
millimeter and a width of 7 millimeters.
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The first radiating arm 3 extends outwardly from the first
end 211 of the first segment 21 of the loop radiating element
2. In this embodiment, the first radiating arm 3 includes first
and second segments 31, 32. The first segment 31 of the first
radiating arm 3 extends transversely to the first segment 21 of
the loop radiating element 2, and has a first end connected to
the first end 211 of the first segment 21 of the loop radiating
element 2, and a second end opposite to the first end thereof.
The second segment 32 of the first radiating arm 3 extends
transversely to the first segment 31 of the first radiating arm 3,
and has an end connected to the second end of the first seg-
ment 31 of the first radiating arm 3. Preferably, with further
reference to FIG. 4, the first segment 31 of the first radiating
arm 3 has a length of 5 millimeters and a width of 4 millime-
ters, and the second segment 32 of the first radiating arm 3 has
a length of 14 millimeters and a width of 5 millimeters.

The second radiating arm 4 extends outwardly from the
second end 212 of the first segment 21 of the loop radiating
element 2. In this embodiment, the second radiating arm 4
includes first and second segments 41, 42. The first segment
41 of the second radiating arm 4 extends transversely to the
first segment 21 of the loop radiating element 2, and has a first
end connected to the second end 212 of'the first segment 21 of
the loop radiating element 2, and a second end opposite to the
first end thereof. The second segment 42 of the second radi-
ating arm 4 extends transversely to the first segment 41 of the
second radiating arm 4, and has an end connected to the
second end of the first segment 41 of the second radiating arm
4. Preferably, with further reference to FIG. 4, the first seg-
ment 41 of the second radiating arm 4 has a length of 5
millimeters and a width of 5 millimeters, and the second
segment 42 of the second radiating arm 4 has a length of 14.5
millimeters and a width of 5 millimeters.

It is noted that, in this embodiment, the first and second
radiating arms 3, 4 are disposed at a side of the first segment
21 of the loop radiating element 2 that extends between the
first and second ends 211, 212 of the first segment 21 of the
loop radiating element 2. Moreover, in this embodiment, the
second segments 32, 42 of the first and second radiating arms
3, 4 extend toward each other. Preferably, with further refer-
ence to FIG. 4, the second segments 32, 42 of the first and
second radiating arms 3, 4 define a distance therebetween of
1.5 millimeters.

With further reference to FIG. 5, the antenna 1 of this
invention may be folded such that the first segment 21 of the
loop radiating element 2 and the first segments 31, 41 of the
first and second radiating arms 3, 4 are coplanar in a first
plane, i.e., the X-y plane, the second segment 22 of the loop
radiating element 2 lies in a second plane, i.e., the y-z plane,
transverse to the first plane, and the second segments 32, 42 of
the first and second radiating arms 3, 4 are coplanar in a third
plane parallel to the second plane. The construction as such
reduces the physical size of the antenna 1 of this invention.

It is noted that the dimensions of the first, second, and
intermediate segments 21, 22, 23 of the loop radiating ele-
ment 2, the first and second segments 31, 32 of the first
radiating arm 3, and the first and second segments 41, 42 of
the second radiating arm 4 may be adjusted to permit opera-
tion of the antenna 1 of this invention in the UWB Band I and
the Bluetooth frequency ranges.

Experimental results, as illustrated in FIG. 6, show that the
antenna I of this invention achieves a voltage standing wave
ratio (VSWR) of less than 2.5 when operated in each of the
UWB Band I and the Bluetooth frequency ranges. Moreover,
as shown in Table I, the antenna 1 of this invention achieves a
maximum total radiation power (TRP) of -2.8 dB and a
maximum efficiency of 52.6%. Further, as illustrated in FIGS.
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7 to 10, the antenna 1 of this invention has substantially
omnidirectional radiation patterns when operated at 2440
MHz, 3168 MHz, 3960 MHz, and 4752 MHz, respectively.

It is noted that, as illustrated in FIG. 11, when the second
radiating arm 4 of the antenna 1 of this invention is removed,
as indicated by line (a), a desirable VSWR of less than 2.5 is
achieved in the UWB Band I frequency range but an undesir-
able VSWR of greater than 2.5 results in the Bluetooth fre-
quency range. On the other hand, when the first and second
radiating arms 3, 4 of the antenna 1 of this invention are
removed, as indicated by line (b), an undesirable VSWR of
greater than 2.5 results in each of the UWB Band I and the
Bluetooth frequency ranges.

TABLE I
Frequency (MHz) TRP (dB) Efficiency (%)
2402 -5.2 30.2
2440 -4.2 37.6
2480 -4.4 36.4
3168 -3.2 48.1
3432 -3.2 48.2
3696 -3.1 48.5
3960 -2.8 52.6
4224 -3.3 47.3
4488 -4.0 39.7
4752 -4.4 36.0

While the present invention has been described in connec-
tion with what is considered the most practical and preferred
embodiment, it is understood that this invention is not limited
to the disclosed embodiment but is intended to cover various
arrangements included within the spirit and scope of the
broadest interpretation so as to encompass all such modifica-
tions and equivalent arrangements.

What is claimed is:

1. An antenna comprising:

a loop radiating element including

first and second segments, each of which has opposite
first and second ends, said first ends of said first and
second segments being adapted to be coupled respec-
tively to positive and negative terminals of a coaxial
cable, and

an intermediate segment that interconnects said second
ends of said first and second segments, and that coop-
erates with said first segment to define a first corner
therebetween and said second segment to define a
second corner therebetween,

said first segment further having a side that extends
between said first and second ends thereof, and

first and second radiating arms extending outwardly and

respectively from said first and second ends of said first
segment of said loop radiating element and disposed at
said side of said first segment of said loop radiating
element.

2. The antenna as claimed in claim 1, wherein said first
segment is parallel to said second segment and is transverse to
said intermediate segment.

3. The antenna as claimed in claim 2, wherein said first
radiating arm includes

a first segment that extends transversely to said first seg-

ment of said loop radiating element, said first segment of
said first radiating arm having a first end connected to
said first end of said first segment of said loop radiating
element, and a second end opposite to said first end
thereof, and

a second segment that extends transversely to said first

segment of said first radiating arm, said second segment
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of said first radiating arm having an end connected to
said second end of said first segment of said first radiat-
ing arm.

4. The antenna as claimed in claim 3, wherein said second
segment of said first radiating arm extends toward said second
radiating arm.

5. The antenna as claimed in claim 2, wherein said second
radiating arm includes

a first segment that extends transversely to said first seg-

ment of said loop radiating element, said first segment of
said second radiating arm having a first end connected to
said second end of said first segment of said loop radi-
ating element, and a second end opposite to said first end
thereof, and

a second segment that extends transversely to said first

segment of said second radiating arm, said second seg-
ment of said second radiating arm having an end con-
nected to said second end of said first segment of said
second radiating arm.

6. The antenna as claimed in claim 5, wherein said second
segment of said second radiating arm extends toward said first
radiating arm.

7. The antenna as claimed in claim 3, wherein said second
radiating arm includes

a first segment that extends transversely to said first seg-

ment of said loop radiating element, said first segment of
said second radiating arm having a first end connected to
said second end of said first segment of said loop radi-
ating element, and a second end opposite to said first end
thereof, and

a second segment that extends transversely to said first

segment of said second radiating arm, said second seg-
ment of said second radiating arm having an end con-
nected to said second end of said first segment of said
second radiating arm.

8. The antenna as claimed in claim 7, wherein said second
segments of said first and second radiating arms extend
toward each other.

9. The antenna as claimed in claim 7, wherein said first
segment of said loop radiating element and said first segments
of said first and second radiating arms are coplanar in a first
plane,
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said second segment of said loop radiating element lies in
a second plane transverse to the first plane, and

said second segments of said first and second radiating
arms are coplanar in a third plane parallel to the second
plane.

10. The antenna as claimed in claim 1, wherein said loop
radiating element operates in a first frequency range, and
cooperates with said first radiating arm to operate in a second
frequency range adjacent to the first frequency range.

11. The antenna as claimed in claim 10, wherein the first
and second frequency ranges cover frequencies from 3168
MHz to 4752 MHz.

12. The antenna as claimed in claim 10, wherein said loop
radiating element cooperates with said second radiating arm
to operate in a third frequency range lower than the first and
second frequency ranges.

13. The antenna as claimed in claim 12, wherein the third
frequency range covers frequencies from 2402 MHz to 2480
MHz.

14. The antenna as claimed in claim 8, wherein said second
segments of said first and second radiating arms define a
distance therebetween of 1.5 millimeters.

15. The antenna as claimed in claim 1, wherein said first
segment of said loop radiating element has a length of 30
millimeters and a width of 3 millimeters, said second segment
of said loop radiating element has a length of 30 millimeters
and a width of 5 millimeters, and said intermediate segment
of'said loop radiating element has length of 1 millimeter and
a width of 7 millimeters.

16. The antenna as claimed in claim 4, wherein said first
segment of said first radiating arm has a length of 5 millime-
ters and a width of 4 millimeters, and said second segment of
said first radiating element has a length of 14 millimeters and
a width of 5 millimeters.

17. The antenna as claimed in claim 6, wherein said first
segment of said second radiating arm has a length of 5 milli-
meters and a width of 5 millimeters, and said second segment
of said second radiating arm has a length of 14.5 millimeters
and a width of 5 millimeters.
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1
ULTRA-WIDEBAND (UWB) ANTENNA

FIELD OF THE INVENTION

The present invention relates to an ultra-wideband (UWB)
antenna and, in particular, to an ultra-wideband (UWB)
antenna which is compact, can reject the 5~6 GHz signal, and
is easy to be manufactured.

BACKGROUND OF THE INVENTION

The development of ultra-wideband (UWB) technology
signals the advent of the incorporation of wireless technology
with high-speed transmission. Ultra-wideband (UWB) tech-
nology provides enough bandwidth for a number of applica-
tions to utilize high-speed wireless transmissions over a rela-
tively short distance. Some examples of these applications
include digital media contents, high definition television
images, 3 D video, and wireless internet gaming.

Antenna design is crucial for ultra-wideband technologies.
There are many important design considerations, such as size,
radiation pattern stability, band rejection, and so forth. Exist-
ing antenna designs for ultra-wideband technologies suffer
from setbacks such as three-dimensional structure or large
size. The size of these antennae adversely affects the com-
mercialization of the previously known devices.

In FIG. 1, “NUMERICAL AND EXPERIMENTAL
STUDY OF A RETANGULAR SLOT ANTENNA FOR
UWB COMMUNICATIONS” published in MICROWAVE
AND OPTICAL TECHNOLOGY LETTERS (disclosed on
Aug. 20, 2005) presented an ultra-wideband (UWB) structure
disposed on the ground plane of a printed circuit board (PCB),
having a microstrip with a fork portion. The fork portion of
the microstrip is formed on the back of the PCB with an
aperture of 32 mmx21 mm and thus a large double-side PCB
is required. The cost is high and the rejection of 802.11a RF
signal in the 5-6 GHz band cannot be performed.

In FIG. 2, “Ultrawide-band Coplanar Waveguide-Fed
Rectangular Slot Antenna” published in IEEE ANTENNA
AND WIRELESS PROPAGATION LETTERS (disclosed in
2004) presented an ultra-wideband (UWB) structure dis-
posed on the ground plane of a PCB, having a microstrip with
a fork portion. The aperture is 032.2 mmx21.1 mm and thus
a large single-side PCB is required. The cost is high and the
rejection 0of 802.11a RF signal in the 5-6 GHz band cannot be
performed.

In FIG. 3, “COMPACT PRINTED ULTRA-WIDEBABD
SLOT ANTENNA WITH A BAND-NOTCHED OPERA-
TION” published in MICROWAVE AND OPTICAL TECH-
NOLOGY LETTERS (disclosed on Aug. 20, 2005) presented
an ultra-wideband (UWB) structure disposed on the ground
plane of a printed circuit board, comprising a U-shaped aper-
ture, a first slot, and a second slot. However, a structure with
the U-shaped aperture, the first slot, and the second slot is
complicated and thus difficult for mass production.

Consequently, it is necessary to design a new ultra-wide-
band (UWB) antenna to overcome the shortcomings
described above.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an ultra-
wideband (UWB) antenna which is characterized by its com-
pactness, stable radiation pattern, and ability to reject the 5~6
GHz signals.

Another object of the present invention is to provide an
ultra-wideband (UWB) antenna which is formed on a single-
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sided PCB or bendable super-thin substrate, easily integrated
with the radio frequency (RF) circuit, and able to greatly
reduce complexity of production and its cost.

In order to achieve the objects described above, the present
invention provides an ultra-wideband (UWB) antenna com-
prising: a rectangular aperture portion, formed from a ground
plane of a printed circuit board and having an aperture; and a
co-plane feeding structure, having a horizontal portion and a
vertical portion, wherein the horizontal portion is perpendicu-
lar to the vertical portion, and the vertical portion is disposed
in the aperture and connected with an external terminal.

Compared with conventional prior art, the ultra-wideband
(UWB) antenna according to present invention can provide
the following advantages: (1) it can greatly reduce the area of
the printed circuit board but do not affect its performance; (2)
it can be easily extended to an antenna with the band-rejection
function, but the original design of the antenna needs not to be
changed; and (3) its co-plane feeding structure is simple in
geometry and the parameters of the ultra-wideband (UWB)
antenna can be adjusted by adjusting the length and width of
the horizontal portion or the space between the lower edge of
the horizontal portion of the co-plane feeding structure and
the inner circumference of the rectangular aperture portion.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention can be more fully understood by
reference to the following description and accompanying
drawings, in which:

FIG. 1 schematically illustrates the configuration of a con-
ventional ultra-wideband (UWB) antenna;

FIG. 2 schematically illustrates the configuration of
another conventional ultra-wideband (UWB) antenna;

FIG. 3 schematically illustrates the configuration of still
another conventional ultra-wideband (UWB) antenna;

FIG. 4 schematically illustrates the configuration of a pre-
ferred embodiment of an ultra-wideband (UWB) antenna
according to the present invention;

FIGS. 5(a)~5(c) schematically illustrate the return loss of
an ultra-wideband (UWB) antenna according to the present
invention when the length and width of the horizontal portion
or the space between the lower edge of the horizontal portion
and the inner circumference of the rectangular aperture por-
tion are adjusted;

FIG. 5(d) schematically illustrates the simulated and mea-
sured return loss of an ultra-wideband (UWB) antenna
according to the present invention;

FIG. 6 schematically illustrates the configuration of
another preferred embodiment of an ultra-wideband (UWB)
antenna according to the present invention;

FIG. 7 schematically illustrates the configuration of yet
another preferred embodiment of an ultra-wideband (UWB)
antenna according to the present invention;

FIG. 8 schematically illustrates the configuration of still
another preferred embodiment of an ultra-wideband (UWB)
antenna according to the present invention; and

FIG. 9 schematically illustrates the simulated and mea-
sured return loss of the ultra-wideband (UWB) antenna
shown in FIGS. 4, 6, 7, and 8, respectively, according to the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 4 schematically illustrates a preferred embodiment of
an ultra-wideband (UWB) antenna according to the present
invention, comprising a rectangular aperture portion 10, and
a co-plane feeding structure 20.
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The rectangular aperture portion 10 is formed from the
ground plane of a printed circuit board 30 and has an aperture
11, wherein the printed circuit board 30 is, for example but not
limited to, a single-sided PCB or bendable super-thin sub-
strate. The present invention selects, but not limited to, a
single-sided printed circuit board for purpose of explanation,
so as to reduce manufacture cost.

The rectangular aperture portion 10 can be of any shape. In
the present invention, the rectangular aperture portion 10 is
taken as, but not limited to, a rectangular shape. The size of
the rectangular aperture portion 10 is, for example but not
limited to, 23 mm in length and 13 mm in width. The size of
the aperture 11 is, for example but not limited to, 4.4 mm in
width.

The co-plane feeding structure 20 is provided with a hori-
zontal portion 21 and a vertical portion 22, wherein the hori-
zontal portion 21 is perpendicular to the vertical portion 22,
and the vertical portion 22 is disposed in the aperture 11 and
connected with an external terminal (not shown), wherein the
co-plane feeding structure 20 can be of any shape, but it
should be able to match with the rectangular aperture portion
10. In the present invention, the shape of the co-plane feeding
structure 20 is taken as, but not limited to, a rectangular shape
for the purpose of explanation. The rectangular aperture por-
tion 10 and the co-plane feeding structure 20 are formed by
etching or carving. The co-plane feeding structure 20 can use
microstrip for feeding design or any other adapter interface.

The horizontal portion 21 is, for example but not limited to,
10.8 mm inlength and 4.0 mm in width. The distance between
the lower edge of the horizontal portion 21 and the lower edge
of' the rectangular aperture portion 10 is, for example but not
limited to, 2.0 mm. The vertical portion 22 is, for example but
not limited to, 3.6 mm in width and the space between both
sides of the vertical portion 22 and the aperture 11 is, for
example but not limited to, 0.4 mm, respectively. For the
ultra-wideband (UWB) antenna according to the present
invention, the size of the rectangular aperture portion 10 is
only 23 mmx13 mm, which is 40% smaller than 32.2
mmx21.1 mm required in FIGS. 1 and 2, but its functions are
not affected, with stable radiation pattern and excellent lin-
earity of the signal transmitted. Consequently, the ultra-wide-
band (UWB) antenna according to the present invention is
indeed greatly improved compared to the conventional prior
art of ultra-wideband (UWB) antenna.

FIGS. 5(a)-5(c) schematically illustrate the return loss of
the ultra-wideband (UWB) antenna according to the present
invention when the length and width of the horizontal portion
21 or the distance between the lower edge of the horizontal
portion 21 and the lower edge of the rectangular aperture
portion 10 are adjusted. The parameters of the ultra-wideband
(UWB) antenna according to the present invention can be
adjusted by changing the length and width of the horizontal
portion 21 or the distance between the lower edge of the
horizontal portion 21 and the lower edge of the rectangular
aperture portion 10. As shown in FIG. 5(a), the rectangular
aperture portion 10 is 23 mm in length and 13 mm in width;
the vertical portion 22 is 3.6 mm in width and the distance
between its both sides and the aperture 11 is 0.4 mm, respec-
tively. The horizontal portion 21 is 10.8 mm in length and its
width (W) are adjustable and when the distance between the
lower edge of the horizontal portion 21 and the lower edge of
the rectangular aperture portion 10 is 2.0 mm. The width (W)
of the horizontal portion 21 affects mainly the impedance of
lower frequencies (3-4 GHz).

As shown in FIG. 5(5), the rectangular aperture portion 10
is 23 mm in length and 13 mm in width. The vertical portion
22 1is 3.6 mm in width and the space between its both sides and
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the aperture 11 is 0.4 mm, respectively. The horizontal por-
tion 21 is 4.0 mm in width and its length (L) is adjustable and
when the distance between the lower edge of the horizontal
portion 21 and the lower edge of the rectangular aperture
portion 10 is 2.0 mm, the length (L) of the horizontal portion
21 affects mainly the impedance of both low and middle
bands (4-7 GHz).

As shown in FIG. 5(¢), the rectangular aperture portion 10
is 23 mm in length and 13 mm in width. The vertical portion
221s 3.6 mm in width and the space between its both sides and
the aperture 11 is 0.4 mm, respectively. The horizontal por-
tion 21 is 10.8 mm in length and 4.0 mm in width and when
the distance (T) between the lower edge of the horizontal
portion 21 and the lower edge of the rectangular aperture
portion 10 are adjustable, the distance (T) between the lower
edge of the horizontal portion 21 and the lower edge of the
rectangular aperture portion 10 is relatively sensitive to the
input impedance of the entire band (3.1-10.6 GHz).

FIG. 5(d) schematically illustrates the simulated and mea-
sured return loss of the ultra-wideband (UWB) antenna
according to the present invention. As shown in the figure, the
rectangular aperture portion 10 is 23 mm in length and 13 mm
in width. The vertical portion 22 is 3.6 mm in width and the
space between its both sides and the aperture 11 is 0.4 mm,
respectively. The horizontal portion 21 is 10.8 mm in length
and 4.0 mm in width and when the distance (T) between the
lower edge of the horizontal portion 21 and the lower edge of
the rectangular aperture portion 10 is 2.0 mm, there are three
resonances around the frequencies at 4, 7, and 10 GHz, for
both the simulated and measured return loss obtained by a
simulation program and measured by a spectrum analyzer,
respectively. These resonances correspond to the different
modes of field distribution and play important roles on the
explanation of the radiation patterns. The strong correlation
between the simulated and measured results shows that the
ultra-wideband (UWB) antenna according to the present
invention can indeed greatly reduce the area of the printed
circuit board without affecting its functions.

FIG. 6 schematically illustrates another preferred embodi-
ment of the ultra-wideband (JWB) antenna according to the
present invention. As shown in the figure, the horizontal por-
tion 21 of the ultra-wideband (UWB) antenna according to
the present invention is further cut to form an isolated slit 211.
The isolated slit 211 is used as a parasitic element so as to
render the ultra-wideband (UWB) antenna unable to transmit
and receive in the 5-6 GHz band, wherein the isolated slit 211
is formed by removing the conducting material of the hori-
zontal portion 21 to form a slit whose both ends do not meet.

FIG. 7 schematically illustrates yet another preferred
embodiment of the ultra-wideband (UWB) antenna accord-
ing to the present invention. As shown in the figure, the
horizontal portion 21 of the ultra-wideband (UWB) antenna
according to the present invention is further cut to form an
open slit 212. The open slit 212 is used as a parasitic element
s0 as to render the ultra-wideband (UWB) antenna unable to
transmit and receive in the 5-6 GHz band, wherein the open
slit 212 is formed by removing the conducting material of the
horizontal portion 21 to form a L.-shaped slit and its end of the
horizontal segment is provided with a vertical segment 213.
Furthermore, there are two open slits 212, which are sym-
metrically disposed.

FIG. 8 schematically illustrates still another preferred
embodiment of the ultra-wideband (UWB) antenna accord-
ing to the present invention. As shown in the figure, the lower
edge of the horizontal portion 21 of the ultra-wideband
(UWB) antenna according to the present invention is further
cut to form a parasitic strip 214. The parasitic strip 214 is used





US 7,646,341 B1

5

as a parasitic element so as to render the ultra-wideband
(UWB) antenna unable to transmit and receive in the 5-6 GHz
band, wherein the parasitic strip 214 is long and narrow with
a bend 215. Furthermore, there are two parasitic strips 214,
which are symmetrically disposed.

FIG. 9 schematically illustrates the simulated and mea-
sured return loss of the ultra-wideband (UWB) antenna
shown in FIGS. 4, 6, 7, and 8, respectively, according to the
present invention. As shown in FIG. 9, the ultra-wideband
(UWB) antenna shown in FIG. 4 according to the present
invention has lower return loss in the 5-6 GHz band, and thus
is capable of transmitting and receiving in the 5-6 GHz band.
On the other hand, the ultra-wideband (UWB) antenna shown
in FIGS. 6, 7, and, 8, respectively, has higher return loss and
thus incapable of transmitting and receiving in the 5-6 GHz
band and thus can reject the signals of IEEE 802.11a (5-6
GHz).

Consequently, by putting the ultra-wideband (UWB)
antenna according to the present invention in practice, the
ultra-wideband (UWB) antenna can provide the following
advantages: it can greatly reduce the area of the printed circuit
board but do not affect its performance; it can be easily
extended to an antenna with the band-rejection function, but
the original design of the antenna needs not to be changed;
and its co-plane feeding structure is simple in geometry and
the parameters of the ultra-wideband (UWB) antenna can be
adjusted by adjusting the length and width of the horizontal
portion or the space between the lower edge of the horizontal
portion of the co-plane feeding structure and the inner cir-
cumference of the rectangular aperture portion. Therefore,
the ultra-wideband (UWB) antenna according to present
invention can indeed overcome the shortcomings of the con-
ventional prior art of the ultra-wideband (UWB) antenna.

While the invention has been described with reference to a
preferred embodiment thereof, it is to be understood that
modifications or variations may be easily made without
departing from the spirit of this invention, which is defined by
the appended claims.

What is claimed is:

1. An ultra-wideband (UWB) antenna comprising:

a rectangular aperture portion formed from a ground plane

of a printed circuit board and having an aperture;

a co-plane feeding structure having a horizontal portion

and a vertical portion;
the horizontal portion comprising a conductive material;
wherein the vertical portion is perpendicular to the hori-
zontal portion, and the vertical portion is disposed in the
aperture and connected with an external terminal;

wherein the horizontal portion has an open L-shaped slit
having a horizontal segment and a vertical segment, the
horizontal portion further having a closed end vertical
slit, the closed end vertical slit being disposed at a closed
end of the horizontal segment, the L-shaped slit and the
closed end vertical slit being defined by removed con-
ductive material from the horizontal portion.

2. The ultra-wideband (UWB) antenna according to claim
1, wherein the printed circuit board is a bendable super-thin
substrate.

3. The ultra-wideband (WB) antenna according to claim 1,
wherein the size of the rectangular aperture portion is 23 mm
in length and 13 mm in width and the size of the aperture is 4.4
mm in width.
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4. The ultra-wideband (UWB) antenna according to claim
1, wherein the vertical portion is 3.6 mm in width and the
distance between both sides of the vertical portion and the
aperture is 0.4 mm, respectively, and the horizontal portion is
10.8 mm in length and 4.0 mm in width and the distance
between the lower edge of the horizontal portion and the
lower edge of the rectangular aperture portion is 2.0 mm.
5. The ultra-wideband (UWB) antenna according to claim
4, wherein the length and width of the horizontal portion and
the distance between the lower edge of the horizontal portion
of the co-plane feeding structure and the lower edge of the
rectangular aperture portion can be adjusted to change the
parameters of the ultra-wideband (UWB) antenna.
6. The ultra-wideband (UWB) antenna according to claim
1, wherein the rectangular aperture portion and the L-shaped
slit and the closed end vertical slit of the co-plane feeding
structure are each respectively etched.
7. The ultra-wideband (UWB) antenna according to claim
1, wherein the co-plane feeding structure can use a microstrip
for feeding design.
8. The ultra-wideband (UWB) antenna according to claim
1, wherein there are two open L-shaped slits which are sym-
metrically disposed.
9. An ultra-wideband (UWB) antenna comprising:
a rectangular aperture portion formed from a ground plane
of a printed circuit board and having an aperture;
a co-plane feeding structure having a horizontal portion
and a vertical portion;
the vertical portion is perpendicular to the horizontal por-
tion, and the vertical portion is disposed in the aperture
and connected with an external terminal;
the horizontal portion having a lower edge which is further
cut to form a parasitic strip which is used as a parasitic
element; and
wherein the parasitic strip is long and narrow with a bend.
10. The ultra-wideband (UWB) antenna according to claim
9, wherein there are two parasitic strips which are symmetri-
cally disposed.
11. The ultra-wideband (UWB) antenna according to claim
9, wherein the printed circuit board is a bendable super-thin
substrate.
12. The ultra-wideband (UWB) antenna according to claim
9, wherein the size of the rectangular aperture portion is 23
mm in length and 13 mm in width and the size of the aperture
is 4.4 mm in width.
13. The ultra-wideband (UWB) antenna according to claim
9, wherein the length and width of the horizontal portion and
the distance between the lower edge of the horizontal portion
of the co-plane feeding structure and the lower edge of the
rectangular aperture portion can be adjusted to change the
parameters of the ultra-wideband (UWB) antenna.
14. The ultra-wideband (UWB) antenna according to claim
9, wherein the rectangular aperture portion and the co-plane
feeding structure are each respectively etched.
15. The ultra-wideband (UWB) antenna according to claim
9, wherein the co-plane feeding structure can use a microstrip
for feeding design.
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EXTENDABLE BUILT-IN ANTENNA UNIT OF
MOBILE DEVICE

PRIORITY

This U.S. non-provisional application claims benefit of
priority under 35 U.S.C. §119 of Korean Patent Application
No. 2006-73405, filed on Aug. 3, 2006, the contents of which
are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an extendable built-in
antenna unit for a mobile device, and more particularly to an
extendable built-in antenna unit for a mobile device serving
as a combination of embedded antenna and external antenna.

2. Background of the Related Art

Generally, a mobile device is a mobile telecommunication
application having a variety of functions, for example tele-
communication, network connections, and digital broadcast
reception. The mobile device has an antenna for improved
telecommunication.

The antenna is a wire used in radiating electric waves and/or
inducing electromotive force using electric waves for wire-
less communication. An antenna unit may be electrically
connected to a substrate and have a helical antenna and a whip
antenna.

Conventionally, an antenna unit for a mobile device may be
formed of an external antenna type, in which a helical antenna
protrudes outwards from the mobile device. In the conven-
tional external antenna type, a whip antenna may be received
in the helical antenna or may protrude from the helical
antenna. While external antenna type may provide good
antenna performance, it may adversely influence the portabil-
ity and external design of the mobile device.

FIG. 1 is a partial cross-sectional view of a conventional
external antenna unit for a mobile device 100.

Referring to FIG. 1, the external antenna unit may include
a whip antenna 120, a helical antenna 130, and an antenna
receiving part 110. The helical antenna 130 may be formed in
a spring pattern. A case 132 may surround the helical antenna
130. A grooved part 131 may be attached to the mobile device
100 and be configured to secure the helical antenna 130 to the
mobile device 100. The case 132 may have a hole, through
which the whip antenna 120 may pass.

The whip antenna 120 may be extractably and retractably
mounted in the mobile device 100. For example, the whip
antenna 120 may be inserted in the antenna receiving part 110
or may be extracted from the antenna receiving part 110. A
stopper 121 may be formed on a lower surface of the whip
antenna 120 and be configured to prevent the separation of the
whip antenna 120 from the mobile device 100.

When the mobile device 100 is located in a strong electric
field with good reception, the mobile device 100 may be used
such that the whip antenna 120 may be retracted in the
antenna receiving part 110. When the mobile device 100 is
located in a poor electric field, the mobile device 100 may be
used such that the whip antenna 120 may be extended out-
wards from the antenna receiving part 110 for improved per-
formance.

Ifthe helical antenna 130 is embedded in the mobile device
100, the resonance of the helical antenna 130 may disappear.
Therefore, the helical antenna 130 is installed outside the
mobile device 100, resulting in the mobile device 100 having
a protruding portion of an antenna unit.
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An embedded antenna unit (referred to as an intenna) has
been developed in which a helical antenna may be installed in
a mobile device. The embedded antenna unit may be incor-
porated by an inverted F-type antenna. The embedded
antenna unit may provide portability and good external
design. However, the embedded antenna unit has a difficulty
in solving the problem that the resonance of the helical
antenna may disappear when the helical antenna is installed
in the mobile device, thereby suffering poor antenna perfor-
mance.

Recent trends of mobile devices have moved towards good
external design and miniaturization. Moreover, the mobile
devices may be multifunctional, for example providing tele-
communication, wireless Internet communication, naviga-
tion, digital broadcast reception, and Bluetooth communica-
tion. Accordingly, various frequency bands may be specified
and a plurality of frequency bands may be utilized in a mobile
device. Conventional external antenna unit have limitations in
meeting the trends.

SUMMARY OF THE INVENTION

An exemplary embodiment of the present invention to
provide an extendable built-in antenna unit which may be
selectively used as an embedded antenna type or an external
antenna type according to electric field condition.

An exemplary embodiment of the present invention may
provide an extendable built-in antenna unit can provide the
improved helical antenna performance while maintaining
using an intenna pattern.

According to the present invention,

an extendable built-in antenna unit for a mobile device
includes an antenna receiving part, a helical antenna and a
whip antenna. The antenna receiving part is formed in the
mobile device and has a first portion and a second portion.
The helical antenna is extractably and retractably mounted in
the antenna receiving part. The whip antenna is extractably
and retractably mounted in the helical antenna.

The extendable built-in antenna unit further includes an
intenna pattern formed in the second portion of the antenna
receiving part. The intenna pattern prevents degradation of
antenna performance that may occur when the helical antenna
is received in the antenna receiving part.

When the helical antenna and the whip antenna are
received in the antenna receiving part, signals may be trans-
mitted through the helical antenna and the intenna pattern.

The extendable built-in antenna unit further includes a feed
point and a first contact formed in the first portion of the
antenna receiving part. The first contact is connectable to the
feed point.

The extendable built-in antenna unit further includes a
second contact formed in the second portion of the antenna
receiving part. The second contact may be connected to the
intenna pattern.

The extendable built-in antenna unit further includes a
plurality of intenna patterns. In addition, the intenna patterns
may have different lengths according to frequency bands. The
second contact may be connected to a ground to allow a
longer intenna pattern to be formed. The helical antenna may
have a case. The case may have a hole, through which the
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whip antenna may pass. The helical antenna may be wholly
inserted in the antenna receiving part.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the
present invention will become more apparent from the fol-
lowing detailed description in conjunction with the accom-
panying drawings, in which:

FIG. 1 is a partial cross-sectional view of a conventional
external antenna unit for a mobile device;

FIG. 2 is a partial cross-sectional view illustrating retrac-
tion of an extendable built-in antenna unit for a mobile device
according to the present invention;

FIG. 3 is a partial cross-sectional view illustrating extrac-
tion of the extendable built-in antenna unit for a mobile device
of FIG. 2;

FIG. 4 is a partial cross-sectional view of an extendable
built-in antenna unit for a mobile device according to another
embodiment of the present invention; and

FIG. 5 is a partial cross-sectional view of an extendable
built-in antenna unit for a mobile device according to another
exemplary embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, exemplary embodiments of the present inven-
tion are described in detail with reference to the accompany-
ing drawings. Some constructions or processes known in the
art may not be described to avoid obscuring the invention in
unnecessary detail. In addition, the meaning of specific terms
orwords used in the specification and the claims should not be
limited to the literal or commonly employed sense, but should
be construed in accordance with the spirit of the invention.
The description of the various embodiments is to be construed
as exemplary only and does not describe every possible
instance of the invention.

FIG. 2 is a partial cross-sectional view illustrating retrac-
tion of an extendable built-in antenna unit for a mobile device
200 according to the present invention.

Referring to FIG. 2, the antenna unit may include an
antenna receiving part 210, a whip antenna 220, and a helical
antenna 230. The antenna receiving part 210 may be an empty
space configured to receive the whip antenna 220 and the
helical antenna 230. The helical antenna 230 may be received
in the antenna receiving part 210. Preferably, the helical
antenna 230 may be wholly inserted in the antenna receiving
part 210, thereby allowing the mobile device 200 to be formed
as an embedded antenna type.

The antenna receiving part 210 may have a first portion and
a second portion. A first contact 213 may be formed in the first
portion and a second contact 214 may be formed in the second
portion. An intenna pattern 240 may be formed to be con-
nected to the second contact 214.

The helical antenna 230 may be formed in a spring pattern.
A case 232 preferably surrounds the helical antenna 230 and
has a hole through which the whip antenna 220 may pass.

The helical antenna 230 preferably has one contact point
corresponding to the first contact 213 of the antenna receiving
part 210, and another contact point corresponding to the
second contact 214 of the antenna receiving part 210. The
contact points of the helical antenna 230 are connectable to
the corresponding contacts 213 and 214 of the antenna receiv-
ing part 210, when the helical antenna 230 is received in the
antenna receiving part 210.
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The whip antenna 220 is preferably formed as a rod, with a
stopper 222 formed at the top of the whip antenna 220 con-
figured to prevent the whip antenna 220 from becoming inex-
tractably fixed in the case 232 of the helical antenna 230.

The mobile device 200 preferably includes a feed point
212. The feed point 212 connects the helical antenna 220
through the first contact 213. The helical antenna 230 may be
extractably and retractably mounted to the antenna receiving
part 210. For example, the helical antenna 230 may be
retracted in the antenna receiving part 210 or may be extracted
outwards from the antenna receiving part 210.

The whip antenna 220 is preferably extractably and retrac-
tably mounted to the helical antenna 230. For example, the
whip antenna 220 may be inserted in the helical antenna 230
through the hole of the case 232 or may be extended outwards
from the helical antenna 230. Preferably, the whip antenna
220 may be inserted in a space that may be created in the
spring of the helical antenna 230.

When the mobile device 200 is located in a good electric
field, the mobile device 200 may be used as an embedded
antenna type mobile device, in which the whip antenna 220
and the helical antenna 230 may be received in the antenna
receiving part 210. Signals may be transmitted using the
helical antenna 230 and the intenna pattern 240. For example,
modulated signals from a circuit may be, sent to the helical
antenna 230 and the intenna pattern 240 via the feed point
212. Signals received through the helical antenna 230 and the
intenna pattern 240 may be transmitted to a circuit via the feed
point 212.

The helical antenna 230 and the intenna pattern 240 may be
formed with lengths determined according to the resonance
frequency. Thereby, resonance may be retained and antenna
performance may not decrease even when the helical antenna
230 is received in the mobile device 200. The intenna pattern
240 may be formed considering radiation performance and
available space.

FIG. 3 is a partial cross-sectional view illustrating extrac-
tion of the extendable built-in antenna unit for the mobile
device 200 in FIG. 2. Referring to FIG. 3, when the mobile
device 200 is in a poor electric field, the mobile device 200
may be configured used as an external antenna type mobile
device, in which the whip antenna 220 and the helical antenna
230 protrude outwards from the mobile device 200. A stopper
221 may be formed at the bottom of the whip antenna 220 and
be configured to prevent the whip antenna 220 from being
extracted through the hole of the case 232 of the helical
antenna 230 and being separated from the mobile device 200.

Signals may be transmitted using the helical antenna 230
and the whip antenna 220. For example, modulated signals
from a circuit may be sent to the helical antenna 230 and the
whip antenna 220 via the feed point 212. Signals received
through the whip antenna 220 and the helical antenna 230
may be transmitted to a circuit via the feed point 212.

In alternative embodiments, the helical antenna 230 may
protrude outwards from the antenna receiving part 210 and
the whip antenna 220 may be inserted in the helical antenna
230.

FIG. 4 is a partial cross-sectional view of an extendable
built-in antenna unit for the mobile device 200 according to
another embodiment of the present invention.

Referring to FIG. 4, the mobile device 200 may have a
plurality of intenna patterns for a plurality of resonance fre-
quencies. Each intenna pattern preferably has a different
length. Thereby the antenna unit may operate in a plurality of
frequency bands.

For example, the antenna unit may have a first intenna
pattern 240 and a second intenna pattern 241. The length of
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the first intenna pattern 240 may be formed in conformity
with the resonance frequency for telecommunication, and the
length of the second intenna pattern 241 may be formed in
conformity with the resonance frequency for navigation.
Thereby telecommunication signals and navigation signals
may be transmitted using a single antenna unit.

A conventional mobile device may require a plurality of
antenna units to transmit signals of different frequency bands.
According to the present invention, the mobile device 200
may transmit signals of different frequency bands using the
intenna patterns 240 and 241 instead of multiple antenna
units, thereby resulting in a small-sized mobile device.

FIG. 5 is a partial cross-sectional view of an extendable
built-in antenna unit for the mobile device 200 according to
another embodiment of the present invention.

Referring to FIG. 5, a second contact 214 may be con-
nected to a ground. The length of an intenna pattern 240
connected to a ground may be formed longer than that of an
intenna pattern not connected to a ground. The intenna pattern
240 may be formed with a direction and a length determined
for improved antenna performance.

The mobile devices include mobile electronic apparatus,
for example mobile phones, Personal Digital Assistants
(PDAs), Global Positioning system (GPS), navigators, or
digital broadcast receivers.

In accordance with the exemplary embodiments of the
present invention, a mobile device uses an extendable built-in
antenna unit as an embedded antenna type in a good electric
field and uses an external antenna type in a poor electric field.

The extendable built-in antenna unit may have an intenna
pattern. The intenna pattern may prevent degradation of
antenna performance that may occur when a helical antenna
is positioned inside a mobile device. Further, the extendable
built-in antenna unit may have a plurality of intenna patterns
for a plurality of frequency bands, resulting in a small-sized
mobile device.

Although exemplary embodiments of the present invention
have been described in detail hereinabove, it should be under-
stood that many variations and/or modifications of the basic
inventive concept herein described, which may appear to
those skilled in the art, will still fall within the spirit and scope
of the exemplary embodiments of the present invention as
defined in the appended claims.
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What is claimed is:

1. An extendable built-in antenna unit for a mobile device,
the antenna unit comprising:

an antenna receiving part formed in the mobile device,

having a first portion and a second portion;

a helical antenna extractably and retractably mounted in

the antenna receiving part;

a whip antenna extractably and retractably mounted in the

helical antenna,

a feed point formed in the first portion of the antenna

receiving part; and

an intenna pattern formed in the second portion of the

antenna receiving part,

wherein, when the helical antenna and the whip antenna are

retracted, the helical antenna and the whip antenna are
wholly inserted in the antenna receiving part, and the
helical antenna is connected to the feed point and the
intenna pattern, and signals are transmitted through the
helical antenna and the intenna pattern, and

wherein, when the helical antenna and the whip antenna are

extracted, the helical antenna and the whip antenna con-
nect in series, and the helical antenna is connected to the
feed point, and signals are transmitted through the heli-
cal antenna and the whip antenna.

2. The extendable built-in antenna unit of claim 1, further
including a first contact formed in the first portion of the
antenna receiving part, wherein the first contact is connected
to the feed point.

3. The extendable built-in antenna unit of claim 1, further
including a second contact formed in the second portion of the
antenna receiving part, wherein the second contact is con-
nected to an intenna pattern.

4. The extendable built-in antenna unit of claim 1, further
including a plurality of intenna patterns.

5. The extendable built-in antenna unit of claim 4, wherein
each of the intenna patterns has a different length.

6. The extendable built-in antenna unit of claim 3, wherein
the second contact is connected to a ground.

7. The extendable built-in antenna unit of claim 1, wherein
the helical antenna has a case, and the case has a hole, through
which the whip antenna passes.

#* #* #* #* #*
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1
MULTI-BAND ANTENNA

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to a multi-band
antenna, and more particularly to a multi-band antenna used
for electronic devices, such as notebook.

2. Description of the Prior Art

As communication technology is increasingly improved,
the weight, volume, cost, performance, and complexity of a
communication system also become more important, so
antennas that transmit and receive signals in a wireless com-
munication system especially ‘draw designers’ attention. In a
wireless local area network (WLAN), because the space for
setting up an antenna is limited and the antenna should trans-
mit a large amount of data, the antenna should be carefully
designed. And for the requirement of small size, the antenna
is needed to be able to transmit all signals of WLAN bands,
802.11b(2.4 GHz) and 802.11a(5.2 GHz).

Referring now to FIG. 1, a conventional multi-band
antenna 1' is shown and includes a first antenna 100" and a
second antenna 200" having similar structure as that of the first
antenna 100'. Both of the first antenna 100' and the second
antenna 200' are used as WLAN antennas. The second
antenna 200" has an [.-shape low-frequency radiating portion
with a band portion 4' located on the free end thereof, so that
the low-frequency radiating portion of the first antenna 100’
and the low-frequency radiating portion of the second
antenna 200" respectively locate in different planes. This
structure reduces the interference between the first antenna
100" and the second antenna 200'. However, with the volume
of the antenna reducing, the disturb therebetween will
become greater, and this structure can not make the antenna 1'
achieve enough bandwidth.

Hence, an improved antenna is desired to overcome the
above-mentioned shortcomings of the existing antennas.

BRIEF SUMMARY OF THE INVENTION

A primary object, therefore, of the present invention is to
provide a multi-band antenna with simple structure, reduced
size and lower interference.

In order to implement the above object and overcomes the
above-identified deficiencies in the prior art, the multi-band
antenna comprises a first antenna, a second antenna, and a
common grounding element, wherein both of said first
antenna and said second antenna comprises a radiating ele-
ment having a low-frequency radiating section and a high-
frequency radiating section, and the radiating element of said
first antenna has a main body locating in a plane different
from that of a main body of the radiating element of said
second antenna, and said low-frequency radiating section of
said first antenna is located adjacent to said high-frequency
radiating section of said second antenna.

Other objects, advantages and novel features of the inven-
tion will become more apparent from the following detailed
description of a preferred embodiment when taken in con-
junction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view illustrating a conventional
multi-band antenna;

FIG. 2 is a perspective view of a multi-band antenna
according to a preferred embodiment of the present invention;
and
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FIG. 3-5 are views similar to FIG. 2 but take from different
aspects.

DETAILED DESCRIPTION OF THE INVENTION

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

Reference to FIG. 2 to FIG. 5, a multi-band antenna 1
according to the present invention is shown. The multi-band
antenna 1 is shaped from a metal patch, and comprises sym-
metrically arranged first antenna 2, second antenna 3, and a
common grounding element 4.

The first antenna 2 comprises a first radiating element 2', a
first grounding portion 200, a first connecting element 100
connecting the first radiating element 2' and the first ground-
ing portion 200, and a feeding section 7. The first radiating
element 2' comprises a first radiating section 10, a second
radiating section 20, and a third radiating section 30. The first
radiating section 10 and the second radiating section 20 have
a common radiating arm 1020. The first radiating section 10
consists of a first radiating arm 11 and the common radiating
arm 1020, and the second radiating section 20 consists of a
Z-shape radiating arm 20' and the common radiating arm
1020. The Z-shape radiating arm, comprises a first arm 21
connecting with the first radiating arm 11 to form a first
longwise metal arm 70, a second arm 22 extending vertically
from free end of the first arm 21, and a third arm 23 extending
vertically from lower end of the second arm 22. The third arm
23 is parallel to the first arm 21, and each of the first arm 21
and the third arm 23 respectively stands opposite sides of the
second arm 22. The third radiating section 30 extends verti-
cally from the common radiating arm 1020, and forms a
second longwise metal arm 80 with the first connecting ele-
ment 100. The radiating arm 11, the common radiating arm
1020, and the third radiating section 30 constitute a U-shape.
The first grounding portion 200 extends vertically from the
first connecting element 100 to connect with the grounding
element 4. All of the first radiating element 2' of the first
antenna 2, the first connecting element 100 and the first
grounding portion 200 are located in the same plane. In this
embodiment, the feeding section 7 is used to connect a feed-
ing line (not shown), and extends vertically from the joint of
the first connecting element 100 and the third radiating sec-
tion 30 and is perpendicular to the plane in which the first
connecting element 100 and the third radiating section 30 are
located. That is, the feeding section 7 is located in a plane
parallel to that of the grounding element 4. The first radiating
section 10 works at a high frequency and the second radiating
section 20 works at a low frequency. The third radiating
section 30 is used to add the bandwidth of the first radiating
section 10. In alternative embodiments of the present inven-
tion, the position of the feeding section 7 can be changed
which is determined by the length change of'the first radiating
element 2'.

The second antenna 3 comprises a second radiating ele-
ment 3', a second grounding portion 400, a second connecting
element 300 connecting the second radiating element 3' and
the second grounding portion 400, and a feeding section 8.
The second radiating element 3' comprises a fourth radiating
section 40, a fifth radiating section 50, and a sixth radiating
section 60. One end of the fourth radiating section 40 con-
nects to the sixth radiating section 60, and the other end of the
fourth radiating section 40 presents arc shape. The fifth radi-
ating section 50, an [-shape metal patch, comprises a first
metal arm 51 and a second metal arm 52. The first metal arm
51 connects to the sixth radiating section 60, and the second
metal arm 52 extend vertically from the first metal arm 51
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toward the grounding element 4. The sixth radiating section
60 comprises a second radiating arm 61 forming a third long-
wise metal arm 90 together with the second connecting ele-
ment 300, a third radiating arm 62 extending vertically from
the second radiating arm 61, and a fourth radiating arm 63
extending from the third radiating arm 62 to connect the
fourth radiating section 40 and the fifth radiating section 50.
The second grounding portion 400, performing an L. shape,
comprises a grounding patch 401 and an extension section
402. The extension section 402 is able to enhance the inten-
sion of the structure of the second antenna 3'. The third
longwise metal arm 90, the grounding patch 401 and the
extension section 402 of the grounding element 40 present a
Z-shape structure, and the second radiating arm 61 and the
connecting element 300 respectively locate at the opposite
sides of the third radiating arm 62. In this embodiments of
present invention, the feeding section 8, adapted for connect-
ing a feeding line (not shown), extends vertically to the fourth
radiating arm 63 of'the sixth radiating 60 from the joint of the
fourth radiating section 40, the fifth radiating section 50 and
the fourth radiating arm 63, and is perpendicular to the plane
in which the fourth radiating section 40, the fifth radiating
section 50 and the fourth radiating arm 63 are located. Thus,
the free end of the feeding section 8 is parallel to the ground-
ing element 4. The fourth radiating section 40 works at a high
frequency and the fifth radiating section 50 works at a low
frequency. The sixth radiating section 60 is used to add the
bandwidth of the fourth radiating section 40. In alternative
embodiments of the present invention, the position of the
feeding section 8 can be changed determined by the length
change of the radiating element 3'. The fourth radiating sec-
tion 40, the fourth radiating arm 63 and the first metal arm 51
locate in a same plane perpendicular to a plane which other
components of the second antenna 3 are located in.

The first radiating section 10 and the second radiating
section 20 of the first antenna 2 is the main body of the first
antenna 2. The fourth radiating section 40, the fifth radiating
section 50, and the fourth radiating arm 63 of the sixth radi-
ating section 60 are the main body of the second antenna 3.

The grounding element 4 has a pair of mounting portions 5,
6 respectively extending from the opposite sides thereof, and
both of two mounting portions 5, 6 are located in the same
plane.

All of the second grounding portion 400, the second con-
necting element 300, the second radiating arm 61 and the
third radiating arm 62 of the sixth radiating section 60 are
located in the first plane a, and all of the fourth radiating
section 40, the first metal arm 51 of the fifth radiating section
50, and the fourth radiating arm 63 of the sixth radiating
section 60 are in the second plane b. The first plane is perpen-
dicular to the second plane b. In this embodiment of the
present invention, the first antenna 2 is located in the second
plane b, the feeding section 8 is located in the plane a, and the
feeding section 7 is located in the plane b. The grounding
element 4, located in the plane b, is a metal patch, and con-
nects to the first grounding portion 200 and the second
grounding portion 400.

In this embodiment of the present invention, the low-fre-
quency radiating section 20 of the first antenna 2 is adjacent to
the high-frequency radiating section 40 of the second antenna
3. The first radiating element 2' of the first antenna 2 is located
in a plane different from the plane in which the fourth radi-
ating section 40, the first metal arm 51, the fourth radiating
arm 63 of the sixth radiating section 60 locate. Therefore, the
influence between the first antenna 2 and the second antenna
3 is reduced in a small space.
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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 illustrative 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 permitted by the
prior art.

What is claimed is:

1. A multi-band antenna, comprising:

a first antenna;

a second antenna; and

a common grounding element;

wherein both of said first antenna and said second antenna

comprises a radiating element having a low-frequency
radiating section and a high-frequency radiating section,
the radiating element of said first antenna has a main
body locating in a plane different from that of a main
body of the radiating element of said second antenna,
and said low-frequency radiating section of said first
antenna is located adjacent to said high-frequency radi-
ating section of said second antenna and far from the
low-frequency radiating section of said second antenna.

2. The multi-band antenna as claimed in claim 1, wherein
said plane in which said main body of said first antenna is
located is perpendicular to said plane in which said main body
of said second antenna is located.

3. The multi-band antenna as claimed in claim 1, wherein
said first antenna comprises a first radiating section working
at said high frequency, a second radiating section working at
said low frequency and having a common radiating arm with
said first radiating section, and a third radiating section con-
necting said common radiating arm and adding the bandwidth
of said first radiating section.

4. The multi-band antenna as claimed in claim 3, wherein
said main body of said first antenna comprises said first radi-
ating section, said second radiating section.

5. The multi-band antenna as claimed in claim 3, wherein
said second radiating section comprises an Z-shape radiating
arm comprising a first arm extending from the joint of said
first radiating section and said common radiating arm, a sec-
ond arm extending vertically from said first arm to said
grounding element, and a third arm extending vertically from
said second arm and locating on the opposite sides of said
second arm with said first arm.

6. The multi-band antenna as claimed in claim 5, wherein
said first radiating section connects said first arm of said
Z-shape radiating arm forming a longwise metal arm, and
said third radiating section and said common radiating arm
compose of a second longwise metal arm.

7. The multi-band antenna as claimed in claim 6, wherein
said first longwise metal arm locate in a plane which is dif-
ferent from but parallel to the plane in which said second
longwise metal arm locate.

8. The multi-band antenna as claimed in claim 5, wherein
said first antenna comprises a first grounding portion connect-
ing to said common grounding element and a first connecting
portion connecting said radiating element and said first
grounding portion, and said radiating element of said first
antenna, said first connecting element and said first grounding
portion locate in the same plane.

9. The multi-band antenna as claimed in claim 8, wherein
said first antenna comprises a feeding section adapted for
connecting a feeding line and extending from the joint of said
third radiating section and said first connecting portion and is
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perpendicular to a plane in which said first connecting ele-
ment and said third radiating section is located.

10. The multi-band antenna as claimed in claim 9, wherein
said second antenna comprises a feeding section is located in
aplane different from the plane in which said feeding section
of said first antenna is located.

11. The multi-band antenna as claimed in claim 3, wherein
said second antenna comprises a second grounding portion
connecting said common grounding element and said second
connecting portion.

12. The multi-band antenna as claimed in claim 11,
wherein said radiating element of said second antenna com-
prises a fourth radiating section working at said high fre-
quency, an [-shape fifth radiating section working at said low
frequency, and a sixth radiating section adding the bandwidth
of the high frequency.

13. The multi-band antenna as claimed in claim 12,
wherein said the main body of said second antenna comprises
said fourth radiating section, said fifth radiating section.

14. The multi-band antenna as claimed in claim 12,
wherein said fourth radiating section of said second antenna
comprises an end connecting to the sixth radiating section,
and the other end presenting arc shape.

15. The multi-band antenna as claimed in claim 12,
wherein said second radiating section of said first antenna is
adjacent to said fourth radiating section of said second
antenna.

16. The multi-band antenna as claimed in claim 1, wherein
said grounding element comprises two mounting portions
respectively located on the opposite sides thereof, and both of
two mounting portions locate in the same plane.

17. A multi-band antenna comprising:

a first antenna;

a second antenna; and

a common grounding element defined in the first plane;

the first antenna including a first radiating element having

first, second and third antenna sections all extending in a
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second plane essentially perpendicular to the first plane,
said first antenna further including a grounding section
connected to the common grounding element and copla-
nar with the second plane;

the second antenna including a second radiating element
having first, second, third antenna segments wherein the
first and second antenna segments are located in a third
plane parallel to the first plane and perpendicular to the
second plane, while the third antenna segment is located
in the second plane; and said second antenna further
including a grounding segment connected to the com-
mon grounding element and coplanar with the second
plane.

18. The antenna as claimed in claim 17, wherein the second
radiating antenna sections defines an offset configuration
while all the first radiating element is still in the same plane,
while the second radiating segment forms a bent configura-
tion defining a fourth plane so as to have the all the second
radiating element is located in the second, third and fourth
planes, respectively.

19. An antenna comprising:

a large grounding element defining a first plane;

a radiating element including first and second radiating
segments defined in a second plane parallel to said first
plane, and a third radiating segment defined in a third
plane perpendicular to both said first and second planes,
the second radiating segments further forming a bend
extending in a fourth plane perpendicular to all first,
second and third planes; wherein

a feeding section is formed around a joint area of the first
and second segments and extending in a fifth plane
essentially parallel to the third plane, said feeding sec-
tion being configured to be connected to a feeding cable.

20. The antenna as claimed in claim 19, wherein an end of
the first radiating segment opposite to the second radiating
segment is tipped.
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ANTENNA DEVICE AND WIRELESS
COMMUNICATION APPARATUS USING
SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an antenna device and
more particularly to the antenna device that can operate in a
plurality of frequency bands and a wireless communication
device using the antenna device.

2. Description of the Related Art

In recent years, a wireless communication apparatus such
as a mobile phone or a like has become widespread and
various bands of frequencies are used in communications.

In a recently-available mobile phone called a dual-band,
triple-band, or quad-band type mobile phone in particular,
one mobile phone is made to operate in a plurality of trans-
mitting and receiving frequency bands.

In such a circumstance, hurried development of an antenna
device making up antenna circuits embedded in a mobile
phone or a like being capable of operating in the plurality of
transmitting and receiving frequency bands described above
is needed.

It is thus necessary that, in order to respond to needs for
further miniaturization of a wireless communication appara-
tus such as a mobile phone and for operations in a multi-band
of frequencies, despite a tendency of an increase in antenna
components, the antenna device can achieve its miniaturiza-
tion and can have high performance.

An example of such a conventional antenna device embed-
ded in one mobile phone being a wireless communication
apparatus which uses a plurality of transmitting and receiving
frequency bands is disclosed in Patent Reference 1 (Japanese
Patent Application Laid-open No. 2004-88218) in which
antennas each operating in every different transmitting and
receiving band to be used is embedded in an antenna device of
a mobile phone and these antennas are connected to one
power feeding port in a branched manner to be mounted in a
substrate (this technology is referred to as a conventional
example).

However, such a conventional antenna device has prob-
lems. That is, the conventional antenna device generally does
not use mutually and electromagnetically each of compo-
nents making up the antenna device, in order words, the
conventional antenna device arranges antennas in a manner
being apart from one another so as to decrease mutual inter-
ference among antennas. Furthermore, in the conventional
antenna device, power is fed to every antenna corresponding
to each transmitting and receiving frequency band and, there-
fore, antenna switches are required, which causes the antenna
circuit on the circuit to occupy space in the antenna device
area.

There are conventional antenna devices in which one
antenna is configured to handle signals in the IDCS band
(1700 MHz), PCS band (1800 MHz), GSM band (900 MHz),
and UMTS band (2200 MHz) in a shared manner to allot
transmitting and receiving signals in the above GSM and
UMTS bands to each transmitting and receiving circuit by
using antenna switches.

However, the antenna switches used in the conventional
antenna device to allot signals have complicated configura-
tions and large insertion loss occurs in the UMTS band of
high frequencies in particular.

Moreover, the above conventional antenna device presents
another problem in that signals in all the DCS, PCS, GMC,
and UMTS bands are handled in a shared manner using a
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single power feeding port, a deviation occurs in diffusion of
radio waves, causing non-uniformity of directivity of verti-
cally polarized waves in the antenna corresponding to each of
the transmitting and receiving frequency bands.

Moreover, when these antennas are applied to a wireless
communication apparatus such as a mobile phone, antenna
switches to switch the transmitting and receiving frequency
band are required, which occupies space for the antenna
device on the substrate and, as a result, a degree of freedom of
arrangement (layout) of the antenna in a cabinet of the wire-
less communication apparatus is decreased, which makes it
difficult to miniaturize the wireless communication apparatus
such as a mobile phone.

Furthermore, the conventional antenna device also has
another problem in that, though easy impedance matching in
a plurality of transmitting and receiving frequency bands is
expected by mounting a main antenna on a substrate without
using an antenna switch and by making a sub-antenna be
branched from an intermediate position of the main antenna,
problems of being unable to maintain non-directivity of ver-
tically polarized waves of an antenna corresponding to each
transmitting and receiving frequency band in a triple band
including the GSM, DCS, and PCS bands and in a quad band
including the GSM, DCS, PCS, and UMTS bands and being
unable to stop a decrease in insertion loss and of being unable
to save space remain still unsolved.

SUMMARY OF THE INVENTION

In view of the above, it is an object of the present invention
to provide an antenna device which is capable of operating in
awider band of frequencies (in a plurality of transmitting and
receiving frequency bands), achieving an excellent gain,
maintaining non-directivity of vertically polarized waves in
each of the transmitting and receiving frequency bands, and
saving space.

The present inventor of the present invention has made
various studies and researches of the antenna device to
achieve integration of smaller antenna components and to
realize electromagnetic mutual use of these smaller antenna
components.

That is, to solve the above problems, according to the
antenna device invented by the inventor, the antenna device
includes a substrate, a first antenna mounted on said substrate,
a second antenna mounted on the substrate and, a third
antenna mounted on the substrate wherein each of the first,
second, and third antennas operates in first, second, and third
transmitting and receiving frequency bands each being dif-
ferent from one another and the first and second antennas are
connected to a transmitting and receiving circuit via the same
power feeding port (first power feeding port) and the third
antenna is connected to the transmitting and receiving circuit
via a second power feeding port being different from the first
power feeding port and a gap is interposed between the first or
second antenna and the third antenna on the substrate in a
manner in which electrostatic capacity occurs between the
first or second antenna and the third antenna that can be
mutually used electromagnetically.

Also, the antenna device including a substrate, a first
antenna mounted on said substrate, a second antenna
mounted on the substrate, and a third antenna mounted on the
substrate, wherein each of the first, second, and third antennas
operates in each of transmitting and receiving frequency
bands being different from one another and the first and
second antennas are connected to a transmitting and receiving
circuit via the same power feeding port (first power feeding
port) and the third antenna is connected to the transmitting
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and receiving circuit via a second power feeding port being
different from the first power feeding port and the first or
second antenna and the third antenna are mounted on the
substrate with a gap interposed between the first or second
antenna and the third antenna so that the first or second
antenna is electrostatically and capacitively coupled to the
third antenna and, as a result, a resonant current from the
second antenna and a resonant current from the third antenna
flow between the fast power feeding port of the second
antenna and the second power feeding port of the third
antenna.

By configuring as above, space needed antenna itself and
among antennas for every transmitting and receiving fre-
quency band can be used electromagnetically and mutually,
which allows the antenna to operate in a wider band (a plu-
rality of transmitting and receiving frequency bands) and to
obtain excellent gain and maintain non-directivity of verti-
cally polarized waves in each of the transmitting and receiv-
ing bands, in a space-saving manner.

In particular, the antenna device of the present invention
provides flexibility that leads to easy realization of operations
in wider band (a plurality of transmitting and receiving fre-
quency band) of frequencies to be used. The above configu-
rations allow the antenna device to obtain excellent gain in a
wide band (in a plurality of transmitting and receiving fre-
quency bands) and to achieve non-directivity of vertically
polarized waves.

Moreover, the above configurations allow the antenna
device to obtain excellent gain and achieve non-directivity of
vertically polarized waves in each of the above transmitting
and receiving frequency bands.

According to the configurations as above, the second
antenna is connected to the transmitting and receiving circuit
via the same power feeding port connected to the first antenna
and the third antenna is connected to the transmitting and
receiving circuit via the power feeding port being different
from the above power feeding port connected to the first
antenna and the first or second antenna and the third antenna
are mounted on the substrate with the gap interposed between
the first or second antenna and the third antenna.

Therefore, by adjusting an interval of the gap, the first or
second antenna can be electrostatically and capacitively
coupled to the third antenna, thus enabling the electromag-
netic and mutual use of the gap, thereby improving imped-
ance matching among the first, second, and third antenna and,
as a result, the antenna can operate in each wide band and
obtain excellent gain and maintain non-directivity of verti-
cally polarized waves.

Moreover, the gap denotes an interval in which at least
electrostatic and capacitive coupling occurs.

However, it is not necessary that both the first and second
antennas are electrostatically and capacitively coupled to the
third antenna. Minimum requirement is that either of the first
antenna or the second antenna is mounted on the substrate
with a gap interposed between the first or second antenna and
third antenna and is electrostatically and capacitively coupled
to the third antenna.

Since the first or second antenna is electrostatically and
capacitively coupled to the third antenna, it is preferable that
no grounding electrode is provided between the first or sec-
ond antenna and the third antenna so as not to hinder electro-
magnetic and mutual use.

Also, according to the configurations as above, the second
antenna is connected to the transmitting and receiving circuit
via the same power feeding port as used for the first antenna
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and, therefore, signals transmitted and received by the first
antenna and the second antenna can be processed by the same
signal processing circuit.

As aresult, parts such as antenna switches used to switch a
band of frequencies are not required and configurations of the
transmitting and receiving circuit can be simplified and space
not only for the antenna but also circuits can be saved.

Also, an antenna to be connected to the transmitting and
receiving circuit through the first power feeding port can be
made up of the chip-type antenna being the first antenna to
operate in the GSM band or the pattern antenna being the
second antenna to operate in the DCS or PCS band.

Moreover, an antenna to be connected to the transmitting
and receiving circuit through the second power feeding port
can be made up of the layer-stacked antenna being the third
antenna to operate in the UMTS band.

Preferably, the first power feeding port is mounted nearer to
one side relative to a center of the substrate and the second
power feeding port is mounted nearer to one side being oppo-
site to the one side relative to the center of the substrate.

By configuring as above, the second antenna is electrostati-
cally and capacitively coupled to the third antenna and, as a
result, a resonant current from the second antenna and a
resonant current from the third antenna flow between the first
power feeding port of the second antenna and the second
power feeding port of the third antenna.

Since two power feeding ports are arranged so as to be
symmetrical to each other with respect to a central line of the
substrate in its longitudinal direction, at a distance between
the two power feeding ports, a node of an electromagnetic
wave having a /4 waveform in the GMS band or V2 waveform
in the DCS, PCS, and UMTS bands is formed, which solves
aproblem of a null point (drop point of a gain) on the surface
of the substrate and which enables the antenna to maintain
non-directivity of vertically polarized waves in the GSM,
DCS, PCS, and UMTS bands.

Also, the first transmitting and receiving frequency band to
be used in said first antenna may be a band of frequencies
being lower than frequencies to be used in the second and
third antennas and the first antenna may be a chip-type
antenna including a base body made of at least one of a
dielectric material and a magnetic material and a conductor
attached to said base body.

By configuring as above, the first antenna that operates in a
band of, for example, comparatively low frequencies such as
aGSM, that is, in a band of frequencies having comparatively
long waveform can be made up of a chip-antenna.

By attaching a conductor pattern to a chip being a dielec-
tric, a wavelength shortening effect is obtained, thereby
enabling miniaturization of the antenna device. Owing to this,
the antenna can operate in a band of comparatively low fre-
quencies such as a GSM band in a flexible and simple manner
and its occupied area in an antenna device on the substrate can
be made small.

Also, the second antenna can be configured as a pattern
antenna made up of a conductor pattern formed on the sub-
strate. By configuring as above, though the occupied area of
the second antenna on the substrate becomes comparatively
large, its height on the substrate can be made small, which
enables the second antenna and the antenna device to be small
in height.

Also, the second transmitting and receiving frequency
band to be used in the second antenna may contain transmit-
ting and receiving frequency bands to be used in at least two
communication systems being different from one another.
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By configuring as above, the second antenna can be used as
an antenna that can operate in at least two transmitting and
receiving frequencies.

Therefore, the antenna device of the present invention can
be used as at least the quad-band type antenna.

For example, a frequency band of the DCS band is near to
that of the PCS band and signals in the DCS and PCS bands
can be processed by the same transmitting and receiving
circuit and, therefore, by configuring the second antenna as
the antenna that can operate in the DCS and PCS bands, the
antenna device of the present invention can be configured as
the quad-band antenna device that can operate in four trans-
mitting and receiving frequency bands including, for
example, the GSM, DCS, PCS, and UMTS bands.

Also, the third transmitting and receiving frequency band
to be used in the third antenna is a band of frequencies being
higher than transmitting and receiving frequencies to be used
in the second antenna, wherein the third antenna is a chip-type
antenna including a base body made of at least one of a
dielectric material and a magnetic material and conductors
attached to the base body.

By configuring as above, in the same manner as the chip
antenna is used in the GSM band, the third antenna that
operates in a band of comparatively high frequencies such as
a UMTS band can be configured as a chip-type antenna and,
therefore, the third antenna of the present invention can be
made small in size and can operate in a band of comparatively
high frequencies such as a UMTS in a flexible and simple
manner and its occupied area on the substrate can be made
small.

Also, preferably, the third antenna is a layer-stacked
antenna obtained by arranging the conductors in the base
body.

By configuring as above, an effective dielectric constant of
the third antenna is made high and, as a result, a volume of the
antenna base body can be made smaller and can be miniatur-
ized more when compared with the case in which the third
antenna device is configured as the chip-type antenna.

Thus, the antenna device of the present invention can be
configured as a surface mounting antenna device in which the
first, second, and third antennas are mounted on the surface of
the base.

Preferably, the second antenna and the third antenna are
mounted on the substrate with the gap interposed between the
second and third antennas.

By configuring as above, the second antenna being the
pattern antenna operating in the DCS and PCS bands can be
electrostatically and capacitively coupled to the third antenna
being the layer-stacked antenna operating in the UMTS band.

Also, the first antenna may be mounted on a main surface
of'the substrate and the second antenna may be mounted on a
rear of the main surface of the substrate and may be connected
to the first antenna mounted on the main surface via a through
hole electrode connected to a line to connect the first antenna
to the first power feeding port.

Also, the first antenna is mounted on the main surface of the
substrate and the second antenna is mounted on the rear of the
main surface with the substrate being interposed between the
first and second antennas so that the first antenna faces the
second antenna and so that the second antenna is electrostati-
cally and capacitively coupled to the first antenna and so that
the second antenna is connected to the first power feeding
port.

By configuring as above, the second antenna may be
mounted on a rear of the main surface of the substrate and is
not connected to the first antenna mounted on the main sur-
face via a through hole electrode connected to a line to con-
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6

nect the first antenna to the first power feeding port and,
therefore, a process of formation of a hole on the substrate is
not required which simplifies manufacturing processes.

Also, preferably, no grounding electrode is provided
between the first and second antennas and the third antenna.

By configuring as above, by electrostatically and capaci-
tively coupling the first and second antennas and the third
antenna, a resonant current is made to flow and, therefore,
preferably no grounding electrode is provided between the
first and second antenna and the third antenna.

Since a distance between the antenna and the grounding
electrode is large, capacitive coupling between the antenna
and the grounding electrode is small, which causes the reso-
nant current to be made small. As a result, radiation efficiency
of radio waves radiated from the antenna is improved, how-
ever, it is made difficult to maintain non-directivity and to
respond to a wider band of transmitting and receiving fre-
quencies.

Furthermore, according to the present invention, the
antenna device having the configurations described above is
embedded in a wireless communication apparatus.

Owing to this, it is made possible to save space for the
antenna device embedded in the wireless communication
apparatus and to increase a degree of freedom of arrangement
(layout) of the antenna device in the wireless communication
apparatus and to achieve the miniaturization of the wireless
communication apparatus.

With the above configuration, it is made possible to realize
a small-sized antenna device which can operate in a wide
band (in a plurality of transmitting and receiving frequency
bands) and obtain excellent gain in every band of transmitting
and receiving frequencies and maintain non-directivity of
vertically polarized waves.

Therefore, when the antenna device is applied to a wireless
communication apparatus such as a mobile phone, space for
the embedded circuit can be saved, thus increasing a degree of
freedom of arrangement (layout) which facilitate miniatur-
ization of the wireless communication apparatus.

Also, according to the present invention, when signals in
the GSM band or UMTS band are switched, the transmitting
and receiving circuit for signals in the GSM band is separated
from the transmitting and receiving circuit for the signals in
the UMTS band and, therefore, no complicated antenna
switches used to switch the transmitting and receiving band
are required, thereby enabling a decrease in insertion loss.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, advantages, and features of
the present invention will be more apparent from the follow-
ing description taken in conjunction with the accompanying
drawings in which:

FIG. 1 is a diagram showing basic configurations of an
antenna device according to the first example of the first
embodiment of the present invention and FIG. 1(a) is a per-
spective view illustrating an entire configuration of the
antenna device of the first example and FIG. 1(5) is an
expanded perspective view illustrating main portions of the
antenna device and FIG. 1(c) is a plan view illustrating an
entire configuration of the antenna device;

FIG. 2 is a diagram illustrating basic configurations of an
antenna circuit in the antenna device shown in FIG. 1 and
FIG. 2(a) shows a component mounting surface of the sub-
strate and FIG. 2(b) shows a rear side of the substrate;

FIG. 3 is a diagram illustrating basic configurations of an
antenna device used as a comparison example and FIG. 3(a)
is a perspective view showing its entire configuration and
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FIG. 3(b) is an expanded perspective view of its main portion
and FIG. 3(¢) is a plan view illustrating its entire configura-
tion;

FIG. 4 is a diagram showing basic configurations of an
antenna circuit employed in the antenna device shown in FIG.
3 and FIG. 4(a) is a diagram showing an antenna mounting
main surface side of its substrate and FIG. 4(b) is a diagram
showing a rear side of the substrate;

FIG. 5 is a diagram showing antenna properties of the
antenna device used as the comparison example in the GSM
band;

FIG. 6 is a diagram showing antenna properties of the
antenna device used as the comparison example in the GSM
band;

FIG. 7 is a diagram showing antenna properties of the
antenna device used as the comparison example in the DCS
band and PCS band;

FIG. 8 is a diagram showing antenna properties of the
antenna device used as the comparison example in the DCS
band and PCS band;

FIG. 9 is a diagram showing antenna properties of an
antenna device in the GSM band according to the first
example of the first embodiment of the present invention;

FIG. 10 is a diagram showing antenna properties of the
antenna device in the GSM band according to the first
example of the first embodiment of the present invention;

FIG. 11 is a diagram showing antenna properties of the
antenna device in the DCS band and PCS band according to
the first example of the first embodiment of the present inven-
tion;

FIG. 12 is a diagram showing antenna properties of the
antenna device in the DCS band and PCS band according to
the first example of the first embodiment of the present inven-
tion;

FIG. 13 is a diagram showing antenna properties of the
antenna device in the UMTS band according to the first
example of the first embodiment;

FIG. 14 is a diagram showing antenna properties of the
antenna device in the UMTS band according to the first
example of the first embodiment of the present invention;

FIG. 15 is a diagram showing basic configurations of an
antenna circuit according to the second example of the first
embodiment of the present invention and FIG. 15(a) is a
diagram showing an antenna mounting main surface side of
its substrate and FIG. 15(b) is a diagram showing a rear side
of the substrate;

FIG. 16 is a diagram showing basic configurations of an
antenna circuit according to the first example of the second
embodiment of the present invention and FIG. 16(a) is a
diagram showing an antenna mounting main surface side of
its substrate and FIG. 16(5) is a diagram showing a rear side
of the substrate;

FIG. 17 is a diagram showing basic configurations of an
antenna circuit according to the second example of the second
embodiment of the present invention and FIG. 17(a) is a
diagram showing an antenna mounting main surface side of
its substrate and FIG. 17(b) is a diagram showing a rear side
of the substrate;

FIG. 18 is a diagram showing basic configurations of an
antenna circuit according to the third example of the second
embodiment of the present invention and FIG. 18(a) is a
diagram showing an antenna mounting main surface side of
its substrate and FIG. 18(5) is a diagram showing a rear side
of the substrate;

FIG. 19 is a diagram showing basic configurations of an
antenna circuit according to the third embodiment of the
present invention and FIG. 19(a) is a diagram showing an
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antenna mounting main surface side of its substrate and FIG.
19(b) is a diagram showing a rear side of the substrate;

FIG. 20 is a diagram illustrating configurations of a chip-
type antenna of a modified example;

FIG. 21 is a diagram showing configurations of a layer-
stacked antenna of a modified example and FIG. 21(a) is a
modified example of the layer-stacked antenna and FIG.
21(b) is another example of the layer-stacked antenna:

FIG. 22 is an expanded plan view of the another example of
the layer-stacked antenna of FIG. 21(5);

FIG. 23 is an exploded view of a sheet layer of the layer-
stacked antenna of the embodiment shown in FIG. 1;

FIG. 24 is a diagram showing an example in which the
antenna device of the embodiment of the present invention is
applied to a stick-type mobile phone operating as a wireless
communication apparatus and FIG. 24(a) is a diagram show-
ing appearance of a mobile phone and 24(b) is a diagram
showing a state in which the antenna device containing a
substrate is embedded in the mobile phone;

FIG. 25 is a diagram showing an example in which the
antenna device of the embodiment of the present invention is
applied to a folder type mobile phone operating as a wireless
communication apparatus and FIG. 25(a) is a diagram show-
ing appearance of a mobile phone and 25(b) is a diagram
showing a state in which the antenna device containing a
substrate is embedded in the mobile phone;

FIG. 26 is a diagram showing an example in which the
antenna device of the embodiment of the present invention is
applied to a sliding-type mobile phone operating as a wireless
communication apparatus and FIG. 26(a) is a diagram show-
ing appearance of a mobile phone and 26(5) is a diagram
showing a state in which the antenna device containing a
substrate is embedded in the mobile phone; and

FIG. 27 is a diagram showing other example of mounting
the antenna device of the embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Best modes of carrying out the present invention will be
described in further detail using various embodiments with
reference to the accompanying drawings.

Here, by referring to drawings, an antenna device of
embodiments of the present invention is described in detail.
The first embodiment of the present invention is explained by
referring to FIGS. 1 to 15. FIG. 1 is a diagram showing basic
configurations of the first example of the antenna device
according to the first embodiment of the present invention and
FIG. 1(a) is a perspective view illustrating an entire configu-
ration of the antenna device of the first example and FIG. 1(b)
is an expanded perspective view illustrating main portions of
the antenna device and FIG. 1(¢) is a plan view illustrating an
entire configuration of the antenna device.

As shown in FIGS. 1(a), 1(5), and 1(¢), the antenna device
11 of the first embodiment includes a substrate 100, the first
antenna 101 and second antenna 102, and third antenna 103,
all being mounted on a substrate 100.

Each of these first, second, and third antennas operates in
transmitting and receiving frequency bands each being dif-
ferent from one another. More specifically, the first antenna
101 operates in a GSM band (900 MHz band), the second
antenna 102 in a DCS band (1700 MHz band) and a PCS band
(1800 MHz band), and the third antenna 103 in an UMTS
band (2200 MHz band), thereby achieving the quad-band
type antenna device 11.
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Thus, the first antenna 101 operates in the transmitting and
receiving frequency band of frequencies being lower than
those in the DCS band and the PCS band applied to the second
antenna and than the UMTS band applied to the third antenna
103. The second antenna 102 operates in two transmitting and
receiving bands of the DCS band and PCS band which are
different from each other but are near each other. Moreover,
the third antenna 103 operates in the UMTS band of frequen-
cies being higher than those in the DCS and PCS bands
applied to the second antenna.

Moreover, the antenna device 11 of the embodiment is
configured so that signals transmitted and received in the
GSM band applied to the first antenna 101 and signals trans-
mitted and received in the DCS and PCS bands applied to the
second antenna 102 are processed by the same transmitting
and receiving circuit.

Here, as shown in FIGS. 1(a), 1(b), and 1(c), the first
antenna 101 includes a base body 101A made up of a dielec-
tric or magnetic substance and a conductor (electrode) 101B
mounted in the base body 100A and is constructed as a chip
antenna mounted on a surface of the substrate 100. The sec-
ond antenna 102 is constructed as a pattern antenna made up
of'a conductor pattern formed on the substrate 100. The third
antenna 103 is constructed, by stacking conductors 103B in
the base body 103A made up of a dielectric or magnetic
substance, as a layer-stacked antenna mounted on the surface
of the substrate 100 (this is described later in detail by refer-
ring to FIG. 21[5]) and FIGS. 22 and 23).

That is, the antenna device 11 of the first embodiment is
configured as a surface-mounted type antenna in which the
chip antenna, pattern antenna, and layer-stacked antenna are
arranged on the surface of the substrate 100.

In the antenna device 11 of the embodiment, the pattern
antenna making up the second antenna 102 is so arranged as
to branch off from a line 105 which connects the chip antenna
making up the first antenna 101 to a power feeding port 104.

The second antenna 102, lines 105 and 107 are formed by
conductor patterns and, therefore, can be formed using a
screen printing method. Furthermore, the second antenna 102
is placed with a gap G being interposed between the second
antenna 102 and the third antenna 103. That is, the second
antenna 102 is coupled capacitively to the third antenna 103
with the gap G being interposed between the second antenna
102 and the third antenna 103. Therefore, the gap G here
denotes an interval in which at least electrostatic capacity
coupling is assumed simply.

In the embodiment, it is assumed that the first antenna 101
also is coupled electrostatically and capacitively to the third
antenna 103, however, it is not necessary that both the first
antenna 101 and second antenna 102 are coupled capacitively
to the third antenna 103.

Minimum requirements are that the first antenna 101, sec-
ond antenna 102, and third antenna 103 are arranged so that
there is a gap between either of the first antenna 101 or second
antenna 102 and the third antenna 103 so that the power
feeding port 104 of the second antenna 102 is electrostatically
and capacitively coupled to the power feeding port 106 of the
third antenna 103 and, as a result, a resonant current from the
second antenna 102 and a resonant current from the third
antenna 103 flow between the first power feeding port 104 for
the second antenna 102 and the second power feeding port
106 for the third antenna 103.

Configurations of the antenna device 11 of the embodiment
are described more specifically by referring to FIGS. 1(a),
1(b), and 1(c¢). The antenna device 11 includes an antenna
mounted region 100M and a region neighboring to the
antenna mounted region 100M containing an antenna non-
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mounting region 100L serving as an antenna grounding elec-
trode (antenna conductors). The substrate 100 is a PCB
(Printed Circuit Board) made up of glass-like epoxy resin
being 40 mm in an X (width) direction, 90 mminay (length)
direction, and 2 mm in a Z (thickness) direction, or a like and
is embedded in a mobile phone as a communication apparatus
of'the embodiment of the present invention described later.

Hereinafter, directions of arrangements of other compo-
nents are described by expressing the width direction of the
substrate 100 as the X direction, its length direction as the’Y
direction, and its thickness as the Z direction. On side of the
substrate 100 in its length (Y) direction, the antenna mounted
region 100M is formed 10 mm in its length (Y) direction and
in all the width (X) direction.

Moreover, a remaining portion of the substrate 100 is a
region where other circuits of the mobile phone including
transmitting and receiving circuits connected to the first
antenna 101, second antenna 102, and third antenna 103 and
is hereinafter referred to as the antenna no-mounting region
100L.

The first antenna 101 is constructed by winding conductors
(electrodes) 101B around surfaces of the base body 101A of
a cuboid shape made of a dielectric material and, as the first
antenna 101, a chip (ultra-small piece) antenna, for example,
being 15 mm in length and 3 mm in height is surface-mounted
in an approximately central portion of the antenna mounted
region 100M in a manner in which the length direction of the
chip antenna is parallel to the X direction (in the width direc-
tion of the substrate 100).

The first antenna 101 is arranged on the substrate 100 in a
manner in which its end in the X direction passes slightly by
a center of the antenna mounted region 100M and its end in
the Y direction is located approximately in the center of the
antenna mounted region 100M.

The second antenna 102 is the pattern antenna made up of
conductor patterns formed so as to be parallel to the first
antenna 101 with a specified interval sandwiched between the
firstantenna 101 and second antenna 102 and so as to be about
25 mm in length and, as in the case of the first antenna 101, is
arranged on the substrate 100 in a manner in which its end in
the X direction passes slightly by a center of the antenna
mounted region 100M and its end in the Y direction is located
in the farthest end of the antenna mounted region 100M.

The pattern antenna making up the second antenna 102, as
described above, is so arranged as to branch off from the line
105 which connects the chip antenna making up the first
antenna 101 to the power feeding port 104.

The third antenna 103 is constructed by stacking the con-
ductors 103B in the base body 103 A of a shape of a rectan-
gular piece made of a dielectric material and, as the third
antenna 103, a chip (ultra-small piece) antenna, for example,
being 7 mm in length, 5 mm in width, and 0.7 mm in height,
is surface-mounted in a manner in which its length direction
is parallel to the Y direction (length direction of the substrate
100) and is surface-mounted in an end portion of the above
antenna mounted region 100M on a side opposite to the power
feeding port 104 or the line 105 for the first antenna 101 or
second antenna 102.

The third antenna 103 is surface-mounted so as to be
located in the farthest end of the antenna mounted region
100M in the X direction and about 5 mm far from the antenna
non-mounting region 100L in the Y direction.

Additionally, the third antenna 103 is configured so that
signals inthe UMTS band, which is a transmitting and receiv-
ing frequency band applied to the third antenna 103, are
processed by a transmitting and receiving circuit being sepa-
rate and different from the transmitting and receiving circuits
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used in the first antenna 101 and second antenna 103 and so
that the power feeding port 106 connected via the line 107 to
the third antenna 103 is placed, in the X direction, on a side
opposite to the power feeding port 104 in the antenna non-
mounting region 100L..

By configuring as above, the first antenna 101, second
antenna 102, and third antenna 103 are arranged so that the
gap G between the first antenna 101 or second antenna 102
and the third antenna 103 is about 9 mm in length which
causes at least electrostatic capacity coupling to occur.

FIG. 2 is a diagram illustrating basic configurations of an
antenna circuit in the antenna device 11 shown in FIG. 1 and
FIG. 2(a) shows a component mounting surface of the sub-
strate 100 and FIG. 2(b) shows a rear side of the substrate 100.

As shown in FIG. 2(a) and FIG. 2(b), the first antenna 101
and second antenna 102 are connected to a transmitting and
receiving circuit section (signal processing circuit) 108
through the line 105 made up of the conductor patterns and an
impedance matching circuit 109 is mounted between the line
105 and the transmitting and receiving circuit section (signal
processing circuit) 108.

The third antenna 103 is connected to a transmitting and
receiving circuit (signal processing circuit) 110 through the
line 107 made up of conductor patterns and an impedance
matching circuit 111 is mounted between the line 107 and the
transmitting and receiving circuit section (signal processing
circuit) 111.

By configuring as above, signals in the GMS band, which
is the transmitting and receiving frequency band applied to
the first antenna 101, and signals in the DCS/PCS bands,
which are the transmitting and receiving frequency bands
applied to the second antenna 102, are processed by the same
transmitting and receiving circuit 108 and signals in the
UMTS band, which is the transmitting and receiving fre-
quency band applied to the third antenna 103, are processed in
a transmitting and receiving circuit 110 being separate and
different from the transmitting and receiving circuit 108 used
in the first antenna 101 and second antenna 103.

Moreover, use of the power feeding line 105 is shared by
the first antenna 101 and second antenna 102 between the
power feeding line 105 and the transmitting and receiving
circuit 108 is performed by the same impedance matching
circuit 109, for the third antenna 103 and the transmitting and
receiving circuit 110 is performed by the impedance match-
ing circuit 111 being separate and different from the imped-
ance matching circuit 109 used in the first antenna 101 and
second antenna 102.

Next, actions and effects of the antenna device 11 of the
embodiment are described by comparing with those in an
antenna device used as a comparison example. In order to
verify advantages of the antenna device 11 of the present
invention, the inventor fabricated an antenna device which
did not have the third antenna being an essential component
of the antenna device 11 of the present invention.

FIG. 3 is a diagram illustrating basic configurations of the
antenna device used as a comparison example and FIG. 3(a)
is a perspective view showing its entire configuration and
FIG. 3(b) is an expanded perspective view of its main portion
and FIG. 3(¢) is a plan view illustrating its entire configura-
tion.

FIG. 4 is a diagram showing basic configurations of an
antenna circuit employed in the antenna device shown in FIG.
3 and FIG. 4(a) is a diagram showing an antenna mounting
main surface side of its substrate and FIG. 4(b) is a diagram
showing a rear side of the substrate.

The antenna device CE used as the comparison example, as
shown in FIGS. 3(a), 3(b), and 3(c) has the same configura-
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tions as the antenna device 11 of the present invention except
that the antenna device CE has no third antenna employed in
the embodiment of the present invention.

The antenna device CE includes a substrate 100, a first
antenna 101 and a second antenna 102, both being mounted
on the substrate 100 that serves as a triple-band antenna
device in which the first antenna 101 operates in the GSM
band of transmitting and receiving frequencies and the second
antenna 102 operates in the DCS and PCS bands of transmit-
ting and receiving frequencies.

Configurations of the antenna device CE shown in FIGS.
4(a) and 4(b) are the same as the antenna device 11 of the
present invention in that signals in the GSM band of trans-
mitting and receiving frequencies applied to the first antenna
101 and signals in the DCS and PCS bands of transmitting and
receiving frequencies applied to the second antenna 102 are
processed by the same transmitting circuit and in that a pat-
tern antenna making up the second antenna 102 is connected
to a line 105 to connect a chip antenna making up the first
antenna 101 to a power feeding port 104.

However, the antenna device CE has no third antenna and,
therefore, unlike in the antenna device 11 of the present
invention, there is no configuration in which the third antenna
103 is mounted on the substrate 100 with the gap G, in which
at least electrostatic capacity coupling occurs, being inter-
posed between the third antenna 103 and the first antenna 101
and second antenna 102.

However, remaining configurations of the antenna device
CE used as the comparison example are the same in that, for
example, dimensions and materials for the substrate 100,
antenna non-mounting region 100L, first antenna 101, and
second antenna 102, or a like are the same as those of the
antenna device 11 of the present invention.

FIGS. 5 to 8 are diagrams showing performance of the
antenna device CE used as the comparison example and
FIGS. 9 to 14 are diagrams showing performance of the
antenna device 11 of the embodiment of the present inven-
tion. First, performance of the antenna device CE used as the
comparison example is described by referring to FIGS. 510 8.

FIGS. 5 and 6 are diagrams showing antenna properties of
the antenna device CE operating in the GSM band.

FIG. 5(a) shows data obtained by using an “s-parameter”
of the antenna device CE which indicates how much trans-
mitting power of an antenna is reflected and its antenna prop-
erties are represented as return loss relative to a frequency
(GHz) in the GSM band occurring on the power feeding port
side.

This suggests that, when a value [dB] on an ordinate is the
smaller, a voltage property being the nearer to a level at power
feeding level of 50€2 can be obtained and, therefore, this is
one of data blocks indicating an impedance matching prop-
erty obtained at 50€2.

Moreover, FIG. 5(b) shows data obtained by converting the
above “s-parameter” into a voltage standing wave ratio
(VSWR) which is a value representing a degree of return of
transmitting power applied to an antenna. This shows that,
when the VSWR value on the ordinate is the smaller (near to
1), applied power is transmitted the more effectively with less
return and, therefore, the more excellent antenna properties
are obtained. As shown in FI1G. 5(5), the VSWR value relative
to a frequency is plotted.

In the data shown in FIG. 5(5), a point where a curve of a
graph becomes near to 1 exists in the neighborhood (1040
MHz) of the GSM band (900 MHz).

FIG. 5(c) is a Smith chart showing an impedance matching
property of the antenna device CE between the first antenna
101 and the power feeding line, both acting as loads. F1G. 5(d)
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shows data of radiation efficiency of the antenna device CE
which indicates how efficiently power applied to an antenna is
radiated in space, which is represented as a ratio of radiation
efficiency (ordinate) to each frequency (abscissa).

Therefore, this shows that, when a value on the ordinate is
the larger (near to 1 [100%]), the radiation efficiency is the
higher and antenna properties are the more excellent.

For example, adjustment is made so that radiation effi-
ciency of 0.90 (90%) or more can be obtained in a frequency
band to be used. In the example, adjustment is made so that
the radiation efficiency of 0.90 (90%) can be obtained in the
GSM band (900 MHz) where the value of the VSWR shown
in FIG. 5(b) becomes smaller (near to 1).

FIG. 6(a) is a diagram stereoscopically (three-dimension-
ally) illustrating antenna directivity out of antenna properties
obtained in the GSM band in the antenna device used as the
comparison example. FIGS. 6(b), 6(c), and 6(d) are diagrams
two-dimensionally showing antenna directivity expressed by
curves obtained by plotting the distribution from the central
point respectively at cross sections of an X-Y face, Y-Z face,
and Z-X faceusing the X, Y, and Z axes shown in FIG. 6(a) as
a reference axis.

These drawings show that, when the distribution expressed
by the curve from the central point is the larger from the
central point toward a direction of a diameter, the directivity
is the higher, that is, the gain is the higher and when the
distribution is uniform from the central point toward a direc-
tion of a diameter and the curve become a circle the more, a
drop in the directivity, that is, in the gain is the less and the
more uniform.

As the directivity of an antenna to be mounted on a mobile
phone, the antenna directivity on the X-Z faces out of the
cross-sectional faces is important and it is desirable that the
gain becomes maximum at the X-Z face and uniform gain and
directivity are obtained at the X-Z face.

This means that the uniform gain and directivity can be
obtained in a direction orthogonal to a face of the above-
described substrate 100 (Z-X face in FIG. 3).

That is, this means that how much the uniform gain and
directivity can be obtained in a short circumferential direction
relative to the substrate 100.

In the mobile phone terminal, the substrate 100 for the
antenna device is mounted along a longitudinal direction of a
cabinet of the thin and long mobile phone terminal and,
therefore, how uniform gain and directivity can be obtained in
the short circumferential direction of the cabinet of the
mobile phone terminal is of importance.

If the uniform gain and directivity in the short circumfer-
ential direction of the cabinet of the mobile phone terminal,
the directivity can be easily controlled depending on arrange-
ments of metal portions in the cabinet.

As a result, uniformity (non-directivity) of directivity of
vertically polarized waves on the Z-X face becomes impor-
tant. Therefore, it is desirable that the distribution expressed
by a curve representing directivity of vertically polarized
waves in the Z-X face is uniform from a central point toward
a direction of a diameter and that the curve become near to a
circle. In the data on the Z-X face shown in FIG. 6(d), the
curve (Vertical) representing directivity of vertically polar-
ized waves becomes a uniform circle at about -5.00.

FIGS. 7 and 8 are diagrams showing antenna properties of
the antenna device CE used as the comparison example
obtained in the DCS and PCS bands. FIG. 7(a) shows, as in
the case of FIG. 5(a), data obtained by using an “s-param-
eter”. The data in FIG. 7(a) shows that a value of —6.00 dB is
obtained in the bands of 1700 MHz to 2000 MHz and a
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satisfactory antenna property is realized in bands of 1700
MHz/1800 MHz being frequencies in the DCS and PCS
bands to be used.

FIG. 7(b) shows data obtained by converting the above
s-parameter into the VSWR. FIG. 7(a) shows, as in the case of
FIG. 5(b), data obtained by using an “s-parameter”. The data
in FIG. 7(b) shows that a value 0f 3.00 dB or less is obtained
in the bands of 1700 MHz to 2000 MHz (1960 MHz) and a
satisfactory antenna property is realized in bands of 1700
MHz/1800 MHz being frequencies in the DCS and PCS
bands to be used.

Also, FIG. 7(c) is a so-called Smith chart showing an
impedance matching property between the second antenna
102 and the power feeding line, both acting as loads. FIG.
7(d), as in the case of FIG. 5(d), shows data representing
radiation efficiency of an antenna.

The data in FIG. 7(d) shows that radiation efficiency of
about 100% is obtained in the bands of 1600 MHz to 2000
MHz and a satisfactory radiation efficiency is achieved in
bands of 1700 MHz/1800 MHz being frequencies in the DCS
and PCS bands to be used.

FIGS. 8(a), 8(b), 8(c), and 8(d), as inthe case of FIGS. 6(a),
6(b), 6(c), and 6 (d), show stereoscopically (three-dimension-
ally) directivity of the antenna device used as the comparison
example out of antenna properties in the DCS and PCS bands.

The data in FIG. 8(d) shows the curve representing direc-
tivity of vertically polarized waves at a Z-X face is not a
uniform circle (true circle) and a drop in gain in the X direc-
tion is observed and further the gain in the X direction
decreases. In other words, the data shows that a so-called null
point (point of the drop in gain) occurs in the X direction.

The inventor of the present invention studied the cause of
the occurrence of the null point in the antenna device used as
the comparison example and has found that the power feeding
port is placed in a manner being deviated on one side (x axis
direction side) of the substrate 100 and even if the second
antenna 102 (or first antenna 101) is placed in a center of the
x axis of the substrate 100, deviated placement of the com-
ponents including the power feeding port still remain
unchanged.

In order to solve the two problems of the occurrence of the
null point in the Z-X face and of no operations of the antenna
device of the comparison example in the UMTS band, the
antenna device 11 of the embodiment of the present invention
is realized.

In the antenna device 11 of the embodiment, the third
antenna 103 which can operate in the UMTS band is mounted
on other end of the substrate 100.

The second antenna 102 (or first antenna 101) and the third
antenna 103 are arranged in a manner to be capacitively
coupled to each other so that a resonant current from the
second antenna 102 (or first antenna 101) and a resonant
current from the third antenna 103 flow between the power
feeding port 104 and the power feeding port 106.

The power feeding port 106 and the power feeding port 104
are mounted in the x axis direction so as to be symmetrical to
each other with respect to a central line of the substrate 100 in
the longitudinal direction.

At a distance between the two power feeding ports 104 and
106, a node of an electromagnetic wave having a /4 waveform
in the GMS band or ¥4 waveform in the DCS, PCS, and
UMTS bands is formed, which enables non-directivity of
vertically polarized waves in the GSM, DCS, PCS, and
UMTS bands to be maintained.

Hereinafter, performance of the antenna device 11 of the
embodiment of the present invention is described by referring
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to FIGS. 9 to 14 and by comparing the performance with that
of the antenna device used as the comparison example.

FIGS. 9 and 10 are diagrams showing antenna properties of
the antenna device 11 of the embodiment in the GSM band.

FIG. 9(a) shows, as in the case of the data obtained in the
comparison example shown in FIG. 5(a), data obtained by
using an s-parameter of the antenna device 11 of the embodi-
ment and its antenna properties are represented as return loss
relative to a frequency [GHz] in the GSM band occurring on
the power feeding port side. In the data of FIG. 9(a), approxi-
mately the same values as in the comparison example are
obtained.

Moreover, FIG. 9(b) shows results from the measurement
of an isolation property of the antenna device 11, out of the
antenna properties of the antenna device 11 in the GSM band,
which is expressed as a degree of separation of power from
one antenna to another antenna relative to a frequency [GHz].

A target value to judge whether an isolation property is
excellent or no is generally 10 dB, however, in the data shown
in FIG. 9(b), the value is 15.0 dB approximately in the GSM
band (900 MHz) and an excellent isolation property is
obtained and it is, therefore, confirmed that each of the first
antenna 101 and second antenna 102 is electromagnetically
separated from the third antenna 103.

FIG. 9(c) is a Smith chart showing an impedance matching
property between the first antenna 101 and the power feeding
line in the antenna device 11, both acting as loads. FIG. 9(d)
shows, as in the case of the comparison example shown in
FIG. 5(d), data of radiation efficiency of the antenna device
11. In the data shown in FIG. 9(d), up to about 700 MHz to
about 1000 MHz, radiation efficiency of about 85% is
obtained which shows that a sufficient radiation property is
realized at about 900 MHz being a frequency to be used in the
GSM band.

FIGS. 10(a), 10(), 10(c), and 10(d) show stereoscopically
(three-dimensionally) directivity of the antenna device 11 of
the embodiment in the GSM band, out of the antenna prop-
erties, in the same way as employed in FIGS. 6(a), 6(b), 6(c),
and 6(d). The data on the directivity of the antenna device 11
on the Z-X face shown in FIG. 10(d) shows that the curve
(Vertical) representing directivity of vertically polarized
waves is a uniform circle (true circle) and no drop in gain in
the X direction is observed and, as a result, uniform directiv-
ity, that is, uniform gain is obtained.

FIGS. 11 and 12 are diagrams showing antenna properties
of the antenna device 11 of the embodiment in the DCS and
PCS bands. FIG. 11(a) shows, as in the case of the data
obtained in the comparison example shown in FIG. 7(a), data
obtained by using an s-parameter of the antenna device 11 of
the embodiment and its antenna properties are represented as
return loss relative to a frequency [GHz] in the GSM band
occurring on the shared power feeding port 104 side. In the
data shown in FIG. 11(a), a satisfactory value of 6.00 dB or
more (exactly, 8.00 dB or more) is obtained in 1600 MHz to
2000 MHz, which shows that a sufficient antenna property is
realized in the bands of 1700 MHz/1800 MHz being frequen-
cies to be applied to the target DCS/PCS bands.

Moreover, FIG. 11(b) shows an isolation property of the
antenna device 11 of the embodiment, out of the antenna
properties of the antenna device 11 in the DCS and PCS
bands, which is expressed as a degree of separation of power
from one antenna to another antenna relative to a frequency
(GHz). The data in FIG. 11(5) shows a value being larger than
3.00 is obtained approximately in the target DCS and PCS
bands (1700 MHz to 1800 MHz).

Also, FIG. 11(c) is a so-called Smith chart showing an
impedance matching property between the second antenna
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102 and the power feeding line, both acting as loads. FIG.
11(d), as in the case of FIG. 7(d), shows data representing
radiation efficiency of the antenna device 11 The data in FI1G.
11(d) shows that radiation efficiency of about 100% is
obtained in the bands of 1600 MHz to 2000 MHz and, in the
antenna device 11 of the embodiment, a satisfactory radiation
efficiency is achieved in bands of 1700 MHz/1800 MHz being
frequencies in the DCS and PCS bands to be used.

FIGS. 12(a), 12(b), 12(c), and 12(d) show stereoscopically
(three-dimensionally) directivity of the antenna device 11 of
the embodiment in the DCS and PCS bands, out of the
antenna properties, in the same way as employed in FIGS.
8(a), 8(b), 8(c), and 8(d).

The data on the directivity of the antenna device 11 on the
Z-X face shown in FIG. 12(d) shows that the curve Vertical)
representing directivity of vertically polarized waves is a
uniform circle (true circle) and, unlike in the case of the above
comparison example, no drop (null point in the comparison
example) in gain in the X direction is observed and, as a result,
uniform directivity, that is, uniform gain is obtained

FIGS. 13 and 14 show antenna properties of the antenna
device 11 of the embodiment in the UMTS band FIG. 13(a)
shows data on return loss of the third antenna 103. The return
loss of the third antenna 103 is represented as a value of return
loss relative to a frequency [GHz] in the UMTS band occur-
ring on the power feeding port 106 side.

Inthe data shown in FIG. 13(a), a satisfactory value of 6.00
dB or more (exactly, 9.00 dB or more) is obtained in 1800
MHz to 2200 MHz, which shows that a sufficient antenna
property is realized in the bands of 1900 MHz/2200 MHz
being frequencies to be applied to the UMTS bands to be used
Additionally, since a sufficient value is obtained in a fre-
quency range other than the above range, it is confirmed that
the antenna device 11 can be used in a wider band in the
UMTS band.

Moreover, FIG. 13(b) shows an isolation property of the
antenna device 11, out of the antenna properties of the
antenna device 11 in the UMTS band, which is expressed as
a degree of separation of power from one antenna to another
antenna relative to a frequency [GHz].

Inthe data shown in FIG. 13(5), a value 0f3.00 dB or more
is obtained in the range of 1800 MHz to 2200 MHz. Also,
FIG. 13(c) is a Smith chart showing an impedance matching
property of the antenna device 11 between the third antenna
103 and the power feeding line 107, both acting as loads. FIG.
13(d) show data representing radiation efficiency of the
antenna device 11.

The data in FIG. 13(d) shows that radiation efficiency of
about 100% is obtained in the bands of 800 MHz to 2200
MHz and a satisfactory radiation efficiency is achieved in
bands of 1900 MHz to 2200 MHz being frequencies in the S
band to be used.

FIGS. 14(a), 14(b), 14(c), and 14(d) show stereoscopically
(three-dimensionally) directivity of the antenna device 11 of
the embodiment in the UMTS band, out of the antenna prop-
erties.

The data on the directivity of the antenna device 11 on a
Z-X face shown in FIG. 14(d) shows that the curve (Vertical)
representing directivity of vertically polarized waves is a
uniform circle (true circle) and no drop (null point) in gain in
the X direction is observed and, as a result, uniform directiv-
ity, that is, uniform gain is obtained.

As described above, the data on the antenna directivity on
the Z-X face in FIG. 12(d) and the data on the antenna direc-
tivity on the Z-X face in FIG. 14(d) of the antenna device 11
show that the problem of the null point is solved, that is, it can
be confirmed that non-directivity of vertically polarized
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waves in a circumferential direction of the substrate is real-
ized in the DCS, PCS, and UMTS bands.

The inventor of the present invention studied the reason for
the above and assumes as follow. That is, in the antenna
device CE used as the comparison example, only one power
feeding port is mounted and electrostatic capacity between an
end of the conductor pattern making up the second antenna
102 and a grounding electrode (grounding conductor) 114
acts dominantly, however, in the antenna device 11 of the
embodiment, electrostatic capacity occurs between an end of
the conductor pattern making up the second antenna 102 and
the third antenna 103. The two power feeding ports 104 and
106 are arranged so as to be symmetric to each other with
respectto a central line of the substrate 100 in the longitudinal
direction and, between the two power feeding ports 104 and
106, anode of an electromagnetic wave having a %2 waveform
in the PCS and UMTS bands is formed and a resonant current
from the second antenna 102 and a resonant current and a
resonant current from the third antenna 103 flow between the
power feeding port 104 of the second antenna 102 and the
power feeding port 106 of the third antenna 103.

Thus, according to the antenna device 11 of the embodi-
ment, by additionally mounting the third antenna 103 which
enables transmission and receipt of signals in the UMTS
band, it is made possible for the antenna device 11 to be used
in a multi-band environment and, in particular, non-directiv-
ity of vertically polarized waves in a short circumferential
direction of the substrate 100 in the DCS, PCS, and UMTS
bands is realized, thus improving performance of the antenna
device 11 operating as a mobile phone terminal.

As described above, the antenna device 11 of the embodi-
ment has the first antenna 101 operating in the GSM band,
second antenna 102 operating in the DCS and PCS bands, and
third antenna 103 operating in the UMTS, which enables
realization of quad-band communications.

Moreover, the second antenna 102 is so arranged as to
branch off from the line 105 on the power feeding side which
connects the first antenna 101 to the power feeding port 106
Therefore, signals can be processed by the same transmitting
and receiving circuit 108, which enables simplification and
space saving of the configurations of the antenna device 11.

Moreover, by mounting the first antenna 101, second
antenna 102, and third antenna 103 on the same surface of the
substrate 100 and by configuring the first antenna 101 and
second antenna 102 as the chip-type antenna, an entire size of
the antenna device 11 of the embodiment can be made
smaller. In particular, by electrostatically and capacitively
coupling the second antenna 102 operating in the DCS and
PCS bands to the third antenna 103 operating in the UMTS
band, the problem of the null point described above can be
solved and, therefore, non directivity of vertically polarized
waves in the DCS and PCS bands and in the UMTS band can
be maintained.

Moreover, in the antenna device 11 of the embodiment, all
of the first antenna 101, second antenna 102, and third
antenna 103 are mounted on a main surface (surface for
mounting components) and, therefore, manufacturing pro-
cesses of the antenna device 11 can be simplified.

Also, in the antenna device 11 of the embodiment, the
second antenna 102 is arranged in a place being apart from the
grounding electrode (grounding conductor) 114 when com-
pared with the first antenna 101. By configuring as above, it is
possible to make the antenna device 11 operate in wider bands
in the DCS and PCS bands in which comparatively wide band
width is required and possible to easily achieve high gain.

Thus, according to the antenna device 11 of the embodi-
ment, smaller-sized antennas are mounted in every transmit-
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ting and receiving circuit and the antennas mounted in every
transmitting and receiving circuit are arranged so as to be
mutually used electromagnetically and, therefore, the
antenna device 11 can be made small and space-saving and,
furthermore, an impedance matching property of each
antenna can be improved and excellent gain can be obtained
and non-directivity can be maintained in wider bands (in a
plurality of transmitting and receiving frequency bands) and
in each band of transmitting and receiving frequencies.

Next, the antenna device of a second example of the first
embodiment of the present invention is shown in FIG. 15.
FIG. 15 is a diagram showing basic configurations of an
antenna circuit of the antenna device 12 according to the
second example of the first embodiment of the present inven-
tion. FIG. 15(a) is a diagram showing an antenna mounting
main surface side of its substrate and FIG. 15(5) is a diagram
showing a rear side of the substrate.

As shown in FIGS. 15(a) and 15(b), configurations of the
antenna device 12 of the second example are the same as those
of the antenna device 11 except that arrangement of the first
antenna 101 and second antenna 102 is replaced, that is, the
second antenna 102 is mounted on a side nearer to the ground-
ing electrode (grounding conductor) 114 when compared
with the first antenna 101. In FIGS. 15(a) and 15(b), same
reference numbers as used in the antenna device 114 are
assigned to corresponding components and their descriptions
are omitted accordingly.

There is a trade-off between distance of the first antenna
101 and second antenna 102 from the grounding electrode
(grounding conductor) 114 and their bands and gain.

That is, if a distance between an antenna and a grounding
portion becomes nearer, capacitive components increase and,
therefore, a current of opposite phase to cancel the resonant
current generated in the antenna is liable to occur in the
grounding portion, as a result, causing a drop in antenna gain.

In the second example of the first embodiment, to place
importance on the first antenna 101 for using the GSM band
being a low frequency band as wide bands and for obtaining
high gain of the first antenna 101, the first antenna 101 is
arranged in a place being far from the grounding electrode
(grounding conductor) 114.

Next, the antenna device of a first example of a second
embodiment of the present invention is shown in FIG. 16.
FIG. 16 shows basic configurations of antenna circuits of the
antenna device 21 of the first example of the second embodi-
ment and FIG. 16(a) shows its antenna main mounting face on
a substrate and FIG. 16(b) shows a rear of the substrate. Basic
configurations of the antenna device 21 of the first example of
the second embodiment are the same as those of the antenna
device of the first and second example of the first embodiment
and same reference numbers are assigned to corresponding
parts and their descriptions are omitted accordingly.

In the antenna device 21 of the first example of the second
embodiment, as shown in FIGS. 16(a) and 16(5), the first
antenna 101 is mounted on the main face (surface) of the
substrate 100 and the second antenna 102 is mounted on the
rear face 100R of the substrate 100. The second antenna 102
is connected to a line 105 for the first antenna 101 formed on
the main surface 100P on a power feeding side via a through
hole electrode 116.

Operations of the antenna device 21 are the same as those
of'the antenna devices of the first and second examples of the
first embodiment in that signals in the GSM band being a
transmitting and receiving frequency band for the first
antenna 101 and signals in the DCS and PCS bands being a
transmitting and receiving frequency band for the second
antenna 102 are processed by the same transmitting and
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receiving circuit and in that a pattern antenna making up the
second antenna 102 is connected to the line 105 which con-
nects a chip antenna making up the first antenna 101 to a
power feeding point 104.

However, in the antenna device 21 of the first example of
the second embodiment, as is apparent from FIGS. 16(a) and
16(b), the first antenna 101 and the third antenna 103 are
mounted on the main surface (face for mounting components)
100P of the substrate 100 and the second antenna 102 is
mounted on the rear face 100R of the substrate 100 in a
manner to be connected to the line 105 through the through
hole electrode 116. By configuring as above, the arrangement
position of the first antenna 101 ina’Y direction is not approxi-
mately in a center of an antenna mounting region 100M but
furthest end of the antenna mounting region 100M as in the
case of the second antenna 102.

Therefore, in the antenna device 21, distances between the
first antenna 101 and the grounding electrode (grounding
conductor) 114 and between the second antenna 102 and the
grounding electrode (grounding conductor) 114 are the same.

As a result, both the first antenna 101 and second antenna
102 can be arranged in places being far from the grounding
electrode (grounding conductor) 114 and, therefore, both the
first antenna 101 and second antenna 102 are made to operate
in a wide band and to have high gain.

Moreover, a pattern antenna making up the antenna 102 is
formed so as to be parallel to the first antenna 101 in a
direction of a length of the first antenna 101 with a distance
being equivalent to a thickness of the substrate 100.

Next, the antenna device 22 of a second example of the
second embodiment of the present invention is shown in FIG.
17. FIG. 17 shows basic configurations of antenna circuits of
the antenna device 22 of the second example of the second
embodiment and FIG. 17(a) shows its antenna main mount-
ing face on a substrate and FIG. 17(b) shows a rear of the
substrate. The basic configurations of the antenna device 22
of the second example of the second embodiment are the
same as those of the antenna device 21 of the first example of
the second embodiment and same reference numbers are
assigned to corresponding parts and their descriptions are
omitted accordingly.

In the antenna device 22 of the second example, as shown
in FIGS. 17(a) and 17(b), the first antenna 101 and third
antenna 103 are mounted on the main surface 100P of the
substrate 100 and the second antenna 102 made up of patterns
each having the same width and length as the first antenna 101
is mounted on the rear 100R of the substrate 100 without
forming a through hole electrode in a manner in which the
patterns making up the second antenna 102 are positioned on
the rear of the substrate 100 at a place corresponding to the
position of the first antenna 101 mounted on the surface of the
substrate 100.

That is, by arranging the second antenna 102 made up of
the pattern antenna having the same width and length of the
first antenna 101 at a position just on the rear of the substrate
100 so that the second antenna 102 faces the first antenna 101,
it is made possible for the second antenna 102 to operate in a
dual band of frequencies by using electrostatic and capacitive
coupling between the first antenna 101 and second antenna
102.

Moreover, the second antenna 102 is configured so as to be
wider and shorter compared with the first antenna 101. This is
because the second antenna 102 mounted on the rear 100R of
the substrate 100 without the use of the through hole electrode
is made to operate in the DCS and PCS bands.

Next, the antenna device of a third example of the second
embodiment of the present invention is shown in FIG. 18.
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FIG. 18 shows basic configurations of antenna circuits of the
antenna device 23 of the third example of the second embodi-
ment and FIG. 18(a) shows its antenna main mounting face on
a substrate and FIG. 18(b) shows a rear of the substrate 100.

The basic configurations of the antenna device 23 of the
third example of the second embodiment are the same as
those of the antenna device 22 of the second example of the
second embodiment and same reference numbers are
assigned to corresponding parts and their descriptions are
omitted accordingly.

In the antenna device 23 of the third example, as shown in
FIGS. 18(a) and 18(b), the first antenna 101 and third antenna
103 are mounted on a main surface 100P of the substrate 100
and the second antenna 102 is mounted without use of the
through hole electrode on the rear 100R at a position being
just on the rear side of the substrate 100.

That is, by arranging the second antenna 102 made up of a
pattern antenna at a position just on the rear of the substrate
100, it is made possible for the second antenna 102 to operate
in a dual band of frequencies by using electrostatic and
capacitive coupling between the first antenna 101 and second
antenna 102.

Moreover, the second antenna 102 is configured so as to be
narrower and longer compared with the second antenna 102
used in the second example of the second embodiment. This
is because the second antenna 102 mounted on the rear 100R
of the substrate 100 without the use of the through hole
electrode is made to operate in the DCS and PCS bands.

In the antenna device 23 of the third example, the first
antenna 101, second antenna 102, and third antenna 103 have,
respectively, impedance matching circuits 109, 111, and 118.

Each of the impedance matching circuits 109,111, and 118
is a parallel resonance circuit made up of inductance (I.) and
capacity (C) and a VSWR value can be lowered by adjusting
a value of L and C for impedance matching.

By inserting the impedance matching circuit 109 between
a power feeding side of the first antenna 101 and a transmit-
ting and receiving circuit section, the impedance matching
circuit 111 between a power feeding side of the third antenna
103 and the transmitting and receiving circuit section, and the
impedance matching circuit 118 between a power feeding
side of the second antenna 102 and the grounding electrode
114, a value of VSWR can be optimally set in each of the
GSM band, DCS/PCS band, and UMTS band.

Next, an antenna device of a third embodiment of the
present invention is shown in FIG. 19. FIG. 19 shows basic
configurations of antenna circuits of the antenna device 30 of
the third embodiment and FIG. 19(a) shows its antenna main
mounting surface on a substrate and FIG. 19(5) shows a rear
of the substrate.

The basic configurations of the antenna device 30 of the
third embodiment are the same as those of the antenna devices
11 and 12 of the first and second examples of the first embodi-
ment and same reference numbers are assigned to corre-
sponding parts and their descriptions are omitted accordingly.

In the antenna device 30 of the third embodiment, as shown
in FIGS. 19(a) and 19(b), the second antenna 102 is config-
ured as a chip antenna as for the first antenna 101.

That is, the second antenna 102 consists of a base body
102A made up of a dielectric and a conductor 102B wound
around a surface of the base body 102A. However, the second
antenna 102 is constructed so that its length is the same as that
of the first antenna 101 and its width and height are smaller
than that of the first antenna 101.

Also, the second antenna 102 is constructed so that an
interval between the conductors 102B is larger than that
applied to the first antenna 101 and so that the conductors
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102B is wound around the base body 102A with a smaller
number of windings compared with the number of windings
used for the first antenna 101.

This is because the transmitting and receiving frequencies
to be used by the second antenna 102 are higher than those
used by the first antenna 101.

Moreover, a direction of winding of the conductor 102B is
the same as that of the conductor 101B of the first antenna
101, however, since the frequency band to be used by the
antenna 101 is sufficiently separated from that to be used by
the antenna 102, no mutual influences occur.

This means that it is not always necessary that the direc-
tions of winding of the two antennas are the same if the
frequency bands to be used by the two antennas are suffi-
ciently separated from one another.

Here, modified examples of a chip-type antenna and a
layer-stacked antenna are described. FIG. 20 is a diagram
showing configurations of the modified example of the chip-
type antenna.

As shown in FIG. 20, in the chip-type antenna of the
modified example, a shape and pattern of the conductor 101B
are different from those of the chip antenna shown in FIG. 1.
This pattern of the antenna electrode of the modified example
can be generated by printing the conductors in a meandering
manner without the process of winding.

FIG. 21 is a diagram illustrating configurations of a layer-
stacked antenna of the modified example and FIG. 21(a)
shows also a layer-stacked antenna of the modified example,
FIG. 21(b) shows the layer-stacked antenna of the embodi-
ment shown in FIG. 1, and FIG. 21(c¢) shows other modified
example of a layer-stacked antenna.

Shapes and patterns of the conductor 103B shown in FIGS.
21(a), 21(b), and 21(c) are different from one another. More-
over, the length of the conductor 103B having a helical shape
or a like is adjusted so as to provide frequencies correspond-
ing to the UMTS band. However, the layer-stacked antenna of
the embodiment shown in FIG. 21(5) is preferable as the layer
stacked antenna to be used in the present invention.

That is, in the case of the layer-stacked antenna shown in
FIG. 21 (a), there are some cases where the band width to be
used is made narrow due to many overlapped portions of the
L (conductors) and due to a large Q value caused by increased
line-to-line capacity.

Also, in the case of the layer-stacked antenna shown in
FIG. 21(c), there are some cases where a size of an antenna
has to be increased if a same frequency is used due to an
insufficient length of the L (conductor) caused by its plane
and meandering shape.

In the layer-stacked antenna of the embodiment shown in
FIG. 21(b), alarge length of the L (conductor) can be ensured
and overlapped portions of the L. (conductors) are small and,
therefore, its line-to-line capacity is made smaller, thus
enabling the antenna to be smaller in size and its band width
to be wider.

FIG. 22 is an expanded plan view of the layer-stacked
antenna of the embodiment shown in FIG. 21(5). FIG. 23 isan
exploded diagram of a sheet layer making up the layer-
stacked antenna of the embodiment shown in FIG. 21(5).

The third antenna 103 of the embodiment described above
is configured so as to have a conductor 103B which winds the
base body 103A in a helical manner and in a longitudinal
direction in the base body 103 A of a cuboid shape whose one
main surface (rear face in FIG. 21[5]) makes up its antenna
main mounting face 103m.

The base body 103A, as shown in FIGS. 22 and 23, is
constructed by stacking rectangular sheet layers 103a, 1035,
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and 103¢ made of dielectric materials containing, for
example, aluminum oxide and silica as main components.

On the surfaces of the sheet layer 103a and 103c¢ is formed
conductive patterns 203a to 203/ each having a straight line
shape and made of silver, silver alloy, and copper or copper
alloy. In the sheet layer 1035 are formed through hole elec-
trodes 103/ in a direction of a length of the antenna.

Moreover, in the formation of the layer-stacked antenna,
when a low-temperature firing material (such as an LTCC
[Low Temperature Co-fired Ceramics]) made of, for
example, glass and Al,O is used as a dielectric material, a
firing process can be performed at temperatures of 800 to
1000° C. and, therefore, firing of a layer-stacking material
together with an electrode material such as silver, copper, or
a like is made possible.

As a result, when an electrode is formed, the conductive
patterns 203a to 203/ are formed on the surface of the layer-
stacked material by using a silver paste or a like and the
dielectric material and electrode films can be fired at the same
temperature.

Then, by stacking the sheet layers 103a, 1035, and 103¢
and by connecting the conductive patterns 203a to 203i to the
sheet layers 1034, 1035, and 103¢ via the through hole elec-
trodes 1034, the conductive body 103B is fabricated with a
rectangular wound-around cross section, which winds the
base body 103 A in a spiral.

Next, another mode of the present invention in which the
antenna device having configurations described above is
embedded in a wireless communication apparatus is
described.

FIGS. 24 to 26 show examples in which the antenna device
of'the embodiment is applied to a mobile phone being one of
wireless communication apparatuses and FIG. 24 shows an
example in which the antenna device is applied to a stick-type
mobile phone and FIG. 25 shows an example in which the
antenna device is applied to a folder-type mobile phone and
FIG. 26 shows an example in which the antenna device is
applied to a sliding-type mobile phone.

FIGS. 24(a) and 26(a) are diagrams of appearances of the
mobile phone terminal viewed from its surface side and FIG.
25(b) is a diagram illustrating a state in which the antenna
device containing the substrate 100 is embedded in the mobile
phone viewed from its rear side.

For example, many of the conventional plate antennas are
configured so as to have a height of about 8 mm from the
substrate to an upper top face of the plate antenna.

On the other hand, as described above, in the antenna
device 11 of the embodiments of the present invention, one
antenna is electrostatically and capacitively coupled to
another antenna so that both the antennas are utilized mutu-
ally and less switches or a like are required and, therefore, it
is made possible to make the antenna device small-sized and
space-saving and a width of the antenna mounting region
100M occupied in a cabinet of a mobile phone in a longitu-
dinal direction can be reduced to a half when compared with
the conventional plate-type antenna.

Moreover, a thickness of the antenna mounting region
100M in the antenna device 11 can be about 3 mm (about 4
mm when containing the substrate).

A volume of the antenna mounting region 100M can be
reduced to about one fourth compared with the conventional
plate antenna and, therefore, it is made possible to save space
for the antenna device in a mobile phone being a wireless
communication apparatus and a degree of freedom of
arrangement (layout) in a cabinet of the mobile phone is
increased, thus enabling miniaturization of the mobile phone.
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In the examples shown in FIGS. 24 to 26, the antenna
mounting region 100M of the antenna device 11 is placed in
anupper position in the cabinet of the mobile phone, however,
the antenna mounting region 100M of the antenna device 11
may be placed in a lower position in the cabinet of the mobile
phone.

In recent years, importance is attached to not only a func-
tion but also design of the mobile phone and further a mobile
phone of a slightly tapered shape in its lower portion is pre-
vailing. However, since the antenna device 11 is configured so
as to be small-sized and thin, in response to the needs, layout
in which the antenna mounting region 100M in the antenna
device 11 is placed in a lower position in the cabinet of the
mobile phone is possible.

Also, the layout in which the antenna mounting region
100M is placed in a lower position in the cabinet of the mobile
phone is effective for preventing radio waves from being
absorbed by hands of a user. Thus, by controlling the position
of'the antenna mounting region 100M, an influence by noises
from a liquid crystal screen on the mobile phone can be
minimized.

Moreover, as described above, in the antenna device 11 of
the embodiments of the present invention, since non-direc-
tivity of vertically polarized waves in a short circumferential
direction of the substrate 100 can be ensured, when the
antenna device 11 is embedded in the cabinet of the mobile
phone terminal, by mounting, as appropriate, a metal portion
in a place surrounding the antenna mounting region 100M in
the cabinet, it is made possible to control directivity of the
antenna.

Other example of mounting the antenna device 11 of the
embodiment of the present invention is described by referring
to FIG. 27.

As shown in FIG. 27, a sub-substrate 200 for antennas is
attached in addition to the grounded substrate 100 and the
first, second, and third antenna 101, 102, and 103 are mounted
on the added sub-substrate 200.

Power is fed to the first, second, and third antennas 101,
102, and 103 from a transmitting and receiving circuit
mounted on the circuit substrate 100 via the power feeding
lines 271 and 273.

The antenna device 11 of the embodiment is so configured
as to be small-sized, thin, and space-saving, which allows the
additional antenna sub-substrate, besides the substrate 100, to
be mounted.

By configuring as above, a specified distance between the
first antenna 101, second antenna 102, and third antenna 103
and the grounding electrode of the circuit substrate 100 can be
kept, thereby enabling wide-band and high-gain type first,
second, and third antennas 101, 102, and 103.

Moreover, though not shown, by providing a further addi-
tional sub-substrate, in addition to the antenna sub-substrate
200, and by mounting a transmitting and receiving circuit
(signal processing circuit) for the GSM band, DCS band, and
PCS band and another transmitting and receiving circuit (sig-
nal processing circuit) for the UMTS band on the further
additional sub-substrate, a connecting terminal attached to
each of the additional sub-substrates may be connected to
each antenna via a coaxial cable.

In the embodiments described above, a grounding elec-
trode is not provided between the first/second antennas and
the third antenna and, as a result, a distance between these
antennas and the grounding electrode is made larger, which
decreases electrostatic and capacitive capacity between the
antennas and grounding electrode and a resonant current of an
opposite phase to cancel a resonant current occurring in the
antennas.
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However, radiation efficiency of radio waves radiated from
the antennas is improved and non-directivity can be easily
maintained, thus attributing to make the transmitting and
receiving frequency band become wider.

As described above, the chip antenna of the embodiment
can operate in wider bands (in a quad band of frequencies)
including the GSM band, DCS band, PCS band, and UMTS
bands and can provide excellent antenna gain and can main-
tain non-directivity of vertically polarized waves in each band
of transmitting and receiving frequencies to be used and can
save space.

It is apparent that the present invention is not limited to the
above embodiments but may be changed and modified with-
out departing from the scope and spirit of the invention.

For example, in the above embodiment, the second antenna
102 is configured so as to be able to operate in the DCS and
PCS bands, which enables the antenna device of the embodi-
ment to operate in a quad band of frequencies, however, it is
needless to say that the second antenna 102 may be config-
ured so as to operate in one transmitting and receiving fre-
quency band, that is, in a triple band of frequencies.

In the above embodiments, both signals in the GSM band
being the transmitting and receiving frequency band for the
first antenna 101 and signals in the DCS and PCS bands being
the transmitting and receiving frequency band for the second
embodiment 102 are processed by the same transmitting and
receiving circuit, however, these signals may be processed by
a separate and individual transmitting and receiving circuit.

Also, in the above embodiments, in the GSM, DCS, and
PCS bands, the same transmitting and receiving circuit is
shared and, in the UMTS band, a power feeding port for the
antenna is separately provided which is connected to the
transmitting and receiving circuit and, therefore, it is not
necessary to provide a complicated antenna switch conven-
tionally required, when one antenna is shared in the GSM,
DCS, PCS, and UMTS bands to switch the transmitting and
receiving circuit between operations in the GSM, DCS, and
PCS bands and operations in the UMTS band, thus enabling
a decrease in insertion loss of the antenna device and in
antenna mounting space.

Also, in the above embodiments, the example is described
in which the base body of the chip antenna is made up of the
dielectric material, however, the base body may be con-
structed by using a magnetic material or by combining the
dielectric material and magnetic material.

For example, as the dielectric material, a green sheet made
up of the LTCC that can be fired at low temperatures and, as
the magnetic material, a green sheet made up of ferrite or a
like that can be fired at low temperatures.

Moreover, it is not necessary that the third antenna 103 is
made up of an inner layer-stacked pattern (layer-stacked
antenna) and the third antenna 103 may be configured by
winding electrodes around the surface of the base body made
of a dielectric material, as in the case of the first antenna 101.

However, the inner layer-stacked pattern (layer-stacked
antenna) is more advantageous for miniaturization of the
antenna device.

This is because the width of the inner layer-stacked pattern
(layer-stacked antenna) can be made narrower. If the third
antenna is configured to be of the chip-type antenna as in the
case of the first antenna, a pattern can be formed on a surface
by using a screen printing method, however, it is necessary
that the electrode to be used has a certain width to prevent
breakdown of lines at the manufacturing process.

Moreover, the inner layer-stacked pattern (layer-stacked
antenna) is more advantageous because a portion surrounding
the conductor is dielectric which enables an increase in effec-
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tive dielectric constant and, owing to this, further miniatur-
ization of the antenna is made possible.

Furthermore, the antenna device of the present invention,
so long as the antenna device includes the first antenna, sec-
ond antenna, and third antenna wherein each of the first,
second, and third antenna operates in transmitting and receiv-
ing frequency bands, each band being different from one
another and the second antenna is connected to the same
power feeding port as used by the first antenna and the third
antenna is mounted with a gap being interposed between the
third antenna and the first or second antenna, can be applied
not only to a portable wireless communication apparatus but
also to various wireless communication apparatuses.

What is claimed is:

1. An antenna device comprising:

a substrate;

a first antenna mounted on said substrate;

a second antenna mounted on said substrate; and

a third antenna mounted on said substrate,

wherein said first, second, and third antennas operates in

first, second, and third transmitting and receiving fre-
quency bands being different from one another and said
first and second antennas are connected to a transmitting
and receiving circuit via a first power feeding port and
said third antenna is connected to said transmitting and
receiving circuit via a second power feeding port being
different from said first power feeding port and said first
orsecond antenna and said third antenna are mounted on
said substrate with a gap interposed between said first or
second antenna and said third antenna.

2. The antenna device according to claim 1, wherein said
first power feeding port is mounted nearer to one side relative
to a center of said substrate and said second power feeding
port is mounted nearer to one side being opposite to said one
side relative to said center of said substrate.

3. The antenna device according to claim 1, wherein said
second antenna is connected to a line extending from said first
power feeding port connected to said first antenna.

4. The antenna device according to claim 1, wherein said
second antenna comprises a pattern antenna comprising a
conductor pattern formed on said substrate.

5. The antenna device according to claim 1, wherein said
second transmitting and receiving frequency band to be used
in said second antenna contains transmitting and receiving
frequency bands to be used in at least two communication
systems.

6. The antenna device according to claim 1, wherein said
first, second and third antennas are mounted on a surface of
said substrate.

7. The antenna device according to claim 1, wherein said
second antenna and third antenna are mounted on said sub-
strate with a gap interposed between said second antenna and
said third antenna.

8. The antenna device according to claim 1, wherein no
grounding electrode is provided between said first and second
antennas and said third antenna.

9. A communication apparatus embedding the antenna
device of claim 1.

10. An antenna device according to claim 1, wherein a
distance between the first and second power feeding ports is
such a distance by which a node of an electromagnetic wave
having a ¥4 waveform in the OSM band or a %2 waveform in
the DCS, PCS, and UMTS bands is formed.

11. An antenna device according to claim 1, wherein a
distance between the first and second power feeding ports is
such a distance by which a node of an electromagnetic wave
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having a %4 waveform or a %2 waveform in the at least one of
the transmitting and receiving frequency bands.

12. An antenna device comprising:

a substrate;

a first antenna mounted on said substrate;

a second antenna mounted on said substrate; and

a third antenna mounted on said substrate,

wherein said first, second, and third antennas operates in

transmitting and receiving frequency bands being differ-
ent from one another and said first and second antennas
are connected to a transmitting and receiving circuit via
a first power feeding port and said third antenna is con-
nected to said transmitting and receiving circuit via a
second power feeding port being different from said first
power feeding port and said first or second antenna and
said third antenna are mounted on said substrate with a
gap interposed between said first or second antenna and
said third antenna so that said first or second antenna is
electrostatically and capacitively coupled to said third
antenna.

13. The antenna device according to claim 12, wherein said
first power feeding port is mounted nearer to one side relative
to a center of said substrate and said second power feeding
port is mounted nearer to one side being opposite to said one
side relative to said center of said substrate.

14. The antenna device according to claim 12, wherein said
second antenna is connected to a line extending from said first
power feeding port connected to said first antenna.

15. The antenna device according to claim 12, wherein said
second antenna comprises a pattern antenna comprising a
conductor pattern formed on said substrate.

16. The antenna device according to claim 12, wherein said
second transmitting and receiving frequency band to be used
in said second antenna contains transmitting and receiving
frequency bands to be used in at least two communication
systems.

17. An antenna device comprising:

a substrate;

a first antenna mounted on said substrate;

a second antenna mounted on said substrate; and

a third antenna mounted on said substrate,

wherein said first, second, and third antennas operates in

first, second, and third transmitting and receiving fre-
quency bands being different from one another and said
first and second antennas are connected to a transmitting
and receiving circuit via a first power feeding port and
said third antenna is connected to said transmitting and
receiving circuit via a second power feeding port being
different from said first power feeding port and said first
or second antenna and said third antenna are mounted on
said substrate with a gap interposed between said first or
second antenna and said third antenna,

wherein said first transmitting and receiving frequency

band to be used in said first antenna comprises a band of
frequencies being less than frequencies to be used in said
second and third antennas, and

wherein said first antenna comprises a chip-type antenna

comprising a base body made of at least one of a dielec-
tric material and a magnetic material and a conductor
attached to said base body.

18. An antenna device comprising:

a substrate;

a first antenna mounted on said substrate;

a second antenna mounted on said substrate; and

a third antenna mounted on said substrate,

wherein said first, second, and third antennas operates in

first, second, and third transmitting and receiving fre-
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quency bands being different from one another and said
first and second antennas are connected to a transmitting
and receiving circuit via a first power feeding port and
said third antenna is connected to said transmitting and
receiving circuit via a second power feeding port being
different from said first power feeding port and said first
orsecond antenna and said third antenna are mounted on
said substrate with a gap interposed between said first or
second antenna and said third antenna, and

wherein said third transmitting and receiving frequency
band to be used in said third antenna comprises a band of
frequencies being greater than transmitting and receiv-
ing frequencies to be used in said second antennas and
wherein said third antenna comprises a chip-type
antenna comprising a base body made of at least one of
a dielectric material and a magnetic material and con-
ductors attached to said base body.

19. The antenna device according to claim 18, wherein said

third antenna comprises a layer-stacked antenna comprising
said base body comprising a plurality of layers and said
conductors arranged in said plurality of layers.

20. An antenna device comprising:

a substrate;

a first antenna mounted on said substrate;

a second antenna mounted on said substrate; and

a third antenna mounted on said substrate,

wherein said first, second, and third antennas operates in
first, second, and third transmitting and receiving fre-
quency bands being different from one another and said
first and second antennas are connected to a transmitting
and receiving circuit via a first power feeding port and
said third antenna is connected to said transmitting and
receiving circuit via a second power feeding port being
different from said first power feeding port and said first
or second antenna and said third antenna are mounted on
said substrate with a gap interposed between said first or
second antenna and said third antenna, and

wherein said first antenna is mounted on a main surface of
said substrate and said second antenna is mounted on a
rear of said main surface of said substrate and is con-
nected to said first antenna mounted on said main surface
via a through hole electrode connected to a line to con-
nect said first antenna to said first power feeding port.

21. An antenna device comprising:

a substrate;

a first antenna mounted on said substrate;

a second antenna mounted on said substrate; and
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a third antenna mounted on said substrate,

wherein said first, second, and third antennas operates in
first, second, and third transmitting and receiving fre-
quency bands being different from one another and said
first and second antennas are connected to a transmitting
and receiving circuit via a first power feeding port and
said third antenna is connected to said transmitting and
receiving circuit via a second power feeding port being
different from said first power feeding port and said first
or second antenna and said third antenna are mounted on
said substrate with a gap interposed between said first or
second antenna and said third antenna, and

wherein said first antenna is mounted on a main surface of
said substrate and said second antenna is mounted on a
rear of said main surface with said substrate being inter-
posed between said first and second antennas so that said
first antenna faces said second antenna and so that said
second antenna is electrostatically and capacitively
coupled to said first antenna and so that said second
antenna is connected to said first power feeding port.

22. An antenna comprising:

a substrate;

a first antenna mounted on said substrate;

a second antenna mounted on said substrate; and

a third antenna mounted on said substrate,

wherein said first, second, and third antennas operates in
transmitting and receiving frequency bands being differ-
ent from one another and said first and second antennas
are connected to a transmitting and receiving circuit via
a first power feeding port and said third antenna is con-
nected to said transmitting and receiving circuit via a
second power feeding port being different from said first
power feeding port and said first or second antenna and
said third antenna are mounted on said substrate with a
gap interposed between said first or second antenna and
said third antenna so that said first or second antenna is
electrostatically and capacitively coupled to said third
antenna,

wherein said first transmitting and receiving frequency
band to be used in said first antenna comprises a band of
frequencies being lower than frequencies to be used in
said second and third antennas, and

wherein said first antenna comprises a chip-type antenna
comprising a base body made of at least one of a dielec-
tric material and a magnetic material and a conductor
attached to said base body.

#* #* #* #* #*
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the ground plane, where the first radiating electrical antenna
element is dimensioned for resonating at least at one fre-
quency, and a second radiating magnetic antenna element
provided in the ground plane below the first antenna element
and being dimensioned for resonating at the same frequency
as the first radiating antenna element.
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COMPACT DIVERSITY ANTENNA
ARRANGEMENT

TECHNICAL FIELD OF THE INVENTION

The present invention relates to providing antenna diver-
sity in wireless communication and more particularly to an
antenna arrangement for a portable communication device as
well as to a portable communication device having such an
antenna arrangement.

DESCRIPTION OF RELATED ART

Mobile communication at high data rates, such as HSPA
(High Speed Packet Access), demands the introduction of
advanced radio communication link systems or equipment
that better to the nature of radio wave propagation properties
of wireless channels than communication at lower rates. One
way to solve this is to introduce two or more antennas at either
or both of the receiver and transmitter ends of a communica-
tion network. Antennas applied for these types of solutions
are often termed diversity antennas, MIMO (Multiple Input
Multiple Output) or MISO (Multiple Input Single Output)
antennas. The configuration of such antennas has to offer
some degree of independence, i.e. isolation, or un-correlation
between the antennas. This is normally accomplished by
physical separation of the antennas. This is however hard to
implement at a portable communication device for the size of
devices that are near or less than the wavelength of the radio-
channel in use and this is the case for cellular phone handsets
operating in the 800 to 2000 MHz bands.

Portable communication devices like cellular phones are
thus very small. It is for many reasons also desirable to place
the antennas of these devices inside the casing. This means
that it is very difficult to provide a diversity solution in a
portable communication device that has an acceptable isola-
tion. The devices are thus often not large enough to obtain
acceptable isolation. If an additional antenna element is pro-
vided, this will then also occupy additional space in the
device, which may be very hard to provide because of the
many other elements that it is desirable to provide in a small
sized portable communication device.

It is therefore of interest to provide an antenna solution
where more than one antenna operating at the same frequen-
cies are provided in the same area, i.e. occupy essentially the
same antenna volume while still being operating at the same
frequencies with an acceptable isolation.

SUMMARY OF THE INVENTION

The present invention is generally directed towards provid-
ing an antenna arrangement that is small, can be provided
inside a portable communication device and provides diver-
sity.

A first aspect of the present invention is directed towards an
antenna arrangement for a portable communication device
comprising:

a ground plane,

afirst radiating electrical antenna element provided in a plane
arranged at a distance above and parallel with at least a part
of the ground plane, said first radiating electrical antenna
element being dimensioned for resonating at least at one
frequency, and

a second radiating magnetic antenna element provided in the
ground plane below the first antenna element and being
dimensioned for resonating at the same frequency as the
first radiating antenna element.
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A second aspect of the present invention is directed
towards an antenna arrangement including the features of'the
first aspect, wherein the first radiating antenna element is
dimensioned for resonating at more than one frequency.

A third aspect of the present invention is directed towards
an antenna arrangement including the features of the first
aspect, wherein the first radiating antenna element is an elec-
tric dipole element.

A fourth aspect of the present invention is directed towards
an antenna arrangement including the features of the third
aspect, wherein the first radiating antenna element is a PIFA
antenna element.

A fifth aspect of the present invention is directed towards
an antenna arrangement including the features of the fourth
aspect, wherein the first radiating antenna element comprises
anumber of branches connected to a feeding section, where at
least some are dimensioned for resonating at separate fre-
quencies.

A sixth aspect of the present invention is directed towards
an antenna arrangement including the features of the first
aspect, wherein the second radiating antenna clement is a
magnetic dipole antenna element.

A seventh aspect of the present invention is directed
towards an antenna arrangement including the features of'the
sixth aspect, wherein the second radiating antenna element is
provided as a slot in the ground plane for providing a slot
antenna element.

An eighth aspect of the present invention is directed
towards an antenna arrangement including the features of'the
seventh aspect, wherein the second radiating antenna element
comprises a straight section provided between a feeding point
and a first bend, where the distance between the bend and the
feeding point corresponds to one resonating frequency of the
second radiating antenna element.

A ninth aspect of the present invention is directed towards
an antenna arrangement including the features of the seventh
aspect, wherein the second radiating antenna clement is a
cavity backed slot antenna.

A tenth aspect of the present invention is directed towards
an antenna arrangement including the features of the first
aspect, wherein the ground plane includes at least two sec-
tions, a first section, which is provided under the first radiat-
ing antenna element and parallel with the plane in which said
first radiating antenna element is provided, and a second
section, which is perpendicular to the first section, and further
comprising a third radiating magnetic antenna element in this
second section of the ground plane.

An eleventh aspect of the present invention is directed
towards a portable communication device comprising:

a ground plane,

a radio circuit,

a first radiating electrical antenna element provided in a plane
arranged at a distance above and parallel with at least a part
of the ground plane, said first radiating electrical antenna
element being dimensioned for resonating at least at one
frequency, and

a second radiating magnetic antenna element provided in the
ground plane below the first antenna element and being
dimensioned for resonating at the same frequency as the
first radiating antenna element.

A twelfth aspect of the present invention is directed
towards a portable communication device including the fea-
tures of the eleventh aspect, wherein the first radiating
antenna element is dimensioned for resonating at more than
one frequency.

A thirteenth aspect of the present invention is directed
towards a portable communication device including the fea-
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tures of the eleventh aspect, wherein the first radiating
antenna element is an electric dipole element.

A fourteenth aspect of the present invention is directed
towards a portable communication device including the fea-
tures of the thirteenth aspect, wherein the first radiating
antenna element is a PIFA antenna element.

A fifteenth aspect of the present invention is directed
towards a portable communication device including the fea-
tures of the fourteenth aspect, wherein the first radiating
antenna element comprises a number of branches connected
to a feeding section, where at least some are dimensioned for
resonating at separate frequencies.

A sixteenth aspect of the present invention is directed
towards a portable communication device including the fea-
tures of the eleventh aspect, wherein the second radiating
antenna element is a magnetic dipole antenna element.

A seventeenth aspect of the present invention is directed
towards a portable communication device including the fea-
tures of the sixteenth aspect, wherein the second radiating
antenna element is provided as a slot in the ground plane for
providing a slot antenna element.

An eighteenth aspect of the present invention is directed
towards a portable communication device including the fea-
tures of the seventeenth aspect, wherein the second radiating
antenna element comprises a straight section provided
between a feeding point and a first bend, where the distance
between the bend and the feeding point corresponds to one
resonating frequency of the second radiating antenna ele-
ment.

A nineteenth aspect of the present invention is directed
towards a portable communication device including the fea-
tures of the seventeenth aspect, wherein the second radiating
antenna element is a cavity backed slot antenna.

A twentieth aspect of the present invention is directed
towards a portable communication device including the fea-
tures of the eleventh aspect, wherein the ground plane
includes at least two sections, a first section, which is pro-
vided under the first radiating antenna element and parallel
with the plane in which said first radiating antenna element is
provided, and a second section, which is perpendicular to the
first section, and further comprising a third radiating mag-
netic antenna element in this second section of the ground
plane.

A twenty-first aspect of the present invention is directed
towards a portable communication device including the fea-
tures of the eleventh aspect, wherein it is a cellular phone.

The invention has a number of advantages. By providing a
first radiating electric antenna element on top of a second
radiating magnetic antenna element in a ground plane, the
magnetic field of the second radiating magnetic antenna ele-
ment is aligned with the electric field of the first radiating
electric antenna element, and the electric field of the second
radiating magnetic antenna element is aligned with the mag-
netic field of the first radiating electric antenna element. This
improves the isolation between the radiating antenna ele-
ments even though they are provided in the same area. The
antenna arrangement is furthermore provided in a small area
which is normally already provided for a single antenna and
thus the antenna diversity can be obtained with virtually no
additional space. It is further simple and can be produced at a
low cost.

It should be emphasized that the term “comprises/compris-
ing” 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.
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4
BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be described in more detail
in relation to the enclosed drawings, in which:

FIG. 1 shows a front view of a portable communication
device in the form of a cellular phone,

FIG. 2 shows a top view of an antenna arrangement accord-
ing to a first embodiment of the present invention including a
first radiating electrical antenna element provided above a
ground plane including a second radiating magnetic antenna
element,

FIG. 3 shows a top view of the antenna arrangement
according to the first embodiment but without the first radi-
ating electrical antenna element,

FIG. 4 shows a sectional view of the antenna arrangement
in FIG. 2,

FIG. 5 shows a sectional view of parts of an antenna
arrangement according to a second embodiment of the
present invention with an alternative second radiating mag-
netic antenna element,

FIG. 6 shows a top view of an antenna arrangement accord-
ing to a third embodiment of the present invention including
a first radiating electrical antenna element provided above a
ground plane including a second radiating magnetic antenna
element,

FIG. 7 shows a top view of the antenna arrangement
according to the third embodiment but without the first radi-
ating electrical antenna element, and

FIG. 8 shows plots of VSWR and isolation for an antenna
arrangement according to the third embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

Mobile communication at high data rates, such as HSPA
(High Speed Packet Access), demands the introduction of
advanced radio communication link systems or equipment
that adopt better to the nature of radio wave propagation
properties of wireless channels than communication at lower
rates. One way to solve this is to introduce two or more
antennas at either or both of the receiver and transmitter ends
of a communication network. Antennas applied for these
types of solutions are often termed diversity antennas, MIMO
(Multiple Input Multiple Output) or MISO (Multiple Input
Single Output) antennas. One end of a communication net-
work may be provided through a portable communication
device. The present invention is therefore directed towards
providing antenna diversity in a portable communication
device

FIG. 1 shows a front view of a portable communication
device 10 in the form of a cellular phone. The phone 10 has a
casing 12 in which there is provided a keypad 16 and a display
14. The keypad here includes a number of keys that are used
for operating the phone 10. The other different functional
units of the phone 10 are provided in the interior of the phone
10, i.e. inside the casing 12. The phone 10 furthermore com-
prises at least one antenna arrangement, which according to
the invention is provided in the interior of the phone, i.e.
inside the casing 12. It should here be mentioned that the
portable communication device according to the present
invention is not limited to a cellular phone, but may be used in
other portable communication devices like lap top computers
or palm top computers.

A first embodiment of the present invention will now be
described in relation to FIGS. 2-4, where FIG. 2 shows a top
view of an antenna arrangement 18 according to a first
embodiment having a first radiating electrical antenna ele-
ment 22 provided above a ground plane 20 including a second
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radiating magnetic antenna element, where FIG. 3 shows a
top view of this antenna arrangement 18 but without the first
radiating electrical antenna element and where FIG. 4 shows
a sectional view of the antenna arrangement being connected
to a radio circuit 34.

The antenna arrangement 18 thus includes a first radiating
electrical antenna element that is here a PIFA element 22. The
antenna arrangement 18 also includes said ground plane 20,
which is provided on a substrate 31. The first radiating
antenna element 22 is provided in a plane arranged at a
distance above and parallel with at least a part of a ground
plane 20. One end, the left end in the figures, of the PIFA
element is here joined with the ground plane 20 and the
element 22 is also provided with a connection 24 to a con-
ductor that in turn connects to the radio circuit 34. In the first
embodiment the first radiating antenna element 22 is dimen-
sioned to be resonating at one frequency and here a frequency
in a GSM frequency band, for instance 850/900 MHz. The
length of the element normally corresponds to a quarter of a
wavelength of the resonance frequency, while the distance to
the ground plane influences the wideband properties of this
first element 22. The antenna arrangement 18 also includes a
second radiating magnetic antenna element, which is here a
slot antenna element 26. This second radiating antenna ele-
ment 26 is provided in the ground plane 20 directly under-
neath the first radiating antenna element and is thus provided
in a plane parallel with the first antenna element 22. It is
furthermore aligned with the first radiating antenna element
22. The slot 26 is here shown as being straight. It should
however be realised that it can have any other shape, for
instance have a meandering shape. The slot 26, which is here
bounded by the ground plane 20 on all sides, has a length that
corresponds to half the wavelength of the desired resonance
frequency, which is the same frequency as the first radiating
antenna element is dimensioned for resonating at. It should
here be realised that the slot may be open ended, i.e. one side
of'the slot 26 will then not be bounded by the ground plane. In
this case another length of the slot provides the desired reso-
nance. The slot 26 is furthermore connected to a signal con-
ductor and to ground via two connection points 28 and 30
provided on at the bottom of the slot 26 at each side of the slot
walls in the longitudinal direction. This position of these
connection points is thus a feeding point of the slot 26. They
may be provided in the form of a bridge conductor. The
connection points 28 and 30 are in this first embodiment
provided at the furthermost left end of the slot 26. However,
they may be provided at other positions along the length of the
slot in order to provide a feeding point at another position.
Both the signal connections 24 and 28 for the two antenna
elements 22 and 26 are connected to a signal conductor that
leads to a radio circuit 34, which may be provided on the
opposite side of the substrate. The radio circuit 34 provides
signals to the antennas for transmission and also receives
signals from the two radiating antenna elements 22 and 26.

By providing an electric antenna element on top of a mag-
netic antenna element, several advantages are obtained. With
this orientation of the radiation antenna elements in relation
to each other, the magnetic H-field of the magnetic antenna
element 26 is essentially parallel with the electric E-field of
the electric antenna element 22, and the E-field of the mag-
netic antenna element 26 is essentially parallel with the
H-field of the electric antenna element 22. This means that the
isolation between the antenna elements will be fairly good
and therefore it is possible to use the two antenna elements
simultaneously at the same frequency and thus antenna diver-
sity is obtained. This diversity is furthermore mostly impor-
tant for the reception of signals than the transmission. The
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antenna arrangement is furthermore provided in a small area
which is normally already provided for a single antenna and
thus the antenna diversity can be obtained with virtually no
additional space. The antenna volume provided for the first
electrical radiating antenna element 22 is thus also used for
the second radiating magnetic antenna element 26. The
antenna arrangement according to the present invention is
most advantageous at the lower frequency bands, for instance
the 850 MHZ band, because there the size of the antenna
elements is a major issue. The invention therefore provides a
small sized antenna arrangement that can be provided inside
aportable communication device and still have good antenna
properties for a wide frequency range. It is further simple and
can be produced at a low cost It also occupies a limited space
in the device.

The slot used can be a cavity backed slot. An example of a
second embodiment using such a solution is shown in FIG. 5,
which shows a sectional view of an antenna arrangement 18
on a substrate 31. Here there is provided a cavity 36 in the
substrate 31 underneath the slot 26. The slot 26 is here capaci-
tively fed by the cavity 36. Thus here the connection points 38
for the slot 26 (of which only one is shown) are provided to the
cavity 36 and not directly to the slot 26.

It is possible to apply the concept of the present invention
also on multi-resonating antenna elements. One such
example according to a third embodiment of the present
invention is shown in FIGS. 6 and 7, which shows a multi
resonating antenna arrangement 18 with a PIFA element
(FIG. 6) and without the PIFA element (FIG. 7) in views that
are similar to the views of FIGS. 2 and 3. Here the PIFA
element includes a feeding section 44 with connections to
ground and the radio circuit. The feeding section 44 is also
connected to afirst40 and a second 42 branch. Each branch 40
and 42 is dimensioned for resonating at a frequency in one
frequency band, where the second 42 may be resonating in the
850 MHz band and the first 40 may be resonating in the 1800
MHz band. The slot 46 is in this third embodiment provided
in the ground plane 20 as before and is preferably contained
within a volume between the first radiating antenna element
and ground. Here the slot 46 is provided as a number of
straight sections which are joined to each other by a number
of'bends, which bends may be 90-degree bends as is shown in
FIG. 7. A first straight section leads from the feeding point
provided by two connection points 48 and 50 to a first bend.
The length of this first section is here dimensioned after the
highest resonating frequency, while the whole length of the
slot is dimensioned after the lowest resonating frequency,
where the further bends provide enhanced wideband proper-
ties. The resonating frequencies of the slot 26 are here the
same as the resonating frequencies of the PIFA element.

It should here be realised that the branches of the PIFA
antenna element may be configured in numerous ways. There
may furthermore be provided a passive branch which excites
the branch provided for highest resonating frequency in order
to improve the wideband properties. Also the slot may have
more or fewer bends. It should also be realised that this third
embodiment may be varied through using a cavity backed slot
as described in relation to the second embodiment.

A plotofthe VSWR 52 (Voltage Standing Wave Ratio) and
isolation 54 (expressed in dB) of an antenna arrangement
according to the principles of the third embodiment for a
frequency range of 0.5-3 GHz is shown in a curve in FIG. 8.
As can be seen the antenna arrangement provides good char-
acteristics for a wide frequency range covering the two reso-
nance frequencies and the bands they are provided in, i.e.
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covering the 850 and 1800 MHZ bands and also has good
isolation in this range, which enables the use of the antenna
for diversity applications.

It should here be realised that it is also possible to add a
third radiation antenna element, which may be another slot
antenna. This may be done through bending a part of the
ground plane so that the ground plane has two sections, a first
which is provided under the first radiating antenna element
and being parallel with the plane in which this first radiating
antenna element is provided. The second radiating antenna
element is here of course also provided in this section. The
second section is then bent so that it is perpendicular or
essentially perpendicular to the first section and in this second
section a third radiating magnetic antenna element is pro-
vided. If this third radiating magnetic antenna element is a
slot, this slot would then be directed away from the first and
second radiating antenna elements, i.e. the opening of the slot
would be facing away from the antenna volume provided by
the PIFA element and ground plane. In this way it is possible
to provide three radiating antenna elements that have limited
influence on each other and in a small space.

The first radiating electrical antenna element is not limited
to PIFA elements. Other types of electrical dipole elements
may be provided. There may for instance be provided two
normal dipole elements instead that are bent so that they are
provided in a plane parallel with the ground plane. It is also
possible with a monopole element that is bent in the same
way. The element may also be patch and can have any suitable
shape. The second radiating magnetic antenna element is with
advantage a magnetic dipole element and has here been
described in relation to a slot. However, also other magnetic
dipoles are possible.

These are just some of the modifications that are possible to
make of the present invention. Therefore it should be realised
that the present invention is only to be limited by the follow-
ing claims.

The invention claimed is:

1. An antenna arrangement for use in a communication
device, comprising:

a ground plane;

a radiating electrical antenna element provided in a plane
arranged at a distance from and parallel to at least a
portion of the ground plane, the radiating electrical
antenna element being dimensioned to resonate at at
least one frequency; and
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a radiating magnetic antenna element provided in the
ground plane apart from the radiating electrical antenna
element and being dimensioned to resonate at the at least
one frequency simultaneously with the radiating electri-
cal antenna element.

2. The antenna arrangement of claim 1, where the radiating
electrical antenna element is dimensioned to resonate at
another frequency.

3. The antenna arrangement of claim 1, where the radiating
electrical antenna element comprises an electric dipole ele-
ment.

4. The antenna arrangement of claim 3, where the electric
dipole element is a planar inverted-F antenna (PIFA) antenna
element.

5. The antenna arrangement of claim 4, where the radiating
electrical antenna element comprises a number of branches
connected to a feeding section, wherein at least some of the
number of branches are dimensioned for resonating at fre-
quencies that differ.

6. The antenna arrangement of claim 1, where the magnetic
radiating antenna element is a magnetic dipole antenna ele-
ment.

7. The antenna arrangement of claim 6, where the magnetic
dipole antenna element is provided as a slot in the ground
plane to form a slot antenna element.

8. The antenna arrangement of claim 7, where the radiating
magnetic antenna element comprises a straight section pro-
vided between a feeding point and a bend, where a distance
between the bend and the feeding point corresponds to one
resonating frequency of the radiating magnetic antenna ele-
ment.

9. The antenna arrangement of claim 7, where the radiating
magnetic antenna element is a cavity-backed slot antenna.

10. The antenna arrangement of claim 1, where the ground
plane comprises:

a first section disposed under the radiating electrical
antenna element and parallel to the plane in which the
radiating electrical antenna element is provided, and

a second section disposed perpendicularly to the first sec-
tion and including a third radiating magnetic antenna
element.
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MOBILE COMMUNICATION TERMINAL
INCORPORATING INTERNAL ANTENNA

CROSS-REFERENCE TO RELATED
APPLICATIONS

This non-provisional application claims priority under 35
U.S.C. § 119(a) to Patent Application Nos. 10-2006-0031383
and 10-2006-0116279 filed in Korea on Apr. 6, 2006 and on
Nov. 23, 2006 respectively, the entire contents of which are
hereby incorporated by reference.

FIELD OF THE INVENTION

The present invention relates to an internal antenna and a
mobile communication terminal using the internal antenna.

DESCRIPTION OF THE RELATED ART

In general, an antenna is an electronic component designed
to receive and transmit radio signals. The antenna is an essen-
tial component in a mobile communication terminal; the
antenna enables signal transmission and reception between a
terminal and a base station.

Most mobile communication terminals have external
antennas that are easily damaged and may physically inter-
fere with other objects. Such problems have encouraged the
development of an internal antenna. However, internal anten-
nas have a narrow bandwidth and are not suitable for the
current technology of mobile broadband communication ter-
minals to provide the diverse functions of today’s communi-
cation services.

Most of the conventional internal antennas require a volu-
metric space of more than 40 cc. In many instances, the
available volumetric space may be as small as about 0.8 cc
due to an increase in the number of component parts required
by a mobile communication terminal to accommodate more
bands.

To overcome this problem, an antenna formed on a printed
circuit board (PCB) has been developed. The PCB-type
antenna does not achieve a desired level of efficiency because
of'the antenna pattern. Other causes of the poor efficiency are
the influence radio frequency interference of a camera in the
surrounding area and a flexible PCB electrically connecting
the camera with the other internal components of the mobile
communication terminal. Also, when a folder-type mobile
communication terminal is closed, the electrical characteris-
tics of the antenna further deteriorate decreasing the anten-
na’s efficiency.

SUMMARY

Accordingly, the present invention is to solve at least the
problems and disadvantages of the background art. A mobile
communication terminal for use in a multi-frequency band
wireless communication includes a case configured to house
a circuit board and an antenna module disposed inside the
case for transmitting and receiving on a first and a second
frequency band. The antenna includes: a substrate; a first
pattern formed on the substrate for the first frequency band
having a first length and a first width; and a second antenna
pattern formed on the substrate for the second frequency band
having a second length and a second width that is different
from the first width wherein the second antenna pattern is
connected to the first antenna pattern.

The antenna may be formed with the first pattern on one
side of the substrate and the second pattern on the other side
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of the substrate, and the patterns may be connect using a via
hole. Alternately, the antenna may be formed with the first and
the second pattern on one side of the substrate. In either case,
the first pattern is electrically connected to the second pattern.

The substrate may be connected to the terminal using sur-
face mount technology. The second antenna pattern may be
either a spiral shape or a meander shape; one end of the
second antenna pattern serves as a collection surface and may
be formed in any convenient shape such as a polygon.

The first antenna pattern is formed to have a half wave-
length of the first frequency band that makes a secondary
resonance

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described in detail with reference to
the following drawings in which like numerals refer to like
elements.

FIG. 1is a front view of an antenna according to one aspect
of'the invention wherein the highband and the lowband anten-
nas are formed on one side of a PCB.

FIG. 2 is a rear view of the antenna shown in FIG. 1.

FIG. 3 is aside view of the antenna of FIG. 1 showing a feed
point.

FIG. 4 is a front view of an antenna wherein the second
pattern is different than the antenna of FIG. 1.

FIG. 5 is a front view of the antenna of FIG. 1 wherein the
end of the first pattern connects to the second pattern at a
predetermined angle.

FIG. 6 is a front view of the antenna of FIG. 4 wherein the
end of the first pattern connects to the second pattern at a
predetermined angle.

FIGS. 7A and 7B is a front view of the antenna of FIG. 1
wherein the end of the second pattern has different shapes.

FIG. 8 is a rear view of an antenna according to another
aspect of the invention wherein the highband antenna is
formed on one side of the PCB and the lowband antenna is
formed on the other side of the PCB.

FIG. 9 is a front view of the antenna of FIG. 8 showing the
lowband antenna formed on the PCB.

FIG. 10 is a side view of the antenna shown in FIGS. 8 and
9.

FIG. 11 is a rear view of the antenna shown in FIG. 8.

FIG. 12 is an alternate pattern of the lowband antenna
shown in FIG. 9.

FIG. 13 is a perspective view of a mobile communication
terminal showing one placement of an internal antenna.

FIGS. 14A and 14B are plane views illustrating a rear case
and a front case respectively of a lower folder part of a
folder-type mobile communication terminal.

FIGS. 15A and 15B are Total Radiated Power (TRP) three-
dimensional graphs showing performance of a multi-band
mobile communication terminal at a low frequency band and
a high frequency band accordance with the present invention.

FIG. 16 is an exemplary plane view showing an antenna
having patterns on both sides mounted in a mobile commu-
nication terminal.

FIGS. 17(a) and () is shows the performance variation
according to whether a conventional folder-type mobile com-
munication terminal is open or closed.

FIGS. 18(a) and (b) shows performance variation accord-
ing to whether a folder-type mobile communication terminal
is open or closed.
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FIG. 19 shows TRP and Total Isotropic Sensitivity (TIS)
results of the mobile communication terminal having the
antenna in accordance with the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The invention will be described in a more detailed manner
with reference to the drawings.

Objects of the invention include: to provide an antenna and
a mobile communication terminal comprising the antenna; to
maximize the characteristics of the antenna at the high and
low frequency bands; to miniaturize the antenna; to support
and shield the antenna from being influenced by other com-
ponent parts and losing its radiation characteristics; and to
mount the antenna in the inside of a mobile communication
terminal and make the mobile communication terminal slim,
easily used by a user;

Other objects of the invention include: to provide an
antenna and a mobile communication terminal having
improved signal reception performance when a folder-type
mobile communication terminal is closed; and to provide an
antenna and a mobile communication terminal with improved
signal reception performance when a folder-type mobile
communication terminal is closed.

FIG.1is afront view and FIG. 2 is a rear view of an antenna
according to one aspect of the present. As shown in FIGS. 1
and 2, the antenna comprises a substrate 100, a first pattern
110, a second pattern 120, a bushing 130, and a feed point
140.

The first pattern 110 and the second pattern 120 of the
antenna 10 are formed on the substrate 100. The first pattern
110 is formed on one side of the substrate 100 wherein a
portion of the first pattern 110 is formed as a straight line. The
length of the first pattern 110 may be the same length as a half
wavelength of a secondary resonance frequency.

The second pattern is connected to one end of the first
pattern 110, and the second pattern 110 has a width different
from the width of the first pattern 100. One end 112 of the first
pattern 110 is connected to the second pattern 120 at a pre-
determined angle.

The bushing 130, FIG. 2, feeds power to the antenna 10.
The bushing 130 may utilize Surface Mount Technology
(SMT) on the rear side of the substrate 100.

The feed point 140 connects the antenna 10 to a feed circuit
(not shown), and is formed as a hole at a position correspond-
ing to the bushing 130 at one end of the first pattern 110.

The antenna described above will now be described in
greater detail as follows. The first pattern 110 is formed on
one side of the substrate 100 and part of the first pattern 110
is formed in a straight line. One end of the first pattern 110 is
connected to the second pattern 120. The end 112 of the first
pattern 110 is connected to the second pattern 120 forming a
predetermined angle o, with respect to the other end of the
first pattern 110 and forms another predetermined angle o,
with respect to the other end of the second pattern 120.

For example, the end 112 of'the first pattern 110 connected
to the second pattern 120 forms an angle of about 90°
(0,=90°) with respect to the other end of the first pattern 110
and forms an angle of about 90° (c,=90°) with respect to one
end of the second pattern 120. The end 112 of the first pattern
is electrically connected to the second pattern 120.

The interference between the first pattern 110 and the sec-
ond pattern 120 can be reduced effectively by entirely form-
ing the first pattern 110 outward of the second pattern 120 as
shown in FIG. 1.
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The first and second patterns 110 and 120 of the antenna 10
are formed on a printed circuit board (PCB), and the entire
length of the first and second patterns 110 and 120 has low
frequency band characteristics. The first pattern 110 has high
frequency band characteristics.

Primary resonance at low frequency bands occurs in the
entire length of the first and second patterns 110 and 120, and
secondary resonance at high frequency bands occurs in the
first pattern 110. Resonance means a frequency selection
characteristic for a predetermined frequency, and a frequency
selection characteristic quality factor (Q) which signifies how
well frequency can be selected.

However, when patterns are connected into one pattern
having both high and low frequency band characteristics, the
frequency selection characteristic quality factor (Q) of the
high frequency band may be decreased compared to that of
the low frequency bands. Thus, a parasitic resonance point is
generated in a low frequency part of the high frequency
bands, and this may cause the high frequency band charac-
teristics to deteriorate.

To prevent the high frequency band characteristics from
deteriorating, the first pattern 110 is disposed toward the edge
of'the substrate 100, and the first pattern 110 has a width ofd, .

However, when the entire pattern of the antenna 10 is
formed having the width of d, of the first pattern 110, and the
distance between the patterns are maintained uniformly, the
size of the entire antenna 10 becomes large and reduces the
value as an internal antenna.

Therefore, the pattern of the high frequency portion 110 is
formed having a width d, until the length of the pattern 110
equals a half wavelength of a frequency of the secondary
resonance, and then the pattern of the second portion of the
antenna 120 is formed having a relatively narrower width d,.
Consequently, the width d, of the first pattern 110 is formed
wider than the width d, of the second pattern 120.

Also, the second pattern 120 is preferably formed in a
spiral structure to minimize the size of the antenna 10. The
collection surface 122 of the second pattern 120 is formed in
a square shape having a predetermined surface to collect
electric current in the square shape to improve open charac-
teristics of the antenna 10.

The open characteristics of the antenna 10 mean that, when
apattern of an antenna is open, signals finding no place to go
are totally reflected and returned. Accordingly, the square
shape is formed having a predetermined surface at the collec-
tion surface 122 of the second pattern 120. The open charac-
teristics can be improved by collecting electric currents in the
square shape.

The bushing 130 for feeding the antenna 10 is formed at the
back surface of substrate 100 where the first and second
patterns 110 and 120 are formed. The bushing 130 is formed
using surface mount technology to reduce production costs
and performance variations between products.

A feed point 140 is formed in the form of a via hole in one
end of the first pattern 110 at a position corresponding to the
bushing 130.

FIG. 3 is a side view showing a feed point formed in the
form of a via hole in accordance with the present invention. As
shown in the drawing, the feed point 140 connects the antenna
10 with a feed circuit, and is in the form of a via hole in one
end of the first pattern 110 at a position corresponding to the
bushing 130.

The feed point 140 makes it possible to feed the antenna 10
from the rear side of the substrate 100. Since the antenna 10
can be formed with a through connection to the front side, the
antenna can be designed without any restriction on the loca-
tions of the first and second patterns 110 and 120.
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The above description describes the second pattern 120
having a spiral structure. However, the present invention
should not be limited and another example of a different
shape for the second pattern 120 is presented in FIG. 4.

As shown in FIG. 4, the second pattern 120 connected to
one end of the first pattern 110 may be formed in a meander
structure. The meander structure of the second pattern 120
can also increase a spatial efficiency of the antenna 10, just as
the spiral structure does. In this example, the width d, of the
first pattern 110 is different from the width d, of the second
pattern 120, and a collection surface 122 of the second pattern
120 is formed in a square shape having a predetermined
surface.

FIG. 5 is a front view of an antenna illustrating another
example of the antenna. The second pattern 120 is connected
to an end of the first pattern 110 and is formed in a spiral
structure. An end 112 of the first pattern 110 connected to the
second pattern 120 forms a predetermined angle co; with
respect to the other end of the first pattern 110, and it forms
another predetermined angle o, with respect to the second
pattern 120. Angles o, and o, are not 90° as in the previous
example. As described above, the angular end 112 of the first
pattern 110 electrically connects to the second pattern 120.

The other details of this example are similar as those of the
previous examples. For example, the width d,; of the first
pattern is different from the width d, of the second pattern
120, and a collection surface 122 of the second pattern 120 is
formed in a square shape having a predetermined surface.

FIG. 6 is a front view of another example of the antenna
described above. As shown in FIG. 6, the second pattern 120
connected to an end of the first pattern 110 is formed in a
meander structure. Just as described with reference to FIG. 5,
the end 112 of the first pattern 110 connected to the second
pattern 120 forms a predetermined angle o, with respect to
the other end of the first pattern 110 and forms another pre-
determined angle o, with respect to an end of the second
pattern 120.

Although the above-described examples only describe a
square-shaped collection surface 122 of the second pattern
120, the embodiments are not restrictive but descriptive.
Other examples are presented below.

FIGS. 7A and 7B are exemplary front views showing the
shape of an end of'a second pattern. A collection surface 122
of'the second pattern may be formed in a pentagonal shape, as
shown in FIG. 7A, or it may be formed in a triangular shape,
as shown in FI1G. 7B. In short, the collection surface 122 of the
second pattern 120 may be formed in any shape as long as it
has a predetermined surface.

FIG. 8 and FIG. 9 show a rear view and a front view
respectively of an antenna having patterns on different sides
in accordance with another aspect of the present invention.

The bushing 130 formed on the substrate 100 is connected
to a feed point of the antenna 10. The bushing 130, however,
is formed on the rear side of the substrate 100 and connected
to the first pattern 210. The bushing 130 is formed to be
available for SMT.

The first pattern 210 is formed on the rear side of the
substrate 100. A part of the first pattern 210 connected to the
bushing 130 is formed upward along the side of the substrate
100 in a straight line. Also, another part of the first pattern 210
is formed from the center of the side of the substrate 100 to a
position corresponding to the center of the substrate 100. The
second pattern 220 is formed on the front side of the substrate
100, and it is connected to the first pattern 210 through a via
hole 240.

The antenna according to this aspect of the invention will
now be described in greater detail as follows. First, the bush-

5

10

20

25

30

35

40

45

50

55

60

65

6

ing 130 is formed on the rear side of the substrate 100. The
bushing 130 is disposed on one side of the rear side of the
substrate 100, connected to a feed point of the antenna 10, and
supplies power to the first pattern 210. The bushing 130 is
formed to be available for Surface Mount Technology thereby
reducing manufacturing costs and minimizing variations of
quality among products.

A part of the first pattern 210 is formed along the edge of
the substrate 100 in a straight line to the center of one side of
the substrate 100. Another part of the first pattern 210 is
formed from the center of the side of the substrate 100 to a
position corresponding to the center of the substrate 100.
Since the pattern of the antenna 10 is long, the initial radiation
can be increased. Also, a part of the first pattern 210 is formed
horizontally at a position corresponding to the center of the
substrate 100, and this portion of pattern 210 functions as a
horizontal ground.

A second pattern 220 is formed on the front side of the
substrate 100. The first pattern 210 and the second pattern 220
are connected through the via hole 240. The second pattern
220 is formed in a spiral structure having a predetermined
angle (A) from the central part of the substrate 100 connected
to the first pattern 210.

When the first pattern 210 and the second pattern 220 are
formed having a spiral structure, a parasitic resonance occurs
to narrow the bands. However, when the first pattern 210 and
the second patterns 220 are formed on different sides and
connected to each other, the patterns of the antenna are longer
thereby resolving the band-narrowing problem.

The first pattern 210 and the second pattern 220 are formed
on a PCB and have both low and high frequency band char-
acteristics. Therefore, a primary resonance, which is reso-
nance in the low frequency bands, is generated from the entire
length of the first pattern 210 and the second pattern 220, and
a secondary resonance, which is resonance in the high fre-
quency bands, is generated from a half wavelength of a sec-
ondary resonate frequency between the first pattern 210 and
the second pattern 220.

However, when patterns are connected and have both high
and low frequency band characteristics, the high frequency
band characteristics may have a lower frequency selection
quality (QQ) than the low frequency band characteristics. Thus,
a parasitic resonance point may be generated in the lower part
of'the high frequency bands, and this may deteriorate the high
frequency band characteristics.

The first pattern 210 and the second pattern 220 are formed
on different sides of the substrate 100. Since the patterns are
long and the first pattern 210 rarely overlaps the second
pattern 220, the generation of parasitic resonance points can
be minimized. Thus, deterioration of the high frequency band
characteristics are minimized.

Also, a terminal end 220a of the second pattern 220 is
formed at the edge of the substrate 100. Since the terminal end
220q is formed at the edge of the substrate 100, an electric
field is formed. Also, since the terminal end 220a is formed at
the edge, the length of the patterns can be easily adjusted in
the antenna 10. Thus, a frequency can be easily tuned.

As described above, when an initial end 210a of the first
pattern 210 is formed upward along the edge of the substrate
100, it is possible easily to form a ground (GND) and an
electromagnetic field.

Since part of the first pattern 210 is horizontally formed at
a position corresponding to the center of the substrate 100, it
can function as a horizontal ground. On the other hand, the
second pattern 220 may function as a vertical ground by
placing the terminal end 2204 at the edge the substrate 100 in
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the uppermost part of the antenna 10 and forming part of the
second pattern 220 in a straight line.

The structure of the antenna 10 will be described in detail
with reference to FIG. 10. The bushing 230 and the first
pattern 210 are formed on the rear side of the substrate 100,
while the second pattern 220 is formed on the front side of the
substrate 100. The first pattern 210 and the second pattern 220
are connected through the via hole 240. The first pattern 210
is connected to the bushing 130 which may use Surface
Mount Technology, and it is fed by receiving electrical signals
from the bushing 130.

Although the second pattern 220 having a spiral structure
has been described in the above aspect, the present invention
is not limited to the spiral-structured pattern. Another
example is presented below.

FIG. 11 and FIG. 12 are a rear view and a front view
respectively of another example the antenna in accordance
with the present invention. The antenna 10 suggested in this
example comprises the substrate 100, a bushing 130, the first
pattern 210, and the second pattern 220. Since the constituent
elements and the specific operation of the antenna 10 are the
same as described in the above, further description is omitted
for brevity.

The first pattern 210 and the second pattern 220 are dis-
posed on different sides of the substrate 100 in the antenna 10,
which is the same as in the previous example, and they are
connected to each other through the via hole 240.

The second pattern 220 is formed to have a structure that is
not spiraled in one direction, which is different from the
second pattern 220 of the previous example. This structure
minimizes the generation of parasitic resonance and resolves
the band-narrowing problem.

Moreover, part of the second pattern 220 is formed to
extend to the edge of substrate 100. Since the pattern becomes
longer than that of the previous example in the antenna 10, the
effect of resolving the band-narrowing problem is improved
over the previous example.

As described above, both initial end 210a of the first pattern
210 and the terminal end 220a of the second pattern 220,
which are the points of the strongest electromagnetic field of
the antenna patterns, are disposed at the edge of the substrate
100. Since a portion of the antenna where the electromagnetic
field is weak is disposed in the inner part of the substrate 100,
the resonance characteristic is not deteriorated.

The antenna 10 described in the above can be mounted on
the mobile communication terminal as follows.

FIG. 13 is a perspective view showing a mobile communi-
cation terminal comprising an antenna in accordance with
one aspect of the present invention. The mobile communica-
tion terminal 20 comprises an upper folder part 310 and a
lower folder part 320. The upper and lower folder parts 310
and 320 are combined with each other with a hinge part 330
capable of rotating the upper and lower folder parts 310 and
320.

Theupper folder part 310 comprises a display unit 212. The
lower folder part 320 comprises a rear case 340 and a front
case 350. The rear case 340 comprises the antenna 10
mounted thereon and a battery 342. The front case 350 com-
prises a main printed circuit board 352, a keypad 354, and a
camera module 356.

The rear case 340 and the front case 350 will be described
in detail with reference to FIGS. 14A and 14B. FIGS. 14A
and 14B are plane views illustrating the rear case and the front
case of the lower folder part in a folder-type mobile commu-
nication terminal, respectively.

Referring to FIGS. 14A and 14B, one side of the rear case
340 has a space 344 for housing the antenna 10 shown in
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FIGS. 1 and 2. A fixing mold (not shown), which is a hanger
for fixing the antenna 10, may be formed in the space 344
before the substrate 100 of the antenna 10 is combined with
the rear case 340 using a locator pin 150.

When the antenna 10 is mounted in the space 344, the first
pattern 110 of the antenna 10 is positioned toward the outer
side of the rear case 340 and the second pattern 120 is posi-
tioned toward the inner side of the rear case 340.

The antenna 10 is mounted on the terminal wherein the
front side of the substrate 100 where the first and second
patterns 110 and 120 are formed in the inner side of the space
344, and the rear part of the substrate 100 in the outer side of
the space 344. Thus, the bushing 130 for feeding the antenna
10 comes in the outer side of the space 344.

The combiner 350 is formed on one side of the substrate
100 of the antenna 10 to combine the substrate 100 with the
rear case 340. The combiner 350 stably combines the antenna
10 with the rear case 340 using a screw bolt.

The stable connection between the antenna 10 and the rear
case 340 in the space 344 can make the body (see 320 of FIG.
13) of the terminal 20 slim without the antenna protruding
from the body.

The antenna 10 and the space 344 are disposed in a position
that is not touchable by a user. Also, the first pattern 110 is
formed to be inclined to an external side of the mobile com-
munication terminal 20. One side of the second pattern 120 is
formed at a position apart from one side of the substrate 100
by a predetermined distance hereby reducing the deteriora-
tion of the radiation characteristics by the proximity of a user
and also reducing interference from other components.

The camera module 356 is mounted on the front case 350
and the front case 350 is combined with the rear case 340. The
camera module 356 is disposed at a position not overlapping
the antenna. For example, the camera module 356 is posi-
tioned at the centerline of the hinge 330 of FIG. 13, and the
antenna 10 is disposed on the right or left side of the camera
module 356. Interference can be further reduced by disposing
the camera module 356 on the front case 350 and the antenna
10 in the rear case 340.

In addition, as illustrated in FIG. 14B, it is possible to
further prevent radiation characteristics of the antenna 10
from being affected by peripheral components and deterio-
rated by forming a flexible printed circuit board 358 electri-
cally connecting the main printed circuit board 352 with the
camera module 356 at a position in opposite to the antenna 10.

The antenna 10 does not overlap the upper part of the main
printed circuit board providing a ground 360. “Not overlap”
means that the ground 360 is formed within a predetermined
distance from the upper part of the main printed circuit board
352, and it does not exclude a case where the upper part of the
main printed circuit board 352 without the ground 360 is
overlapped to what extent to be fixed with the antenna 10.

Also, one side of the ground 360 forms a straight and
parallel line with the first pattern 110 of the antenna 10. The
ground 360 is formed to include the perimeter of the main
printed circuit board 352.

The antenna 10 mounted on the terminal 20 may be used as
a quadband internal antenna. Quadband supports all GSM
frequencies, i.e., 850 MHz, 900 MHz, 1800 MHz, and 1900
MHz, and a quadband antenna can be used in all countries
using different frequency bands of the Global System for
Mobile (GSM) such as Europe, the United States, and Asian
countries.

A primary resonance from 850 MHz to 900 MHz is gen-
erated along entire length of the first and second patterns 110
and 120 of the antenna 10, and a secondary resonance from





US 7,642,969 B2

9

1800 MHz to 1900 MHz is generated in the first pattern 110.
Therefore, the antenna 10 can easily support the quadband.

Performances of the terminal 20 at low frequency bands
and high frequency bands of the antenna 10 having patterns
on one side are described below.

FIGS. 15A and 15B are three-dimensional total radiated
power (TRP) graphs showing performance of a multi-band
mobile communication terminal at a low frequency band and
ahigh frequency band, respectively. The power value is about
29.72 dBm at the low frequency band ranging from 850 MHz
to 900 MHz, and 22.99 dBm at the high frequency band
ranging from 1700 MHz to 1900 MHz. The result shows that
performance of the internal antenna is not inferior to that of an
external antenna.

The antenna 10 with patterns formed on different sides can
be mounted on the mobile communication terminal in a simi-
lar method as described above. FIG. 16 is an exemplary plane
view showing an antenna having patterns on both sides
mounted in a terminal.

Referring to FIG. 16, the antenna 10 is mounted in the
space 344. The substrate 100 is mounted in the space 344 with
the rear side of the substrate 100 where the first pattern 210
directed outward. The front side of the substrate where the
second pattern 220 is formed is directed to the inside of the
space 344.

As a result, the bushing 130 which is formed on the rear
side of the substrate 100 and feeds the antenna 10 is directed
to the outside of the space 344 to be connected to a feeding
circuit formed on the main printed circuit board 352.

The deterioration in the resonance characteristic occurring
when the upper folder part 310 of the mobile communication
terminal 20 is closed can be improved by positioning the
initial end 210a of the first pattern 210 and the terminal end
220a of the second pattern 220, which are points of the
strongest electromagnetic field in the antenna patterns, at the
edges of the substrate 100 and positioning the portion of the
antenna where the electromagnetic field is relatively weak on
the inner side of the substrate 100.

The space 344 and the antenna 10 are disposed in a position
not touchable by a user. Also, the first pattern 210 and the
second pattern 220 are disposed on the outer part of the
mobile communication terminal 20, and one side of the sec-
ond pattern 220 is apart from the side of the substrate 100 by
a predetermined width (d). Therefore, the radiation charac-
teristic can be prevented from being reduced by the proximity
of a user, and the interference caused between the constituent
elements of a terminal 20 can be reduced.

With the patterns on different sides, the characteristics of
the antenna 10 can be protected from deterioration caused
when the folder-type mobile communication terminal 20 is
closed. Therefore, the signal reception performance of the
antenna is improved in the terminal 20.

FIG. 17 is a graph showing variance in performance
according to whether a conventional folder-type mobile com-
munication terminal is open or closed, and FIG. 18 is a graph
showing variance in performance according to whether a
folder-type mobile communication terminal is open or
closed.

Referring to FIGS. 17(5) and 18(4), there is no remarkable
change in the antenna performance when the upper folder part
310 of the terminal 20 is open. However, according to a
voltage standing wave ratio (VSWR) of FIG. 18(a), reflective
wave generated when the upper folder part 310 is closed is
smaller than that of the conventional mobile communication
terminal shown in FIG. 17(a). The VSWR is an index show-
ing a reflection amount of energy received when the folder-
type mobile communication terminal 20 is open or closed.
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In summary, the signal reception performance of the
antenna 10 can be improved by reducing the reflective wave
generated when the upper folder part 310 is closed in the
folder-type mobile communication terminal 20 with the
antenna 10 suggested in the embodiments of the present
invention.

The TRP and TIS of the terminal 20 with antenna 10 are
measured and presented in FIG. 19. FIG. 19 is a table showing
TRP and TIS measurement results of the mobile communi-
cation terminal including the antenna in accordance with the
present invention.

Referring to FIG. 19, whereas the TIS generated when the
upper folder part 310 of a GSM850-base mobile communi-
cation terminal is 99.8 or 100.5, the TIS of the mobile com-
munication terminal 20 including the antenna 10 manufac-
tured according to the embodiment of the present invention is
improved to 100.90 or 102.00.

The above-described embodiment only describes a folder-
type mobile communication terminal 20 comprising the
upper folder part 310 and the lower folder part 320, but the
present invention is not so limited. Antenna 10 may be
mounted in all types of mobile communication terminals such
as a slide-type and a bar-type.

Although the antenna 10 described above is mounted in the
rear case 340 of the lower folder part 320, the present inven-
tion should not be limited to such an embodiment. Antenna 10
may be positioned in any way that does not degrade the
antenna performance in consideration of the type of the
mobile communication terminal, such as a slide-type and a
bar-type.

In addition, although the terminal 20 described above
includes the ground 360 formed around the perimeter of the
main printed circuit board 352, the present invention is not so
limited. When the mobile communication terminal 20 of the
present invention includes a metal keypad, the metal keypad
may be used as the ground 360.

The foregoing examples and aspects of the invention are
merely exemplary and are not to be construed as limiting the
present invention. The present teaching can be readily applied
to other types of apparatuses. Also, the description of the
examples an aspects of the present invention are intended to
be illustrative, and not to limit the scope of the claims, and
many alternatives, modifications, and variations will be
apparent to those skilled in the art.

What is claimed is:
1. A mobile communication terminal for use in a multi-
frequency band wireless communication, comprising:
a case configured to house a circuit board; and
an antenna module disposed inside the case and configured
to transmit and receive first and second frequency bands,
the antenna comprising:

a substrate;

afirst antenna pattern formed on the substrate for the first
frequency band and having a first length and a first
width;

a second antenna pattern formed on the substrate for the
second frequency band and having a second length
and a second width that is different from the first
width, the second antenna pattern connected to the
first antenna pattern; and

a bushing formed on the opposite side of the substrate
having the first and second antenna patterns and elec-
tronically connected thereto through a via hole,

wherein the first antenna pattern is selected to allow both
the first and second antenna patterns to be used for the
second frequency band.





US 7,642,969 B2

11

2. The terminal of claim 1, wherein the first width is greater
than the second width.

3. The terminal of claim 1, wherein an end of the second
antenna pattern comprises a collection surface having a width
larger than the second width.

4. The terminal of claim 3, wherein the collection surface
has a polygonal shape.

5. The terminal of claim 1, wherein the first antenna pattern
with the first width and length are determined to have a half
wavelength of the first frequency band that makes a secondary
resonance.

6. The terminal of claim 1, wherein the second antenna
pattern is connected to the first antenna pattern at an angle of
about 90 degrees.

7. The terminal of claim 1, wherein the second antenna
pattern is connected to the first antenna pattern at an obtuse
angle.

8. The terminal of claim 1, wherein the bushing is formed
using surface mounted technology.

9. The terminal of claim 1 wherein the second antenna
pattern comprises a spiral structure.

10. The terminal of claim 1 wherein the second antenna
pattern comprises a meander structure.

11. The terminal of claim 1, wherein the first and second
antenna patterns have a primary resonance from about 850
MHz to 900 MHz.

12. The terminal of claim 1, wherein the first antenna
pattern has a secondary resonance from about 1800 MHz to
1900 MHz.

13. The terminal of claim 1, wherein the first antenna
pattern and the second antenna pattern are formed on opposite
side of the substrate and connected through a via hole.

14. The terminal of claim 13, wherein the second antenna
pattern comprises a spiral structure.

15. The terminal of claim 13, wherein the second antenna
pattern comprises a meander structure.

16. The terminal of claim 13, wherein a contact surface
defining the via hole has a larger width than each of the first
and second antenna patterns.

17. A multi-frequency band antenna for use in a mobile
communication terminal, the antenna comprising:

a substrate;

a first antenna pattern formed on the substrate and config-
ured to communicate in a first frequency band and hav-
ing a first length and a first width;

a second antenna pattern formed on the substrate and con-
figured to communicate in a second frequency band and
having a second length and a second width that is dif-
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ferent from the first width, wherein the second antenna
pattern is connected to the first antenna pattern; and
a bushing formed on the opposite side of the substrate
having the first and second antenna patterns and elec-
tronically connected thereto through a via hole,

wherein the first antenna pattern is selected to allow both
the first and second antenna patterns to be used for the
second frequency band.

18. The antenna of claim 17, wherein the first width is
greater than the second width.

19. The antenna of claim 17, wherein an end of the second
antenna pattern comprises a collection surface having a width
larger than the second width.

20. The antenna of claim 19, wherein the collection surface
has a polygonal shape.

21. The antenna of claim 17, wherein the first antenna
pattern with the first width and length are determined to have
a half wavelength of the first frequency band that makes a
secondary resonance.

22. The antenna of claim 17, wherein the second antenna
pattern is connected to the first antenna pattern at an angle of
about 90 degrees.

23. The antenna of claim 17, wherein the second antenna
pattern is connected to the first antenna pattern at an obtuse
angle.

24. The antenna of claim 17, wherein the bushing is formed
using surface mounted technology.

25. The antenna of claim 17, wherein the second antenna
pattern comprises a spiral structure.

26. The antenna of claim 17, wherein the second antenna
pattern comprises a meander structure.

27. The antenna of claim 17, wherein the first and second
antenna patterns have a primary resonance from about 850
MHz to 900 MHz.

28. The antenna of claim 17, wherein the first antenna
pattern has a secondary resonance from about 1800 MHz to
1900 MHz.

29. The antenna of claim 17, wherein the first antenna
pattern and the second antenna pattern are formed on opposite
side of the substrate and connected through a via hole.

30. The antenna of claim 29, wherein the second antenna
pattern comprises a spiral structure.

31. The antenna of claim 29, wherein the second antenna
pattern comprises a meander structure.

32. The antenna of claim 29, wherein a contact surface
defining the via hole has a larger width than each of the first
and second antenna patterns.
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ANTENNA DEVICE

The present Application is a Divisional Application of U.S.
patent application Ser. No. 11/131,186, now U.S. Pat. No.
7,443,345 filed on May 18, 2005.

The present application is based on Japanese patent appli-
cation Nos. 2003-198478, 2003-201823, and 2004-035117,
the entire contents of which are incorporated herein by refer-
ence.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to an antenna device used in a base
station antenna or the like for mobile communications, and
more particularly to an antenna device in which a desired
directivity angle is realized by a simple construction.

2. Description of the Related Art

In a base station antenna for mobile communications, a
service area from which communication service can be pro-
vided is influenced remarkably by a directivity in the hori-
zontal plane of the base station antenna. In case of establish-
ing a base station antenna, it is desirable to locate it in the best
place where all the service areas intended to cover can be fully
provided without accompanying any unnecessary details. In
other words, even if an electric power is delivered to an area
where no mobile station exists, resulting in a loss of energy,
while it becomes a problem, when no electric power is deliv-
ered to an area where some mobile stations exist.

Inreality, there is a case where the best place is on aroad or
the other places where an antenna is hardly set up. Thus, there
are frequently such a case where an antenna must be set up in
a place where is that near to the best place, i.e. a next-best
place. For instance, when it is intended to contain principally
a service area along a longitudinal direction of a road 91 as
shown in FIG. 1 by the use of an antenna having a directivity
of'an 8-figure shape in the horizontal plane, the best place is
in the central point 92 of the road. However, the antenna
cannot be located at the central point of the road, so that it is
disposed on an electric pole, a telephone booth and the like
positioned at a side of the road in reality.

In this case, however, when a base station antenna having
an 8-figure shape directivity 94 is set up at a point 93 on a side
of the road as shown in FIG. 1, an area contains inevitably a
region which is not required principally for a service area, in
other words, a building 96 faced to the road which is unnec-
essary for the service area is contained inevitably therein, so
that there are useless regions. In FIG. 1, even if an antenna
having omnidirectivity (a circular directivity) in the horizon-
tal plane is used in place of an antenna having an 8-figure
shape directivity, a demand for containing principally a
region extending along the longitudinal direction of the road
91 cannot be attained.

A directivity in the horizontal plane of an ideal antenna
suitable for a place shown in FIG. 1 in which an antenna is to
be set up is that as indicated by a broken line 97. When the
antenna has the directivity as indicated by the broken line 97,
it can reduce a region in a service area covering the building
96.

In recent years, the number of mobile stations existing in a
narrow area increases with progress of mobile station instru-
ments. In this connection, when a base station antenna apply-
ing an omnidirectional antenna thereto is set up as shown in
FIG. 2A to establish a circular service area surrounding a
setting place 201, the sufficient number of channels cannot be
ensured for the number of mobile stations, because of the
limited number of channels which can be provided by a single
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base station. Under the circumstances, it is considered for
ensuring the sufficient number of channels in each service
area that a plurality of antennas each having a comparatively
narrow directivity is set up at the same place, whereby differ-
ent directions are covered to establish service areas, respec-
tively. For instance, when three antennas each having 120°
directivity angle are set up at the same setting place 201 as
shown in FIG. 2B, service areas each having a sector form
directing to a different direction, respectively, are shared, so
that the number of channels being three times larger than that
in the case where circular service areas are set up can be
ensured.

However, when the number of mobile stations increases
further, it is required that four or more of antennas are set up
at the same setting place 201 so as to obtain narrower service
areas as shown in FIG. 2C. In this case, since each service area
202 has each narrower angle, a directivity must be remarkably
narrowed in each antenna.

Japanese patent application laid-open No. 11-31915 (prior
art 1) discloses such a technology that omnidirectivity is
obtained over a comparatively broad band by means of a
substrate type antenna wherein electric supply lines com-
posed of microstrip lines and antenna elements composed of
microstrip lines are formed on a dielectric substrate.

On one hand, Japanese patent application laid-open No.
8-125435 (prior art 2) discloses such a technology that a
reflector plate is opposed to an omnidirectional antenna,
whereby such characteristics wherein a characteristic con-
figuration of omnidirectivity is shifted unidirectionally are
obtained, so that a circular service area is deviated away from
a building.

However, even when a reflector plate is disposed so as to
oppose to an omnidirectional antenna as in the prior art 2,
only a directivity with a narrow directivity angle is obtained.
Accordingly, such directivity in the horizontal plane of an
antenna which can reduce a service area covering a side of the
building as desired in FIG. 1, in other words, a wide directiv-
ity more than 120° directivity angle is not easily obtained. On
the other hand, the directivity in the horizontal plane indi-
cated by the broken line 97 cannot be obtained by an omni-
directional antenna as in the prior art 1.

Furthermore, when plural antennas are set up at the same
place in order that a service area is divided into narrower
regions, it is required that a directivity angle of each of the
antennas has a desired narrow angle in response to the number
of division.

As is apparent from the above description, such an antenna
in which a desired directivity angle extending over a range of
from a wide directivity angle of 180° to a narrow directivity
angle of about 30° is obtained by a simple construction is
demanded.

SUMMARY OF THE INVENTION

Itis an object of the invention to provide an antenna device
that a desired directivity angle can be obtained by a simple
construction.

(1) According to one aspect of the invention, an antenna
device, comprises:

a plurality of substrate type antennas arranged in a direc-
tion, each of the substrate type antennas comprising a dielec-
tric substrate, an electric supply line that comprises a micros-
trip line and is formed on the dielectric substrate, and antenna
elements each of which includes microstrip lines and formed
on the dielectric substrate; and

a reflector plate located along the direction that the sub-
strate type antennas are arranged,
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wherein the substrate type antennas each have different
angles of inclination relative to the reflector plate.

In the antenna device the substrate type antennas may have
an elliptical directivity.

Further, the antenna device may further include:

aplurality of subsidiary reflector plates that are orthogonal
to the reflector plate,

wherein the dielectric substrate is sandwiched by the two
subsidiary reflector plates.

(2) According to another aspect of the invention, an
antenna device comprises:

a dielectric substrate;

an electric supply line that comprises a microstrip line and
is formed on the dielectric substrate;

an antenna element that comprises a microstrip line and is
formed on the dielectric substrate; and

a reflector plate disposed on the dielectric substrate at a
predetermined angle of inclination,

wherein the reflector plate is allowed to move relative to the
dielectric substrate while keeping the predetermined angle of
inclination.

In the antenna device, the electric supply line and the
antenna element may deviate from a dimensional factor that
allows the electric supply line and the antenna element to have
an omnidirectivity, and the electric supply line and the
antenna element may have a dimensional factor that allows
the electric supply line and the antenna element to have an
elliptical directivity.

Further, in the antenna device the electric supply line and
the antenna element may deviate from a dimensional factor
that allows the electric supply line and the antenna element to
have an omnidirectivity, and the electric supply line and the
antenna element may have a dimensional factor that allows
the electric supply line and the antenna element to have an
elliptical directivity.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be explained in more detail in
conjunction with appended drawings, wherein:

FIG. 1 is a plan view showing a road and a periphery
thereof wherein a base station antenna is set up on a side of the
road;

FIGS. 2A to 2C are plan views each showing an appearance
wherein a plurality of service areas is established around a
place at which one base station antenna is set up;

FIG. 3 is a perspective view showing an antenna device
according to a first embodiment of the present invention;

FIG. 4 is a side view showing the antenna device of FIG. 3
viewed from z-axis direction;

FIG. 5 is a characteristic diagram showing a directivity in
the horizontal plane (omnidirectivity) of a conventional
antenna device;

FIG. 6 is a characteristic diagram showing a directivity in
the horizontal plane of an elementary substrate of the antenna
device shown in FIG. 3;

FIG. 7 is a characteristic diagram showing a directivity in
the horizontal plane of the antenna device shown in FIG. 3;

FIG. 8 is a perspective view showing an antenna device
according to a second embodiment of the present invention;

FIG. 9 is a side view showing the antenna device of FIG. 8
viewed from z-axis direction;

FIG. 10 is a characteristic diagram showing a directivity in
the horizontal plane of the antenna device shown in FIG. 8;

FIG. 11 is a characteristic diagram showing a directivity in
the horizontal plane of a modification of the antenna device
shown in FIG. 3;

20

25

30

35

40

45

50

55

60

65

4

FIGS. 12 and 13 are perspective views each showing an
antenna device according to a third embodiment of the
present invention;

FIGS. 14A to 14F are side views each showing an antenna
device according to a fourth embodiment of the present inven-
tion;

FIG. 15 is a characteristic diagram showing a directivity in
the horizontal plane of the antenna device shown in FIG. 14F;

FIGS. 16A to 16D are side views each showing an antenna
device according to a fifth embodiment of the present inven-
tion;

FIG. 17 is a characteristic diagram showing a directivity in
the horizontal plane of the antenna device shown in FIG. 3
wherein an angle of inclination a ofthe antenna 45° according
to a sixth embodiment of the present invention;

FIG. 18 is a characteristic diagram showing a directivity in
the horizontal plane of the antenna device shown in FIG. 3
wherein an angle of inclination a of the antenna is —45°
according to the sixth embodiment of the present invention;

FIG. 19 is a perspective view showing a multi-directivity
substrate type antenna according to a seventh embodiment of
the present invention;

FIG. 20 is a side view showing a multi-directivity substrate
type antenna according to an eighth embodiment of the
present invention;

FIG. 21 is a side view showing a multi-directivity substrate
type antenna according to an ninth embodiment of the present
invention;

FIG. 22 is a characteristic diagram showing a directivity in
the horizontal plane of the antenna device shown in FIG. 21;

FIG. 23 is a perspective view showing a substrate type
antenna device according to a tenth embodiment of the
present invention;

FIG. 24 is a side view showing the substrate type antenna
device shown in FIG. 23;

FIG. 25 is a characteristic diagram showing a directivity in
the horizontal plane of the substrate type antenna device
shown in FIG. 23 (an angle of inclination o of the antenna is
45°),

FIG. 26 is a side view showing a substrate type antenna
device according to an eleventh embodiment of the present
invention wherein a reflector plate of the antenna device of
FIG. 24 is shifted;

FIG. 27 is a characteristic diagram showing a directivity in
the horizontal plane of the antenna device shown in FIG. 26;

FIG. 28 is a side view showing a substrate type antenna
device according to a twelfth embodiment of the present
invention;

FIG. 29 is a characteristic diagram showing a directivity in
the horizontal plane of the antenna device shown in FIG. 28;

FIG. 30 is a side view showing a substrate type antenna
device according to a thirteenth embodiment of the present
invention;

FIG. 31 is a characteristic diagram showing a directivity in
the horizontal plane of the antenna device shown in FIG. 30;

FIG. 32 is a characteristic diagram showing a directivity in
the horizontal plane of the antenna device according to a
fourteenth embodiment of the present invention;

FIG. 33 is a side view showing a substrate type antenna
device according to a fifteenth embodiment of the present
invention;

FIG. 34 is a side view showing a substrate type antenna
device according to a sixteenth embodiment of the present
invention; and
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FIG. 35 is a side view showing a substrate type antenna
device according to a seventeenth embodiment of the present
invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A preferred embodiment of the present invention will be
described in detail hereinafter.

First Embodiment

As shown in FIGS. 3 and 4, an antenna device 1 according
to the present invention includes a substrate type antenna 10
which is fabricated by such a manner that an electric supply
line (called also open-end line) 3 composed of microstrip
lines extending along the longitudinal direction of a substrate
2, antenna elements 5 each composed of microstrip lines, and
electric supply lines 4 each composed of microstrip lines and
for connecting the electric supply line 3 with the antenna
element 5 are formed on either surface of the substrate 2,
while a passive element 7 composed of microstrip wires, and
a ground 8 made of an electric conductor are formed the other
surface of the substrate 2.

The ground 8 is positioned on the reverse side of the elec-
tric supply line 3, and the passive element 7 is positioned on
the reverse side of the antenna elements 5. A coaxial cable 9
for supplying electric power from an external transmission
and reception instrument (not shown) to the substrate is
located along the ground 8.

It is to be noted that although the passive element 7 is
disposed at a position corresponding to that of the antenna
element 5 on the reverse side thereof on which the antenna
element 5 is formed in the substrate type antenna according to
the present embodiment, the passive element 7 may be
located on the same side of the substrate 2 on which the
antenna elements 5 are disposed so as to be parallel thereto.
The antenna element 5 has half a wavelength in electrical
length along the longitudinal direction.

In FIGS. 3 and 4, a direction indicated by z-axis is the
vertical direction with respect to the horizontal plane.
Namely, the substrate 2 is set up in such that the longitudinal
direction of the substrate 2 is kept to be vertical with respect
to the horizontal plane. Dimensional factors of the electric
supply line 4 and the antenna element 5 for deciding a direc-
tivity of the antenna device 1 include a length of the electric
supply line 4 (a distance between the open-end line 3 and the
antenna element 5), a distance between two adjacent electric
supply lines 4 positioned on the open-end line 3 along the
longitudinal direction of the substrate 2, a distance between
two adjacent antenna elements 5, 5 along the longitudinal
direction of the substrate 2 and the like. When these dimen-
sional factors are made to be either values obtained through
multiplication of an applied frequency A by an integer, or ones
being each simple common fraction of such frequency A,
omnidirectivity (a circular figure directivity) in the horizontal
plane can be obtained. Details are as described in the prior art
1.

An example of such circular figure directivity is shown in
FIG. 5 wherein although a gain at +180° (the reverse direction
to the x-axis in FIG. 3) is somewhat small with respect to a
gain at 0° (the x-axis direction in FIG. 3), but it is in a degree
of experimental error.

In the present invention, a dimensional factor due to which
the above-described omnidirectivity is achieved is intention-
ally avoided, and, for example, a value which cannot be easily
obtained from the applied frequency A is used, whereby a
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dimensional factor due to which an elliptical directivity in the
horizontal plane is obtained is adopted. More specifically, a
distance between two adjacent antenna elements 5, 5 along
the longitudinal direction of the substrate 2 due to which
omnidirectivity is obtained is changed to another distance.

An example of the elliptical directivity thus obtained is
shown in FIG. 6 wherein a gain at £90° (the y-axis direction
in FIG. 3) is around 3 dB smaller than that of 0° and +180°
(the x-axis direction in FIG. 3) as shown in the figure.

Returning to FIGS. 3 and 4, a reflector plate 6 is disposed
s0 as to have 90° angle of inclination in the horizontal plane
with respect to the substrate 2 in the antenna device 1 accord-
ing to the present invention. In other words, the substrate 2
extends along the x-axis, while the reflector plate 6 is dis-
posed in parallel to the y-axis.

FIG. 7 shows a directivity in the horizontal plane of the
antenna device 1 shown in FIG. 3 wherein a directivity devi-
ating remarkably to a semicircle on the side including 0° is
obtained as shown in the figure. When viewed an angle at
which -3 dB gain is obtained on the basis of the maximum
gain, it is +80°, i.e. 160° directivity angle is obtained.

When the antenna device 1 of FIG. 3 having characteristics
as shown in FIG. 7 is applied to the environment as shown in
FIG. 1 wherein an antenna device is to be set up, the resulting
directivity in the horizontal plane becomes that indicated by
the broken line 97, so that a service area which covers inevi-
tably a side of the building 96 is reduced, whereby a region
along the longitudinal direction of the road 91 can be con-
tained principally in the service area. When the characteris-
tics indicated by the broken line 97 are compared with those
which are achieved by shifting unidirectionally an omnidi-
rectional characteristic figure as described in the prior art 2, a
less electric power than that of the prior art case is delivered
to anarea in which any mobile station cannot absolutely exist.
In other words, it is an economical way.

The antenna device 1 shown in FIG. 3 is obtained by such
a manner that a dimensional factor of a conventional omni-
directional substrate type antenna is deviated intentionally to
acquire another dimensional factor due to which the elliptical
directivity of FIG. 6 is achieved. Besides, the reflector plate 6
is disposed to the substrate 2 so as to have 90° angle of
inclination in the horizontal plane. Accordingly, the charac-
teristics shown in FIG. 7, which cannot be attained by such an
arrangement that even if a reflector plate is added to an omni-
directional substrate type antenna as in the prior art 2, can be
realized.

It is to be noted that the reflector plate 6 may be disposed
with respect to the substrate 2 so as either to be in contact with
the edge thereof, or to be suitably apart from the edge of the
substrate 2. A distance from the antenna element 5 to the
reflector plate 6 may be adjusted so as to obtain a good
directivity in FIG. 7. A width in the y-axis direction may be
also adjusted so as to obtain a good directivity in FIG. 7. A
length of the reflector plate 6 in the z-axis direction is made to
be substantially equal to that of the substrate 2 in the z-axis
direction. In FIG. 3, although only four stages of the antenna
elements 5 in the z-axis direction are shown, they may be
more or less than four stages.

Second Embodiment

As shown in FIGS. 8 and 9, a reflector plate 6 is disposed
with respect to a substrate 2 so as to have 0° angle of inclina-
tion in the horizontal plane in an antenna device 1. In other
words, when the substrate 2 extends along y-axis, the reflector
plate 6 is located in parallel to the y-axis. The substrate 2 is the
same as that shown in FIG. 3. Namely, the substrate 2 has such
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a dimensional factor due to which an elliptical directivity
wherein a gain at +90° (x-axis direction in FIG. 8) is around
3 dB smaller than that at 0° and +180° (y-axis direction in
FIG. 8) in the horizontal plane is achieved. A distance from
the antenna element 5 to the reflector plate 6 may be adjusted
s0 as to have a good directivity in FIG. 10. On one hand, a
width of the reflector plate 6 in the y-axis direction may be
adjusted so as to have the good directivity in FIG. 10. In this
case, a length of the reflector plate 6 in z-axis direction is
made to be substantially the same as that of the substrate 2 in
the z-axis direction.

FIG. 10 shows a directivity in the horizontal plane of the
antenna device 1 of FIG. 8 wherein a directivity having 120°
directivity angle is achieved as shown in the figure. When
viewed an angle at which -3 dB is achieved on the basis of a
gain at 0° at which the gain becomes the maximum, it is +60°,
namely, 120° directivity angle is obtained.

When a plurality of the antenna devices 1 of FIG. 8 each
having characteristics of a small directivity angle of a direc-
tivity in the horizontal plane as shown in FIG. 10 is set up in
the same place at each different direction, respectively, a
service area can be divided into small regions as shown in
FIG. 2B or FIG. 2C.

FIG. 11 shows a directivity in the horizontal plane of the
antenna device 1 of FIG. 3 as in the case of FIG. 7. FIG. 11
differs from FIG. 7 in elliptical directivity under a situation of
which there is no reflector plate 6. More specifically, a dis-
tance between two adjacent antenna elements 5, 5 in the
longitudinal direction of the substrate 2 is allowed to differ
from that based on which the characteristics shown in FIG. 6
are obtained. As shown in FIG. 11, a directivity which devi-
ates remarkably to a side including 0° of a semicircular figure
is achieved. When an angle at which -3 dB is obtained is
observed on the basis of the maximum gain, it is +90°,
namely, 180° directivity angle is achieved.

Third Embodiment

In an antenna device 1 shown in FIG. 12 or FIG. 13, a
plurality of substrates 2 are disposed wherein the respective
substrates 2 are parallel to each other, and an angle of each
substrate 2 with a reflector plate 6 is the same as that in any of
them. As in these examples of FIGS. 12 and 13, when a
plurality of substrate type antennas 10 are set up so as to
obtain an elliptical directivity in the horizontal plane and
further, the reflector plate 6 is disposed, desired directivities
in the horizontal planes shown in FIGS. 7, 10, 11 and the
others can be achieved, respectively.

In these cases, when it is adjusted in such that each of the
substrate type antennas 10 radiates a different radio wave, it
becomes possible to respond to a plurality of station wave-
numbers by only a single antenna device according to the
antenna device as shown in FIG. 12 or 13.

Fourth Embodiment

FIGS. 14A to 14F are views each showing an antenna
device according to the fourth embodiment of the present
invention wherein a plurality of reflector plates 6 are disposed
with respect to one substrate type antenna 10.

In these circumstances, the respective reflector plates 6 are
located so as to have a variety of angles of inclination with
respect to a substrate 2. More specifically, one reflector plate
6 is disposed so as to have 90° angle of inclination with
respect to the substrate 2, while other two reflector plates 6, 6
are disposed in parallel to the substrate 2 so as to be in contact
with the opposite ends of the one reflector plate 6 in FIG. 14A.
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In FIG. 14B, one reflector plate 6 is disposed so as to have
90° angle of inclination with respect to a substrate 2, while
other two reflector plates 6, 6 are disposed at about £130°
angles of inclination with respect to the substrate 2, respec-
tively, so as to be in contact with the opposite ends of the
reflector plate 6.

In FIG. 14C, two reflector plates 6 are disposed at about
+45° angles of inclination with respect to a substrate 2,
respectively.

In FIG. 14D, one reflector plate 6 is disposed in parallel to
a substrate 2, while other two reflector plates 6, 6 are disposed
at 90° angles of inclination with respect to the substrate 2,
respectively, so as to be in contact with the opposite ends of
the one reflector plate 6.

In FIG. 14E, one reflector plate 6 is disposed in parallel to
a substrate 2, while other two reflector plates 6, 6 are disposed
at about +60° angles of inclination with respect to the sub-
strate 2, respectively, so as to be in contact with the opposite
ends of the one reflector plate 6.

In FIG. 14F, two reflector plates 6, 6 are disposed at about
+45° angles of inclination with respect to a substrate 2,
respectively.

FIG. 15 shows a directivity in the horizontal plane of the
antenna device 1 shown in F1G. 14F wherein when an angle at
which -3 dB gain is attained is observed on the basis of a gain
of 0° at which the maximum gain is achieved, it is +25°,
namely 50° directivity angle is obtained. As described above,
when a configuration of the reflector plates 6 is modified,
directivity angle can be easily adjusted.

Fifth Embodiment

FIGS. 16 A to 16D show antenna devices 11 each of which
is arranged by employing a plurality of reflector plates 6 as
shown in FIGS. 3, 8 and others. These reflector plates 6 are
disposed at a predetermined crossed axes angle, respectively,
s0 as to configure a polygonal figure in the horizontal plane,
and the same number of substrates 2 as that of the reflector
plates 6 are disposed in such that each of the substrates 2 is
located with respect to each of the corresponding reflector
plates 6 at an equal angle of inclination. Since a set of such
antenna device 11 composed of a pair of the substrate 2 and
the reflector plate 6 has a directivity angle of a narrow direc-
tivity in the horizontal plane, it is suitable for applying the
antenna device 11 wherein a plurality of the antenna devices
1 are disposed at the same place to such purpose for dividing
a service area 202 into narrower regions as in the case of FIG.
2B or 2C by means of each directivity of the antenna devices
1.

Sixth Embodiment

An angle of inclination « in the reflector plate 6 may be
selected to any value in 360° with respect to the substrate 2.

FIG. 17 shows a directivity in the horizontal plane in the
case where the angle of inclination . is +45° wherein an angle
at which a gain becomes the maximum deviates by about 10°,
and an angle at which -3 dB is attained is -40° and +70°,
respectively, as shown in the figure, whereby it is understood
that the directivity is shifted totally to the +angle side.

FIG. 18 shows a directivity in the horizontal plane in the
case where an angle ofinclination o is —45° wherein an angle
at which a gain becomes the maximum deviates by about
-10°, and an angle at which -3 dB is attained is +40° and
-70°, respectively, as shown in the figure, whereby it is found
that the directivity is shifted totally to the —angle side.
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As is understood from the characteristics shown in FIGS.
17 and 18, when the angle of inclination a of a reflector plate
6 is changed with respect to a substrate 2, an orientation of
directivity can be changed. On one hand, when a distance
extending from the reflector plate 6 to the substrate 2 is
changed, an orientation of directivity can be also changed.

Based on the above description, embodiments of a multi-
directivity substrate type antenna according to the present
invention will be further described.

Seventh Embodiment

As shown in FIG. 19, a multi-directivity substrate type
antenna device 101 is prepared by such a manner that first, a
substrate type antenna 1 is obtained by forming electric sup-
ply lines 3 and 4 each composed of microstrip lines, and
antenna elements 5 each composed of microstrip lines on a
substrate 2; a plurality of the resulting substrate type antennas
1, each of which is disposed in such that the longitudinal
direction of the substrate 2 is made to be vertical with respect
to the horizontal plane, is aligned in a row with a distance
along the horizontal direction; and a reflector plate 6 is
located in the aligned direction of the substrate type antennas
1. Besides, angles of'inclination in the horizontal planes of the
respective substrates 2 are allowed to differ in every antennas
1 with respect to the reflector plate 6.

As explained in FIGS. 17 and 18, an orientation of a direc-
tivity in the substrate type antenna 1 changes due to an angle
of inclination a of the reflector plate 6 with respect to the
substrate 2. Accordingly, the antenna device 101 shown in
FIG. 19 has such characteristics obtained by overlapping
directivities of the respective substrate type antennas 1 with
each other.

Eighth Embodiment

As shown in FIG. 20, a multi-directivity substrate type
antenna device 102 is provided with a plurality of subsidiary
reflector plates 60 wherein each of the subsidiary reflector
plates 60 is perpendicular to a reflector plate 6, and one end of
each subsidiary reflector plate 60 is disposed so as to be in
contact with the reflector plate 6. In FIG. 20, the reflector plate
6 is sectioned with a predetermined distance, so that one end
of'each subsidiary reflector plate 60 is sandwiched in between
sectioned pieces of the reflector 6. The subsidiary reflector
plates 60 are disposed at the opposite ends of the reflector
plate 6 as well as at each intermediate position in between
dispositions of the substrate type antennas 1. Thus, each
substrate 2 in the respective substrate type antennas 1 is
sandwiched in between two subsidiary reflector plates 60,
respectively.

In the antenna device 102 shown in FIG. 20, three substrate
type antennas 1 are located so as to have a different angle of
inclination o with respect to the reflector plate 6, respectively.
Each angle of inclination o of a surface in a substrate type
antenna 1 on which antenna elements 5 are disposed with the
reflector plate 6 is about 45° in the substrate type antenna 1 on
the right side, 90° in the substrate type antenna 1 in the central
region, and —45° in the substrate type antenna 1 on the left
side of the drawing.

Ninth Embodiment

In an antenna device 103 shown in FIG. 21, each angle of
inclination a in each substrate type antenna 1 of the antenna
device 102 of FIG. 20 is changed. Namely, an angle of incli-
nation o of a substrate type antenna 1 in the central region is
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10
0°, while each angle of inclination o in substrate type anten-
nas 1 on the right and left sides of the drawing is 45° and -4 5°.

FIG. 22 shows a directivity in the horizontal plane of the
antenna device 103 shown in FIG. 21. From FIG. 22, it is
found that the antenna device 103 has directivity angles of
about 60°, respectively, and has three different directivities at
which each of the maximum gains is obtained along the
directions of about 45°, 0°, and —45°, respectively. These
three directivities correspond to those of the substrate type
antennas 1 shown in FIGS. 14A to 14F, respectively. In the
respective substrate type antennas 1, when values of angles of
inclination o, or dimensions of reflector plates 6 or subsidiary
reflector plates 60, and relative positions among the reflector
plates 6, the subsidiary reflector plates 60, and substrates 2 are
adjusted, directivity angles and directions along which the
maximum gains are achieved, respectively, may be suitably
changed.

As described above, since a plurality of substrate type
antennas 1 aligned in a row is disposed so as to have different
angles of inclination o with respect to the reflector plate 6 in
the above-described seventh to ninth embodiments, directivi-
ties derived from the respective substrate type antennas 1 and
the reflector plate 6 may be overlapped with each other to
realize multi-directivity thereof.

These antenna devices 101 to 103, inclusive, have a two-
dimensional structure wherein a plurality of the substrate type
antennas 1 is aligned along the reflector plate 6 with each
other. Accordingly, these antenna devices 101 to 103 have
simpler structures and smaller spaces (volume) occupied by
their components than that of the case where individual anten-
nas each having the same directivity are located in different
directions, respectively. Even in a case where each directivity
angle of an individual antenna makes further smaller and
increases further more of the number of such individual
antennas, the number of the substrate type antennas 1 to be
aligned along the reflector plate 6 increases simply, the struc-
ture itself is not complicated in the present invention.

Tenth Embodiment

As shown in FIGS. 23 and 24, an antenna device 1 of the
tenth embodiment is constructed in such that a reflector plate
6 is positioned so as to have a predetermined angle of incli-
nation in the horizontal plane with respect to a substrate 2, and
the reflector plate 6 is made to be relatively movable with
respect to the substrate 2 while maintaining the above-de-
scribed angle of inclination. In the tenth embodiment,
although the angle of inclination . is 45°, any degree of angle
may be selected for obtaining a desired directivity.

In FIGS. 23 and 24, the reflector plate 6 is in its initial
position wherein the reflector plate 6 is set up optionally apart
from the substrate 2.

FIG. 25 shows a directivity in the horizontal plane in the
case when the angle of inclination o is 45° in the antenna
device 1. As is apparent from FIG. 25, an angle at which the
maximum gain is achieved deviates by about 10° from the
vertical line, while an angle at which -3 dB is obtained is —40°
and +70°, whereby it is found that the directivity shifts totally
to the +angle side.

Eleventh Embodiment

Inthe present embodiment, an offset S (a distance between
an end of the substrate 2 and the reflector plate 6 in the y-axis
direction of the antenna device 1 shown in FIGS. 23 and 24 is
called by the name of “offset S”) is changed by moving a
reflector plate 6.
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FIG. 26 shows a situation wherein the reflector plate 6 in
the antenna device 1 of FIG. 24 is shifted. In FIG. 24, although
a central position in the width direction of the substrate 2 and
a central position in the width direction of the reflector plate
6 are at the same position along the y-axis, while the substrate
2 is shifted relatively to the minus direction of the y-axis, so
that the offset S decreases in FIG. 26.

In this case, although it is sufficient to shift relatively the
substrate 2 and the reflector plate 6, only the reflector plate 6
is shifted herein because of such reasons that since a coaxial
electric supply line 9 is attached and wired to the substrate 2,
it is difficult to shift the substrate 2, and that directivities are
compared on the basis of the substrate 2 as the starting point.

FIG. 27 shows a directivity in the horizontal plane of the
antenna device 1 shown in FIG. 26 wherein an angle at which
the maximum gain is obtained deviates by about 30° from the
vertical line, and hence it is found that the directivity shifts
totally to the +angle side as compared with the result of FIG.
25. As described above, when the offset S is changed simply
from the situation of FIG. 24 to that of FIG. 26, their direc-
tivities can be scanned.

Twelfth Embodiment

An antenna device 1A shown in FIG. 28 is obtained by
adding another reflector plate (subsidiary reflector plate) 60
to the antenna device 1 of FIG. 26 wherein the subsidiary
reflector plate 60 is allowed to have an angle of inclination in
the horizontal plane different from the angle of inclination o
in the reflector plate 6 of FIG. 26 with respect to a substrate 2.
Inthis case, an angle [} ofthe subsidiary reflector plate 60 with
a reflector plate 6 is selected to make the former angle of
inclination with respect to the substrate 2 different from the
latter angle of inclination a.. The subsidiary reflector plate 60
is provided integrally with the reflector plate 6, and it is
shifted together with the reflector plate 6.

FIG. 29 shows a directivity in the horizontal plane of the
antenna device 1A of FIG. 28 wherein it is not different from
FIG. 27 in that an angle at which the maximum gain is
attained is about 30°, but no side lobe is observed in the
present embodiment of FIG. 29 unlike the case of FIG. 27
where a side lobe appears at —60°.

Thirteenth Embodiment

An antenna device 1B shown in FIG. 30 is prepared by
adding another subsidiary reflector plate 60 to the antenna
device 1 of FIG. 26 wherein an angle § of the subsidiary
reflector plate 60 with the reflector plate 6 differs from that of
the antenna device 1A of FIG. 28, and it is 90° in the present
embodiment.

FIG. 31 shows a directivity in the horizontal plane of the
antenna device 1B shown in FIG. 30 wherein it is not different
from those of FIGS. 27 and 29 in that an angle at which the
maximum gain is achieved is about 30°, but no side lobe is
observed in FIG. 31, so that such ideal profile that an angle at
which -3 dB is attained is 0° and +60° is obtained.

Fourteenth Embodiment

As is apparent from the above description, when an offset
S defined between a substrate 2 and a reflector plate 6 is
changed simply, a directivity to be obtained may be scanned
in the present invention.

The reflector plate 6 may be shifted continuously or in a
step-by-step manner. When the reflector plate 6 (or the sub-
sidiary reflector plate 60 and the reflector plate 6) is (are)
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shifted by a suitable distance, a directivity in a desired orien-
tation, for example, a directivity with —45° angle at which the
maximum gain is attained can be realized as shown in FIG.
32. Unlike a conventional mechanical scan antenna, the
antenna device according to the present invention is neither
required to move a whole antenna device including a radiator,
nor to add complicated circuit elements unlike an electronic
scan antenna. Besides, since the antenna device of the inven-
tion is sufficient to shift only the reflector plate 6 along a
uniaxial direction, a required shifting mechanism can be sim-
ply constructed. More specifically, a scannable substrate type
antenna can be manufactured inexpensively in a compact and
simple structure according to the present invention.

Fifteenth Embodiment

A size of areflector plate 6 or a subsidiary reflector plate 60
may be suitably adjusted in view of a profile in directivity. For
instance, an antenna device 1C shown in FIG. 33 contains a
reflector plate 6 having a narrower width than that of the
antenna device 1B shown in FIG. 30, while a subsidiary
reflector plate 60 having a wider width than that of the
antenna device 1B of FIG. 30.

Sixteenth Embodiment

A subsidiary reflector plate 60 may be attached to the
opposite ends of the reflector plate 6. In an antenna device 1D
shown in FIG. 34, subsidiary reflector plates 60 and 60' are
positioned on the opposite ends of a reflector plate 6, which
has an angle of inclination o with respect to a substrate 2, at
both the angles p=90°, respectively. In the case when a plu-
rality of subsidiary reflector plates 60 are provided, each of
the subsidiary reflector plates 60, and 60' may be differed with
each other as described above.

Seventeenth Embodiment

A mechanism for shifting a reflector plate will be described
in the present embodiment.

As shown in FIG. 35, a plurality of teeth 171 aligned along
a shifting direction of a reflector plate 6 is formed thereon. A
gear 172 is meshed with the teeth 172, and the gear 172 is
rotated by a drive unit such as a motor (not shown), whereby
the reflector plate 6 is shifted to be capable of changing a
offset S. The teeth 171 are not necessarily required to form
directly on the reflector plate 6, but it may be formed into a
movable member incorporated with the reflector plate 6. The
gear 172 may be a ball gear.

The invention is not limited to the construction as shown in
FIG. 35, but any mechanism is applicable so far as the reflec-
tor plate 6 is relatively movable with respect to the substrate
2 while maintaining the angle of inclination c.

It will be appreciated by those of ordinary skill in the art
that the present invention can be embodied in other specific
forms without departing from the spirit or essential charac-
teristics thereof.

The presently disclosed embodiments are therefore con-
sidered in all respects to be illustrative and not restrictive. The
scope of the invention is indicated by the appended claims
rather than the foregoing description, and all changes that
come within the meaning and range of equivalents thereof are
intended to be embraced therein.

What is claimed is:

1. An antenna device, comprising:

at least three substrate type antennas arranged in a direc-

tion, each of the substrate type antenna comprising a
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dielectric substrate, an electric supply line that com-
prises a microstrip line and is formed on the dielectric
substrate, and antenna elements each of which includes
microstrip lines and formed on the dielectric substrate;
and

a reflector plate located along the direction that the sub-
strate type antennas are arranged, each of the substrate
type antennas having an angle of inclination with respect
to the reflector wherein the angles are different from
each other so that the antenna device has an omnidirec-
tivity.

2. The antenna device according to claim 1, wherein:

the substrate type antennas have an elliptical directivity.

3. The antenna device according to claim 2, wherein:

10

14

a plurality of subsidiary reflector plates that are orthogonal
to the reflector plate, wherein each dielectric substrate of
the substrate type antennas is sandwiched by two sub-
sidiary reflector plates of the plurality of subsidiary
reflector plates.

5. The antenna device according to claim 4, wherein:

the substrate type antennas are used for a same frequency
band.

6. The antenna device according to claim 1, wherein:

the substrate type antennas are used for a same frequency
band.

7. The antenna device according to claim 1, wherein direc-

tivities derived from respective ones of the substrate type

the substrate type antermas are used for a same frequency 15 antennas and the reflector plate are overlapped with each

band.
4. The antenna device according to claim 1, further com-
prising:

other to realize said omnidirectivity thereof.
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1
CARRIER AND DEVICE

FIELD OF THE INVENTION

The present invention relates to a carrier comprising an
antenna pattern and a device comprising such a carrier.

BACKGROUND OF THE INVENTION

An antenna is a transducer designed to transmit and/or
receive radio, television, microwave, telephone and radar sig-
nals, i.e. an antenna converts electrical currents of a particular
frequency into electromagnetic waves and vice versa. Physi-
cally, an antenna is an arrangement of one or more electrical
conductors that is arranged to generate a radiating electro-
magnetic field in response to an applied alternating voltage
and the associated alternating electric current, or that can be
placed in an electromagnetic field so that the field will induce
an alternating current in the antenna and a voltage between its
terminals.

Portable wireless communication electronic devices, such
as mobile phones, typically include an antenna that is con-
nected to electrically conducting tracks or contacts on a
printed circuit board by soldering or welding. Manufacturers
of such electronic devices are under constant pressure to
reduce the physical size, weight and cost of the devices and
improve their electrical performance. This low cost require-
ment dictates that the electronic device and its antenna should
be simple and inexpensive to manufacture and assemble.

A further challenge facing manufacturers is to provide
electronic devices with a compact, high gain, multi-band
antenna i.e. an antenna capable of simultaneously transmit-
ting and/or receiving signals using different wireless commu-
nication standards, such as GPS, Rx diversity, W-LAN, Wi-
Fi, Bluetooth and UWB, with a good front to back ratio.

The front to back ratio of an antenna (which is usually
expressed in dB,) is defined as the gain of the antenna in a
specified direction, usually that of maximum gain, compared
to the gain in a direction 180° from the specified direction.
The front to back ratio is normally defined as the ratio of
radiation, away from the user’s head compared with the ratio
of radiation towards the user’s head. An antenna which radi-
ates as much towards the user’s head as away from it (when a
user is holding a call phone containing the antenna in talking
position) is said to have a 0 dB front to back ratio. An antenna
which radiates 1 dB more away from the user’s head than
towards the user’s head is said to have a 1 dB front to back
ratio. The higher this ratio the better the talking performance
of'a mobile phone containing the antenna.

It has been found that many conventional antennas, when
placed at the bottom of a stick type mobile telephone over a
ground plane, have a front to back ratio of approximately 0
dB. It is also well known that planar inverted F antennas
(PIFAs) over a ground plane can be used to improve the front
to back ratio. It is however also well known that PIFA anten-
nas have narrow low-band bandwidth and that it is difficult to
achieve good performance in the 850 and 900 MHz GSM
bands if the antenna occupies small volume.

SUMMARY OF THE INVENTION

An aspect of the present invention is to provide an
improved antenna.

This aspect is achieved by a carrier that extends in three
mutually orthogonal directions, X,Y and Z when in use and
which comprises a back surface defining an XY-plane and a
side surface defining an XZ-plane. The carrier comprises an
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antenna pattern that comprises a wider branch that is located
on the back surface of the carrier, and a narrower branch that
comprises a first section that extends substantially along the
Z-direction of the side surface, i.e. the narrower branch has a
certain offset in the Z-direction relative to the wider branch,
and a second section that extends substantially in the X-di-
rection of the side surface. The carrier is arranged to be
mounted on/in a printed circuit board (PCB) or on/in a device,
or alternatively, the carrier may itself be a PCB, i.e. whereby
the antenna pattern is provided directly on/in a PCB.

The present invention also concerns a device, such as a
portable electronic device, which comprises a carrier accord-
ing to any of the embodiments of the invention. According to
an embodiment of the invention the device comprises a user
interface front side (the LCD side of a mobile telephone for
example) and a rear side, whereby the back surface of the
carrier is arranged closest to the rear side of the device.

The expression “when in use” is intended to mean that an
antenna pattern may be provided on a substantially flat carrier
which is arranged to be formed so that the carrier extends in
three mutually orthogonal directions, X, Y and Z, when the
antenna constituted at least in part by the carrier’s antenna
pattern is ready for use, or in use, i.e. when the carrier is
mounted on/in a PCB, or in a device, by bending the carrier
into the desired shape for example.

This antenna pattern described above constitutes part of a
high gain multi-band branched monopole or semi-PIFA
antenna with good talking performance. The position of the
wider branch and the narrower branch relative to one another
namely result in an antenna having good directivity in the
high bands (such as 1710-2170 MHz), such as DCS, PCS and
UMTS band 1, 2, which results in lower emissions towards a
user’s head in high-bands, where the directivity of an antenna
measures the power density an antenna radiates in the direc-
tion of its strongest emission, relative to the power density
radiated by an ideal isotropic radiator antenna radiating the
same amount of total power. A front to back ratio of at least 1
dB can consequently be obtained.

Furthermore, the antenna is ground free so it functions as a
monopole antenna in the low bands (such as 8§24-960 MHz)
and significant bandwidth can be achieved even if the antenna
occupies a small volume. The antenna is easy to tune to a
desired frequency band and it is simple and inexpensive to
manufacture. The antenna also provides good isolation
between the narrower branch and the wider branch (i.e. there
is very little capacitive coupling between the narrower branch
and the wider branch).

The expression carrier and as used in this document is
intended to mean any flexible or non-flexible, planar or non-
planar, substantially non-electrically-conductive substrate
that is used to mechanically support an antenna pattern. The
carrier may be a printed circuit board, or PCB (also called a
printed wiring board (PWB)), whereby it also comprises at
least one microchip or other electronic component, and/or
electrically connects components supported thereon and/or
connected thereto using conductive pathways etched, printed,
engraved, or otherwise provided thereon.

The carrier may be any dielectric substrate having arelative
dielectric constant (e,) greater than one and may for example
comprise a PTFR (polytetrafiuoroethylene)/fibreglass com-
posite or any other suitable dielectric material having a rela-
tive dielectric constant (€,) up to twenty or more. An antenna
pattern may be provided on/inside a carrier, a PCB or a device
using, for example, a lithographic technique.

It should be noted that an antenna pattern provided on/in a
carrier or device according to the present invention may be
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arranged to have at least one more additional branch extend-
ing in any desired direction apart from a wider branch and a
narrow branch.

According to an embodiment of the invention the length of
the second section of the narrower branch is at least about
40% longer than the length of the first section of the narrower
branch, preferably at least about 50% longer and more pref-
erably at least about 60% longer. This ensures that the bulk of
the narrower branch extends substantially in the X-direction
of'said side surface and is thereby located closer to the user’s
head than the wider branch when the carrier is placed in a
device with its back surface arranged closest to the rear side of
the device.

According to an embodiment of the invention the narrower
branch is about 0.5 to about 2.5 mm wide, preferably about
1.0 to about 2.0 mm wide, and more preferably about 1.5 mm
wide.

According to another embodiment of the invention the
wider branch is at least about 4 mm wide, preferably at least
about 8 mm wide, more preferably at least about 10 mm wide
and even more preferably at least about 12 mm wide. The
wider the wider branch the better although the width of the
wider branch will be constrained by the design and geometry
of the carrier/PCB/device.

According to a further embodiment of the invention the
first section of the narrower branch has a length of at least
about 4 mm so as not to adversely affect the directivity of the
antenna, preferably about 5 to about 7 mm and more prefer-
ably about 5.5 mm.

According to an embodiment of the invention the first
section of the narrower branch is arranged to extend substan-
tially along an edge of the side surface. According to an
embodiment of the invention the second section of the nar-
rower branch is arranged to extend substantially along the
edge of the side surface which is furthest from the back
surface.

According to another embodiment of the invention the
antenna pattern comprises a feed point for connecting the
antenna pattern to a feed line (i.e. a medium for conveying
signal energy from a signal source to the antenna pattern). The
carrier may comprise a ground point and circuitry for con-
necting the antenna pattern to ground via a capacitive and/or
inductive coupling, i.e. an L.C load, to enable the antenna
pattern to realize a particular resonant frequency and conse-
quently transmit signals within a particular frequency band
when the antenna pattern is in use.

According to a further embodiment of the invention the
wider branch and the narrower branch extend from a common
point and the common point is located at a distance corre-
sponding to about 30 to about 50% of the total length of the
antenna pattern as measured from the antenna pattern’s feed
point to the common feed point and then to a distal end of the
narrower branch (i.e. the total length of the antenna pattern is
equal to the length of the narrower branch). There is therefore
a significant length of antenna prior to the narrower branch
and the wider branch branching away from each other.

The narrower branch may have a total length (as measured
along the narrower branch from the feed point via the com-
mon point to a distal end of the narrower branch) that is at
least about 30% longer than the total length of the wider
branch (as measured along the wider branch from the com-
mon point to a distal end of the wider branch), preferably at
least about 40% longer and more preferably at least about
50% longer. The longer narrower branch constitutes a high
impedance area which serves to improve the bandwidth of the
high band.
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According to an embodiment of the invention the antenna
pattern comprises a parasitic element to improve the high
bandwidth, gain and matching of the antenna constituted in
part by the antenna pattern. The parasitic element may have a
width of about 0.2 to about 0.6 mm, preferably of about 0.3 to
about 0.5 mm, more preferably of about 0.4 mm. Wider
parasitic elements up to about 3 to about 4 mm in width may
also be used, but generally result in reduced gain. The para-
sitic element may be located on the back surface and it may
extend substantially in the X-direction thereof.

According to another embodiment of the invention a distal
end of the wider branch is located within about 20 mm of a
distal end of the narrower branch (measured as the shortest
distance between the distal ends), preferably within about 10
mm.

The device according to the present invention is for
example a mobile telephone, such as a clamshell or stick-type
telephone. The present invention may however concern any
portable or non-portable device such as a media player, Per-
sonal Communications System (PCS) terminal, Personal
Data Assistant (PDA), laptop computer, palmtop receiver,
camera, television, radar or any appliance that includes a
transducer designed to transmit and/or receive radio, televi-
sion, microwave, telephone and/or radar signals. The carrier
according to the present invention is however intended foruse
particularly, but not exclusively, for high frequency radio
equipment.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute part of the specification, illustrate embodi-
ments of the invention and together with the description,
explain the invention. In the drawings:

FIG. 1 shows an antenna pattern according to an embodi-
ment of the invention,

FIG. 2A shows a photograph of a printed circuit board for
a mobile telephone comprising a carrier according to an
embodiment of the invention,

FIG. 2B shows a schematic drawing of a printed circuit
board for a mobile telephone comprising a carrier according
to an embodiment of the invention,

FIG. 3 shows a photograph of the printed circuit board
shown in FIG. 2 taken from a different angle,

FIG. 4 schematically shows a device according to an
embodiment of the invention, and

FIG. 5 schematically shows a cross section through the
bottom of a device containing a printed circuit board accord-
ing to an embodiment of the invention.

It should be noted that the drawings have not necessarily
been drawn to scale and that the dimensions of certain fea-
tures may have been exaggerated for the sake of clarity.

DETAILED DESCRIPTION OF EMBODIMENTS

The following detailed description refers to the accompa-
nying drawings. The detailed description does not limit the
invention. Instead, the scope of the invention is defined by the
appended claims and equivalents.

The term “about” is used herein to mean approximately,
roughly, around, or in the region of. When the term “about™ is
used in conjunction with a numerical range, it modifies that
range by extending the boundaries above and below the
numerical values set forth. In general, the term “about” is
used herein to modify a numerical value above and below the
stated value by a variance of 10 percent up or down (higher or
lower).
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FIG. 1 shows a flat antenna pattern 10 (represented by the
darker color in FIG. 1) according to an embodiment of the
invention. The antenna pattern 10 comprises a shorter wider
branch 12 and a longer narrower branch 14. The shorter wider
branch 12 and the longer narrower branch 14 extend from a
common point 16. The antenna pattern 10 comprises a feed
point 18, and a thin parasitic element 20 to improve the high
bandwidth, gain and matching of the antenna pattern 10. The
parasitic element 20 is connected to a ground point on a
carrier/PCB/device via a grounding point 21.

The longer narrower branch 14 is about 0.5 to about 2.5
mm wide, preferably about 1.0 to about 2.0 mm wide, and
more preferably about 1.5 mm wide. The wider branch is at
least about 4 mm wide, preferably at least about 8 mm wide,
preferably at least about 10 mm wide and more preferably at
least about 12 mm wide.

The common point 16 is located at a distance correspond-
ing to about 30 to about 50% of the total length of the antenna
pattern 10, i.e. the distance from the antenna pattern’s feed
point 18 to a distal end 144 of the narrower branch 14 mea-
sured from the feed point 18 to the common point 16 and then
along the narrower branch 14 of the antenna pattern 10.

According to an embodiment of the invention the narrower
branch 14 has a total length (as measured from the feed point
18 via the common point 16 to a distal end 14d of the narrower
branch) that is at least about 30% longer than the total length
of the wider branch 12 (as measured from the common point
18 to a distal end 124 of the wider branch 12), preferably at
least about 40% longer and more preferably at least about
50% longer.

FIG. 2 shows a photograph and a schematic drawing of a
printed circuit board (PCB) 22 comprising a carrier 23
according to an embodiment of the invention. The flat antenna
pattern 10 illustrated in FIG. 1 has namely been wrapped
around the outer surface of a non-planar plastic/ceramic car-
rier 23, which has then been mounted on a PCB 22, thereby
decreasing the volume of the antenna constituted in part by
the antenna pattern 10. Alternatively, an antenna pattern 10
may be provided on/in a substantially flat carrier 23 which is
then formed into the required shape. Furthermore, the
antenna pattern 10 could be provided directly on/in the PCB
22.

The PCB 22 extends in three mutually orthogonal direc-
tions, X, Y and Z and comprises a front surface 24 defining a
first XY-plane, a back surface 26 defining a second XY-plane,
and a side surface 28 defining an XZ-plane, which extends
between the front surface 24 and the back surface 26.

Once the carrier 23 has been mounted on the PCB 22, the
wider branch 12 of the antenna pattern 10 is located on the
back surface 26 of the PCB 22. The narrower branch 14 of the
antenna pattern 10 comprises a first section 14a that extends
substantially along an edge of the side surface 28, in the
Z-direction of the side surface 28 and a second section 145
that extends substantially in the X-direction of the side sur-
face 28. The second section 145 of the narrower branch 14 is
arranged to extend substantially along the edge of the side
surface 28 which is closest to the front surface 26 of the PCB
22. In the illustrated embodiment there is a slight meander in
the second section 145 of the narrower branch 14, which
allows the antenna pattern 10 to accommodate an opening for
a microphone port. However, the second section 145 of the
narrower branch need not necessarily meander in this way.
The first section 14a of the narrower branch 14 has a length of
at least about 4 mm, preferably about 5 to about 7 mm and
more preferably about 5.5 mm. The spacing or gap between
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the second section 145 of the narrower branch 14 and the
wider branch 12 is at least about 2 mm, preferably in the range
of about 4 to about 10 mm.

The distal end 124 of the wider branch 12 is located within
about 20 mm of the distal end 144 of said narrower branch 14
(measured as the shortest distance between the distal ends
124 and 144), preferably within about 10 mm.

The parasitic element 20 of the antenna pattern 10 has a
width of about 0.2 to about 0.6 mm, preferably of about 0.3
about 0.5 mm, more preferably of about 0.4 mm, it is located
on the back surface 26 of the PCB 22 and extends substan-
tially in the X-direction thereof.

The wider branch 12, narrower branch 14 and parasitic
element 20 of the antenna pattern 10 are for example provided
by depositing/bonding continuous electrically conducting
layers, such as, for example, a metal, onto the carrier 23.

FIG. 3 shows a photograph of the printed circuit board 22
illustrated in FIG. 2 taken from a different angle.

FIG. 4 shows a device 30 according to an embodiment of
the invention, namely a portable stick-type telephone. The
device 30 comprises a PCB such as the one illustrated in
FIGS. 2 and 3. The device comprises a user interface front
side 32 on which side the user’s head will be located when
he/she is making a telephone call. The device also comprises
a rear side 34, which is the side furthest away from a user’s
head located when he/she is making a telephone call.

It should be noted that when the antenna pattern 10 accord-
ing to any of the embodiments of the invention is included in
a small portable radio communication device, such as a
mobile phone, it only partly contributes to the transmission or
reception of the radio waves transmitted or received by the
device. Other large, electrically conductive components of
the device, such as its chassis, its battery or a printed circuit
board also influence the transmission and/or reception of
radio signals. The antenna pattern 10 is capacitively and/or
inductively coupled to these mass blocks in such a way that
the complete antenna (i.e. the antenna pattern 10 and the mass
blocks) is provided with the desired impedance.

FIG. 5 schematically shows a cross section through the
bottom of the device 30 illustrated in FIG. 4, viewed along the
Y-axis i.e. along the longitudinal axis of the device 30. The
device 30 contains the PCB 22 illustrated in FIGS. 2 and 3, the
front surface 24 of which arranged closest to the user interface
front side 32 of the device 30 and the back surface 26 of which
is arranged closest to the rear side 34 of the device 30. The
side surface 28 of the PCB 22 is arranged at the bottom side 33
ofthe device 30, i.e. the lowermost side of the device 30 when
the device 30 is being held by a user who is using the device
30. The wider branch 12 of the antenna pattern 10 will there-
fore be located at the rear side 34 of the device 30 away from
a user’s head when a user is using the device 30 to make a
telephone call.

The narrower branch 14 of the antenna pattern 10 shown in
FIGS. 1-3 has a phase offset relative to the wider high-band
branch 12 in the high-band. By positioning the branches 12
and 14 as shown in FIGS. 2, 3 and 5 (i.e. the narrower branch
14 closer to the user’s head and the shorter wider branch 12
further from the user’s head), a front to back ratio higher than
conventional designs can be achieved. In the embodiment
shown in FIGS. 2 and 3, a front to back ratio of 1.8 dB in the
high-bands was achieved. This is an improvement of about
1.3 dB relative to known designs.

Measurements have shown that the increase in front to
back ratio is reflected in lower emissions from the user inter-
face front side 32 of the device (i.e. lower E and H fields).

Further modifications of the invention within the scope of
the claims would be apparent to a skilled person. It should for
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example be noted that the antenna pattern described in this
document, which is mechanically supported by a carrier,
could of course be replaced with a self-supporting antenna
structure that does not require a carrier. A self-supporting
antenna comprising a wider branch and a narrower branch
that are positioned as described in this document is therefore
also considered to lie within the scope of the invention.

What is claimed is:

1. A carrier that extends in three mutually orthogonal direc-
tions, X, Y and Z, when in use, and which comprises:

a back surface defining a first XY-plane;

a side surface defining an XZ-plane; and

an antenna pattern, where the antenna pattern comprises:

a wider branch that is located on the back surface of the
carrier;

a narrower branch that comprises a first section that
extends substantially along the Z-direction of the side
surface and a second section that extends substan-
tially in the X-direction of the side surface; and

where the wider branch and the narrower branch extend
from a non-grounded common point and where the
narrower branch is non-grounded along its length.

2. A carrier according to claim 1, where the second section
of the narrower branch has a length that is at least about 40%
longer than the length of the first section of the narrower
branch.

3. A carrier according to claim 1, where the narrower
branch is about 0.5 to about 2.5 mm wide.

4. A carrier according to claim 1, where the wider branch is
at least about 4 mm wide.

5. A carrier according to claim 1, where the first section of
the narrower branch has a length of at least about 4 mm.

6. A carrier according to claim 1, where the first section of
the narrower branch is arranged to extend substantially along
an edge of the side surface.

7. A carrier according to claim 1, where the second section
of the narrower branch is arranged to extend substantially
along the edge of the side surface which is furthest from the
back surface.

8. A carrier according to claim 1, where the wider branch
and the narrower branch extend from a common point and the
common point is located at a distance corresponding to about
30 to about 50% of the total length of the antenna pattern as
measured from the antenna pattern’s feed point to a distal end
of the narrower branch via the common point.

9. A carrier according to claim 8, where the narrower
branch has a total length, as measured from the feed point via
the common point to a distal end of the narrower branch, that
is at least about 30% longer than the total length of the wider
branch, as measured from the common point to a distal end of
the wider branch.

10. A carrier according to claim 1, where the antenna
pattern comprises a parasitic element to improve the high
bandwidth, gain and matching of the antenna pattern.

11. A carrier according to claim 10, where the parasitic
element has a width of about 0.2 to about 0.6 mm.

12. A carrier according to claim 10, where the parasitic
element is located on the back surface and extends substan-
tially in the X-direction thereof.
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13. A carrier according to claim 1, where a distal end of the
wider branch is located within about 20 mm of a distal end of
the narrower branch, measured as a shortest distance between
the distal end of the wider branch and the distal end of the
narrower branch.

14. A carrier according to claim 1, where the carrier is
arranged to be mounted on/in a printed circuit board (PCB) or
on/in a device.

15. A carrier according to claim 1, where the carrier is a
printed circuit board (PCB).

16. A portable electronic device comprising:

a carrier that extends in three mutually orthogonal direc-

tions, X, Y and Z, when in use, and which comprises:
a back surface defining a first XY-plane;
a side surface defining an XZ-plane; and
an antenna pattern, where the antenna pattern com-
prises:
a wider branch that is located on the back surface of
the carrier; and
a narrower branch that comprises a first section that
extends substantially along the Z-direction of the
side surface and a second section that extends sub-
stantially in the X-direction of the side surface; and
where the wider branch and the narrower branch extend
from a non-grounded common point and where the
narrower branch is non-grounded along its length.

17. A portable electronic device according to claim 16,
further comprising a user interface front side and a rear side,
where the back surface of the carrier is arranged closest to the
rear side of the device.

18. A portable electronic device according to claim 16,
where the device comprises a mobile telephone.

19. A portable electronic device according to claim 18,
where the mobile telephone comprises at least one of a clam-
shell mobile telephone or a stick-type mobile telephone.

20. A device comprising an antenna pattern, where the
antenna pattern comprises:

a feed point;

a wider branch extending from a non-grounded common

point; and

a narrower branch extending from the non-grounded com-

mon point, where the narrower branch comprises:

a first section that extends substantially along a Z-direc-
tion,

a second section that extends substantially along an
X-direction,

where the second section is at least about 40% longer
than the length of the first section,

where the narrower branch has a total length, as mea-
sured from the feed point via the common point to a
distal end of the narrower branch that is at least about
30% longer than the total length of the wider branch,
as measured from the common point to a distal end of
the wider branch; and

where the narrower branch is non-grounded along its
length.






_1326226117.pdf
United States Patent

US007642964B2

(12) 10) Patent No.: US 7,642,964 B2
DiNallo et al. 45) Date of Patent: Jan. 5, 2010
(54) LOW PROFILE INTERNAL ANTENNA 7,136,020 B2* 11/2006 Yamaki ......cc.cocrverenenen 343/702
7,196,667 B2* 3/2007 Watada et al. ......... 343/700 MS
(75) Inventors: Carlo DiNallo, Plantation, FL (US); 7,339,528 B2* 3/2008 Wangetal. ........... 343/700 MS
Antonio Faraone. Fort Lauderdale. FL, 7,423,598 B2*  9/2008 Bit-Babiket al. ........... 343/702
(US) ’ ’ 2004/0090373 Al 5/2004 Faraone et al.
2004/0169606 Al* 9/2004 Satoetal. .................. 343/702
. . 2004/0252063 Al* 12/2004 Sadamori etal. ............ 343/702
(73) Assignee: Motorola, Inc., Schaumburg, I (US) 20050024271 Al 2/2005 Ying etal.
. . . . . 2006/0244665 Al 112006 Tung
(*) Notice:  Subject to any disclaimer, the term of this 2007/0085747 AL*  4/2007 DiNallo et al. o............ 343/702
patent is extended or adjusted under 35
U.S.C. 154(b) by 29 days. FOREIGN PATENT DOCUMENTS
GB 2366916 3/2002
(21)  Appl. No.: 11/553,845 WO WO 2008/063788 5/2008
(22) Filed: Oct. 27, 2006 * cited by examiner
(65) Prior Publication Data Primary Examiner—Tan Ho .
(74) Attorney, Agent, or Firm—Philip H. Burrus, IV
US 2008/0100516 Al May 1, 2008
57 ABSTRACT
(51) Imt.ClL
HO01Q 1738 (2006.01) A multi-band folded inverted conformal antenna (101), suit-
(52) US.CL .coooiviiii, 343/700 MS; 343/702;  able for use internally within an electronic device (501),
343/846 facilitates low-profile designs with the multi-band folded
(58) Field of Classification Search .......... 343/700 MS,  inverted conformal antenna (601) extending less than five
343/702, 846 millimeters above a circuit substrate (102) in some embodi-
See application file for complete search history. ments. The multi-band folded inverted conformal antenna
. (601) includes planar sections and a slot (407), and is capable
(56) References Cited of multi-mode operation. For example, one embodiment is

U.S. PATENT DOCUMENTS

4,625,212 A 11/1986 Oda et al.

4,862,181 A 8/1989 Ponce de Leon et al.

4,955,084 A 9/1990 Umetsu

5,300,937 A 4/1994 Capp et al.

5,861,854 A * 1/1999 Kawahata et al. ........... 343/702
5,940,041 A 8/1999 Koyama et al.

6,177,908 B1* 1/2001 Kawahata et al. ..... 343/700 MS

6,195,048 Bl 2/2001 Chiba et al.

6,762,723 B2 7/2004 Di Nallo et al.

6,762,763 Bl 7/2004 Migdal et al.

6,950,072 B2* 9/2005 Miyataetal. .............. 343/702

configured to operate in a first common mode (401), a difter-
ential mode (402), and a second common mode (403),
thereby allowing the multi-band folded inverted conformal
antenna (601) to operate in a first operational bandwidth,
second operational bandwidth, and third operational band-
width. Portions of the ground plane conductor (103) passing
beneath the multi-band folded inverted conformal antenna
(101) are selectively removed at areas corresponding to con-
centrations of electrical charge, thereby allowing a more low-
profile design.

20 Claims, 5 Drawing Sheets






U.S. Patent Jan. 5,2010 Sheet 1 of 5 US 7,642,964 B2

FIG. 2






U.S. Patent Jan. 5,2010 Sheet 2 of 5 US 7,642,964 B2

308

Antenna
Element

301 w 303

309 x
Antenna Antenna
Element
+

Antenna
Element

Element

+
+ V/2 V/2 + + + V/2
— —V7 ‘ ‘ V/2
_— 3 —
Vv V/2
V/2 V/2
Unbalanced Common Differential






U.S. Patent Jan. 5,2010 Sheet 3 of 5 US 7,642,964 B2






U.S. Patent Jan. 5,2010 Sheet 4 of 5 US 7,642,964 B2

FIG. 6

606 611

605

FIG. 7






U.S. Patent Jan. 5,2010 Sheet 5 of 5 US 7,642,964 B2

FIG. 8 | |

1000

1001

FIG. 10





US 7,642,964 B2

1
LOW PROFILE INTERNAL ANTENNA

BACKGROUND

1. Technical Field

This invention relates generally to antennas for communi-
cation devices, and more particularly to a low profile, multi-
band antenna suitable for internal use within a communica-
tion device.

2. Background Art

Electronic devices are continually evolving. For example,
at one time a mobile telephone was a relatively large device
with a long, floppy, protruding antenna. Due to advances in
technology, modem mobile telephones are slimmer and
lighter. As mobile telephones have gotten smaller in size, so
too have the antennas they employ. Antenna design has
advanced to the point that some modem mobile telephones do
not include protruding antennas at all. They rather rely upon
internal antenna structures for communication with cellular
towers and base stations. The use of internal antennas has
allowed designers and engineers to create sleeker and more
fashionable products.

One popular antenna in use today is the planar inverted-F
antenna (PIFA). This antenna is widely available and well
suited to dual-band operation. “Dual-band” means that the
antenna has two resonance frequency bands, and is suitable
for communicating in two primary bandwidths. For example,
a dual-band planar inverted-F antenna may be used in a dual-
band GSM phone operating in both GSM 900 (880 MHz-960
MHz) and GSM 1800 (1710 MHz-1880 MHz) bands. The
dual-band planar inverted-F antenna splits in two branches,
where the longer branch resonates (thereby producing elec-
tromagnetic radiation) in one band, while the shorter branch
resonates in another band.

The problems with this type of antenna are two fold: First,
they are difficult to design for tri-band operation. For
example, a phone required to operate in GSM 900, GSM
1800, and UMTS (1920 MHz-2170 MHz) would not function
well in every bandwith, especially given the typical size and
volume limitations of modem mobile telephones, if the phone
employed a planar inverted-F antenna.

Second, the different branches of the planar inverted-F
antenna essentially compete with each other to claim a por-
tion of a given available physical volume in the mobile tele-
phone. The effect of this competition is that each resonant
mode has associated therewith a higher Q than it would have
if the whole physical volume was provided to each branch.
This means that each resonant band becomes narrower, and
thus less effective. Thus, there is a limit to the amount the
planar inverted-F antenna structure may be reduced in size
without affecting performance. In short, to function properly,
dual-band planar inverted-F antennas are relatively large.
This is a problem for designers who continually want to make
mobile communication devices smaller and thinner.

There is thus a need for an improved antenna that functions
in multiple bandwidths, yet is more compact in size, which
achieves suitable radiated efficiency levels.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 and 2 illustrate views of one embodiment of a
multi-band folded inverted conformal antenna in accordance
with the invention.

FIGS. 3 and 4 illustrate operational modes of one embodi-
ment of a multi-band folded inverted conformal antenna in
accordance with the invention.
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FIG. 5 illustrates an electronic device employing a multi-
band folded inverted conformal antenna in accordance with
one embodiment of the invention.

FIGS. 6 and 7 illustrate views of one embodiment of a
multi-band folded inverted conformal antenna in accordance
with the invention.

FIG. 8 illustrates alternative ground plane structures in
accordance with embodiments of the invention.

FIG. 9 illustrates an embodiment of an antenna having
alternative ground plane voids in accordance with embodi-
ments of the invention.

FIG. 10 illustrates an embodiment of an antenna in accor-
dance with the invention that includes curved antenna struc-
ture surfaces.

Skilled artisans will appreciate that elements in the figures
are illustrated for simplicity and clarity and have not neces-
sarily been drawn to scale. For example, the dimensions of
some of the elements in the figures may be exaggerated rela-
tive to other elements to help to improve understanding of
embodiments of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the invention are now described in detail.
Referring to the drawings, like numbers indicate like parts
throughout the views. As used in the description herein and
throughout the claims, the following terms take the meanings
explicitly associated herein, unless the context clearly dic-
tates otherwise: the meaning of*“a,” “an,” and “the” includes
plural reference, the meaning of “in” includes “in” and “on.”
Relational terms such as first and second, top and bottom, and
the like may be used solely to distinguish one entity or action
from another entity or action without necessarily requiring or
implying any actual such relationship or order between such
entities or actions. Also, reference designators shown herein
in parenthesis indicate components shown in a figure other
than the one in discussion. For example, talking about a
device (10) while discussing figure A would refer to an ele-
ment, 10, shown in figure other than figure A.

Tustrated and described herein is an improved multi-band
folded inverted conformal antenna for use in communication
devices. The multi-band folded inverted conformal antenna is
capable of operation in three frequency bands, and is suitable
for internal use in a mobile communication device. The
antenna is capable of performing in extremely thin configu-
rations, with the antenna to circuit board height capable of
being reduced below five millimeters, which is nearly halfthe
height of that typically required by planar inverted-F antennas
to achieve similar spectrum coverage in electronic devices
such as mobile phones.

In one embodiment, this low profile performance is
achieved by selectively removing the ground plane from the
printed circuit board upon which the antenna is mounted. By
removing portions of the ground plane beneath concentrated
electric field locations, the effective antenna volume is
increased, thereby lowering the Q and increasing the frac-
tional bandwidth of each resonance mode, thus improving
performance. The removal of selective ground sections cor-
responding to large E-field concentrations allows the overall
thickness of the structure to be reduced without sacrificing
performance.

While a conventional dual-band planar inverted-F antenna
uses only a portion of the volume defined by the antenna and
circuit board in each resonance band, the multi-band folded
inverted conformal antenna of the present invention takes
advantage of the entire volume in all three of its resonance
modes. In one embodiment, the multi-band folded inverted
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conformal antenna is an elongated conductor that is generally
symmetrical with respect to the circuit board upon which it is
mounted. Additionally, one embodiment of the invention
employs a U-shaped design, thereby allowing for the place-
ment of components beneath, and next to, the antenna ele-
ment.

Turning now to FIGS. 1 and 2, illustrated therein is one
embodiment of a low-profile antenna assembly 100 in accor-
dance with the invention. The antenna assembly includes a
multi-band folded inverted conformal antenna element 101,
which is manufactured from an electrically conductive mate-
rial such as copper or aluminum. The multi-band folded
inverted conformal antenna element 101 is coupled to a cir-
cuit substrate 102 that includes a ground structure 103. The
antenna element 101 and the ground structure 103 work in
tandem to form the overall antenna structure.

The circuit substrate 102, in one embodiment, is a printed
wiring board made from layered FR4 fiberglass. Between
some of these layers copper is disposed. For example, in one
embodiment the ground plane conductor 103 is made by
disposing a layer of copper or other electrically conducting
material between layers of the FR4 fiberglass. While a printed
wiring board is one example of a suitable circuit substrate, it
will be clear to those of ordinary skill in the art having the
benefit of this disclosure that the invention is not so limited.
Other substrate materials, including flexible substrates made
by disposing layers of copper between Kapton® or other
materials may be equally used to support a ground structure
103 serving as part of the antenna assembly 100. Additionally,
the ground structure 103 need not be a single contiguous
structure. Suitable ground structures may be constructed
from multiple inter-coupled layers or inter-coupled sections
as well.

The ground plane conductor 103 is selectively removed to
improve the performance of the low-profile antenna assembly
100. For instance, in one embodiment, the ground plane con-
ductor 103 includes one or more ground plane voids 201, 202
disposed at locations corresponding to relatively high electri-
cal field densities 203 associated with concentrations of elec-
tric charges induced on the antenna element 101. The inclu-
sion of the ground plane voids 201, 202 where the strongest
concentrations of electrical charge are disposed along the
multi-band folded inverted conformal antenna element 101
allows the effective volume of the low-profile antenna assem-
bly to expand.

Ground plane voids, as shown herein, refer to removal of
the ground plane structure. However, note that “effective”
ground plane voids may also be obtained by making an
antenna assembly overhang the circuit board as is shown in
the embodiment 900 of FIG. 9.

In one embodiment, the multi-band folded inverted con-
formal antenna element 101 includes a planar portion 104
(identified by the dotted rectangle in FIG. 1), which is dis-
posed substantially parallel with the circuit substrate 102 and
the portion of ground structure 103 embedded therein. The
planar portion 104 is separated from the circuit substrate 102
by an antenna height 105. By including the ground plane
voids 201, 202, this antenna height 105 can be reduced below
five millimeters. Experimental testing has shown effective
tri-band performance with an antenna height of between three
and five millimeters.

The multi-band folded inverted conformal antenna element
101 is well suited as an internal antenna in a communication
device such as a mobile telephone. L.oading of the antenna by
the hand or other objects can be reduced by disposing the
multi-band folded inverted conformal antenna element 101 at
the end of the circuit substrate 102. In one embodiment, the
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circuit substrate 102 includes a distal end 204, and the multi-
band folded inverted conformal antenna 101 is disposed at the
distal end 204. The distal end 204 includes corner regions
205, 206 located at the corners of the circuit substrate 102.
Where the multi-band folded inverted conformal antenna 101
is disposed at the distal end 204, the ground plane voids 201,
202 may be located in the corner regions 205, 206, as these
regions correspond to high E-field concentrations along the
multi-band folded inverted conformal antenna element 101.

To provide some relative perspective, assume that the cir-
cuit substrate 102 is defined by a circuit substrate width 207.
Depending upon the design of the multi-band folded inverted
conformal antenna element 101, which will be described in
more detail below, the corner regions 205, 206 and corre-
sponding ground plane voids 201, 202 may have a width that
is less than 25% of'the circuit substrate width 207. Where the
ground plane conductor 103 is removed in these corner
regions 205, 206, the ground plane conductor 103 at the distal
end 204 of the circuit substrate 102 resembles the shape ofthe
letter “I” in cross section.

It will be clear to those of ordinary skill in the art that the
ground plane conductor 103 need not be a perfect T. As used
herein, the T-shape refers to all variations where the ground
plane conductor 103 is reduced in width at the distal end 204
when compared to the circuit substrate width 207. For
instance, the ground plane conductor 103 could be stair-
stepped, gradually reducing in width the ground plane con-
ductor. Such geometry is suitable for certain applications in
accordance with embodiments of the invention. The ground
plane voids 201, 202 may also have a curved shape, even
expanding or tapering as they pass about the edge of the
circuit substrate. Some exemplary embodiments 801, 802,
803 are illustrated in FIG. 8.

As noted above, the multi-band folded inverted conformal
antenna element 101, working in combination with the
ground structure 103, is capable of serving as a tri-mode
antenna 100 with a first operational bandwidth, second opera-
tional bandwidth, and third operational bandwidth. This tri-
mode functionality is due at least in part to the geometric
structure of the multi-band folded inverted conformal antenna
element 101. In one embodiment, the multi-band folded
inverted conformal antenna element 101 includes a folded
structure operating in each of a first common mode, a differ-
ential, and a second common mode.

Turning briefly to FIGS. 3 and 4, illustrated therein are the
first common, differential, and second common modes in
operation. When the multi-band folded inverted conformal
antenna 101 is driven by an unbalanced feeding structure, the
driver or feeding structure is capable of exciting both even
and odd (or common and differential) current configurations,
thereby enabling multi-mode operation.

Multi-mode operation is best explained by way of super-
position. Circuits 301, 303, and circuit 308 plus circuit 309
are all equivalents of each other. The circuits of FIG. 3 illus-
trate that an unbalanced circuit 301 is equivalent to the super-
position of a common-mode circuit 308 and a differential
mode circuit 309.

FIG. 4 provides a graphical idea of the E-field lines asso-
ciated with the first common mode operation 401, differential
mode operation 402, and second common mode operation
403. Each mode of operation has a corresponding resonance
404, 405, 406 and operational bandwidth. Note that the reso-
nances 404, 405, 406 are not necessarily in the order dis-
played in FIG. 4. For example, while the second common
mode 403 is shown as having the highest center frequency
406, different geometric structures may result in the modes
being arranged in a different order.
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In first common mode operation 401, the E-field lines
extend between the multi-band folded inverted conformal
antenna element 101 and the ground plane conductor 103 in
the circuit substrate 102. In the first common mode, the
E-fields are substantially symmetric with respect to a center-
line 409 splitting the circuit substrate longitudinally.

In differential mode operation 402, the E-field is substan-
tially anti-symmetric. At a given moment in time, on one side
of centerline 409 of antenna assembly 100, the E-field preva-
lently points toward the ground structure 103, while the
E-field prevalently points towards the multi-band folded
inverted conformal antenna element 101 on the other side of
the center line 409. In second common mode operation 403,
the E-field lines are strongly concentrated and pass across the
slot 407, and distributed substantially symmetrically with
respect to centerline 409. As the E-field lines cross the slot,
this second common mode of operation is sometimes collo-
quially referred to as a “slot mode” of operation.

The three modes of operation, first common mode 401,
differential mode 402, and second common mode 403, cor-
respond to different operational frequency bands that are used
to support different communication channels. These commu-
nication channels may be used with different communication
protocols. By employing the ground plane conductor voids
(201, 202) of the present invention, the E-fields associated
with the multi-band folded inverted conformal antenna 101
may occupy a larger volume around the antenna element 101,
thereby reducing the intensity of reactive electromagnetic
energy trapped in the antenna and producing a lower Q-factor.
The result is a correspondingly larger fractional bandwidth,
for each resonance mode. The ground plane conductor voids
(201,202) allow the field to expand where the strongest con-
centrations of charge, and thus the strongest E-fields exist.

Turning now back to FIGS. 1 and 2, one reason that strong
charge concentrations and E-fields exist in the vicinity of the
ground plane conductor voids 201, 202 is the slot 407. In one
embodiment, the multi-band folded inverted conformal
antenna element 101 includes a side portion 210 extending
distally from the circuit substrate 102. The slot 407 passes
along at least a section of this side portion. Not only does the
geometry of the slot allow for better tuning of the multi-band
folded inverted conformal antenna element 101, but it also
helps to cause electric charge accumulation to occur over the
ground plane conductor voids 201, 202, thereby maximizing
the desired reactive energy density reduction effect.

The side portions 210, 211 form a first and third face, and
are joined by the planar portion 104, which serves as the first
face. Transitions, such as the bends in the multi-band folded
inverted conformal antenna element 101, in one embodiment,
occur above the ground plane conductor voids 201, 202. In
one embodiment, the planar portion 104, which may be sub-
stantially parallel with the circuit substrate 102, is substan-
tially “U” shaped. The U-shape allows components to be
placed on the circuit substrate 102 in the middle of the U,
thereby increasing the usable area of the circuit substrate 102.
Note, however, that other shapes, in addition to the U-shape,
may also be employed. For example, a reverse-U shape may
also be used. When the reverse-U is employed, the ground
plane voids on the corners still provide a beneficial aspect in
allowing the E-fields to extend over a larger volume.

Note also that the faces of the antenna structure need not be
flat. Turning briefly to FIG. 10, illustrated therein is an
antenna 1000 having a curved face 1001. The curved face
1001 still serves as a “planar portion” as the term is used
herein. The antenna 1000 shown in FIG. 10, featuring a cur-
vilinear perimeter of the multi-band folded inverted confor-
mal antenna element footprint, as well as other differently

20

25

30

35

40

45

50

55

60

65

6

shaped equivalents, is particularly well suited for devices
having curved mechanical housings.

Turning now back to FIGS. 1 and 2, a transceiver circuit
208 is used to drive the multi-band folded inverted conformal
antenna 101. In one embodiment, the transceiver circuit 208
is capacitively coupled to the multi-band folded inverted con-
formal antenna 101 by a serial capacitor 209. The feed and
ground connections to the multi-band folded inverted confor-
mal antenna element 101 are relatively electrically short and
may produce an inductive behavior of the antenna response.
Tuning may be achieved by using the serial capacitor 209 to
provide the correct phase rotation associated with signals
delivered to antenna assembly 100.

Turning now to FIG. 5, illustrated therein is one embodi-
ment of a two-way communication device 501 comprising a
multi-band folded inverted conformal antenna element 101 in
accordance with the invention. The multi-band folded
inverted conformal antenna element 101 is coupled to a
printed circuit board 502 having a ground plane 503. As with
the embodiments of FIGS. 1 and 2, portions of the ground
plane 503 beneath the multi-band folded inverted conformal
antenna 101 are removed at locations corresponding to strong
electric field configurations associated with the multi-band
folded inverted conformal antenna element 101 operating
within an operational bandwidth. For example, where the
multi-band folded inverted conformal antenna element 101
includes a slot 407 terminating on a side portion 210 of the
multi-band folded inverted conformal antenna element 101
extending distally from the printed circuit board 502, portions
of'the ground plane may be removed at corners of the printed
circuit board 502, under the corner regions 504 of the multi-
band folded inverted conformal antenna element 101.

Thus, as with previously described embodiments, where
the printed circuit board 502 includes an end with corner
regions, and the multi-band folded inverted conformal
antenna element 101 is disposed at the end as shown in FIG.
5, the portions of the ground plane that are removed may be at
the corners of the printed circuit board 502. Thus, the antenna
element 101 is able to be reduced in height, as the removed
ground plane portions permit the antenna assembly 100 to
radiate more efficiently. To provide exemplary dimensions to
give a relative scope of scale, in a typical mobile telephone, a
printed circuit board 502 within the device may be 30 mm to
75 mm in width. Where the corner portions of the ground
plane are removed, the removed ground plane portions may
measure 20 millimeters or less in width. This distance corre-
sponds to approximately ¥is™ of the longest resonant wave-
length of the antenna assembly.

Turning now to FIGS. 6 and 7, illustrated therein is an
alternate embodiment of an antenna assembly 600 having
essentially a “T-shaped structure folded back on ground.”
This alternate structure is configured to also operate as a
multi-band folded inverted conformal antenna element 601 in
accordance with the invention. Rather than having a slot
passing along a U-shape, the alternate multi-band folded
inverted conformal antenna 601 includes a central slot 607 a
top slot section 613 that passes across the top of the structure.
The alternate multi-band folded inverted conformal antenna
element includes one ground point 608, and one signal feed at
point 705.

The alternate multi-band folded inverted conformal
antenna element 601 is coupled to a printed circuit board 603
having a ground structure 602 coupled thereto. A signal is fed
into point 705, traverses and excites the antenna element 601,
and couples to the ground plane at point 608. Working in
conjunction with the ground structure 602, the alternate
multi-band folded inverted conformal antenna element 601
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and ground structure 602 offer tri-mode operation. As with
other embodiments of the invention, the ground plane 602 is
selectively removed to improve the overall performance of
the antenna assembly 600 when manufactured in a thin form
factor.

Specifically, in one embodiment, the ground plane 602
includes ground plane voids 701, 702 disposed beneath por-
tions of the alternate multi-band folded inverted conformal
antenna element 601. In one embodiment, these ground plane
voids 701, 702 are disposed at corners of the printed circuit
board 603. Note that other embodiments of the invention may
include ground plane voids near the edge 706 of the printed
circuit board below the antenna element 601.

In one embodiment the alternate multi-band folded
inverted conformal antenna element 601 includes a first side
610 extending distally from the printed circuit board 603. A
second side 604 extends substantially orthogonally from the
first side 610. It will be clear to those of ordinary skill in the
art having the benefit of this disclosure that the sides need not
be orthogonal. Where, for example, the application or geo-
metric structure of the electronic device allows, improved or
equal performance may be achieved when the sides are non-
orthogonal between each other and with the circuit board.
Some embodiments of the invention employ a first side
extending distally from the printed circuit board at acute or
obtuse angles.

A slot 607 traverses the first side 610 and second side 604,
and includes termination points 605, 606 on the first side 610
near corner regions 703, 704 of the printed circuit board 603.
By terminating the slot 607 on the first side 610, and removing
portions of the ground plane 602 at the corner regions 703,
704, the height 611 of the overall antenna assembly 600 may
be reduced without affecting performance. Simulation and
testing has shown that the second side 604 may be less than
five millimeters from the printed circuit board 603. A further
advantage of the embodiment of FIGS. 6 and 7 is that the
second side length 612 may be reduced. For instance, in one
embodiment of the invention, the second side length 612 is
less than 15 millimeters, while the antenna assembly 600
continues to operate effectively in three operational band-
widths.

In the foregoing specification, specific embodiments of the
present invention have been described. However, one of ordi-
nary skill in the art appreciates that various modifications and
changes can be made without departing from the scope of the
present invention as set forth in the claims below. Thus, while
preferred embodiments of the invention have been illustrated
and described, it is clear that the invention is not so limited.
Numerous modifications, changes, variations, substitutions,
and equivalents will occur to those skilled in the art without
departing from the spirit and scope of the present invention as
defined by the following claims. Accordingly, the specifica-
tion and figures are to be regarded in an illustrative rather than
a restrictive sense, and all such modifications are intended to
be included within the scope of present invention.

What is claimed is:

1. A low-profile antenna assembly, comprising:

a. a multiband folded inverted conformal antenna element;
and

b. a circuit substrate coupled to the multiband folded
inverted conformal antenna element, the circuit sub-
strate comprising a ground plane structure;

wherein the ground plane structure comprises at least two
ground plane voids disposed at locations corresponding
to electric charge concentrations associated with the
multiband folded inverted conformal antenna.
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2. The low-profile antenna assembly of claim 1, wherein
the multiband folded inverted conformal antenna element
comprises a planar portion separated from the circuit sub-
strate by an antenna height, wherein the antenna height is less
than five millimeters.

3. The low-profile antenna assembly of claim 1, wherein
the circuit substrate comprises a printed circuit board having
a distal end comprising at least two corner regions, wherein
the multiband folded inverted conformal antenna element is
disposed at the distal end.

4. The low-profile antenna assembly of claim 3, wherein
the at least two ground plane voids are disposed at least at the
at least two corner regions.

5. The low-profile antenna assembly of claim 4, wherein
the circuit substrate comprises a circuit substrate width,
wherein a corner region width of the at least two corner
regions is less than twenty-five percent of the circuit substrate
width.

6. The low-profile antenna assembly of claim 3, wherein
the at least two ground plane voids are disposed along an edge
of' the printed circuit board.

7. The low-profile antenna assembly of claim 3, wherein
the ground plane conductor at the distal end comprises a
T-shaped cross-section.

8. The low-profile antenna assembly of claim 1, wherein
the multiband folded inverted conformal antenna element is
configured to operate in at least a first common mode, a
differential mode, and a second common mode.

9. The low-profile antenna assembly of claim 1, wherein
the multiband folded inverted conformal antenna element
produces a tri-mode electromagnetic response having at least
a first operational bandwidth, a second operational band-
width, and a third operational bandwidth.

10. The low-profile antenna assembly of claim 9, wherein
an electric charge associated with the multiband folded
inverted conformal antenna when operating in one of the first
operational bandwidth, the second operational bandwidth, or
the third operational bandwidth is maximized at locations
corresponding to the at least two ground plane voids.

11. The low-profile antenna assembly of claim 1, further
comprising a transceiver circuit coupled to the multiband
folded inverted conformal antenna, wherein the transceiver
circuit is capacitively coupled to the multiband folded
inverted conformal antenna.

12. The low-profile antenna assembly of claim 1, wherein
the multiband folded inverted conformal antenna element
comprises at least one side portion extending distally from the
circuit substrate, further wherein the multiband folded
inverted conformal antenna element comprises at least one
slot.

13. The low-profile antenna assembly of claim 12, wherein
at least a portion of the slot passes along the at least one side
portion.

14. The low-profile antenna assembly of claim 12, wherein
the multiband folded inverted conformal antenna further
comprises a planar portion extending from the at least one
side portion such that the planar portion is substantially par-
allel with the circuit substrate, wherein the planar portion is
substantially U-shaped.

15. The low-profile antenna assembly of claim 1, wherein
the multiband folded inverted conformal antenna element
comprises a conductor having at least a first face, a second
face, and a third face, wherein the second face couples the first
face to the third face, wherein transitions from the first face to
the second face and from the second face to the third face
occur above the at least two ground plane voids.
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16. A two-way communication device, comprising an
internal folded inverted conformal antenna element coupled
to a printed circuit board having a ground plane, wherein
portions of the ground plane disposed beneath radiating ele-
ments of the internal folded inverted conformal antenna ele-
ment are removed at locations corresponding to an electric
charge configuration associated with the internal folded
inverted conformal antenna element operating within an
operational bandwidth.

17. The two-way communication device of claim 16,
wherein the printed circuit board has an end comprising cor-
ner regions, wherein the internal folded inverted conformal
antenna element is coupled to the printed circuit board at the
end, wherein the portions of the removed ground plane are
located in the corner regions.

18. The two-way communication device of claim 17,
wherein the corner regions comprise a corner region length
and a corner region width, wherein both the corner region

10

length and the corner region width are less than Vis* of the
longest resonant wavelength of the internal folded inverted
conformal antenna element.

19. An antenna assembly, comprising a T-shaped confor-
mal antenna folded back on ground coupled to a printed
circuit board having a ground plane coupled thereto, wherein
the T-shaped conformal antenna folded back on ground is
electrically coupled to the ground plane at a single point,
wherein the ground plane comprises ground plane voids dis-
posed beneath at least portions of the T-shaped conformal
antenna folded back on ground.

20. The antenna assembly of claim 19, wherein the
T-shaped conformal antenna folded back on ground com-
prises a first side extending distally from the printed circuit
board and a second side extending substantially orthogonally
from the first side, wherein the T-shaped conformal antenna
folded back on ground comprises a slot traversing at least the
first side and the second side.

#* #* #* #* #*






