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The present invention is related to a coupled-fed multi-band
loop antenna. The antenna comprises a dielectric substrate, a
ground plane located on the dielectric substrate and has a
grounding point, a radiating portion which comprise a sup-
porter, a coupling trip and a loop strip, and a matching circuit.
The coupling strip and loop strip are both located on the
supporter, with the coupling strip surrounded by the loop
strip. The length of loop strip is about 0.25 wavelength of the
antenna’s first resonant mode. The loop strip has a first end
paralleling with the coupling loop, a second end and a short-
ing point near the second end and electrically connected to the
grounding point on the ground plane. The matching circuit is
on the dielectric substrate. One terminal of the matching
circuit is connected to the coupling strip, and the other is
connected to a signal source.
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The present invention relates to a dielectric resonator antenna
(DRA) with bending metallic planes. The ground plane of the
dielectric resonator antenna is bent around the DRA to
increase the half-power beam width (HPBW) and the gain on
H-plane, moreover, to improve the pattern on E-plane. The
ground plane of the invention is further bent in different
angles to reshape the radiation pattern of the dielectric reso-
nator antenna, and a well is carved in the dielectric resonator
antenna to increase its radiation bandwidth. The invention can
also be adjusted as WiMAX sectorial antenna.
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first open-ended element through the short circuit path and
the first open-ended element, is substantially a quarter of a
wavelength of a first resonant frequency. A length, from the
ground point to a second end of the second open-ended ele-
ment through the short circuit path, the short circuit element,
and the second open-ended element, is substantially a quarter
of'a wavelength of a second resonant frequency.
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(57) ABSTRACT

The present invention relates to a portable communication
device and an antenna unit. The device includes a display
having a display surface, a transparent non-conductive dis-
play window covering the display surface of the display, and
an antenna having at least one antenna element, wherein the
antenna element is provided as a transparent conductive layer
provided on the display cover. With this antenna solution
space is freed inside the device for use for other units or for
further size reductions. Light passing through the window is
furthermore not blocked.
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(57) ABSTRACT

The present invention discloses a dual-band antenna inte-
grated with GSM wireless communication apparatuses, com-
prising: a first radiation unit; a first connecting portion; a
second radiation unit; a second connecting portion; a ground-
ing unit; a grounding extension unit; a signal feed-in terminal;
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ing band to significantly enhance the transceiving perfor-
mance.
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A slot antenna positioned on a substrate includes a grounding
portion, a radiating portion, and a feeding portion. The
grounding portion is positioned on the substrate. The radiat-
ing portion is parallel to the grounding portion and shaped
like an irregular octagon. The radiating portion includes an
irregular slot that is defined substantially in the center of the
irregular octagon. The feeding portion electrically connects
the radiating portion to the grounding portion for feeding
electromagnetic signals.
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1
DUAL-BAND ANTENNA

BACKGROUND OF THE INVENTION

1. Field of the Invention

This present invention relates to an antenna, and more
specifically to a dual-band antenna mainly applied in a note-
book computer.

2. The Related Art

Portable electronic devices, such as notebook computers,
are usually equipped with antennas for wirelessly transmit-
ting information. In general, there are two types of the anten-
nas mainly used in the notebook computers, planar inverted-F
antennas and monopole antennas. However, since the fre-
quency band, antenna gain and radiating efficiency of the
planar inverted-F antenna are all in direct proportion to the
volume of'the planar inverted-F antenna, a dual-band antenna
made up of the planar inverted-F antennas is tend to have
narrower frequency bands under the condition of miniatur-
ization and complanation, partly covering the frequency
bands of 5.2~5.8 giga-hertz (GHz) and 2.4~2.5 GHz accor-
dant with the standard of IEEE802.11a/b in wireless local
area network (WLAN). Therefore, the planar inverted-F
antennas cannot meet the present demands of users. The
monopole antenna, though, has a broad frequency band, ithas
to provide a bigger grounding portion for being in use. So the
wide spread use of the monopole antenna is meanwhile lim-
ited because of the small available space of the notebook
computers.

SUMMARY OF THE INVENTION

Anobject of the invention is to provide a dual-band antenna
used in a notebook computer having a broad frequency band
with a small occupied space. The dual-band antenna has a
feeding portion including a first feeding portion and a second
feeding portion extending substantially perpendicularly from
a top edge of the first feeding portion. A high-frequency
radiator spaced away from the second feeding portion
includes a first high-frequency portion extending upwards
from the top edge of the first feeding portion, and a second
high-frequency portion extending substantially perpendicu-
larly from a top of the first high-frequency portion and located
at a same side with respect to the first feeding portion as the
second feeding portion. A low-frequency radiator located at a
same side with respect to the first feeding portion as the
second high-frequency portion includes a first low-frequency
portion extending substantially perpendicularly from an end
of the first feeding portion adjacent to the high-frequency
radiator, a second low-frequency portion extending upwards
from the first low-frequency portion, and a third low-fre-
quency portion extending back to the first low-frequency
portion from the second low-frequency portion. A grounding
portion faces the low-frequency radiator for substantially
locating the feeding portion and the high-frequency radiator
therebetween. A connecting portion connects the grounding
portion and the feeding portion.

As described above, the dual-band antenna has both the
high-frequency radiator and the low-frequency radiator for
receiving and transmitting signals ranging from 5.2~5.8 GHz
and 2.4~2.5 GHz. Meanwhile, the grounding portion faces
the low-frequency radiator, and the feeding portion and the
high-frequency radiator are substantially disposed between
the grounding portion and the low-frequency radiator. Thus,
the dual-band antenna occupies a small space of the notebook
computer.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

The invention, together with its objects and the advantages
thereof may be best understood by reference to the following
description taken in conjunction with the accompanying
drawings, in which:

FIG. 1 shows a perspective view of a dual-band antenna in
accordance with an embodiment of the present invention; and

FIG. 2 shows a perspective view of the dual-band antenna
in FIG. 1 seen from another angle.

DETAILED DESCRIPTION OF THE
EMBODIMENT

With Reference to FIG. 1 and FIG. 2, a dual-band antenna
1 of an embodiment according to the present invention
mounted in a notebook computer (not shown) for receiving
and transmitting signals is shown. The dual-band antenna 1
has a grounding portion 11 of rectangular-board shape. An
end of a bottom edge 111 of the grounding portion 11 is
extended obliquely to form connecting portion 13 of strip
shape. The connecting portion 13 is disposed levelly and
forms a sharp angle with the grounding portion 11. In this
embodiment, the angle is about 45.degree. A free end of the
connecting portion 13 is connected with a feeding portion 12
including a first feeding portion 121 and a second feeding
portion 122. The first feeding portion 121 of a strip shape,
extending along a direction perpendicular to the grounding
portion 11, is substantially flush with an edge of the ground-
ing portion 11 away from the connecting portion 13, with a
predetermined distance formed therebetween. Herein, the
connecting portion 13 is joined to a middle portion of the
bottom edge 1212 of the first feeding portion 121. One end of
the top edge 1211 of the first feeding portion 121 extends
perpendicularly to form a second feeding portion 122 near the
grounding portion 11. The second feeding portion 122 is
rectangular and located at a same side with respect to the first
feeding portion 121 as the connecting portion 13.

The other end of the top edge 1211 of the first feeding
portion 121 is extended upwards to form a first high-fre-
quency portion 141. The first high-frequency portion 141 is a
rectangular shape. A free end of the first high-frequency por-
tion 141 extends perpendicular to the first high-frequency
portion 141 to form a second high-frequency portion 142
located at a same side with respect to the first feeding portion
121 as the second feeding portion 122. The second high-
frequency portion 142 has a length substantially equivalent to
that of the first high-frequency portion 141. The first high-
frequency portion 141 and the second high-frequency portion
142 form cooperatively a high-frequency radiator 14.

The first feeding portion 121 is connected with a low-
frequency radiator 15 located at a same side with respect to
the first feeding portion 121 as the second high-frequency
portion 142. The low-frequency radiator 15 facing the
grounding portion 11 includes a first low-frequency portion
151 extending substantially perpendicularly from an end of
the first feeding portion 121 adjacent to the first high-fre-
quency portion 141, a second low-frequency portion 152
extending upwards from a distal end of the first low-fre-
quency portion 151, and a third low-frequency portion 153
extending back to the first low-frequency portion 151 from a
free end of the second low-frequency portion 152. The first
low-frequency portion 151 is a rectangular shape. The second
low-frequency portion 152 is disposed adjacent to a distal end
of the second high-frequency portion 142. The third low-
frequency portion 153 has a top edge substantially flush with

a top_edge of the grounding portion 11. A distal end of the
(%o?or, Inc. - Page 4 of 5
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third low-frequency portion 153 is substantially arranged at a
same plane with an edge of the grounding portion 11 away
from the feeding portion 12.

When the dual-band antenna 1 mounted in the notebook
computer is operated at wireless communication, a current
flows from the feeding portion 12 to the high-frequency radia-
tor 14 to generate an electrical resonance of a frequency band
covering between 4.9 GHz and 5.8 GHz, according to the
standard of the IEEE 802.11a. While the current flows from
the feeding portion 12 to the low-frequency radiator 15 to
generate an electrical resonance of a frequency band covering
between 2.4 GHz and 2.5 GHz, according to the standard of
the TEEE802.11b. Furthermore, the second low-frequency
portion 152 can prevent the secondary resonance of the low-
frequency radiator 15 from interfering with the mode effect of
the high-frequency radiator 14, which will improve the gain
of the dual-band antenna 1.

As described above, the high-frequency radiator 14 and the
low-frequency radiator 15 can cover the frequency band rang-
ing from 4.9 GHz to 5.8 GHz and the frequency band ranging
from 2.4 GHz to 2.5 GHz, respectively. Meanwhile, the
grounding portion 11 faces the low-frequency radiator 15,
and the feeding portion 12 and the high-frequency radiator 14
are substantially disposed between the grounding portion 11
and the low-frequency radiator 15. Consequently, the dual-
band antenna 1 occupies a small space of the notebook com-
puter and can be used widely to meet users’ demands.

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. A dual-band antenna, comprising:

a feeding portion including a first feeding portion and a
second feeding portion extending substantially perpen-
dicularly from a top edge of the first feeding portion;

a high-frequency radiator spaced away from the second
feeding portion including a first high-frequency portion
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extending upwards from the top edge of the first feeding
portion, and a second high-frequency portion extending
substantially perpendicularly from a top ofthe firsthigh-
frequency portion and located at a same side with respect
to the first feeding portion as the second feeding portion;

a low-frequency radiator located at a same side with
respect to the first feeding portion as the second high-
frequency portion, the low-frequency radiator including
a first low-frequency portion extending substantially
perpendicularly from an end of the first feeding portion
adjacent to the high-frequency radiator, a second low-
frequency portion extending upwards from the first low-
frequency portion, and a third low-frequency portion
extending away from the first low-frequency portion and
perpendicular to the second low-frequency portion;

a grounding portion facing the low-frequency radiator for
substantially locating the feeding portion and the high-
frequency radiator therebetween; and

a connecting portion connecting the grounding portion and
the feeding portion.

2. The dual-band antenna as claimed in claim 1, wherein
the connecting portion is connected with an end of a bottom
edge of the grounding portion away from the first feeding
portion, and a middle portion of a bottom edge of the first
feeding portion, with a sharp angle formed between the
grounding portion and the connecting portion.

3. The dual-band antenna as claimed in claim 1, wherein
the feeding portion is disposed substantially perpendicular to
the grounding portion, the first feeding portion is substan-
tially flush with one edge of the grounding portion away from
the connecting portion.

4. The dual-band antenna as claimed in claim 1, wherein
bottom edges of the grounding portion and the bottom edge of
the first feeding portion are substantially at a same plane.

5. The dual-band antenna as claimed in claim 1, wherein
top edges of the grounding portion and the top edge of the
third low-frequency portion are substantially at a same plane.

6. The dual-band antenna as claimed in claim 1, wherein
the top edge of the grounding portion and top edge of the third
low-frequency portion away from the first feeding portion are
substantially at a same plane.

#* #* #* #* #*
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1
TRANSPARENT CONDUCTIVE ANTENNA
FOR A PORTABLE COMMUNICATION
DEVICE

RELATED APPLICATIONS

The present application is a 35 U.S.C. §371 national phase
application of PCT International Application No. PCT/
EP2005/004497, having an international filing date of Apr.
27,2005 and claiming priority to European Patent Applica-
tion No. 04013003.1, filed Jun. 2, 2004 and U.S. Provisional
Application No. 60/578,437 filed Jun. 9, 2004, the disclo-
sures of which are incorporated herein by reference in their
entireties. The above PCT International Application was pub-
lished in the English language and has International Publica-
tion No. WO 2005/119834.

TECHNICAL FIELD OF THE INVENTION

The present invention relates to the field of antennas and
more particularly to a portable communication device includ-
ing an in-built antenna as well as an antenna system.

DESCRIPTION OF RELATED ART

There is a trend within the field of portable communicating
devices, and especially within the field of mobile phones to
have the antenna in-built in the phone itself. The phones are
also becoming smaller and smaller, with a need to use the
space of the phone as effectively as possible. Atthe same time
the phones have more and more functions and features and
therefore also more components provided in them. Because
of'this alternative antenna placements are interesting to inves-
tigate. One such area is the area in front of the display.

If an antenna is to be provided in the front of the display it
does however have to be transparent in the visual wavelength
area in order to not block the light emitted from the display.

There have in recent years been developed materials that
are conducting while at the same time being transparent,
where an example of such a material is ITO (Indium Tin
Oxide).

It is furthermore known to provide such a material in a
display. In this regard see for instance US2002/0152606,
which describes providing an antenna made of ITO on a
display of a wireless mobile terminal. The ITO layer is here
welded to the circuit board where radio signal circuitry are
provided.

When providing an antenna on a display there is however
one major problem, which has to be overcome and that is that
since a display is normally made of a semiconductor, liquid
crystal material, it is usually lossy in the radio frequency
band, which will cause some energy absorption. The result of
providing the antenna on the display will thus lead to energy
absorption, which is not advantageous for the antenna effi-
ciency.

There is thus a need for an alternative placing of an
antenna, which allows light passing through a window to
avoid being blocked.

SUMMARY OF THE INVENTION

The present invention is directed towards solving the prob-
lem of providing an antenna, which allows light passing
through a transparent element to avoid being blocked.

One object of the present invention is thus to provide a
portable communication device having an in-built antenna
which allows light passing through a window to avoid being
blocked.
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According to a first aspect of the present invention, this
object is achieved by a portable communication device com-
prising:

a display having a display surface,

a transparent non-conductive display window covering the

display surface of the display, and

an antenna having at least one antenna element,

wherein the antenna element is provided as a transparent

conductive layer provided on the display cover.

A second aspect of the present invention is directed
towards a portable communication device including the fea-
tures of the first aspect, further comprising a thin transparent
conductive shield for avoiding electromagnetic radiation
absorption by the display.

A third aspect of the present invention is directed towards
aportable communication device including the features of the
second aspect, wherein the shield is made of a transparent
conductive material.

A fourth aspect of the present invention is directed towards
aportable communication device including the features of the
second aspect, wherein the shield is a part of the display.

A fifth aspect of the present invention is directed towards a
portable communication device including the features of the
first aspect, wherein the display window is provided in the
casing of the device.

A sixth aspect of the present invention is directed towards
aportable communication device including the features of the
first aspect, wherein the antenna element is provided as a
patch on at least a part of the window.

A seventh aspect of the present invention is directed
towards a portable communication device including the fea-
tures of the first aspect, wherein at least one antenna element
is a PIFA antenna.

An eighth aspect of the present invention is directed
towards a portable communication device including the fea-
tures of the first aspect, wherein at least one antenna element
is a patch antenna.

A ninth aspect of the present invention is directed towards
aportable communication device including the features of the
first aspect, wherein the antenna comprises at least one con-
tact pad to which one antenna element is electrically con-
nected.

A tenth aspect of the present invention is directed towards
aportable communication device including the features of the
ninth aspect, wherein the antenna element is connected to the
contact pad via an insulating binding agent comprising con-
ductive particles.

An eleventh aspect of the present invention is directed
towards a portable communication device including the fea-
tures of the ninth aspect, wherein the antenna element is
connected to the contact pad via a resilient element and at
least one force applying element arranged to press the
antenna element and the contact pad against each other.

A twelfth aspect of the present invention is directed
towards a portable communication device including the fea-
tures of the first aspect, wherein the antenna comprises a
capacitive coupling element for obtaining capacitive cou-
pling of the antenna element to a feeding circuit.

A thirteenth aspect of the present invention is directed
towards a portable communication device including the fea-
tures of the first aspect, wherein it is a mobile phone.

Another object of the present invention is to provide an
antenna unit that can be used in relation to transparent ele-
ments which allows light passing through the transparent
element to avoid being blocked.
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According to a fourteenth aspect of the present invention,
this object is achieved by an antenna unit comprising:

at least one antenna element in the form of a transparent

conductive layer and

a transparent supporting element on which the antenna

element is provided,

wherein the antenna element is provided as a transparent

conductive layer provided on the transparent supporting
element.

A fifteenth aspect of the present invention is directed
towards an antenna unit including the features of the four-
teenth aspect, wherein the transparent supporting element is a
transparent non-conductive display cover covering a display
surface of a display.

A sixteenth aspect of the present invention is directed
towards an antenna unit including the features of the four-
teenth aspect, wherein the transparent supporting element is a
window surface.

The invention has the following advantages it saves space
within the device, which can be used for other purposes, like
more components and other units or a size reduction of the
device. Because of the provision of antenna elements in rela-
tion to a transparent element such as a window covering a
display, it is possible to provide a shield layer in the display,
such that radio frequency absorption in the display is avoided.
The invention furthermore does not block light passing
through the window, which light can include information
presented by a display.

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.

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 schematically shows a front view of a portable
communication device in the form a mobile phone,

FIG. 2 shows a side view of a cover of the phone and a
display provided under it,

FIG. 3 shows a front view of a display window according to
the invention, where two antenna elements are provided,

FIG. 4 schematically shows a perspective view of a first
antenna element and contact pad in the display window of
FIG. 3,

FIG. 5 schematically shows a perspective view of a second
antenna element and contact pads in the display window of
FIG. 3,

FIG. 6 schematically shows a side view of a connection of
the first antenna element to a contact pad according to a first
embodiment of the present invention,

FIG. 7 schematically shows a side view of a connection of
the first antenna element to a contact pad according to a
second embodiment of the present invention, and

FIG. 8 shows a top view of the first antenna element
together with a capacitive coupling element according to a
third embodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

A portable communication device according to the present
invention will now be described in relation to a mobile phone,
which is a preferred variation of the invention. The phone is
furthermore preferably a so-called stick-type phone, but it can
be other types of phones like clamshell phones. The portable
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communication device can also be another type of device, like
a cordless phone, a communication module, a PDA or any
other type of portable device communicating with radio
waves.

FIG. 1 schematically shows a front view of a phone 10
according to the invention. The phone 10 includes a cover 12
having a number of interface units, like a transparent element
in the form of a display window 14 under which a display is
provided, a number of keys on a keypad provided below the
display window as well as a sound aperture provided above
the display window. Here it is worth noting that there is no
antenna protruding from the phone. The antenna is in-built.

FIG. 2 schematically shows a side view of the phone cover
12 provided over a display 16, which display 16 is fastened to
a printed circuit board (PCB) 20 for instance by board to
board contact. Ontop of the display 16 there is provided a thin
shield layer or film of electrically conducting transparent
material 18, which in this example is [TO (Indium Tin Oxide).
With this choice of material a transparency of about 90% is
obtained with a resistance of less than 20 ©/m*. Above the
display 16 with the shield layer 18 there is provided a display
window 14 made of transparent plastic material. The display
16 has an upper display surface that faces the window 14,
such that information can be presented to a user through the
window 14. The shield layer is thus provided on the display
surface facing the display window 14. In the window 14 an
antenna system is provided from the same material as the
shield layer. Because of the shield layer 18, radiation to or
from the antenna in the window 14 is not absorbed by the
display 16, which leads to the antenna being more efficient
than if it were to be provided directly on the display. There is
preferably provided a gap between the display window 14 and
the display 16. The window 14 is here preferably placed about
1 mm over the display. The shield layer 18 could be provided
in a front polarizing layer of the display in the way described
in the patent application entitled “DISPLAY” by the same
applicant and filed simultaneously with the present patent
application. The description of that application is herein
incorporated by reference. As an alternative the shield can be
provided as a separate element provided between display and
window.

FIG. 3 shows a front view of the display window 14 where
the antenna, in the form of two radiating antenna elements 22
and 24, is provided. The antenna is made in a thin layer or film
of transparent conductive material, like ITO. The radiating
antenna elements 22 and 24 are thus transparent, but they are
indicated with hatching in order to show their presence in the
window 14. In the window 14 a first antenna element 22,
which is a half wave patch antenna and a second antenna
element 24, which is a quarter wave PIFA antenna, are pro-
vided. The first antenna element 22 therefore only needs one
feeding point while the second antenna element 24 needs two
connection points. In the invention these antenna elements are
preferably a positioning antenna element, for instance a GPS
antenna, and a short length microwave antenna, for instance
for use in the Bluetooth™ transmission system. It should
however be realised that there need not be provided two
antenna elements, but that there can be provided only one or
of course more antenna elements, where the design of the
antenna elements depend on the desired frequency range used
by each element. If the device would be a handheld computer
like a PDA, the antenna can also be an RF transmission/
reception antenna for instance for use in GSM telephony. An
antenna element is here provided as a patch covering a certain
area and covering at least a part of the display. With this
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antenna solution light passing through the window an ema-
nating from the display is not blocked and space within the
phone is saved.

FIG. 4 shows a perspective view of the first antenna ele-
ment 22 which is provided with a contact pad 26. The pad 26
is connected to a contact pin 28 which is in turn connected to
the printed circuit board for receiving a radio signal. In the
same way FIG. 5 shows a perspective view of the second
antenna element 24, which is provided with a first contact pad
30 that is in a similar way connected to a first contact pin 32
as well as a second contact pad 34 connected to a second
contact pin 36. Here the first contact pad 30 receives a radio
signal, while the second contact pad 34 receives a ground
potential. As mentioned earlier the antenna elements are pro-
vided of a suitable electrically conducting transparent mate-
rial, and in the present case an ITO layer. With this type of
material it is hard to achieve a good electrical connection
between antenna element and contact pad. This type of mate-
rial cannot be soldered to the circuit board, which leads to
other solutions having to be provided. The present invention
is also directed towards providing good electrical connections
to these types of materials, where two embodiments will be
described in the following.

The contacting according to the first embodiment is out-
lined in FIG. 6, which shows a FPC (flexible printed circuit)
37 in the form of a polyester film which has a layer of con-
ducting material, normally in the form of a copper, and non-
conducting material. In this layer the contact pad 26 is pro-
vided. The conducting material is provided in stripes so that
PFC has the layout of a zebra skin. An insulating binding
agent in the form of a suitable anisotropic adhesive compris-
ing conductive particles 38 is painted on a part of the antenna
element 22 facing the pad 26. Other parts of the antenna
element are fastened by an adhesive 38 without such particles.
The particles are preferably metallic and in the present
embodiment gold. This ensures good electrical contact to the
antenna element 22 in the ITO layer. The FPC 37 is pressed
onto the adhesive 38 while applying heat and in this way the
pad 26 is well connected to the antenna element 22 in the form
of'the ITO strip. The FPC 37 is in turn connected to the printed
circuit board through a contactor.

As an alternative contacting can be made using a resilient
element and applied force. How this can be done according to
a second embodiment of the present invention is shown in
FIG. 7, where the ITO layer 22 is provided on the inner side
of a long leg of a force applying element in the form of an
L-shaped plastic transparent carrier 42. At the opposite side of
ITO layer 22 the printed circuit board 20 is provided and
forced towards the layer 22 by a ridge provided at the furthest
end at a bottom leg of the “L.”” 42. The contact pin 28 is at one
end attached to the board 20 and at another end attached to the
pad 26, where the pin 28 is perpendicular to the ITO layer 22.
Between the pad 26 and the ITO layer 22 there is provided a
soft resilient element 40 in the form of an elastomer, which is
depressed by the force applied by the plastic carrier 42. The
elastomer 40, which is preferably of rubber, Includes a thin
line of conductive material in order to provide the necessary
electrical contact. The resilient element 40 is not limited to
this type of elastomer, but other materials having similar
qualities may just as well be provided. Metallic springs are
not that good to use, since they can scratch the surface of the
ITO layer. Also here the carrier 42 is attached to the display
window. Alternatively the display window can be formed
such that it acts as the carrier for the antenna.

It should be realised the two described solutions can be
provided for both the contact pads of the second antenna
element.

20

25

30

35

40

45

50

55

60

65

6

As an alternative the connection between pad and antenna
element 22 can be provided using capacitive coupling, which
is shown in FIG. 8, which shows a top view of the first antenna
element 22 according to a third embodiment of the present
invention. Here a capacitive coupling element in the form of
a metallic strip 42 stretches along the whole side of the
antenna element 22 in the form of the ITO layer. The capaci-
tive coupling element 42 is connected to the contact pin 26,
which in turn is connected to the circuit on the printed circuit
board that is driving the antenna. The driving of the antenna
element 22 is here provided in such a way that the capacitive
coupling between antenna element 22 and strip 42 is used.
With this solution the contacting problem is completely
avoided. The capacitance can be selected by using a suitable
dielectric material between contact pad and antenna element.

The present invention was above described as being pro-
vided on a window provided in the cover of a portable com-
munication device.

Itshould be realised that the present invention is not limited
to this type of environment. It can just as well be provided on
another transparent element like a regular house window or
the window or windshield of a car and then be connected to
for instance a portable communication device using a wire.
Such an antenna can also be used for connection to other
devices, like for instance a television set.

The antenna structure according to the invention has sev-
eral advantages. It saves space within the phone, which can be
used for other purposes, like more components and other
units or for further size reduction of the phone. Because ofthe
provision of antenna elements in a window covering a dis-
play, it is possible to provide a shield layer in the display, such
that radio frequency absorption in the display is avoided. The
invention furthermore allows information presented to be
viewed without the antenna elements blocking it. The differ-
ent contacting solutions that are proposed all solve the prob-
lem faced associated with electrically contacting an antenna
element with a printed circuit board.

The present invention can be varied in more ways than the
ones described. It is possible to include more or fewer antenna
elements. The shapes of the antenna elements can also be
varied, for instance in order to provide multiband capabilities.
The materials chosen can also be varied. Thus the present
invention is only to be limited by the following claims.

The invention claimed is:

1. A portable communication device comprising:

a cover covering a display having a display surface and a
front polarizing layer;

a transparent non-conductive display window made of a
plastic material and provided in the cover of the device,
covering the display surface of the display and being
separated from the display by a gap;

an antenna having at least one radiating antenna element,
wherein the radiating antenna element is provided as a
transparent conductive layer provided on the display
window; and

a thin transparent conductive shield in the front polarizing
layer that is a part of the display and provided on the
display surface, the thin transparent conductive shield
being adjacent the gap of empty space separating the
antenna on the display window and the display surface
for avoiding electromagnetic radiation absorption by the
display wherein the shield is made of a transparent con-
ductive material.

2. A portable communication device according to claim 1,

wherein the radiating antenna element is provided as a patch
on at least a part of the window.
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3. A portable communication device according to claim 1,
wherein at least one radiating antenna element is a PIFA
antenna.

4. A portable communication device according to claim 1,
wherein at least one radiating antenna element is a patch
antenna.

5. A portable communication device according to claim 1,
wherein the antenna comprises at least one contact surface to
which one radiating antenna element is electrically con-
nected.

6. A portable communication device according to claim 5,
wherein the radiating antenna element is connected to the
contact surface via an insulating binding agent comprising
conductive particles.

7. A portable communication device according to claim 5,
wherein the radiating antenna element is connected to the

8

contact surface via a resilient element and at least one force
applying element arranged to press the antenna element and
the contact surface against each other.

8. A portable communication device according to claim 1,
wherein the antenna comprises a capacitive coupling element
for obtaining capacitive coupling of the radiating antenna
element to a feeding circuit.

9. A portable communication device according to claim 1,
wherein the device is a mobile phone.

10. A portable communication device according to claim 1,
wherein the gap comprises a void.

11. A portable communication device according to claim 1,
wherein the conductive shield is between the display and the
antenna.
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1
MULTI-BAND ANTENNA

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to an antenna, more particularly, to a
multi-band antenna for receiving various frequency bands.

2. The Related Art

An antenna for receiving and transmitting wireless signal is
an important component in wireless device. Nowadays, wire-
less communication bands at telecommunication field
includes: global system for mobile communications (GSM)
band about 850 mega-hertz (MHz), extended global system
for mobile communications (EGSM) band about 900 MHz,
digital cellular system (DCS) band about 1800 MHz, personal
conferencing specification (PCS) band about 1900 MHz, and
international mobile telecommunications-2000 (IMT-2000)
about 2100 MHz.

There are various types of antennas for the portable com-
munication device to use, such as helix, monopole, inverted-
F, dipole, patch, loop and retractable antennas. Helix antenna
and retractable antenna are typically installed outside the
portable communication device. Inverted-F antenna, mono-
pole antenna, patch antenna, loop antenna and dipole antenna
are typically embedded inside the portable communication
device case or housing.

Generally speaking, the embedded antennas are more pret-
erable than the external antennas for the portable communi-
cation device owing to mechanical and ergonomic reasons.
Embedded antennas are protected by the wireless device case
orhousing and therefore tend to be more durable than external
antennas. Therefore, the embedded antenna capable of oper-
ating at various wireless communication bands such as GSM
band, EGSM band, DCS band, PCS band and IMT-2000 band
is required, to become an essential component for the portable
wireless communication device.

SUMMARY OF THE INVENTION

The object of the present invention is to provide a multi-
band antenna having a ground portion, a radiating element, a
tuning conductor, a short-circuit conductor and a feed point.
The radiating element is spaced away from the ground por-
tion. The tuning conductor is extended from the radiating
element and parallel to the ground portion to form a gap
therebetween. The short-circuit conductor interconnects to
the ground portion and the radiating element. The feed point
is disposed at the radiating element and adjacent to the short-
circuit conductor.

The radiating element, the short-circuit conductor and the
feed point function as a first inverted-F antenna obtaining a
first high frequency band, and a second inverted-F antenna
obtaining a low frequency band and a second high frequency
band higher than the first high frequency band. The ground
portion and the tuning conductor cause a capacitance effect to
shift the second high frequency band to be close to the first
high frequency band.

The low frequency band can cover at least two telecommu-
nication frequency bands, and the first high frequency band
and the second high frequency band can cover at least three
telecommunication bands. Therefore, the multi-band antenna
can operate at various telecommunication frequency bands.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be apparent to those skilled in
the art by reading the following description of a preferred
embodiment thereof, with reference to the attached drawings,
in which:
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FIG. 1 is a planar view of a preferred embodiment of a
multi-band according to the present invention;

FIG. 2 shows a Voltage Standing Wave Ratio (VSWR) test
chart of the multi-band antenna;

FIG. 3 shows a Smith Chart recording impedance of the
multi-band antenna; and

FIG. 4A and FIG. 4B shows show various antenna charac-
teristic value of the multi-band antenna.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Structures of the multi-band antenna described herein are
sized and shaped to tune the multi-band antenna for operating
at wireless telecommunication bands. In an embodiment of
the invention described in detail below, the multi-band
antenna has structure which is primarily associated with oper-
ating bands covering GSM band, EGSM band, DCS band,
PCS band and IMT-2000 band.

Please refer to FIG. 1. A preferred embodiment of the
multi-band antenna 100 according to the present invention is
shown. The multi-band antenna 100 is made of metallic mate-
rial and disposed on a dielectric substrate 8 such as a printed
circuit board or a plastic plate. Furthermore, the multi-band
antenna 100 can make of a metallic foil and stamping into a
cubing shape.

The multi-band antenna 100 includes a ground portion 1, a
first radiating conductor 2, a second radiating conductor 3, a
third radiating conductor 4, a short-circuit conductor 5 and a
tuning conductor 6. The first radiating conductor 2, the sec-
ond radiating conductor 3, the third radiating conductor 4 and
the tuning conductor 6 are all at the same side spaced from the
ground portion 1 and connect with the ground portion 1 by the
short-circuit conductor 5.

The first radiating conductor 2 defines a first side 20, a
second side 21 opposite to the first side 20, a first end portion
22 and a second end portion 23 opposite to the first end 22.
The first end portion 22 of the first radiating conductor 2 is
adjacent the ground portion 1.

The second radiating conductor 3 extends from the first
side 20 of the first end portion 22 of the first radiating con-
ductor 2 and away from the ground portion 1. In this embodi-
ment, between the first radiating conductor 2 and the second
radiating conductor 3 there constitute an included acute
angle.

The second radiating conductor 3 has a slot 30 defining an
opening on the side near the ground portion 1. A feed point 7
is disposed at the second radiating conductor 3 and adjacent
the first end portion 22 of the first radiating conductor 2.

The short-circuit conductor 5 interconnects the ground
portion 1 and the second radiating conductor 3. One end of the
short-circuit conductor 5 connects to the ground portion 1 and
the other end of the short-circuit conductor 5 connects to the
second radiating conductor 3 of which between the slot 30
and the feed point 7.

The third radiating conductor 4 extends from the second
side 21 of the second end portion 23 of the first radiating
conductor 2 and is bent towards the ground portion 1. The
third radiating conductor 4 includes a first radiating section
40 and a second radiating section 41. The first radiating sec-
tion 40 substantially extends from the second side 21, and
interconnects the first radiating conductor 2 and the second
radiating section 41.

In this embodiment, the first radiating section 40 is perpen-
dicular to the first radiating conductor 2. The second radiating
section 41 of the third radiating conductor 4 obliquely extends
from the first radiating section 40 and is bent towards the
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ground portion 1. As a whole, the first radiating conductor 2,
the second radiating conductor 3 and the third radiating con-
ductor 4 are substantially formed in a N-shape.

The tuning conductor 6 extends from the second side 21 of
the first end portion 22 of first radiating conductor 2. The
tuning portion 6 is substantially parallel with and adjacent to
the ground portion 1. The width of the gap between the tuning
portion 6 and the ground portion 1 must be less than 3 milli-
meters. In this embodiment, the width of the gap between the
tuning portion 6 and the ground portion 1 is 1.9 millimeters.
Thus, the ground portion 1 and the tuning conductor 6
together function as a capacitance.

The ground portion 1, the second radiating conductor 3, the
first radiating conductor 40 and the second radiating section
41 are substantially of rectangular shape. The first radiating
conductor 2, the short-circuit conductor 5 and the tuning
conductor 6 are substantially of thin-strip shape.

The ground portion 1, the second radiating conductor 3 and
the short-circuit conductor 5 together function as a first
inverted-F antenna and resonate at a first high frequency band
covering 1800 MHz and 1900 MHz. The ground portion 1, the
first radiating conductor 2, the third radiating conductor 4 and
the short-circuit conductor 5 together function as a second
inverted-F antenna and resonate at a low frequency band
covering 850 MHz and 900 MHz, and a second high fre-
quency band higher than 2100 MHz.

The capacitance effect caused by the ground portion 1 and
the tuning portion 6 may affect the function of the second
inverted-F antenna to shift the second high frequency band to
be close to the first high frequency band to cover 2100 MHz.

Please refer to FIG. 2, which shows a Voltage Standing
Wave Ratio (VSWR) test chart of the multi-band antenna 100.
While the multi-band antenna 100 operates at 824 MHz, the
VSWR value is 4.445 (sign Mkrl in Figures). While the
multi-band antenna 100 operates at 880 MHz, the VSWR
value is 1.929 (sign Mkr2 in Figures). The VSWR value is
4.96 (sign Mkr3 in Figures), While the multi-band antenna
100 operates at 960 MHz.

While the multi-band antenna 100 operates at 1710 MHz,
the VSWR value is 3.69 (sign Mkr4 in Figures). While the
multi-band antenna 100 operates at 1880 MHz, the VSWR
value is 2.04 (sign Mkr5 in Figures). While the multi-band
antenna 100 operates at 1990 MHz, the VSWR value is 2.623
(sign Mkr6 in Figures). While the multi-band antenna 100
operates at 1990 MHz, the VSWR value is 2.184 (sign Mkr7
in Figures).

Please refer to FIG. 3, which shows a smith chart recording
impedance of the multi-band antenna 100. The multi-band
antenna 100 exhibits an impedance of 174.4 Ohm at 824
MHz, an impedance of 36.565 Ohm at 880 MHz, an imped-
ance0f11.571 Ohm at 960 MHz, an impedance 0f139.9 Ohm
at 1710 MHz, an impedance of 52.614 Ohm at 1880 MHz, an
impedance of 2.623 Ohm at 1990 MHz and an impedance of
2.184 at 2170 MHz.

Please refer to FIG. 4A and FIG. 4B, which show various
antenna characteristic value of the multi-band antenna 100.
The multi-band antenna 100 exhibits a total radiant power
between -1.33 dBm and -2.81 dBm, a peak effective isotro-
pically radiated power (peak EIRP) between 0.99 dBm and
2.24 dBm, and an average efficiency about 66.15 percents at
GSM frequency band.

The multi-band antenna 100 exhibits a total radiant power
between —1.25 dBm and -3 dBm, a peak EIRP between 0.88
dBm and 2.4 dBm, and an average efficiency about 66.18
percents at EGSM frequency band. The multi-band antenna
100 exhibits a total radiant power between —1.23 dBm and
-2.99 dBm, a peak effective isotropically radiated power
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(peak EIRP) between 4.42 dBm and 5.56 dBm, and an aver-
age efficiency about 66.87 percents at DCS frequency band.

The multi-band antenna 100 exhibits a total radiant power
between —1.56 dBm and -2.02 dBm, a peak EIRP between
4.01 dBm and 4.44 dBm, and an average efficiency about
67.16 percents at PCS frequency band. The multi-band
antenna 100 exhibits a total radiant power between —1.83
dBm and -2.15 dBm, a peak effective isotropically radiated
power (peak EIRP) between 4.54 dBm and 4.74 dBm, and an
average efficiency about 62.95 percents at IMT-200 fre-
quency band.

As described above, the ground portion 1, the second radi-
ating conductor 3 and the short-circuit conductor 5 together
function as the first PIFA antenna covering DCS frequency
band and PCS frequency band. The ground portion 1, the first
radiating conductor 2, the third radiating conductor 4 and the
short-circuit conductor 5 together function as a second PIFA
antenna covering GSM frequency band and EGSM frequency
band.

The capacitance effect caused by the ground portion 1 and
the tuning portion 6 affect the function of the second PIFA
antenna to cover IMT-2000 frequency band. Thus, the multi-
band antenna 100 can operate at various wireless telecommu-
nication band including GSM band, EGSM band, DCS band,
PCS band and IMT-2000 band.

Furthermore, the present invention is not limited to the
embodiments described above; various additions, alterations
and the like may be made within the scope of the present
invention by a person skilled in the art. For example, respec-
tive embodiments may be appropriately combined.

What is claimed is:

1. A multi-band antenna, comprising:

a ground portion;

a first radiating conductor away from the ground portion,
defining a first side, a second side opposite to the first
side, a first end portion adjacent to the ground portion
and a second end portion opposite to the first end por-
tion;

a second radiating conductor extending from the first side
of the first end portion of the first radiating conductor
and away from the ground portion;

a third radiating conductor extending from the second side
of second end portion of the first radiating conductor and
bent towards the ground portion;

a tuning conductor extending from the second side of the
first end of the first radiating conductor and parallel with
the ground to form a gap therebetween;

a short-circuit conductor interconnecting the ground por-
tion and the second radiating conductor; and

afeed point disposed at the second radiating conductor and
adjacent to the first radiating conductor.

2. The multi-band antenna as claimed in claim 1, wherein
the second radiating conductor comprises a slot starting from
one edge thereof and extending thereinto, one end of the
short-circuit conductor connects to the ground portion, and
the other end connects to the second radiating conductor of
which between the feed point and the slot.

3. The multi-band antenna as claimed in claim 1, wherein
the third radiating conductor comprises a first radiating sec-
tion extending from the second side of the second end portion
of'the first radiating conductor and a second radiating section
extending from the free end of the first radiating section and
bent towards the ground portion.

4. The multi-band antenna as claimed in claim 3, wherein
the first radiating section perpendicularly extends from the
first radiating conductor and the second radiating section
obliquely extends from the first radiating section.
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5. The multi-band antenna as claimed in claim 1, wherein
the ground portion, the first radiating conductor, the second
radiating conductor, the third radiating conductor, the short-
circuit conductor and the tuning portion dispose on a sub-
strate.

6. The multi-band antenna as claimed in claim 1, wherein
the ground portion, the first radiating conductor, the second
radiating conductor, the third radiating conductor, the short-
circuit conductor and the tuning portion make of a metallic
foil by stamping.

7. The multi-band antenna as claimed in claim 1, wherein
the width of the gap is less than 3 millimeters.

8. The multi-band antenna as claimed in claim 1, wherein
the first radiating conductor, the second radiating conductor
and the third radiating conductor are substantially of a
N-shape.

9. A multi-band antenna, comprising:

a ground portion;

a first radiating conductor spaced from the ground portion,
defining a first end portion adjacent to the ground por-
tion and a second end portion opposite to the first end
portion;

a second radiating conductor extending from the first end
portion of the first radiating conductor;

a third radiating conductor extending from the second end
portion of the first radiating conductor;

a tuning conductor extending from the first end of the first
radiating conductor and adjacent to the ground portion;

a short-circuit conductor interconnecting the ground por-
tion and the second radiating conductor; and

afeed point disposed at the second radiating conductor and
adjacent to the first radiating conductor;

wherein the combination of the ground portion, the second
radiating conductor and the short-circuit conductor
functions as a first inverted-F antenna obtaining a first
high frequency band;

wherein the combination of the ground portion, the first
radiating conductor, the third radiating conductor, and
the short-circuit conductor functions as a second
inverted-F antenna obtaining a low frequency band and
a second high frequency band;

wherein the ground portion and the tuning conductor cause
a capacitance effect to shift the second high frequency
band.

10. The multi-band antenna as claimed in claim 9, wherein
the second radiating conductor extends from a first side of the
first radiating conductor and away from the ground portion,
the third radiating conductor extends from a second side of
the first radiating conductor which is opposite to the first side,
and bent towards the ground portion, the tuning conductor
extends from the second side of the first radiating conductor
and parallel with the ground portion to form a gap therebe-
tween.

11. The multi-band antenna as claimed in claim 9, wherein
the second radiating conductor comprises a slot starting from
one edge thereof and extending thereinto, one end of the
short-circuit conductor connects to the ground portion, and
the other end connects to the second radiating conductor of
which between the feed point and the slot.
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12. The multi-band antenna as claimed in claim 9, wherein
the third radiating conductor comprises a first radiating sec-
tion extending from the second side of the second end portion
of'the first radiating conductor and a second radiating section
extending from the free end of the first radiating section and
bent towards the ground portion.

13. The multi-band antenna as claimed in claim 12,
wherein the first radiating section perpendicularly extends
from the first radiating conductor and the second radiating
section obliquely extends from the first radiating section.

14. The multi-band antenna as claimed in claim 9, wherein
the ground portion, the first radiating conductor, the second
radiating conductor, the third radiating conductor, the short-
circuit conductor and the tuning portion are disposed on a
substrate.

15. The multi-band antenna as claimed in claim 9, wherein
the ground portion, the first radiating conductor, the second
radiating conductor, the third radiating conductor, the short-
circuit conductor and the tuning portion make of a metallic
foil by stamping.

16. The multi-band antenna as claimed in claim 9, wherein
the width of the gap is less than 3 millimeters.

17. The multi-band antenna as claimed in claim 9, wherein
the first radiating conductor, the second radiating conductor
and the third radiating conductor are substantially of a
N-shape.

18. A multi-band antenna, comprising:

a ground portion;

a radiating element spaced from the ground portion com-

prising

a first radiating conductor;

a second radiating conductor and a third radiating con-
ductor extending from opposite ends of the first radi-
ating conductor respectively;

a tuning conductor extending from the first radiating
conductor and substantially parallel to the ground
portion to form a gap therebetween;

a short-circuit conductor interconnecting the ground por-

tion and the radiating element; and

a feed point disposed at the radiating element and adjacent

to the short-circuit conductor;

wherein the combination of the radiating element, the

short-circuit conductor and the feed point functions as a
first inverted-F antenna obtaining a first high frequency
band, and a second inverted-F antenna obtaining a low
frequency band and a second high frequency band
higher than the first high frequency band, the ground
portion and the tuning conductor cause a capacitance
effect to shift the second high frequency band to be close
to the first high frequency band.

19. The multi-band antenna as claimed in claim 18,
wherein the radiating element is substantially of a N-shape.

20. The multi-band antenna as claimed in claim 18,
wherein the low frequency band covers at least two telecom-
munication frequency bands, the first high frequency band
and the second high frequency band cover at least three tele-
communication bands.
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1
SLOT ANTENNA

BACKGROUND

1. Field of the Invention

Embodiments of the present disclosure relate to antennas,
and particularly, to a slot antenna.

2. Description of Related Art

Recently, there has been significant growth in wireless
communication technology due to a growing demand for
wireless communication devices. Antennas are essential
components in wireless communication devices for radiating
electromagnetic signals. The frequency band and stability of
antennas are especially key in the design of antennas.

Wideband slot antennas are very widespread in the
research and application of antennas. Due to temperature
variation, frequency offsets of slot antennas often occur. Con-
sequently, slot antennas are required to have a wide and stable
frequency band that is not affected by the temperature.

SUMMARY

An exemplary embodiment of the present disclosure pro-
vides a slot antenna. The slot antenna is positioned on a
substrate. The slot antenna comprises a grounding portion, a
radiating portion, and a feeding portion. The grounding por-
tion is positioned on the substrate. The radiating portion is
parallel to the grounding portion and shaped like an irregular
octagon. The radiating portion comprises an irregular slot is
defined substantial in the center of the irregular octagon. The
feeding portion electrically connects the radiating portion to
the grounding portion for feeding electromagnetic signals.

Other advantages and novel features of the present disclo-
sure will become more apparent from the following detailed
description of certain inventive embodiments when taken in
conjunction with the accompanying drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a slot antenna in accor-
dance with an exemplary embodiment of the present disclo-
sure;

FIG. 2 is similar to FIG. 1, but showing a top view of one
embodiment of the slot antenna of FIG. 1;

FIG. 3 illustrates one exemplary embodiment of dimen-
sions of the slot antenna of FIG. 1;

FIGS. 4-5 are test charts showing exemplary radiation
patterns of one embodiment of the slot antenna of FIG. 1 with
45° and 60° angles, respectively; and

FIG. 6 is a graph showing one exemplary embodiment of a
return loss of the slot antenna of FIG. 1.

DETAILED DESCRIPTION

FIG. 1 is a schematic diagram of a slot antenna 10 in
accordance with an exemplary embodiment of the present
disclosure. As shown, the slot antenna 10 is positioned on a
substrate 20 and includes a radiating portion 110, a feeding
portion 210, and a grounding portion 310. The grounding
portion 310 is positioned on the substrate 20.

The radiating portion 110 is parallel to the grounding por-
tion 310 and shaped like an irregular octagon. An irregular
slot 120 is defined substantially in the center of the irregular
octagon to improve the radiation performance of the antenna
10. In one embodiment, the irregular slot 120 includes a
rectangular-shaped slot 121 and an L-shaped slot 122. The
L-shaped slot 122 communicates with one corner 1211 of the

20

25

30

35

40

45

50

55

60

65

2

rectangular-shaped slot 121. Another corner 1212 of the rect-
angular-shaped slot 121 opposite to said one corner 1211
extends inward towards the L-shaped slot 122. The feeding
portion 210 connects to the radiating portion 110 via a joint
130 on the corner portion of the radiating portion 110 in
which the L-shaped slot 122 is positioned. In one embodi-
ment, the feeding portion 210 is cylindrically-shaped and
electrically connected to the joint 130 through a soldering
process, in one embodiment.

The feeding portion 210 electrically connects the radiating
portion 110 to the grounding portion 310.

The grounding portion 310 defines a conductive via 320. In
one embodiment, the projection of the feeding portion 130
onto the grounding portion 310 is within the conductive via
320.

The slot antenna 10 further includes a connecting portion
220 that connects the feeding portion 210 to the grounding
portion 310 through the conductive via 320. In one embodi-
ment, the connecting portion 220 is hollow and cylindrically-
shaped. The connecting portion 220 and the feeding portion
210 are tightly coupled together and can easily be connected
or disconnected. In one embodiment, the connecting portion
and the feeding portion may frictionally coupled together.

In one embodiment, the grounding portion 310 and the
radiating portion 110 are made of the same materials. In one
particular embodiment, the grounding portion 310 and the
radiating portion 110 may be made of iron for reducing the
manufacturing cost. However, it may be understood that the
material of the grounding portion 310 and the radiating por-
tion 110 may comprise other materials, such as aluminum and
ceramic.

Inone embodiment, the gap between the grounding portion
310 and the radiating portion 110 is filled with air. As a result
of'the gap between the grounding portion 310 and the radiat-
ing portion 110 being filled with air, the slot antenna 10 has a
stable frequency that is substantially not affected by the tem-
perature.

FIG. 3 illustrates one exemplary embodiment of dimen-
sions of the slot antenna 10 of FIG. 1. In one embodiment, the
grounding portion 310 is square-shaped and has a length of
approximately 100 millimeters (mm). Lengths of the radiat-
ing portion 110 are approximately 32 mm, 14.14 mm, 42 mm,
14.14 mm, 42 mm, 14.14 mm, 32 mm, and 28.28 mm,
counter-clockwise and starting from the top end as depicted in
FIG. 3. The rectangular slot 121 is square-shaped and has a
length of approximately 20 mm. Similarly, the corner
extended is square-shaped and the length of the corner is
approximately 5 mm. The length of the L.-shaped slot 122 is
approximately 5 mm and has a width of approximately 4 mm.

FIGS. 4-5 are test charts showing exemplary radiation
patterns of one embodiment of the slot antenna 10 of FIG. 1
with 45° and 60° angles, respectively. As shown, the slot
antenna 10 can radiate at any angle and is quantified in accor-
dance with application requirements.

FIG. 6 is a graph showing one exemplary embodiment of a
return loss of the slot antenna 10 of FIG. 1. As shown, when
the slot antenna 10 operates in frequency bands of approxi-
mately 3.5-3.7, the return loss is less than =10 dB.

The description of the present disclosure has been pre-
sented for purposes of illustration and description, and is not
intended to be exhaustive or limited to the disclosure in the
form disclosed. Many modifications and variations will be
apparent to those of ordinary skill in the art. The embodiment
was chosen and described in order to best explain the prin-
ciples of the disclosure, the practical application, and to
enable others of ordinary skill in the art to understand the
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disclosure for various embodiments with various modifica-
tions as are suited to the particular use contemplated.

What is claimed is:

1. A slot antenna positioned on a substrate, comprising:

a grounding portion positioned on the substrate;

a radiating portion parallel to the grounding portion and
shaped like an irregular octagon comprising an irregular
slot being defined in substantially in the center of the
irregular octagon, wherein the irregular slot is defined by
a rectangular-shaped slot and an L-shaped slot commu-
nicating with one corner of the rectangular-shaped slot;
and

a feeding portion electrically connecting the radiating por-
tion to the grounding portion for feeding electromag-
netic signals.

2. The slot antenna as recited in claim 1, wherein another
corner of the rectangular-shaped slot opposite to said one
corner extends inward towards the L-shaped slot.

3. The slot antenna as recited in claim 1, a joint consisting
of the feeding portion and the radiating portion is positioned
at a corner portion of the radiating portion close to the
L-shaped slot.

5
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4. The slot antenna as recited in claim 1, further comprising
a connecting portion connecting the grounding portion to the
feeding portion.

5. The slot antenna as recited in claim 4, wherein the
feeding portion is cylindrically-shaped, and the connecting
portion is hollow and cylindrically-shaped.

6. The slot antenna as recited in claim 5, wherein the
feeding portion and the connecting portion are tightly
coupled together.

7. The slot antenna as recited in claim 6, wherein the
feeding portion and the connecting portion can easily be
connected or disconnected.

8. The slot antenna as recited in claim 1, wherein the
grounding portion and the radiating portion are made of the
same materials.

9. The slot antenna as recited in claim 8, wherein the
material of the grounding portion and the radiating portion
are made of iron.
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1
MULTI-BAND ANTENNA

BACKGROUND OF THE INVENTION

1. Field of the Invention

This present invention relates to an antenna, and more
specifically to a multi-band antenna mainly applied in a
mobile communication device.

2. The Related Art

Currently, the wireless networks operate according to a
wide variety of communication standards and/or in a wide
range of frequency bands. In order to accommodate multiple
frequency bands and/or multiple communication standards,
many mobile communication devices, such as mobile
phones, portable digital assistants (PDAs) and the like,
include a multi-band antenna that covers multiple frequency
bands or includes different antennas for each frequency band.
However, as the manufacturers continue to design the smaller
mobile communication devices, including multiple antennas
in one mobile communication device becomes increasingly
impractical. Furthermore, with shape and/or volume change
of the multi-band antenna, the typical multi-band antenna
does not cover all designed frequency bands. Therefore, there
remains a need to design a multi-band antenna for addressing
the problems mentioned above.

SUMMARY OF THE INVENTION

An object of the invention is to provide a multi-band
antenna which has a compact structure and covers multiple
frequency bands. The multi-band antenna has a first radiator
including a first radiating portion extending upwards and
downwards, a second radiating portion extending perpen-
dicularly from an upper portion of one side of the first radi-
ating portion, a third radiating portion extending perpendicu-
larly from an free end of the second radiating portion and
located at a same side with respect to the second radiating
portion as the first radiating portion, and a fourth radiating
portion extending perpendicularly from an end of the third
radiating portion and located at a same side with respect to the
third radiating portion as the second radiating portion. A
second radiator includes a fifth radiating portion in alignment
with the first radiating portion, and a sixth radiating portion
extending perpendicularly towards the fourth radiating por-
tion from alower portion of a side of the fifth radiating portion
and spaced away from the fourth radiating portion. A feeding
portion connects with the first radiating portion and the fifth
radiating portion. A grounding portion is spaced away from
the first radiating portion, the feeding portion and the fifth
radiating portion with a grounding area disposed thereon
adjacent to the feeding portion, and connected with an upper
portion of the other side of the first radiating portion opposite
to the second radiating portion by a connecting portion.

As described above, the structure of the multi-band
antenna is compact and simple, which is convenient to
assemble and occupies a small space of a mobile communi-
cation device. Meanwhile, the first radiator and the second
radiator are capable of covering frequency bands of 825 MHz
and 1710-2170 MHz, which makes the multi-band antenna
capable of receiving and sending electromagnetic signals of
the GSM825, DCS1800, PCS1900 and WCDMA2100 and
meet use demands.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention, together with its objects and the advantages
thereof may be best understood by reference to the following
description taken in conjunction with the accompanying
drawings, in which:
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FIG. 1 shows a plan view of a multi-band antenna in accor-
dance with an embodiment of the present invention;

FIG. 2 is a Smith chart recording impedance of the multi-
band antenna shown in FIG. 1; and

FIG. 3 shows a Voltage Standing Wave Ratio (VSWR) test
chart of the multi-band antenna shown in FIG. 1.

DETAILED DESCRIPTION OF THE
EMBODIMENT

With Reference to FIG. 1, a multi-band antenna of an
embodiment according to the present invention mounted in a
mobile communication device (not shown) for receiving and
transmitting signals is shown. The multi-band antenna may
be etched to a basic plate 1 made from a printed circuit board
(PCB) and has a grounding portion 10. The basic plate 1 may
be manufactured to show a rectangular shape. The grounding
portion 10 is substantially a rectangular shape and defines a
top edge 101 and a right end 102. The right end 102 has a
grounding area 14 at a middle portion thereof and is coated
with gold and shows a rectangular shape. A first cavity 12,
extending leftward and rightward, is formed between the top
edge 101 and the grounding area 14. An upper portion of the
right end 102 is extended rightwards to form a connecting
portion 11, with a top edge thereof flush with the top edge 101
of the grounding portion 10. The connecting portion 11,
which is short and narrow, is connected with a first radiating
portion 21 extending upwards and downwards and spaced
away from the grounding portion 10. The first radiating por-
tion 21 is oblong. An upper portion of a side of the first
radiating portion 21 opposite to the connecting portion 11 is
extended back to the connecting portion 11 to form a second
radiating portion 22. The second radiating portion 22 is a strip
shape and has a length substantially equivalent to a length of
the grounding portion 10. A top edge of the second radiating
portion 22 is flush with the top edge 101 of the grounding
portion 10. A free end of the second radiating portion 22 is
bent downwards and extended to form a third radiating por-
tion 23 of strip shape. The third radiating portion 23 has a
length substantially equivalent to the width of the grounding
portion 10. A distal end of the third radiating portion 23 is
extended perpendicularly towards the grounding portion 10
to form a fourth radiating portion 24 of strip shape. The first
radiating portion 21, the second radiating portion 22, the third
radiating portion 23 and the fourth radiating portion 24 form
cooperatively a first radiator 20.

The bottom end of the first radiating portion 21 is con-
nected with a feeding portion 15. The feeding portion 15 is
also coated with gold and shows a rectangular shape. A bot-
tom of the feeding portion 15 is connected with a fifth radi-
ating portion 31 of rectangular shape. The fifth radiating
portion 31 is in alignment with the first radiating portion 21.
A lower portion of a side of the fifth radiating portion 31
opposite to the grounding portion 10 extends back to the
grounding portion 10 to form a sixth radiating portion 32. The
sixth radiating portion 32 is a strip shape, with a distal end
thereof spaced away from the fourth radiating portion 24. The
fifth radiating portion 31 and the sixth radiating portion 32
form cooperatively a second radiator 30. A second cavity 13
is formed between the grounding portion 10, the first radiat-
ing portion 21, the feeding portion 22 and the fifth radiating
portion 31. The second cavity 13 communicates with the first
cavity 12 to form a substantially inverted L-shaped cavity
together with the first cavity 12. The grounding area 14 and
the feeding portion 15 are disposed symmetrically with
respect to the second cavity 13. A through hole 16 defined in
the basic plate 1 is located in the second cavity 13 between the
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grounding area 14 and the feeding portion 15 for allowing a
wire (not shown) passing therethrough. In this embodiment,
the multi-band antenna further has two positioning holes 40,
respectively locating at a left end of the grounding portion 10
and the basic plate 1 near the third radiating portion 23, for
convenient assembly.

‘When the multi-band antenna operates at wireless commu-
nication, a current is fed from the feeding portion 15 to the
first radiator 20 to generate an electrical resonance of a fre-
quency band of 825 MHz for receiving and sending electro-
magnetic signals of global system for mobile communication
(GSM) 825. While the current is fed from the feeding portion
15 to the second radiator 30 to generate an electrical reso-
nance of a frequency band ranging between 1710 MHz and
2170 MHz for receiving and sending electromagnetic signals
of digital cellular system 1800 (DCS1800), personal commu-
nication system 1900 (PCS1900) and wideband code division
multiple access 2100 (WCDMA2100).

Please refer to FIG. 2, which shows a Smith chart recording
impedance of the multi-band antenna in the embodiment
when the multi-band antenna operates at wireless communi-
cation. The multi-band antenna exhibits an impedance of
(127.67-j13.048) Ohm at 825 MHz, an impedance of
(18.748+4j10.808) Ohm at 895 MHz, an impedance of
(83.478-j3.1996) Ohm at 1.85 GHz and an impedance of
(68.364-j4.6056) at 1.99 GHz. Therefore, the multi-band
antenna has good impedance characteristics.

Please refer to FIG. 3, which shows a Voltage Standing
Wave Ratio (VSWR) test chart of the multi-band antenna in
the embodiment when the multi-band antenna operates at
wireless communication. When the multi-band antenna oper-
ates at 825 MHz (indicator Mrl in FIG. 3), the VSWR value
is 2.6629. When the multi-band antenna operates at 895 MHz
(indicator Mr2 in FIG. 3), the VSWR value is 2.9191. When
the multi-band antenna operates at 1.85 GHz (indicator Mr3
in FIG. 3), the VSWR value is 1.6596. When the multi-band
antenna operates at 1.99 GHz (indicator Mkr4 in FIG. 3), the
VSWR value is 1.4042. As seen from above, the multi-band
antenna has excellent frequency response.

As described above, the multi-band antenna is formed at
the basic plate 1, which is convenient to assemble and occu-
pies a small space of the mobile communication device.
Meanwhile, the first radiator 20 and the second radiator 30 are
capable of covering frequency bands of 825 MHz and 1710-
2170 MHz, which makes the multi-band antenna capable of
receiving and sending electromagnetic signals in GSM825,
DCS1800, PCS1900 and WCDMAZ2100 and can meet use
demands.

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.
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What is claimed is:

1. A multi-band antenna, comprising:

a first radiator including a first radiating portion extending
up and down, a second radiating portion extending per-
pendicularly from an upper portion of one side of the
first radiating portion, a third radiating portion extending
perpendicularly from a free end of the second radiating
portion and located at a same side with respect to the
second radiating portion as the first radiating portion,
and a fourth radiating portion extending perpendicularly
from an end of the third radiating portion and located at
a same side with respect to the third radiating portion as
the second radiating portion;

a second radiator including a fifth radiating portion in
alignment with the first radiating portion, and a sixth
radiating portion extending perpendicularly towards the
fourth radiating portion from a lower portion of a side of
the fifth radiating portion and spaced away from the
fourth radiating portion;

a feeding portion connecting with the first radiating portion
and the fifth radiating portion; and

a grounding portion spaced away from the first radiating
portion, the feeding portion and the fifth radiating por-
tion with a grounding area disposed thereon adjacent to
the feeding portion, and connected with an upper portion
of the other side of the first radiating portion opposite to
the second radiating portion by a connecting portion.

2. The multi-band antenna as claimed in claim 1, wherein
the multi-band antenna is etched on a basic plate made from
a printed circuit board.

3. The multi-band antenna as claimed in claim 1, wherein
the grounding portion has a first cavity formed at an end
thereof adjacent to the connecting portion and extending par-
allel to the second radiating portion, a second cavity defined
between the grounding portion, the first radiating portion, the
feeding portion and the fifth radiating portion, and commu-
nicates with the first cavity to form a substantially inverted-L
shape.

4. The multi-band antenna as claimed in claim 3, wherein a
through hole defined in a basic plate where the multi-band
antenna is etched is located in the second cavity.

5. The multi-band antenna as claimed in claim 1, wherein
the feeding portion and the grounding area are coated with
gold.

6. The multi-band antenna as claimed in claim 1, wherein
top edges of the grounding portion, the connecting portion
and the second radiating portion are substantially in align-
ment.

7. The multi-band antenna as claimed in claim 1, wherein
the grounding portion has a length substantially equivalent to
that of the second radiating portion, and a width substantially
equivalent to a length of the third radiating portion.

8. The multi-band antenna as claimed in claim 1, wherein
bottom edges of the grounding portion and the sixth radiating
portion and the fourth radiating portion are substantially in
alignment.
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1
DUAL-BAND ANTENNA

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to a dual-band
antenna integrated with GSM wireless communication appa-
ratuses and, more particularly, to a dual-band antenna with a
broad effective operating band.

2. Description of the Prior Art

In highly developed modern days, to meet the requirement
for communications, there have been reported compact
antennas with various sizes so as to be used in more-and-more
compact hand-held electronic devices such as mobile phones
or notebook computers or wireless communication devices
such as access points (APs). For example, the planar
inverse-F antenna (PIFA) that is compact, high-performance
and easily disposed on the inner wall of a hand-held electronic
device has been widely used in various wireless transmission
devices in hand-held electronic devices, notebook computers
or wireless communication devices. However, the currently
available dual-band antenna integrated with GSM wireless
communication apparatus suffers from effective operating
bandwidth insufficiency due to its poorly designed structure
that limits its transceiving performance.

Therefore, there exists a need in providing a dual-band
antenna integrated with GSM wireless communication appa-
ratuses that has a broad effective operating band to signifi-
cantly enhance the transceiving performance.

SUMMARY OF THE INVENTION

It is one object of the present invention to provide a dual-
band antenna integrated with GSM wireless communication
apparatuses to overcome effective operating bandwidth
insufficiency of the conventional dual-band antenna.

In order to achieve the foregoing object, the present inven-
tion provides a dual-band antenna, which is integrated with
GSM wireless communication apparatuses, comprising: a
first radiation unit, being a U-shaped three-dimensional struc-
ture, having a first extension portion at one terminal and a
second extension portion on one side; a first connecting por-
tion, being disposed on the other side of the first radiation
unit; a second radiation unit, being a banded structure, con-
necting the first radiation unit with one side of the second
radiation unit by the first connecting portion and a first gap
formed between the first radiation unit and the second radia-
tion unit, one terminal of the second radiation unit extending
as a third extension portion, and the other side of the second
radiation unit and one side of the third extension portion
forming a fourth extension portion; a second connecting por-
tion, being disposed at the other terminal of the first radiation
unit; a grounding unit, being a banded structure, connected to
the first radiation unit by the second connecting portion,
wherein a second gap is formed between the grounding unit
and the second radiation unit and a third gap is formed
between the grounding unit, the second connecting portion
and the first radiation unit; a grounding extension unit, being
disposed on one side of the grounding unit, wherein a fourth
gap is formed between the grounding extension unit and the
second radiation unit; a signal feed-in terminal, being dis-
posed on the second radiation unit; and a signal grounding
terminal, being disposed on the grounding unit.

Preferably, the first radiation unit, the first connecting por-
tion, the second radiation unit, the second connecting portion,
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the grounding unit, the grounding extension unit, the signal
feed-in terminal and the signal grounding terminal are formed
as one metal structure.

Preferably, the dual-band antenna integrated with GSM
wireless communication apparatuses further comprises a sup-
port portion connected to the dual-band antenna to stabilize
the dual-band antenna.

Preferably, the dual-band antenna integrated with GSM
wireless communication apparatuses further comprises a sec-
ond grounding unit being disposed on the grounding unit so
that the grounding unit is connected to a grounding device of
the GSM wireless communication apparatus through the sec-
ond grounding unit.

Preferably, the operating frequency of the first radiation
unit is lower than the operating frequency of the second
radiation unit.

Preferably, the first radiation unit and the second radiation
unit are disposed in parallel or approximately in parallel.

Preferably, the second radiation unit and the grounding unit
are disposed in parallel or approximately in parallel.

Preferably, a fifth gap is formed between the grounding
extension unit and the fourth extension portion.

Preferably, a sixth gap is formed between the second gap
and the fourth gap.

Preferably, a seventh gap is formed between the second gap
and the third gap.

Therefore, the dual-band antenna integrated with GSM
wireless communication apparatuses of the present invention
has a broad effective operating band to significantly enhance
the transceiving performance.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects, spirits and advantages of the preferred
embodiment of the present invention will be readily under-
stood by the accompanying drawings and detailed descrip-
tions, wherein:

FIG. 1 to FIG. 1D are three-dimensional diagrams of the
dual-band antenna according to the preferred embodiment of
the present invention;

FIG. 2A to FIG. 2K are front and rear views of the dual-
band antenna according to the preferred embodiment of the
present invention;

FIG. 3 shows the relation of measured voltage-standing-
wave ratio (VSWR) to frequency according to the preferred
embodiment of the present invention; and

FIG. 4 shows the relation of measured return loss to fre-
quency according to the preferred embodiment of the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

The present invention can be exemplified by the preferred
embodiment as described hereinafter.

FIG. 1A to FIG. 1D are three-dimensional diagrams of the
dual-band antenna according to the preferred embodiment of
the present invention, and FIG. 2A to FIG. 2K are front and
rear views of the dual-band antenna according to the preferred
embodiment of the present invention. Please refer to FIG. 1A
to FIG. 1D and FIG. 2A to FIG. 2K, the dual-band antenna 1
integrated with GSM wireless communication apparatuses of
the present invention comprises: a first radiation unit 4, a first
connecting portion 17, a second radiation unit 5, a second
connecting portion 18, a grounding unit 14, a grounding
extension unit 6, a signal feed-in terminal 2, and a signal
grounding terminal 3.
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The first radiation unit 4, being a U-shaped three-dimen-
sional structure, has a first extension portion 401 at one ter-
minal and a second extension portion 402 on one side,
wherein the length and the width of the first extension portion
401 and the shape and the size ofthe second extension portion
402 are adjusted to control the operating band and bandwidth
of'the first radiation unit 4. The shape of the second extension
portion 402 is a rectangle, a trapezoid, a triangle or other
polygon. The first connecting portion 17 is disposed on the
other side of the U-shaped structure of the first radiation unit
4. The second radiation unit 5 is a banded structure, wherein
a first gap 8 is formed between two adjacent sides of the first
radiation unit 4 and the second radiation unit 5 by connecting
the first connecting portion 17 and the first radiation unit 4 on
one side of the second radiation unit 5 so that the first radia-
tion unit 4 and the second radiation unit 5 are disposed in
parallel or approximately in parallel. One terminal of the
second radiation unit 5 extends as a third extension portion
501. The operating frequency (for example, 0.9 GHz to 1.1
GHz) of the first radiation unit 4 is lower than the operating
frequency (for example, 1.3 GHz to 2.1 GHz) of the second
radiation unit 5. One side of the second radiation unit 5 and
the third extension portion 501 forms a fourth extension por-
tion 502. The length and the width of the third extension
portion 501 and the shape and the size of the fourth extension
portion 502 are adjusted to control the operating band and
bandwidth of the second radiation unit 5. The shape of the
fourth extension portion 502 is a rectangle, a trapezoid, a
triangle or other polygon. The second connecting portion 18
is disposed at the other terminal of the first radiation unit 4.
The grounding unit 14 is a banded structure, wherein a second
gap 11 is formed between the grounding unit 14 and the
second radiation unit 5 and a third gap 7 is formed between
the grounding unit 14, the second connecting portion 18 and
the first radiation unit 4 by connecting the second connecting
portion 18 and the first radiation unit 4 so that the second
radiation unit 5 and the grounding unit 14 are disposed in
parallel or approximately in parallel. The grounding exten-
sion unit 6 is disposed on one side of the grounding unit 14,
wherein a fourth gap 9 is formed between the grounding
extension unit 6 and the second radiation unit 5. The shape
and the size of the first, the second, the third and the fourth
gaps 8,11, 7,9 are adjusted to achieve impedance matching of
the dual-band antenna 1 so that the dual-band antenna 1
exhibits excellent voltage-standing-wave ratio (VSWR).
Moreover, a fifth gap 13 is formed between the grounding
extension unit 6 and the fourth extension portion 502. More-
over, a sixth gap 12 is formed between the second gap 11 and
the fourth gap 9. Moreover, a seventh gap 10 is formed
between the second gap 11 and the third gap 7. The shape and
the size of the fifth, the sixth, and the seventh gaps 13, 12,10
are adjusted to achieve impedance matching of the dual-band
antenna 1 so that the dual-band antenna 1 exhibits excellent
voltage-standing-wave ratio (VSWR). The signal feed-in ter-
minal 2 is disposed on the second radiation unit 5. The signal
grounding terminal 3 is disposed on the grounding unit 14.

Generally, in order to better the transceiving performance
and reduce the manufacturing cost of the antenna, it is pref-
erable that the first radiation unit 4, the first connecting por-
tion 17, the second radiation unit 5, the second connecting
portion 18, the grounding unit 14, and the grounding exten-
sion unit 6 are formed as one metal structure. Preferably, the
metal structure further comprises the signal feed-in terminal
2 and the signal grounding terminal 3. Preferably, the metal
structure further comprises the first extension portion 401, the
second extension portion 402, the third extension portion 501
and the fourth extension portion 502.
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As stated above, since the structure of the present invention
is a 3-D structure, it is preferable that the dual-antenna 1
further comprises a support portion 16 (such as styrofoam,
but not limited thereto) connected to the 3-D structure or
disposed inside the 3-D structure to stabilize the dual-band
antenna 1. In the grounding device, it is preferably in the
present invention uses a second grounding unit 15 (such as
aluminum coil, but not limited thereto) disposed on the
grounding unit 14 so that the grounding unit 14 is connected
to the grounding device of the integrated GSM wireless com-
munication apparatuses through the second grounding unit
15. The shape and the size of the grounding extension unit 6
and the second grounding unit 15 can be adjusted to reduce
the return loss of the antenna and enhance the gain of the
antenna.

FIG. 3 shows the relation of measured voltage-standing-
wave ratio (VSWR) to frequency according to the preferred
embodiment of the present invention. Referring to FIG. 3,
when a VSWR of 2 is used as a basis, the measured result
shows that the dual-band antenna of the present invention
exhibits a broad operating bandwidth.

FIG. 4 shows the relation of measured return loss to fre-
quency according to the preferred embodiment of the present
invention. Referring to FIG. 4, when a =10 dB is used as a
basis, the measured result shows that the dual-band antenna
of'the present invention exhibits a broad operating bandwidth.

Accordingly, the present invention provides a dual-band
antenna integrated with GSM wireless communication appa-
ratuses that have a broad effective operating band to signifi-
cantly enhance the transceiving performance. Therefore, the
present invention is novel, useful and non-obvious.

Although this invention has been disclosed and illustrated
with reference to particular embodiments, the principles
involved are susceptible for use in numerous other embodi-
ments that will be apparent to persons skilled in the art. This
invention is, therefore, to be limited only as indicated by the
scope of the appended claims.

What is claimed is:

1. A dual-band antenna, which is integrated with GSM
wireless communication apparatuses, comprising:

a first radiation unit, being a U-shaped three-dimensional
structure, having a first extension portion at one terminal
and a second extension portion on one side;

a first connecting portion, being disposed on the other side
of the first radiation unit;

a second radiation unit, being a banded structure, connect-
ing the first radiation unit with one side of the second
radiation unit by the first connecting portion and a first
gap formed between the first radiation unit and the sec-
ond radiation unit, one terminal of the second radiation
unit extending as a third extension portion, and the other
side of the second radiation unit and one side of the third
extension portion forming a fourth extension portion;

a second connecting portion, being disposed at the other
terminal of the first radiation unit;

a grounding unit, being a banded structure, connected to
the first radiation unit;

a grounding extension unit, being disposed on one side of
the grounding unit, wherein a fourth gap is formed
between the grounding extension unit and the second
radiation unit by the second connecting portion, wherein
a second gap is formed between the grounding unit and
the second radiation unit and a third gap is formed
between the grounding unit, the second connecting por-
tion and the first radiation unit;

a signal feed-in terminal, being disposed on the second
radiation unit; and
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a signal grounding terminal, being disposed on the ground-

ing unit.

2. The dual-band antenna as recited in claim 1, wherein the
first radiation unit, the first connecting portion, the second
radiation unit, the second connecting portion, the grounding
unit, the grounding extension unit, the signal feed-in terminal
and the signal grounding terminal are formed as one metal
structure.

3. The dual-band antenna as recited in claim 1, further
comprising a support portion connected to the dual-band
antenna to stabilize the dual-band antenna.

4. The dual-band antenna as recited in claim 1, further
comprising a second grounding unit being disposed on the
grounding unit so that the grounding unit is connected to a
grounding device of the GSM wireless communication appa-
ratus through the second grounding unit.

5. The dual-band antenna as recited in claim 1, wherein the
operating frequency of the first radiation unit is lower than the
operating frequency of the second radiation unit.

6. The dual-band antenna as recited in claim 1, wherein the

operating frequency of'the first radiation unitis 0.9 GHzto 1.1 20

GHz.

6

7. The dual-band antenna as recited in claim 1, wherein the
operating frequency of the second radiation unit is 1.3 GHz to
2.1 GHz.

8. The dual-band antenna as recited in claim 1, wherein the
first radiation unit and the second radiation unit are disposed
in parallel or approximately in parallel.

9. The dual-band antenna as recited in claim 1, wherein the
second radiation unit and the grounding unit are disposed in
parallel or approximately in parallel.

10. The dual-band antenna as recited in claim 1, wherein a
fifth gap is formed between the grounding extension unit and
the fourth extension portion.

11. The dual-band antenna as recited in claim 1, wherein a
sixth gap is formed between the second gap and the fourth
gap.

12. The dual-band antenna as recited in claim 1, wherein a
seventh gap is formed between the second gap and the third

gap.
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MULTI-BAND MONOPOLE ANTENNA WITH
IMPROVED HAC PERFORMANCE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to monopole antenna and
more particularly, to a multi-band monopole antenna, which
improves hearing aid compatibility performance by means of
an application of interference theory.

2. Description of the Related Art

Following fast development of wireless communication
technology, many communication devices, such as cell
phone, PDA and etc. employ multi-band for receiving and
transmitting wireless signal. Therefore, many standards,
including GSM (Global System for Mobile Communica-
tions), DCS (Distributed Control System), PCS (Personal
Communication Service, AMPS (Advanced Mobile Phone
System), PDC (Personal Digital Cellular), CDMA (Code
Division Multiple Access), etc. are established. Under the
compact requirement for handheld devices, antenna structure
is required to be space-saving. In consequence, a monopole
antenna is designed to be mounted inside the casing of a
handheld device.

For example, U.S. Pat. No. 7,405,701, entitled “Multi-band
bent monopole antenna” discloses a wireless communication
device using a multi-band antenna. The multi-band antenna
comprises a main antenna element and a parasitic element
disposed proximate a portion of the main antenna element.
Further, a selection circuit selectively applies capacitive cou-
pling to the multi-band antenna to improve the bandwidth of
a first frequency band without adversely affecting the band-
width of a second frequency band. When the multi-band
antenna operates in a low frequency band, the selection circuit
fails to apply capacitive coupling to the multi-band antenna.

Further, conventional multi-band monopole antennas show
a poor result in HAC (hearing aid compatibility) perfor-
mance. HAC (hearing aid compatibility) regulations for
antenna in cell phone have been established. ANSI (American
National Standards Institute established ANSI C63.19 that
establishes compatibility between hearing aids and cellular
telephones. To ensure that sufficient hearing aid-compatible
digital wireless phones complying with the ANSI standard
are available, the FCC in 2008 set benchmark date by which
digital wireless handset manufacturers and service providers
had to increase the number of hearing aid-compatible digital
wireless phones available to consumers to the 50 percent
threshold by Feb. 18, 2008.

Similar to U.S. Pat. No. 7,405,701, FIGS. 1 and 2 show
another prior art design of multi-band monopole antenna 91.
According to this design, the multi-band monopole antenna
91 is installed by means of connecting its feed end 911 con-
nected to a PC board 92. The antenna 91 has the dimension of
37 mmx18 mmx8 mm. The PC board 92 has a height 2 mm,
a length 110 mm and a width 50 mm. Further, the clearance
zone on the PC board 92 is 21 mmx50 mm. FIG. 3 shows the
distribution of electric field and magnetic field under a low
frequency band (900 MHz) of HAC testing on the multi-band
monopole antenna 91. FIG. 4 shows the distribution of elec-
tric field and magnetic field under a high frequency band
(1800 MHz) of HAC testing on the multi-band monopole
antenna 91. From the high frequency band test result shown in
FIG. 4, this prior art design of multi-band monopole antenna
has room for improvement on HAC.

SUMMARY OF THE INVENTION

The present invention has been accomplished under the
circumstances in view. It is therefore the main object of the
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present invention to provide a multi-band monopole antenna,
which improves hearing aid compatibility performance by
means of the application of interference theory.

To achieve this and other objects of the present invention, a
multi-band monopole antenna comprises a first metal radiator
and a second metal radiator extending in a same direction and
arranged in parallel for exciting a high frequency band, and a
detoured wire pattern connected between the feed end of the
first metal radiator and the connection end of the second metal
radiator for exciting a low frequency band. The detoured wire
pattern has a circuit path length longer than one half of the
high frequency band A/2 so that the phase difference on cur-
rent between the feed end of the first metal radiator and the
connection end of the second metal radiator is about 7(180-
degrees). The electric fields generated at the lower sides of the
first and second metal radiators have approximately the same
size but reversed phases, and the magnetic fields have the
same characteristics. When the reversed phases of electro-
magnetic waves excited by the first and second metal radia-
tors reach the HAC test surface, they cause a destructive
interference, thereby improving hearing aid compatibility
performance of the multi-band monopole antenna.

When compared with the prior art designs, the multi-band
monopole antenna of the invention shows no significant
variation in electric and magnetic fields under the low fre-
quency band (900 MHz), or arise about 5.1 dB in electric field
and a rise about 2.5 bD in magnetic field under the high
frequency band (1800 MHz).

Further, the detoured wire pattern can be in any of a variety
of configurations, for example, the detoured wire pattern can
be configured to extend in horizontal or vertical.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an elevational view of a multi-band monopole
antenna according to the prior art.

FIG. 2 is a plain view showing the multi-band monopole
antenna of FIG. 1 installed in a PC board.

FIG. 3 illustrates the distribution of electric field and mag-
netic field under a low frequency band (900 MHz) of HAC
testing on the prior art multi-band monopole antenna.

FIG. 4 illustrates the distribution of electric field and mag-
netic field under a high frequency band (1800 MHz) of HAC
testing on the prior art multi-band monopole antenna.

FIG. 5 is an elevational view of a multi-band monopole
antenna in accordance with a first embodiment of the present
invention.

FIG. 6 corresponds to FIG. 5 when viewed from another
angle.

FIG. 7 is an installed view of the first embodiment of the
present invention, showing the multi-band monopole antenna
installed in the clearance zone on a PC board.

FIG. 8 is a VSWR chart obtained from the multi-band
monopole antenna according to the first embodiment of the
present invention.

FIG. 9 illustrates the distribution of electric field and mag-
netic field under a low frequency band (900 MHz) of HAC
testing on the multi-band monopole antenna according to the
first embodiment of the present invention.

FIG. 10 illustrates the distribution of electric field and
magnetic field under a high frequency band (1800 MHz) of
HAC testing on the multi-band monopole antenna according
to the first embodiment of the present invention.

FIG. 11 is an elevational view of a multi-band monopole
antenna in accordance with a second embodiment of the
multi-band monopole antenna according to the present inven-
tion.
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FIG. 12 corresponds to FIG. 11 when viewed from another
angle.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIGS. 5 and 6, a multi-band monopole
antenna in accordance with a first embodiment of the present
invention is shown comprised of a pair of first metal radiator
1 and second metal radiator 2, and a detoured wire pattern 3.

The first metal radiator 1 and the second metal radiator 2
excite a high frequency band, for example, DCS/PCS. Pret-
erably, the first metal radiator 1 and the second metal radiator
2 are arranged in parallel and extending in one same direction.
According to this embodiment, the first metal radiator 1 and
the second metal radiator 2 have a rectangular shape. How-
ever, this configuration is not a limitation. They can be made
in a curved shape or any other shape when kept in parallel.

The first metal radiator 1 has a feed end 11. The second
metal radiator 2 has a connection end 21. The feed end 11 and
the connection end 21 are disposed at the same side.

The detoured wire pattern 3 has its one end connected with
the feed end 11 of the first metal radiator 1 and its other end
connected with the connection end 21 of the second metal
radiator 2, and therefore the detoured wire pattern 3 is dis-
posed at one side relative to the first metal radiator 1 and the
second metal radiator 2, and capable of exciting a low fre-
quency band, for example, GSM850/GSM900. According to
this embodiment, the detoured wire pattern 3 extends in hori-
zontal.

The basic design concept of the present invention adopts
destructed interference to improve HAC (hearing aid com-
patibility) performance of the antenna.

In the structure of the multi-band monopole antenna, the
circuit path length of the detoured wire pattern 3 is slightly
longer than one second of the high frequency band A./2 so that
the phase difference on current between the feed end 11 of the
first metal radiator 1 and the connection end 21 of the second
metal radiator 2 is about 7(180-degrees). Thus, the electric
fields generated at the lower sides of the first metal radiator 1
and the second metal radiator 2 have approximately the same
size but reversed phases. The magnetic fields have the same
characteristics. When the reversed phases of electromagnetic
waves excited by the first metal radiator 1 and the second
metal radiator 2 reach the HAC test surface, they cause a
destructive interference. By means of this destructive inter-
face, the invention improves the HAC (hearing aid compat-
ibility) performance of the multi-band monopole antenna.

Further, the gap between the first metal radiator 1 and the
second metal radiator 2 can effectively control the near field
(magnetic field and electric field). The electric field generated
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by the first metal radiator 1 and the electric field generated by
the second metal radiator 2 are keeping to the same direction
right below the antenna, however their phases are reversed.
With respect to the magnetic fields, they set off each other.
The HAC test surface of the antenna is much greater than the
area of the aperture of the antenna and the distances in which
the electromagnetic waves excited by the first metal radiator
1 and the second metal radiator 2 reach the HAC test surface
are difference result in the occurrence of destructed interfer-
ence. The gap between the first metal radiator 1 and the
second metal radiator 2 is basically 0.7 7~0.5 7 of the high
frequency band (due to the reason of phase shift) like a super-
gain antenna, however because the detoured wire pattern 3
has caused 0.5 & phase variation, the gap between the first
metal radiator 1 and the second metal radiator 2 is preferably
within 0.2 7 of the high frequency band.

Properly selecting the gap between the first metal radiator
1 and the second metal radiator 2 can raise the electric field of
the antenna by 5 dB and the magnetic field of the antenna by
2 dB.

With respect to the low frequency band, for example,
GSMB850/GSW900, it is excited by the detoured wire pattern
3; therefore its near-field effect is substantially similar to
regular monopole antennas.

Based on an example of the present invention in size
equivalent to the prior art multi-band monopole antennas, the
HAC test result explains the innovative step of the present
invention.

According to the embodiment shown in FIGS. 5 and 6, the
multi-band monopole antenna has the specifications:

Dimension: 35 mmx18 mmx8 mm;

Length of first metal radiator 1: 30 mm;

Length of second metal radiator 2: 32 mm;

Length of detoured wire pattern 3: 71 mm;

Gap between first metal radiator 1 and second metal radia-
tor 2: 11 mm.

As shown in FIG. 7, this multi-band monopole antenna is
installed in a clearance zone 41 on a PC board 4 in which the
PC board 4 has a height of 2 mm, a length of 110 mm and a
width of 50 mm; the size of the clearance zone 41 is 21
mmx50 mm.

FIG. 8 is a VSWR chart obtained from the multi-band
monopole antenna of this embodiment. FIG. 9 illustrates the
distribution of electric field and magnetic field under a low
frequency band (900 MHz) of HAC testing on the multi-band
monopole antenna of this embodiment. FIG. 10 illustrates the
distribution of electric field and magnetic field under a high
frequency band (1800 MHz) of HAC testing on the multi-
band monopole antenna of this embodiment.

When compared the charts of FIGS. 9 and 10 with the
charts of FIGS. 3 and 4, the following table is obtained:

900 MHz

1800 MHz

900 MHz

283(M3)241(M3),  233(M3)/243(M3),  209(M3)234(M3),
+1.39 dB -0.36 dB -0.98 dB
0.832(M3)/0.778(M3), 0.883(M2)/0.829(M2), 0.866(M2)/0.822(M2),
+0.58 dB -0.09 dB +0.65 dB
231(M1)218(M1),  223(M1)/201(M1), 182(M1)/144(M2),
+0.50 dB +0.90 dB +2.03 dB
0.419(M2)/0.435(M2), 0.503(M1)/0.462(M1), 0.5(M1)/0.419(M2),
-0.33dB +0.74 dB +1.54dB
260(M2)286(M2),  265(M3)/291(M2),  233(M3)278(M2),
-0.53dB -0.81 dB -1.53dB
0.828(M2)/0.753(M3), 0.877(M2)/0.804(M2), 0.853(M2)/0.791(M3),
+0.82 dB +0.75 dB +0.66 dB
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1800 MHz 192(M1)/164(M1), 187(M1)/148(M2), 142(M2)/98.6(M2),
+1.37dB +2.03 dB +3.17dB
0.418(M2)/0.429(M2), 0.503(M1)/0.453(M1), 0.5(M1)/0.411(M2),
-0.23dB +0.91 dB +1.70 dB

900 MHz 266(M3)/285(M3), 263(M3)/290(M2), 231(M3)/277(M2),

-0.60 dB -0.85dB -1.58 dB
0.632(M3)/0.541(M3), 0.655(M3)/0.57(M3),  0.628(M3)/0.557(M3),
+1.35dB +1.21dB +1.04 dB

1800 MHz 128(M2)/82.4(M3), 129(M2)/77(M3), 118(M2)/65.7(M3),
+3.83dB +4.48 dB +5.09 dB
0.343(M2)/0.294(M2), 0.378(M2)/0.299(M2), 0.378(M2)/0.283(M2),
+1.34dB +2.04dB +2.51dB

The nine-square division of the above table is same as a
HAC test plane in which the format of each box is “prior art
antenna/antenna of the invention, further “+” means the
improved value of electric field or magnetic field, and “-”
means the reduced value of electric field or magnetic field.

From the aforesaid table, we can obtain the conclusion:

1. Under 900 MHz band, the antenna of the invention and
the antenna of the prior art show no significant variation
in electric and magnetic fields.

2. Under 1800 MHz band, the antenna of the invention
shows arise about 5.1 dB in electric field and a rise about
2.5 bD in magnetic field when compared with the
antenna of the prior art (see the right lower corner in the
nine-square division of the above-mentioned table.

FIGS. 11 and 12 show a multi-band monopole antenna in
accordance with a second embodiment of the present inven-
tion. According to this second embodiment, the first metal
radiator 1 has a feed end 11, the second metal radiator 2 has a
connection end 21; the detoured wire pattern 3 has its one end
connected with the feed end 11 of the first metal radiator 1 and
its other end connected with the connection end 21 of the
second metal radiator 2, and is adapted to excite a low fre-
quency band. Unlike the horizontal design of the aforesaid
first embodiment, the detoured wire pattern 3 according to
this second embodiment extends in vertical.

In conclusion, the invention provides a multi-band mono-
pole antenna, which improves hearing aid compatibility per-
formance by means of an application of interference theory.

Although particular embodiments of the invention have
been described in detail for purposes of illustration, various
modifications and enhancements may he made without
departing from the spirit and scope of the invention. For
example, the first metal radiator and the second metal radiator
can be curved, detoured, or made in any of a variety of other
configurations. Accordingly, the invention is not to be limited
except as by the appended claims.

What the invention claimed is:

1. A multi-band monopole antenna comprising:

a first metal radiator and a second metal radiator arranged
in a pair and adapted to excite a high frequency band,
said first metal radiator and said second metal radiator
being kept apart at a distance and extending in one same
direction, said first metal radiator comprising a feed end,
said second metal radiator comprising a connection end,
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said feed end and said connection end being disposed at
a same side relative to said first metal radiator and said
second metal radiator; and

a detoured wire pattern disposed at one side relative to said

first metal radiator and said second metal radiator and
adapted to excite a low frequency band, said detoured
wire pattern comprising a first end connected with said
feed end of said first metal radiator and a second end
connected with said connection end of said second metal
radiator;

wherein said detoured wire pattern has a circuit path length

longer than one half of said high frequency band A/2 so
that the phase difference on current between the feed end
of said first metal radiator and the connection end of said
second metal radiator is about m; when the reversed
phases of electromagnetic waves excited by said first
metal radiator and said second metal radiator reach the
HAC test surface, they cause a destructive interference,
thereby improving hearing aid compatibility perfor-
mance of the multi-band monopole antenna.

2. The multi-band monopole antenna as claimed in claim 1,
wherein said first metal radiator and said second metal radia-
tor are arranged in parallel.

3. The multi-band monopole antenna as claimed in claim 1,
wherein the gap between said first metal radiator and said
second metal radiator is within 0.2 A of said high frequency
band.

4. The multi-band monopole antenna as claimed in claim 1,
wherein the size of the multi-band monopole antenna is 35
mmx 18 mmx8 mm; the length of said first metal radiator is 30
mmy; the length of said second metal radiator is 32 mm; the
length of said detoured wire pattern is 71 mm; the gap
between said first metal radiator and said second metal radia-
toris 11 mm.

5. The multi-band monopole antenna as claimed in claim 1,
which is installed in a clearance zone on a printed circuit
board, said printed circuit board having the size of 2 mm
height, 110 mm length and 50 mm width, said clearance zone
having the size of 21 mmx50 mm.

6. The multi-band monopole antenna as claimed in claim 1,
wherein said detoured wire pattern extends in horizontal.

7. The multi-band monopole antenna as claimed in claim 1,
wherein said detoured wire pattern extends in vertical.

#* #* #* #* #*
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According to one embodiment, an antenna device includes a
short circuit path, a first open-ended element, a feed side
element, a second open-ended element, and a short circuit
element. A length, from a ground point to a second end of the
first open-ended element through the short circuit path and
the first open-ended element, is substantially a quarter of a
wavelength of a first resonant frequency. A length, from the
ground point to a second end of the second open-ended ele-
ment through the short circuit path, the short circuit element,
and the second open-ended element, is substantially a quarter
of'a wavelength of a second resonant frequency.
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ANTENNA DEVICE AND ELECTRIC
EQUIPMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation application and claims
the benefit of priority on U.S. patent application Ser. No.
12/415,513, filed Mar. 31, 2009 and is based upon and claims
the benefit of priority from Japanese Patent Application No.
2008-195529, filed Jul. 29, 2008, the entire contents of which
are incorporated herein by reference.

BACKGROUND

1. Field

One embodiment of the invention relates to an antenna
device and electronic equipment.

2. Description of the Related Art

Recently, instead of whip antennas that have been widely
used, built-in antennas are increasingly being used as wireless
communication antennas for electronic equipment capable of
wireless communication such as notebook personal comput-
ers (PCs). Such a built-in antenna has antenna elements built
in the housing, and therefore is easily handled when used or
stored compared to the whip antenna. Moreover, the housing
can be designed more flexibly.

In electronic equipment having a built-in antenna, due to
the miniaturization of the housing, it is often the case that the
antenna elements are arranged near metal part such as periph-
eral circuits mounted on the circuit board. This may lower the
input impedance ofthe antenna and thus may cause an imped-
ance mismatch between the antenna and the feed circuit,
resulting in degraded performance.

Accordingly, a folded monopole antenna is used to prevent
a decrease in the input impedance of the built-in antenna.

With the folded monopole antenna, the input impedance of
the antenna can be increased compared to that of a monopole
antenna, and can also be adjusted by the ratio between the
diameters of parallel lines. On the other hand, the folded
monopole antenna is likely to be larger than a monopole
antenna, and therefore requires elaborate arrangement, such
as to wire the antenna elements in three dimensions, to be
built in small electronic equipment.

Japanese Patent Application Publication (KOKAI) No.
2003-158419 discloses a conventional technology that
enables resonance to occur at a plurality of resonant frequen-
cies by adding an antenna to a conventional inverted-F
antenna.

FIG. 50 is a schematic diagram of an antenna designed
referring to the basic structure of an inverted-F antenna
according to the conventional technology. As illustrated in
FIG. 50, the inverted-F antenna comprises a radiation con-
ductor (36 mm) 1, a ground conductor 2, a short circuit
element (8 mm) 3, a feed line 5, and a feed conductor (80 mm)
6. The radiation conductor 1 is located opposite the ground
conductor 2. The short circuit element 3 connects between the
radiation conductor 1 and the ground conductor 2. The feed
line 5 extends between the radiation conductor 1 and the
ground conductor 2 and is connected to a feed point 4 spaced
apart by 1 mm from a ground point at which the short circuit
element 3 is connected to the ground conductor 2. The feed
conductor 6 is connected to the feed line 5. The radiation
conductor 1 and the feed conductor 6 are supplied with power
via the feed line 5.

FIG. 51 is a Smith chart of the impedance variation of the
inverted-F antenna illustrated in FIG. 50. The Smith chart of
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FIG. 51 represents variations in the input impedance of the
inverted-F antenna when the frequency signal fed from the
feed point 4 is changed in a range of 700 to 2500 MHz. As
illustrated in FIG. 51, the plot of the impedance of the
inverted-F antenna deviates upward from the centre of the
Smith chart, i.e., 50Q.

This is because the inductivity of the input impedance
increases due to current flowing from the feed point 4 to the
ground point as indicated by an arrow in FIG. 50. As a result,
an impedance mismatch may occur at a desired frequency
band.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

A general architecture that implements the various features
of the invention will now be described with reference to the
drawings. The drawings and the associated descriptions are
provided to illustrate embodiments of the invention and not to
limit the scope of the invention.

FIG. 1 is an exemplary perspective view of a notebook PC
according to a first embodiment of the invention;

FIG. 2 is an exemplary schematic diagram of the circuitry
of the notebook PC in the first embodiment;

FIG. 3 is an exemplary schematic diagram of an antenna
device in the first embodiment;

FIG. 4 is an exemplary schematic diagram for explaining
the operation principle of a short circuit path and a first
open-ended element in the first embodiment;

FIG. 5 is an exemplary schematic diagram for explaining
the operation principle of a feed side element, a short circuit
element, and the first open-ended element in the first embodi-
ment;

FIG. 6 is an exemplary schematic diagram for explaining
the operation principle of the short circuit path, the short
circuit element, and a second open-ended element in the first
embodiment;

FIG. 7 is an exemplary schematic diagram for explaining
the operation principle of the feed side element and the sec-
ond open-ended element in the first embodiment;

FIG. 8 is an exemplary diagram of a specific form of an
analytical model in the first embodiment;

FIG. 9 is an exemplary diagram of a form of a ground
conductor of the analytical model in the first embodiment;

FIG. 10 is an exemplary Smith chart of the antenna char-
acteristics of the analytical model of FIGS. 8 and 9 in the first
embodiment;

FIGS. 11 to 14 are exemplary schematic diagrams for
explaining an antenna realized by the analytical model of
FIGS. 8 and 9 in the first embodiment;

FIG. 15 is an exemplary Smith chart of the antenna char-
acteristics of the analytical model having the feed side ele-
ment and one not having the feed side element in the first
embodiment;

FIG. 16 is an exemplary schematic diagram for explaining
current flow in the analytical model having the feed side
element in the first embodiment;

FIG. 17 is an exemplary schematic diagram for explaining
current flow in the analytical model not having the feed side
element in the first embodiment;

FIG. 18 is an exemplary schematic diagram of an antenna
device according to a modification of the first embodiment;

FIG. 19 is an exemplary schematic diagram of an analytical
model of an antenna device comprising a short circuit path in
a second embodiment of the invention;
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FIG. 201s an exemplary schematic diagram of an analytical
model of an antenna device having no short circuit path in the
second embodiment;

FIG. 21 is an exemplary Smith chart of the antenna char-
acteristics of the analytical models of FIGS. 19 and 20 in the
second embodiment;

FIG. 22 is an exemplary schematic diagram of an antenna
device according to a third embodiment of the invention;

FIG. 23 is an exemplary diagram of a specific form of an
analytical model in the third embodiment;

FIG. 24 is an exemplary Smith chart of the antenna char-
acteristics of the analytical model of FIG. 23 in the third
embodiment;

FIG. 25 is an exemplary schematic diagram of an antenna
device according to a fourth embodiment of the invention;

FIGS. 26 to 28 are exemplary diagrams of specific forms of
analytical models in the fourth embodiment;

FIG. 29 is an exemplary schematic diagram for explaining
resonance that occurs in the analytical model of FIG. 26 in the
fourth embodiment;

FIG. 30 is an exemplary schematic diagram for explaining
resonance that occurs in the analytical model of FIG. 27 in the
fourth embodiment;

FIG. 31 is an exemplary graph of results of analysis on
VSWR characteristics over a first resonant frequency band in
the analytical models of FIGS. 26 to 28 in the fourth embodi-
ment;

FIG. 32 is an exemplary schematic diagram of an antenna
device according to a fitth embodiment of the invention;

FIG. 33 is an exemplary diagram of a specific form of an
analytical model in the fifth embodiment;

FIG. 34 is an exemplary Smith chart of the antenna char-
acteristics of the analytical model of FIG. 33 in the fifth
embodiment;

FIG. 35 is an exemplary schematic diagram of an antenna
device according to a sixth embodiment of the invention;

FIG. 36 is an exemplary diagram of an analytical model of
the antenna device comprising a parasitic element in the sixth
embodiment;

FIG. 37 is an exemplary graph of results of analysis on
VSWR characteristics of an analytical model having no para-
sitic element and one having the parasitic element in the sixth
embodiment;

FIG. 38 is an exemplary Smith chart of the antenna char-
acteristics of an analytical model having the parasitic element
and one not having the parasitic element in the sixth embodi-
ment;

FIG. 39 is an exemplary schematic diagram of an antenna
device comprising a short circuit path having a projection in
the seventh embodiment;

FIG. 40 is an exemplary diagram of a specific form of an
analytical model of the antenna device of FIG. 39 in the
seventh embodiment;

FIG. 41 is an exemplary Smith chart of the antenna char-
acteristics of the analytical model of FIG. 40 in the seventh
embodiment;

FIG. 42 is an exemplary schematic diagram of an antenna
device comprising a short circuit path provided with an
impedance matching circuit thereon in the eighth embodi-
ment;

FIG. 43 is an exemplary diagram of a specific form of an
analytical model of the antenna device comprising the short
circuit path provided with a chip inductor thereon in the
eighth embodiment;

FIG. 44 is an exemplary Smith chart of the antenna char-
acteristics of the analytical model of FIG. 43 in the eighth
embodiment;
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FIGS. 45A to 45 are exemplary schematic diagrams of
antenna devices according to modifications of the first to
seventh embodiments;

FIG. 46 is an exemplary diagram of a specific form of an
antenna device in an embodiment;

FIG. 47 is an exemplary graph of results of analysis on
VSWR characteristics of the antenna device of FIG. 46 in the
embodiment;

FIG. 48 is an exemplary diagram of a specific form of an
antenna device in another embodiment;

FIG. 49 is an exemplary graph of results of analysis on
VSWR characteristics of the antenna device of FIG. 48 in the
embodiment;

FIG. 50 is an exemplary schematic diagram of an antenna
designed referring to the basic structure of an inverted-F
antenna according to a conventional technology; and

FIG. 51 is an exemplary Smith chart of the impedance
variation of the inverted-F antenna illustrated in FIG. 50.

DETAILED DESCRIPTION

Various embodiments according to the invention will be
described hereinafter with reference to the accompanying
drawings. In general, according to one embodiment of the
invention, an antenna device comprises: a short circuit path a
firstend of which is connected to a ground point that is located
near a feed point; a first open-ended element that has a second
end being open, and extends from a second end of the short
circuit path; a feed side element that extends from near the
feed pointin a direction in which the first open-ended element
extends to have an edge close to ground; a second open-ended
element that has a second end being open, and extends from
near a second end of the feed side element in the direction in
which the first open-ended element extends; and a short cir-
cuit element that connects between a first end of the first
open-ended element and either a point on an edge of the feed
side element opposite the edge close to the ground or a point
on the second open-ended element. A length, from the feed
point through an outer edge of the feed side element including
the edge close to the ground and the short circuit element to
the second end of the first open-ended element, is substan-
tially a quarter of a wavelength of a first resonant frequency.
A length, from the feed point through the outer edge of the
feed side element including the edge close to the ground to the
second end of the second open-ended element, is substan-
tially a quarter of a wavelength of a second resonant fre-
quency.

According to another embodiment of the invention, elec-
tronic equipment comprises a housing having a built-in
antenna device. The antenna device comprises: a short circuit
path a first end of which is connected to a ground point that is
located near a feed point; a first open-ended element that has
a second end being open, and extends from a second end of
the short circuit path; a feed side element that extends from
near the feed point in a direction in which the first open-ended
element extends to have an edge close to ground; a second
open-ended element that has a second end being open, and
extends from near a second end of the feed side element in the
direction in which the first open-ended element extends; and
a short circuit element that connects between a first end of the
first open-ended element and either a point on an edge of the
feed side element opposite the edge close to the ground or a
point on the second open-ended element. A length, from the
feed point through an outer edge of the feed side element
including the edge close to the ground and the short circuit
element to the second end of the first open-ended element, is
substantially a quarter of a wavelength of a first resonant
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frequency. A length, from the feed point through the outer
edge of the feed side element including the edge close to the
ground to the second end of the second open-ended element,
is substantially a quarter of a wavelength of a second resonant
frequency.

With reference to FIG. 1, the configuration of a notebook
PC according to a first embodiment of the invention will be
schematically described. In the following embodiments, elec-
tronic equipment is described as a notebook PC with a built-in
antenna device, and an antenna device is described as being
applied to such a notebook PC. However, this is by way of
example only. The electronic equipment may be of other
types such as, for example, a personal digital assistant and a
mobile phone with a built-in antenna device, and also the
antenna device may be applied to them. FIG. 11s a perspective
view of a notebook PC 100 according to the first embodiment.

As illustrated in FIG. 1, the notebook PC 100 comprises a
display module 101 and a main body 102. The display module
101 is a liquid crystal display (LCD) comprising a LCD panel
103. The display module 101 comprises, above the LCD
panel 103, an antenna device 104 for wireless communica-
tion. The display module 101 and the main body 102 are
configured to rotate freely on a hinge 105 between an open
position and a closed position.

The main body 102 comprises a wireless communication
module 106 as a feed circuit that generates a high-frequency
signal corresponding to a transmission signal to transmit/
receive a radio wave. The wireless communication module
106 is connected to the antenna device 104 viaa feed line 107.
The feed line 107 is a coaxial cable with a diameter of about
1 mm.

With reference to FIG. 2, a description will be given of the
circuitry of the notebook PC 100 according to the first
embodiment. FIG. 2 is a schematic diagram of'the circuitry of
the notebook PC 100. The wireless communication module
106 is connected via a CPU bus 200 to a CPU 201 and a
memory 202. Although not illustrated, the wireless commu-
nication module 106 comprises a radio frequency (RF) mod-
ule, a crystal oscillator, and a baseband module.

With reference to FIG. 3, a description will be given of a
specific configuration of the antenna device 104. FIG. 3 is a
schematic diagram of the antenna device 104. The antenna
device 104 comprises a short circuit path 301, a first open-
ended element 302, a feed side element 303, a second open-
ended element 304, a short circuit element 305, and a ground
conductor (GND) 306.

According to the first embodiment, a ground point 307, i.e.,
a point on the GND 306, is arranged near a feed point 309.

A first end of the short circuit path 301 is connected to the
ground point 307. According to the first embodiment, the
short circuit path 301 extends from the ground point 307
vertically with respect to the GND 306, and then bends and
extends parallel to the GND 306.

The first open-ended element 302 is a linear element hav-
ing an open end, and extends from a second end of the short
circuit path 301.

The feed side element 303 is a plate-like element. The feed
side element 303 is located between the first open-ended
element 302 and the GND 306, and extends from the feed
point 309 in the direction in which the first open-ended ele-
ment 302 extends. According to the first embodiment, a cor-
ner of the feed side element 303 is connected to the feed point
309.

The second open-ended element 304 is a linear element
having an open end, and extends from a second end of the feed
side element 303 in the direction in which the first open-ended
element 302 extends. According to the first embodiment, the
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second open-ended element 304 is connected to a corner of
the feed side element 303 diagonally opposite the corner
connected to the feed point 309.

The short circuit element 305 is a linear element, and
connects between a point on an edge of the feed side element
303 close to a contact point 308, i.e., the second end of the
feed side element 303, and a first end of the first open-ended
element 302. The short circuit element 305 need not neces-
sarily be located as illustrated in FIG. 3, and may be located
at different positions. Note that as the point on an edge of the
feed side element 303 connected to the short circuit element
305 is closer to the contact point 308, better antenna charac-
teristics are achieved.

With reference to FIGS. 4 to 7, a description will be given
of the operation principle of the antenna device 104.

FIG. 4 is a schematic diagram for explaining the operation
principle of the short circuit path 301 and the first open-ended
element 302. The short circuit path 301 and the first open-
ended element 302 causes parallel resonance at a wavelength
such that their entire length, from the ground point 307
through the short circuit path 301 to a second end of the first
open-ended element 302 indicated by an arrow, is substan-
tially a quarter the wavelength (this parallel resonance is
hereinafter referred to as “first parallel resonance”).

FIG. 5 is a schematic diagram for explaining the operation
principle of the feed side element 303, the short circuit ele-
ment 305, and the first open-ended element 302. The feed side
element 303, the short circuit element 305, and the first open-
ended element 302 causes series resonance at a first resonant
frequency band. More specifically, the feed side element 303,
the short circuit element 305, and the first open-ended ele-
ment 302 resonate at a wavelength such that the length, from
the feed point 309 through the outer edge (on the GND 306
side) of the feed side element 303 and the short circuit ele-
ment 305 to the second end of the first open-ended element
302 indicated by an arrow, is substantially a quarter the wave-
length (hereinafter this series resonance is referred to as “first
series resonance”, and the first resonant frequency indicates
the frequency of the first series resonance).

FIG. 6 is a schematic diagram for explaining the operation
principle of the short circuit path 301, the short circuit ele-
ment 305, and the second open-ended element 304. The short
circuit path 301, the short circuit element 305, and the second
open-ended element 304 causes parallel resonance at a wave-
length such that their entire length, from the ground point 307
through the short circuit path 301 and the short circuit element
305 to the second end of the second open-ended element 304
indicated by an arrow, is substantially a quarter the wave-
length (this parallel resonance is hereinafter referred to as
“second parallel resonance”).

FIG. 7 is a schematic diagram for explaining the operation
principle of the feed side element 303 and the second open-
ended element 304. The feed side element 303 and the second
open-ended element 304 causes series resonance at a wave-
length such that the length, from the feed point 309 through
the outer edge (on the GND 306 side) of the feed side element
303 to the second end of the second open-ended element 304
indicated by an arrow, is substantially a quarter the wave-
length (hereinafter this series resonance is referred to as “sec-
ond series resonance”, and the frequency of the second series
resonance is referred to as “second resonant frequency”).

As described above, according to the first embodiment, the
first parallel resonance and the first series resonance occur in
a first resonant frequency band, and also the second parallel
resonance and the second series resonance occur in a second
resonant frequency band. Thus, the antenna device 104 can
create a current distribution similar to that obtained by the
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resonance of a folded monopole antenna, and therefore can
exhibit two resonances with high input impedance. Accord-
ingly, even when the antenna device 104 is shortened, favor-
able input impedance can be obtained.

Described below is an analytical model of the antenna
device 104 and the analysis results of the antenna character-
istics thereof.

With reference to FIGS. 8 and 9, a description will be given
of a specific form of an analytical model to which is applied
the antenna device 104 according to the first embodiment.
FIG. 8 is a diagram illustrating a specific form of the analyti-
cal model. The analytical model of FIG. 8 is designed such
that the first resonant frequency band is about 1.8 GHz and the
second resonant frequency band is about 900 MHz. FIG. 9 is
a diagram illustrating the form of the GND 306 of the ana-
lytical model. All the following analysis results are the results
of the Method of Moment.

The short circuit path 301 extends from the ground point
307 vertically with respect to the GND 306, and then bends
and extends parallel to the GND 306. The first open-ended
element 302 extends from the second end of the short circuit
path 301. The feed side element 303 is a plate-like element,
and a corner of which is connected to the feed point 309. The
second open-ended element 304 is connected to a corner of
the feed side element 303 diagonally opposite the corner
connected to the feed point 309. The second open-ended
element 304 has an open end, and extends in the direction in
which the first open-ended element 302 extends. The short
circuit element 305 connects between a point close to the
contact point 308 and the first end of the first open-ended
element 302. The short circuit element 305 extends vertically
with respect to the GND 306.

It is assumed in this analytical model that the GND 306 has
a length of 100 mm in the direction in which the short circuit
path 301 extends, and a length of 200 mm in the direction
perpendicular to the direction in which the short circuit path
301 extends.

With reference to FIGS. 10 to 14, a description will be
given of the antenna characteristics of the analytical model of
FIGS. 8 and 9. FIG. 10 is a Smith chart of the antenna
characteristics of the analytical model of FIGS. 8 and 9.
FIGS. 11 to 14 are schematic diagrams for explaining an
antenna realized by the analytical model of FIGS. 8 and 9.
The Smith chart of FIG. 10 represents the impedance varia-
tion of the analytical model when the frequency signal fed
from the feed point 309 is changed in a range of 700 to 2500
MHz.

As illustrated in FIG. 10, the plot of the impedance of the
analytical model crosses the horizontal axis of the Smith chart
at (2) 1720 MHz. This represents the occurrence of the first
parallel resonance indicated by an arrow in FIG. 11. Simi-
larly, the plot of the impedance of the analytical model
crosses the horizontal axis of the Smith chart at (1) 1810
MHz. This represents the occurrence of the first series reso-
nance indicated by an arrow in FIG. 12.

As just described, with this analytical model, the first par-
allel resonance and the first series resonance occur at nearby
frequencies. Thus, the input impedance at the first resonant
frequency can be increased.

In addition, the plot of the impedance of the analytical
model crosses the horizontal axis of the Smith chart at (4) 830
MHz. This represents the occurrence of the second parallel
resonance indicated by an arrow in FIG. 13. Similarly, the plot
of'the impedance of the analytical model crosses the horizon-
tal axis of the Smith chart at (3) 920 MHz. This represents the
occurrence of the second series resonance indicated by an
arrow in FIG. 14.
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As just described, with this analytical model, the second
parallel resonance and the second series resonance occur at
nearby frequencies. Thus, the input impedance at the second
resonant frequency can be increased. Moreover, in the band of
the second resonant frequency (the second resonant fre-
quency band), the plot on the Smith chart passes the center of
the chart, i.e., around 50€2. Therefore, the second resonant
frequency band can be widened.

With reference to FIGS. 15 to 17, a description will be
given of the results of comparison between the analytical
model having the feed side element 303 and that of a conven-
tional antenna device 1600 not having the feed side element
303. The conventional antenna device 1600 is of basically the
same form as the antenna device 104 except for the absence of
the feed side element 303, and will not be described in detail.
FIG. 15 is a Smith chart of the input impedance of the ana-
Iytical model having the feed side element 303 and one not
having the feed side element 303 at frequencies of 700 to
2500 MHz.

As illustrated in FIG. 15, with respect to the analytical
model of the conventional antenna device 1600 that is not
provided with the feed side element 303 as illustrated in FIG.
16, the plot on the Smith chart deviates upward from the
centre of the chart, i.e., around 50Q. This is because the
inductivity of the input impedance increases due to current
1001 flowing from the feed point 309 through the short circuit
element 305 and the short circuit path 301 to the ground point
307 as illustrated in FIG. 16.

On the other hand, as illustrated in FIG. 15, with respect to
the analytical model of the antenna device 104 that is pro-
vided with the feed side element 303, the plot is drawn in the
centre of the Smith chart, i.e., around 509, compared to the
analytical model of the conventional antenna device 1600.
This indicates that current 1701, which flows from the feed
point 309 through the outer edge (on the side opposite the
GND 306 side) of the feed side element 303, the short circuit
element 305 and the short circuit path 301 to the ground point
307 as illustrated in FIG. 17, is smaller than the current 1001,
and thus the inductivity of the input impedance is low. As a
result, favorable impedance matching can be achieved.

As described above, according to the first embodiment,
with the feed side element 303, the inductivity of the input
impedance of the antenna device 104 can be lower compared
to an antenna device not provided with the feed side element
303. Thus, favorable impedance matching can be achieved in
the band of each resonant frequency.

If the antenna device as described in the first embodiment
is supplied with power via a coaxial cable, the feed line, i.e.,
acoaxial cable, can be prevented from adversely affecting the
characteristics of the antenna device by grounding the short
circuit path connected to the outer conductor of the feed line.
Such an antenna device will be described as an modification
of the first embodiment. The antenna device of the modifica-
tion is of basically the same configuration as previously
described in the first embodiment, and thus only the differ-
ence from the first embodiment will be described.

FIG. 18 is a schematic diagram of an antenna device 2000
according to the modification. With reference to FIG. 18, a
description will be given of how to attach the feed line to the
antenna device 2000.

In the antenna device 2000 of the modification, the short
circuit path 301 is connected to an outer conductor 2001 of the
feed line 107 that is a coaxial cable for supplying power to the
feed point 309. According to the modification, the short cir-
cuit path 301 is soldered to the outer conductor 2001. As just
described, since the feed line 107 is connected to the feed
point 309 inside the antenna device 2000, extra space is not
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required for soldering and grounding of the outer conductor
2001. Therefore, the antenna device 2000 needs less space for
installation. Moreover, the short circuit path 301 is connected
to the outer conductor 2001 of the feed line 107 and led outin
a direction separate from the antenna device 2000. This pre-
vents the feed line 107 from being located close to the antenna
device 2000. Thus, the feed line 107 can be prevented from
adversely affecting the characteristics of the antenna device
2000.

Described below is an antenna device according to a sec-
ond embodiment of the invention. In the second embodiment,
the feed point is spaced apart from the ground point by an
appropriate distance. The antenna device of the second
embodiment is of basically the same configuration as previ-
ously described in the first embodiment, and thus only the
difference from the first embodiment will be described.

The feed point 309 is spaced apart from the ground point
307 inthe direction in which the first open-ended element 302
extends. The distance between the feed point 309 and the
ground point 307 is equal to or less than substantially a
twentieth of the wavelength of the lower one of the first
resonant frequency or the second resonant frequency. For
example, if the second resonant frequency is 910 MHz which
is lower than the first resonant frequency, the feed point 309 is
spaced apart from the ground point 307 by a distance equal to
or less than 16 mm, substantially a twentieth of wavelength
A=330 mm.

In the following, a description will be given of analytical
models of the antenna device 104 according to the second
embodiment and results of analysis on the antenna character-
istics.

With reference to FIGS. 19 and 20, a description will first
be given of three analytical models the antenna characteristics
of which are analyzed. FIG. 19 is a schematic diagram of an
analytical model of the antenna device 104 comprising the
short circuit path. The analytical model of FIG. 19 is designed
such that the first resonant frequency band is about 1.8 GHz
and the second resonant frequency band is about 900 MHz.
FIG. 20 is a schematic diagram of an analytical model of an
antenna device 2200 having no short circuit path. The ana-
Iytical models are basically similar to that of the antenna
device according to the first embodiment except for the dis-
tance between the feed point 309 and the ground point 307.
Therefore, their description will not be repeated.

In the first analytical model illustrated in FI1G. 19, the feed
point 309 is spaced apart from the ground point 307 by a
distance a=1 mm on the GND 306. The second analytical
model of the antenna device 2200 is not provided with the
short circuit path 301 as can be seen from FIG. 20. In the third
analytical model illustrated in FIG. 19, the feed point 309 is
spaced apart from the ground point 307 by a distance a=16
mm on the GND 306.

With reference to FIG. 21, a description will then be given
of'the antenna characteristics of the above analytical models.
The Smith chart of FIG. 21 represents the impedance varia-
tion of the analytical models of FIGS. 19 and 20 when the
frequency signal fed from the feed point 309 is changed in a
range of 700 to 1200 MHz.

The plot of the impedance of the first analytical model (a=1
mm) crosses the horizontal axis of the Smith chart at 910
MHz. At the cross point, the impedance is about 34Q2, which
is close to 50€2 at the center of the Smith chart. This is
because, in the first analytical model (a=1 mm), the second
parallel resonance illustrated in FIG. 13 and the second series
resonance illustrated in FIG. 14 occur at nearby frequencies.

The plot of the impedance of the second analytical model
crosses the horizontal axis of the Smith chart at 930 MHz. At

20

25

30

35

40

45

50

55

60

65

10

the cross point, the impedance is about 182, which is far from
50Q at the center of the Smith chart compared to the first
analytical model (a=1 mm). This is because, in the second
analytical model (FIG. 20), the second parallel resonance
illustrated in FIG. 13 does not occur, and the current distri-
bution is similar to a monopole antenna.

The plot of the impedance of the third analytical model
(a=16 mm) crosses the horizontal axis of the Smith chart at
930 MHz. At the cross point, the impedance is about 262,
which is far from 50Q at the center of the Smith chart com-
pared to the impedance of the second resonant frequency of
the first analytical model. This is because, in the third ana-
lytical model (a=16 mm), the path to determine the frequency
of'the second parallel resonance illustrated in FIG. 13 is long
compared to the first analytical model (a=1 mm). As a result,
the second parallel resonance occurs at a frequency far from
that of the second series resonance illustrated in FIG. 14.

According to the analysis results described above, the
impedance (26Q) of the third analytical model (a=16 mm) at
the cross point on the horizontal axis of the Smith chart is
substantially intermediate between the impedance (34€2) of
the first analytical model (a=1 mm) and the impedance (1822)
of'the second analytical model (without the short circuit path
301). Therefore, according to the second embodiment, the
third analytical model is used as a reference. Since a=16 mm
is a value substantially a twentieth of wavelength A=330 mm
of the second resonant frequency (910 MHz), the feed point
309 is spaced apart from the ground point 307 by a distance
equal to or less than substantially a twentieth of wavelength A
of the second resonant frequency.

Described below is an antenna device according to a third
embodiment of the invention. In the third embodiment, the
length of the feed side element is adjusted to be appropriate in
the direction in which the first open-ended element 302
extends to thereby lower the inductivity of the input imped-
ance. The antenna device of the third embodiment is of basi-
cally the same configuration as the antenna device of the
second embodiment, and thus only the difference between the
two will be described.

FIG. 22 is a schematic diagram of the antenna device
according to the third embodiment. It is assumed that the feed
side element 303 has a length b in the direction in which the
first open-ended element 302 extends that is equal to or more
than substantially a fiftieth of the wavelength of the second
resonant frequency. If, for example, the second resonant fre-
quency is 865 MHz, the length b, i.e., the length from the feed
point 309 in the direction in which the first open-ended ele-
ment 302 extends (parallel to the GND 306), of the feed side
element 303 is 7 mm, substantially a fiftieth of wavelength
A=346 mm of the second resonant frequency.

In the following, a description will be given of analytical
models of the antenna device 104 having different lengths b
and results of analysis on the antenna characteristics.

With reference to FIG. 23, a description will first be given
of three analytical models the antenna characteristics of
which are analyzed. FIG. 23 is a diagram illustrating a spe-
cific form of the analytical models. The analytical models of
FIG. 23 are designed such that the first resonant frequency
band is about 1.8 GHz and the second resonant frequency
band is about 900 MHz. The analytical models are basically
similar to that of the antenna device according to the second
embodiment except for the form of the feed side element 303.
Therefore, their description will not be repeated.

In the first analytical model, the length b of the feed side
element 303 is 5 mm. In the second analytical model, the
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length b of the feed side element 303 is 6 mm. In the third
analytical model, the length b of the feed side element 303 is
7 mm.

With reference to FIG. 24, a description will then be given
of'the antenna characteristics of the above analytical models.
The Smith chart of FIG. 24 represents the impedance varia-
tion of the analytical models of FIG. 23 when the frequency
signal fed from the feed point 309 is changed in a range of 700
to 1200 MHz.

The plots of the impedance of the first analytical model
(b=5 mm) and the second analytical model (b=6 mm) deviate
upward and do not cross the horizontal axis of the Smith chart.
This is because the feed side element 303 does not have a
sufficient length in the direction in which the first open-ended
element 302 extends. Therefore, as with a conventional
antenna device formed of linear elements, the effect of the
current flowing from the feed point 309 to the ground point
307 is not sufficiently suppressed, which results in high
inductivity ofthe input impedance. On the other hand, the plot
of the impedance of the third analytical model (b=7 mm)
crosses the horizontal axis of the Smith chart at 840 MHz and
860 MHz. This represents the occurrence of the second par-
allel resonance illustrated in FIG. 13 and the second series
resonance illustrated in FIG. 14

It canbe seen from the analysis results described above that
the inductivity of the input impedance decreases as the length
b of the feed side element 303 increases. Therefore, according
to the third embodiment, the third analytical model is used as
a reference. Since b=7 mm is a value substantially a fiftieth of
wavelength A=365 mm of the second resonant frequency (865
MHz), the length b, i.e., the length from the feed point 309 in
the direction in which the first open-ended element 302
extends (parallel to the GND 306), of the feed side element
303 is adjusted to be equal to or more than substantially a
fiftieth of the wavelength of the second resonant frequency.

Described below is an antenna device according to a fourth
embodiment of the invention. In the fourth embodiment, the
contact point, i.e., the second end of the feed side element, and
the first end of the first open-ended element are connected via
the short circuit element to prevent the input impedance from
excessively rising and thereby to widen the band of the first
resonant frequency (the first resonant frequency band). The
antenna device of the fourth embodiment is of basically the
same configuration as the antenna device of the third embodi-
ment, and thus only the difference between the two will be
described.

FIG. 25 is a schematic diagram of the antenna device
according to the fourth embodiment. The short circuit ele-
ment 305 connects between the contact point 308, i.e., the
second end of the feed side element 303 and the firstend of the
first open-ended element 302.

In the following, a description will be given of analytical
models of the antenna device 104 in which the short circuit
element 305 is connected to different positions, and results of
analysis on the antenna characteristics.

With reference to FIGS. 26 to 28, a description will first be
given of three analytical models the antenna characteristics of
which are analyzed. FIGS. 26 to 28 are diagrams of specific
forms of the analytical models. The analytical models of
FIGS. 26 to 28 are designed such that the first resonant fre-
quency band is about 1.8 GHz and the second resonant fre-
quency band is about 900 MHz. The analytical models are
basically similar to that of the antenna device according to the
third embodiment except for the position to which the short
circuit element 305 is connected (connection position).
Therefore, their description will not be repeated.
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In the analytical model of FIG. 26, the length of the short
circuit path 301 is reduced in the direction in which the first
open-ended element 302 extends to shift the connection posi-
tion of the short circuit element 305 from the contact point
308 side to the short circuit path 301 side. In the analytical
model of FIG. 27, the length of the short circuit path 301 is
increased in the direction in which the first open-ended ele-
ment 302 extends to shift the connection position of the short
circuit element 305 from the contact point 308 side to the first
open-ended element 302 side. In the analytical model of FIG.
28, the short circuit element 305 is connected to the contact
point 308.

With reference to FIGS. 29 to 31, a description will then be
given of the results of analysis on the antenna characteristics
of'the analytical models illustrated in FIGS. 26 to 28. FIG. 29
is a schematic diagram for explaining resonance that occurs in
the analytical model of FIG. 26. FIG. 30 is a schematic
diagram for explaining resonance that occurs in the analytical
model of FIG. 27. FIG. 31 is a graph of results of analysis on
voltage standing wave ratio (VSWR) characteristics over the
first resonant frequency band in the analytical models of
FIGS. 26 to 28.

With reference to FIG. 29, a description will be given of the
input impedance characteristics of the first resonant fre-
quency band in the analytical model of FIG. 26. As the con-
nection position of the short circuit element 305 shifts from
the contact point 308 side to the short circuit path 301 side, the
frequency of the first parallel resonance and that of the first
series resonance become too close to each other as illustrated
in FIG. 29. Consequently, the input impedance over the first
resonant frequency band excessively rises, resulting in a nar-
row coverage band.

With reference to FIG. 30, a description will be given of the
input impedance characteristics of the first resonant fre-
quency band in the analytical model of FIG. 27. As the con-
nection position of the short circuit element 305 shifts from
the contact point 308 side to the first open-ended element 302
side, the frequency of third parallel resonance and that of the
first series resonance become too close to each other as illus-
trated in FIG. 30. Consequently, the input impedance over the
first resonant frequency band excessively rises, resulting in a
narrow coverage band.

As described above, the first resonant frequency band is
affected by the first parallel resonance, the first series reso-
nance, and the third parallel resonance depending on the
connection position of the short circuit element 305. By set-
ting the connection position of the short circuit element 305
near the contact point 308, a favorable balance is achieved
between the first parallel resonance, the first series resonance
and the third parallel resonance, and the first resonant fre-
quency band can be widened.

It can be seen from the VSWR characteristics illustrated in
FIG. 31 that the VSWR is lower and the first resonant fre-
quency band is wider for the analytical model of FIG. 28
compared to the analytical models of FIGS. 26 and 27. This
indicates that, by setting the connection position of the short
circuit element 305 near the contact point 308, the first reso-
nant frequency band widens.

Described below is an antenna device according to a fifth
embodiment of the invention. In the fifth embodiment, the
distance between the edge of the feed side element on the
GND side and the GND is changed to adjust the inductivity of
the input impedance. The antenna device of the fifth embodi-
ment is of basically the same configuration as the antenna
device of the fourth embodiment, and thus only the difference
between the two will be described.
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FIG. 32 is a schematic diagram of the antenna device
according to the fifth embodiment. The feed side element 303
is located between the first open-ended element 302 and the
GND 306, and is spaced apart from the GND 306 by a dis-
tance ¢ equal to or less than substantially a hundredth of the
wavelength of the second resonant frequency. For example, if
the second resonant frequency is 860 MHz, the feed side
element 303 extends substantially parallel to the GND 306
with a space therebetween equal to or less than 3 mm, sub-
stantially a hundredth of wavelength A=348 mm.

In the following, a description will be given of analytical
models of the antenna device 104 having different distances ¢
and results of analysis on the antenna characteristics.

With reference to FIG. 33, a description will first be given
of three analytical models the antenna characteristics of
which are analyzed. FIG. 33 is a diagram illustrating a spe-
cific form of the analytical models. The analytical models of
FIG. 33 are designed such that the first resonant frequency
band is about 1.8 GHz and the second resonant frequency
band is about 900 MHz. The analytical models are basically
similar to that of the antenna device according to the fourth
embodiment except for the distance between the feed side
element 303 and the GND 306. Therefore, their description
will not be repeated.

In the first analytical model, the distance ¢ is 1 mm. In the
second analytical model, the distance ¢ is 2 mm. In the third
analytical model, the distance ¢ is 3 mm.

With reference to FIG. 34, a description will then be given
of'the antenna characteristics of the above analytical models.
The Smith chart of FIG. 34 represents the impedance varia-
tion of the analytical models of FIG. 33 when the frequency
signal fed from the feed point 309 is changed in a range of 700
to 1200 MHz.

The plot of the impedance of the first analytical model (c=1
mm) crosses the horizontal axis of the Smith chart at (1) 860
MHz and (2) 840 MHz. This represents the occurrence of the
second parallel resonance and the second series resonance.
The plot of the impedance of the second analytical model
(c=2 mm) crosses the horizontal axis of the Smith chart at (3)
855 MHz and (2) 835 MHz. This also represents the occur-
rence of the second parallel resonance and the second series
resonance. On the other hand, the plot of the impedance of the
third analytical model (¢=3 mm) does not cross the horizontal
axis of the Smith chart, and gives no indication of the occur-
rence of the second parallel resonance and the second series
resonance.

As just described, by reducing the distance between the
feed side element 303 and the GND 306, the inductivity of the
input impedance of the antenna device can be lowered (the
capacitance can be increased), and thus favorable impedance
characteristics can be obtained in the first and second reso-
nant frequency bands. According to the fifth embodiment, the
third analytical model is used as a reference. Since c=3 mm is
avalue substantially a hundredth of wavelength A=348 mm of
the second resonant frequency (860 MHz), the feed side ele-
ment 303 is spaced apart from the GND 306 by a distance
equal to or less than substantially a hundredth of the wave-
length of the second resonant frequency.

Described below is an antenna device 3800 according to a
sixth embodiment of the invention. The antenna device 3800
further comprising a parasitic element 3801 near the feed side
element 303 increases its resonant frequencies. Otherwise,
the antenna device 3800 is of basically the same configuration
as the antenna device of the fifth embodiment, and thus only
the difference between the two will be described.

FIG. 35 is a schematic diagram of the antenna device 3800
according to the sixth embodiment. As illustrated in FIG. 35,
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the antenna device 3800 is provided with the parasitic ele-
ment 3801 between the second open-ended element 304 and
the GND 306.

Inthe following, a description will be given of an analytical
model of the antenna device 3800 according to the sixth
embodiment and results of analysis on the antenna character-
istics.

With reference to FIG. 36, a description will first be given
of the analytical model the antenna characteristics of which
are analyzed. FIG. 36 is a schematic diagram of the analytical
model of the antenna device 3800 further comprising the
parasitic element. The analytical model of FIG. 36 is designed
such that the first resonant frequency band is about 1.8 GHz
and the second resonant frequency band is about 900 MHz.
The analytical model is basically similar to that of the antenna
device according to the fifth embodiment except for the pres-
ence of the parasitic element 3801. Therefore, its description
will not be repeated.

The parasitic element 3801 extends from a position near
the feed side element 303 vertically with respect to the GND
306, then bends, and extends parallel to the GND 306. In other
words, the parasitic element 3801 extends in the direction in
which the second open-ended element 304 extends.

With reference to FIGS. 37 and 38, a description will then
be given of the antenna characteristics of an analytical model
having no parasitic element and the analytical model of FIG.
36 having the parasitic element. FIG. 37 is a graph of results
of analysis on VSWR characteristics of the analytical model
having no parasitic element and one having the parasitic
element. The Smith chart of FIG. 38 represents the impedance
variation of the analytical models of FIG. 37 when the fre-
quency signal fed from the feed point 309 is changed in a
range of 700 to 2500 MHz.

With reference to FIG. 37, a description will be given of the
results of analysis on VSWR characteristics of the analytical
model having no parasitic element and the analytical model of
the antenna device 3800 having the parasitic element 3801
illustrated in FIG. 36. As illustrated in FIG. 37, for both the
analytical model having no parasitic element and the analyti-
cal model of the antenna device 3800 having the parasitic
element 3801, the VSWR is low at the second resonant fre-
quency band (about 0.9 GHz) as well as the first resonant
frequency band (about 1.8 GHz). This indicates that favorable
input impedance can be obtained at the respective resonant
frequencies. Further, for the analytical model of the antenna
device 3800 having the parasitic element 3801, the VSWR is
low at a new resonant frequency band (about 2.2 GHz). This
indicates an increase in the number of resonant frequencies
due to the parasitic element 3801.

Besides, referring to FIG. 38, for the analytical model
having no parasitic element, there are two series resonance
points on the plot on the Smith chart. On the other hand, for
the analytical model of the antenna device 3800 having the
parasitic element 3801, there are three series resonance points
on the plot on the Smith chart. This also indicates an increase
in the number of resonant frequencies due to the parasitic
element 3801.

As described above, according to the sixth embodiment,
the antenna device further comprises the parasitic element
near the feed side element. Thus, the number of resonant
frequencies increases, and the antenna device can further be
of multiple resonance.

Described below is an antenna device 4200 according to a
seventh embodiment of the invention. The antenna device
4200 comprise, in place of the short circuit path 301, a short
circuit path 4201 having a projection to adjust the resonant
frequencies and the input impedance at the resonant frequen-
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cies. Otherwise, the antenna device 4200 is of basically the
same configuration as the antenna device of the fifth embodi-
ment, and thus only the difference between the two will be
described.

With reference to FIG. 39, a description will be given of the
antenna device 4200 provided with the short circuit path 4201
having such a projection. FIG. 39 is a schematic diagram of
the antenna device 4200 comprising the short circuit path
4201 having a projection 4201a.

The short circuit path 4201 of the antenna device 4200
according to the seventh embodiment bends at least three
points to form the projection 4201a on a part thereof. More
specifically, according to the seventh embodiment, the short
circuit path 4201 bends at three points to form the projection
4201a on apart thereof that extends vertically from the ground
point 307 with respect to the GND 306.

In the following, a description will be given of an analytical
model of the antenna device 4200 according to the seventh
embodiment and results of analysis on the antenna character-
istics with reference to FIGS. 40 and 41. F1G. 40 is a diagram
of'a specific form of an analytical model of the antenna device
4200 provided with the short circuit path 4201 having the
projection 4201a. The analytical model of FIG. 40 is designed
such that the first resonant frequency band is about 1.8 GHz
and the second resonant frequency band is about 900 MHz.
The Smith chart of FIG. 41 represents the input impedance of
the analytical model of FIG. 40 at 700 to 2500 MHz.

With reference to FIG. 40, a description will first be given
of the analytical model the antenna characteristics of which
are analyzed. The analytical model is basically similar to that
of the antenna device according to the sixth embodiment
except for the short circuit path 4201. Therefore, its descrip-
tion will not be repeated. As illustrated in FIG. 40, the short
circuit path 4201 extends vertically from the ground point 307
with respect to the GND 306, and then bends in the direction
opposite the direction in which the first open-ended element
302 extends. The short circuit path 4201 bends and extends
again vertically with respect to the GND 306, and bends once
more to form the projection 4201a.

With reference to FIG. 41, a description will then be given
of the antenna characteristics of the analytical model of FIG.
40. It can be seen from FIG. 41 that, for the analytical model
provided with the projection, the plot on the Smith chart is
close to the center of the chart, i.e., 50Q2, compared to the plot
for the analytical model provided with no such a projection. It
can also be seen from FIG. 41 that the plot of the impedance
of the analytical model with no projection crosses the hori-
zontal axis of the Smith chart due to neither the first parallel
resonance illustrated in FIG. 11 nor the first series resonance
illustrated in FIG. 12. On the other hand, the plot of the
impedance of the analytical model with the projection crosses
the horizontal axis of the Smith chart due to the first parallel
resonance illustrated in FIG. 11 and the first series resonance
illustrated in FIG. 12.

As described above, according to the seventh embodiment,
aprojection is formed on a part of the short circuit path, which
enables adjustment of the length of the short circuit path. By
adjusting the length of the short circuit path, it is possible to
adjust the frequencies of the first parallel resonance and the
second parallel resonance and thereby to adjust the input
impedance characteristics over the first and second resonant
frequency bands.

Described below is an antenna device 4500 according to an
eighth embodiment of the invention. FIG. 42 is a schematic
diagram ofthe antenna device 4500 comprising a short circuit
path 4501 provided with an impedance matching circuit
4501a according to the eighth embodiment.
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In the antenna device 4500 of the eighth embodiment, the
impedance matching circuit 45014, such as a chip inductor, is
provided on the short circuit path 4501. The value of the chip
inductor is adjusted to adjust the first and second resonant
frequencies as well as the input impedance at the resonant
frequencies.

Inthe following, a description will be given of an analytical
model of the antenna device 4500 according to the eighth
embodiment and results of analysis on the antenna character-
istics with reference to FIGS. 43 and 44. F1G. 43 is a diagram
of'a specific form of an analytical model of the antenna device
4500 provided with the short circuit path 4501 on which is
arranged the impedance matching circuit 4501a. The analyti-
cal model of FIG. 43 is designed such that the first resonant
frequency band is about 1.8 GHz and the second resonant
frequency band is about 900 MHz. The Smith chart of FIG. 44
represents the input impedance of the analytical model of
FIG. 43 at 700 to 2500 MHz.

With reference to FIG. 43, a description will first be given
of the analytical model the antenna characteristics of which
are analyzed. The analytical model is basically similar to that
of the antenna device according to the sixth embodiment
except for the short circuit path 4501. Therefore, its descrip-
tion will not be repeated. As illustrated in FIG. 46, the short
circuit path 4501 is provided with a chip inductor (=5 nH),
i.e., the impedance matching circuit 4501q, on its path
extending vertically from the ground point 307 with respectto
the GND 306.

With reference to FIG. 44, a description will then be given
of'the antenna characteristics of the analytical model of FIG.
43. It can be seen from FIG. 44 that, for the analytical model
provided with the chip inductor on the path, the plot on the
Smith chart is close to the center of the chart, i.e., 50Q,
compared to the plot for the analytical model provided with
no chip inductor. It can also be seen from FIG. 44 that the plot
of'the impedance of the analytical model with no chip induc-
tor crosses the horizontal axis of the Smith chart due to neither
the first parallel resonance illustrated in FIG. 11 nor the first
series resonance illustrated in FIG. 12. On the other hand, the
plot of the impedance of the analytical model with the chip
inductor crosses the horizontal axis of the Smith chart due to
the first parallel resonance illustrated in FIG. 11 and the first
series resonance illustrated in FIG. 12.

As described above, according to the eighth embodiment, a
chip inductor is arranged on the short circuit path. By adjust-
ing the value of the chip inductor, the same effect can be
achieved as in the case where a projection is formed on the
short circuit path and thereby the length thereof is adjusted.
That is, with the impedance matching circuit provided on the
short circuit path, it is possible to adjust the first and second
resonant frequencies as well as the input impedance at the
resonant frequencies by adjusting the value of the impedance
matching circuit.

With reference to FIGS. 45A to 451, a description will be
given of modifications of the embodiments described above.
FIGS. 45A to 451 are schematic diagrams of antenna devices
according to modifications of the first to eighth embodiments.
The antenna devices according to the modifications are of
basically the same configuration as previously described in
the above embodiments, and thus only the difference from the
above embodiments will be described.

FIG. 45A illustrates a modification of the antenna device
comprising a first open-ended element 4800 that is longer
than the second open-ended element 304 in the direction in
which they extend. FIG. 45B illustrates another modification
of the antenna device further comprising an antenna element
4801 that requires power supply. FIG. 45C illustrates still
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another modification of the antenna device in which the sec-
ond open-ended element 304 does not extend from the contact
point 308 at a corner of the feed side element 303 but extends
from a point 4802 on an edge of the feed side element 303.
FIG. 45D illustrates still another modification of the antenna
device comprising a feed side element 4803 in a distorted
shape. FIG. 45E illustrates still another modification of the
antenna device comprising a plate-like short circuit element
4804. F1G. 45F illustrates still another modification of the
antenna device comprising a linear feed side element 4805.
FIG. 45G illustrates still another modification of the antenna
device comprising a feed side element 4806 in a trapezoidal
shape. FIG. 45H illustrates still other modifications of the
antenna device, one comprising a second open-ended element
4807 in a bent shape, the other comprising a first open-ended
element 4808 in a bent shape. FIG. 451 illustrates still other
modifications of the antenna device, one comprising a first
open-ended element 4809 in a meander shape, the other com-
prising a second open-ended element 4810 in a meander
shape. FIG. 45] illustrates still another modification of the
antenna device comprising a short circuit path 4811 that is
longer than the short circuit path 4201 of the seventh embodi-
ment and is bent. FIG. 45K illustrates still another modifica-
tion in which the antenna device of the first to eighth embodi-
ments is folded according to the shape of the housing and is
attached thereto. FIG. 45L illustrates still another modifica-
tion of the antenna device in which the feed point 309 is not
arranged at a corner of the feed side element 303 but is
arranged on an edge thereof on the GND 306 side.

With reference to FIGS. 46 and 47, a description will be
given of an antenna device 4900 as a specific example of the
antenna device according to the embodiments described
above. FIG. 46 is a diagram of a specific form of the antenna
device 4900. FIG. 47 is a graph of results of analysis on
VSWR characteristics of the antenna device 4900.

With reference to FIG. 46, a description will first be given
of'the configuration of the antenna device 4900. The antenna
device 4900 comprises a short circuit path 4901, a first open-
ended element 4902, a feed side element 4903, a second
open-ended element 4904, a short circuit element 4905, a
GND 4906, and a parasitic element 4910. The short circuit
path 4901 extends from a ground point 4907 and has an
L-shaped bent portion. The first open-ended element 4902 is
connected to a second end of the short circuit path 4901 and
is bent in an open square shape. The feed side element 4903 is
a plate-like element, a corner of which is connected to a feed
point 4909. The second open-ended element 4904 is con-
nected to a contact point 4908 at a corner of the feed side
element 4903 diagonally opposite the corner connected to the
feed point 4909. The short circuit element 4905 connects
between a first end of the first open-ended element 4902 and
the second open-ended element 4904. The parasitic element
4910 is located between the second open-ended element 4904
and the GND 4906.

With reference to FIG. 47, a description will then be given
of results of analysis on VSWR characteristics of the antenna
device 4900.

Asillustrated in FIG. 47, the antenna device 4900 achieves
VSWRs equal to or lower than 3 in the resonant frequency
bands of the first resonant frequency (about 1.8 GHz), the
second resonant frequency (about 0.9 GHz), and the third
resonant frequency (about 2.3 GHz). This indicates that
favorable input impedance characteristics can be obtained at
each of the resonant frequencies.

As described above, the antenna device 4900 can achieve
the same effect as previously described in the above embodi-
ments. The antenna device 4900 is a planar antenna in which
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is formed a planar pattern of elements, and is designed for use
in third generation mobile phone handsets. The antenna
device 4900 covers the 800 MHz band (825 to 960 MHz) and
the 2 GHz band (1710 to 2170 MHz).

With reference to FIGS. 48 and 49, a description will be
given of an antenna device 5200 as another specific example
of the antenna device according to the embodiments
described above. FIG. 48 is a diagram of a specific form ofthe
antenna device 5200. FIG. 49 is a graph of results of analysis
on VSWR characteristics of the antenna device 5200.

With reference to FIG. 48, a description will first be given
of'the configuration of the antenna device 5200. The antenna
device 5200 comprises a short circuit path 5201, a first open-
ended element 5202, a feed side element 5203, a second
open-ended element 5204, a short circuit element 5205, a
GND 5206, and a parasitic element 5210. The short circuit
path 5201 is provided with a chip inductor 5201a (L=5 nH) on
aportion extending from a ground point 5207. The first open-
ended element 5202 is connected to a second end of the short
circuit path 5201. The feed side element 5203 is a plate-like
element, a corner of which is connected to a feed point 5209.
The second open-ended element 5204 is connected to a con-
tact point 5208 at a corner of the feed side element 5203
diagonally opposite the corner connected to the feed point
5209. The short circuit element 5205 connects between a first
end of the first open-ended element 5202 and a point on an
edge of the feed side element 5203 close to the contact point
5208. The parasitic element 5210 is located between the
second open-ended element 5204 and the GND 5206.

With reference to FIG. 49, a description will then be given
of results of analysis on VSWR characteristics of the antenna
device 5200.

As illustrated in FIG. 49, the antenna device 5200 achieves
VSWRs equal to or lower than 3 in the resonant frequency
bands of the first resonant frequency (about 1.8 GHz), the
second resonant frequency (about 0.9 GHz), and the third
resonant frequency (about 2.3 GHz). This indicates that
favorable input impedance characteristics can be obtained at
each of the resonant frequencies.

As described above, the antenna device 5200 can achieve
the same effect as previously described in the above embodi-
ments. The antenna device 5200 is a planar antenna in which
is formed a planar pattern of elements, and is designed for use
in third generation mobile phone handsets. The antenna
device 5200 covers the 800 MHz band (825 to 960 MHz) and
the 2 GHz band (1710 to 2170 MHz).

The various modules of the systems described herein can
be implemented as software applications, hardware and/or
software modules, or components on one or more computers,
such as servers. While the various modules are illustrated
separately, they may share some or all of the same underlying
logic or code.

While certain embodiments of the inventions have been
described, these embodiments have been presented by way of
example only, and are not intended to limit the scope of the
inventions. Indeed, the novel methods and systems described
herein may be embodied in a variety of other forms; further-
more, various omissions, substitutions and changes in the
form of the methods and systems described herein may be
made without departing from the spirit of the inventions. The
accompanying claims and their equivalents are intended to
cover such forms or modifications as would fall within the
scope and spirit of the inventions.

What is claimed is:

1. An antenna device comprising:

a short circuit path, a first end of which is connected to a

ground point that is located near a feed point;
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a first open-ended element that has a second end being
open, and extends from a second end of the short circuit
path;
afeed side element that extends from near the feed point in
a direction in which the first open-ended element
extends to have an edge close to ground;
a second open-ended element that has a second end being
open, and extends from a point connected to the feed
side element in the direction in which the first open-
ended element extends; and
a short circuit element that connects between a first end of
the first open-ended element and either a point on an
edge of the feed side element opposite the edge close to
the ground or a point on the second open-ended element,
wherein
a length, from the ground point to the second end of the
first open-ended element through the short circuit
path and the first open-ended element, is substantially
a quarter of a wavelength of a first resonant frequency,
and

a length, from the ground point to the second end of the
second open-ended element through the short circuit
path, the short circuit element, and the second open-
ended element, is substantially a quarter of a wave-
length of a second resonant frequency.

2. The antenna device of claim 1, wherein the feed point is
spaced apart from the ground point in the direction in which
the first open-ended element extends by a distance equal to or
less than substantially a twentieth of the wavelength of lower
one of the first resonant frequency or the second resonant
frequency.

3. The antenna device of claim 1, wherein the feed side
element has a length equal to or more than substantially a
fiftieth of the wavelength of lower one of the first resonant
frequency or the second resonant frequency in the direction in
which the first open-ended element extends.

4. The antenna device of claim 1, wherein the short circuit
element connects between the first end of the first open-ended
element and the point near the second end of the feed side
element.

5. The antenna device of claim 1, wherein

the feed side element is located between the first open-
ended element and a ground conductor, and

the edge of the feed side element close to the ground is
spaced apart from the ground conductor by a distance
equal to or less than substantially a hundredth of the
wavelength of lower one of the first resonant frequency
or the second resonant frequency.

6. The antenna device of claim 1, further comprising a

parasitic element near the feed side element.

7. The antenna device of claim 1, wherein the short circuit
path bends at least three points to form a projection on apart
of the short circuit path.

8. The antenna device of claim 1 being implemented within
an electronic device.

9. The antenna device of claim 8, wherein the feed point is
spaced apart from the ground in the direction in which the first
open-ended element extends by a distance equal to or less

20

25

30

40

45

50

55

20

than substantially a twentieth of the wavelength of a lower
one of the first resonant frequency or the second resonant
frequency.

10. The antenna device of claim 8, wherein the feed side
element has a length equal to or more than substantially a
fiftieth of the wavelength of a lower one of the first resonant
frequency or the second resonant frequency in the direction in
which the first open-ended element extends.

11. The antenna device of claim 8, wherein the short circuit
element connects between the first end of the first open-ended
element and the point near the second end of the feed side
element.

12. The antenna device of claim 8, wherein

the feed side element is located between the first open-
ended element and a ground conductor, and

the edge of the feed side element close to the ground is
spaced apart from the ground conductor by a distance
equal to or less than substantially a hundredth of the
wavelength of a lower one of the first resonant frequency
or the second resonant frequency.

13. The antenna device of claim 8 further comprising a

parasitic element near the feed side element.

14. The antenna device of claim 8, wherein the short circuit
path bends at least three points to form a projection on apart
of the short circuit path.

15. An antenna device comprising:

a short circuit path, a first end of which is connected to a

ground conductor;
a first open-ended element that has a second end being
opened, and extends from a second end of the short
circuit path;
a feed side element provided between the first open-ended
element and the ground conductor, and extending from a
feed point in an extending direction of the first open-
ended element;
a second open-ended element coupled to the feed side
element and extending in the extending direction of the
first open-ended element from a point coupled to the
feed side element, the point being a second end of the
feed side element, a second end of the second open-
ended element being opened; and
a short circuit element that connects between a first end of
the first open-ended element and either a point on a first
edge of the feed side element opposite a second edge of
the feed side element close to the ground conductor,
wherein
alength, from the feed point to the second end of the first
open-ended element through an outer edge of the feed
side element comprising the first edge of the feed side
element, the short circuit element, and the first open-
ended element, is substantially a quarter of a wave-
length of a first resonant frequency, and

a length, from the feed point to the second end of the
second open-ended element through the outer edge of
the feed side element and the second open-ended ele-
ment, is substantially a quarter of a wavelength of a
second resonant frequency.

16. The antenna device of claim 15 being implemented
within an electronic device.
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ANTENNA APPARATUS

CROSS-REFERENCE TO PRIOR RELATED
APPLICATIONS

The present application is the U.S. National Stage of Inter-
national Patent Application Serial No. PCT/JP2007/063142,
filed on Jun. 29, 2007, which claims priority to Japanese
Patent Application No. 2006-180513 filed Jun. 29, 2006, both
of which are hereby incorporated by reference in their
entirety.

FIELD OF THE INVENTION

The present invention relates to an antenna apparatus suit-
able for downsizing radio communication equipment.

BACKGROUND

In radio communication equipment such as mobile phones
or note type personal computers with a built-in radio commu-
nication function, a packaging density of parts is increased as
the radio communication equipment is reduced in size. To
address this, an antenna apparatus as disclosed in, for
example, Japanese Patent No. 3758495 is proposed. In this
antenna apparatus, a spiral conductor layer is formed on the
surface of a base material made of a dielectric material or a
magnetic material. A so-called chip antenna is installed on a
substrate, and the chip antenna is grounded to a ground plane
formed on the substrate. In this case, as shown in for example
FIG. 5, an RF ground conductor 3 to which a chip antenna 2
on a substrate 1 is grounded ideally requires the most area on
the substrate 1 in order to gain sufficient antenna character-
istics.

Furthermore, in recent years, with the digitalization of
radio communication equipment, a circuit ground conductor
4 to be used as a digital circuit ground has been formed on a
substrate 1 together with an RF ground conductor 3 to which
a chip antenna 2 is grounded, to thereby allow the coexistence
of'the RF ground conductor 3 and the circuit ground conduc-
tor 4 on the same substrate 1, as shown in FIG. 6.

However, the prior art described above has problems as
follows.

That is, in a quarter wave antenna in which an electrical
length of the antenna element is %4 of a wavelength (), the
size (especially, the length) of the ground plane to which the
antenna is grounded is important. However, with a higher
packaging density of parts, it has become difficult to secure a
sufficient ground area necessary to obtain antenna character-
istics in an ideal condition as shown in FIG. 5.

Furthermore, in the case where the RF ground conductor 3
and the circuit ground conductor 4 coexist on the same sub-
strate 1 as shown in FIG. 6, there is a disadvantage that the
ground plane on the substrate 1 is divided, making it impos-
sible to secure the necessary area for the RF ground conductor
3.

SUMMARY OF THE INVENTION

The present invention has been achieved in view of the
aforementioned problems, and has an object to provide an
antenna apparatus that is capable of obtaining the antenna
characteristics similar to those in a case where an RF ground
conductor is formed wide on a substrate, and also allows
coexistence of the RF ground conductor and a circuit ground
conductor on the same substrate.
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The present invention adopts the following in order to solve
the above problems.

An antenna apparatus of the present invention includes: an
RF ground conductor which is branched to extend in at least
two directions, at least a part of which is formed on a surface
of the substrate, the RF ground conductor functioning as an
antenna ground plane; and an antenna portion, one end of
which is connected to the RF ground conductor.

In this antenna apparatus, the RF ground conductor is
branched to extend in at least two directions. Therefore, in
spite of the small ground area as a whole, the RF ground
conductor extends in two directions to secure a length neces-
sary for antenna characteristics. As a result, a radiation effi-
ciency similar to that of a ground with one large area is
obtained, making it possible to have sufficient antenna char-
acteristics.

Furthermore, in the antenna apparatus of the present inven-
tion, it is preferable that the RF ground conductor be formed
in an inverted L-shape branched in two directions orthogonal
to each other. This antenna apparatus has the RF ground
conductor branched in an inverted L-shape. Therefore, when
a rectangular substrate is used, the RF ground conductor is
arranged along a short edge and a long edge of the substrate.
As a result, it is possible to effectively use the surface of the
substrate. Furthermore, the RF ground conductor is branched
in directions orthogonal to each other. This can contribute to
antenna characteristics in an omnidirectional manner.

In the antenna apparatus of the present invention, it is
preferable that the antenna portion be a chip antenna installed
on the substrate, and that the RF ground conductor have, on
the substrate: a first ground portion that extends along the chip
antenna; and a second ground portion that extends in a direc-
tion orthogonal to an extension direction of the first ground
portion and also in a direction of spacing apart from the first
ground portion and the chip antenna. In this antenna appara-
tus, the RF ground conductor is made of: the first ground
portion along the chip antenna; and the second ground portion
perpendicular to the chip antenna. Therefore, the arrange-
ment of the chip antenna in the arrangement relationship as
described above makes it possible to obtain favorable antenna
characteristics even in a small space.

Furthermore, in the antenna apparatus of the present inven-
tion, it is preferable that the RF ground conductor include: a
substrate ground portion formed on the substrate; and an
external ground portion, a base end of which is connected to
the substrate ground portion and extends outside the substrate
in a direction different from that of the substrate ground
portion. In this antenna apparatus, the RF ground conductor is
made of: the substrate ground portion; and the external
ground portion. Therefore, in the case where a sufficient
ground plane is not available on the surface of the substrate, it
is possible to secure a ground length by use of the external
ground portion such as a metal wire outside the substrate, to
thereby obtain favorable antenna characteristics.

In the antenna apparatus of the present invention, it is
preferable that a circuit ground conductor functioning as a
digital circuit ground be formed on the surface of the sub-
strate. In this antenna apparatus, the circuit ground conductor
is formed on the substrate together with the RF ground con-
ductor. This makes it possible to secure a sufficient area for
the circuit ground conductor while maintaining the antenna
characteristics.

According to the present invention, the following effects
are produced.

Thatis, according to the antenna apparatus according to the
present invention, the RF ground conductor is branched to
extend in at least two directions. As a result, a radiation
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efficiency similar to that of a ground with one large area is
obtained, making it possible to have sufficient antenna char-
acteristics. Therefore, even if a circuit ground conductor
functioning as a digital circuit ground is brought into coex-
istence with an RF ground conductor on the same substrate,
sufficient antenna characteristics are obtained. As a result, it is
possible to achieve a high packaging density of parts and a
downsizing of radio communication equipment.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.11is aplan view showing an antenna apparatus of a first
embodiment according to the present invention.

FIG. 2 is a circuit diagram showing a frequency regulation
circuit in the first embodiment.

FIG. 3 is a plan view showing another example of an
antenna apparatus in the first embodiment.

FIG. 4 is a plan view showing an antenna apparatus of a
second embodiment according to the present invention.

FIG. 5 is a plan view showing an example of an ideal
antenna apparatus.

FIG. 6 is a plan view showing an example of a conventional
antenna apparatus according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Hereunder is a description of an embodiment of an antenna
apparatus according to the present invention, with reference
to FIG. 1 to FIG. 3.

An antenna apparatus 1 of the present embodiment
includes: a rectangular substrate 1; an RF ground conductor
13; a chip antenna (antenna portion) 2; and a circuit ground
conductor 4. The substrate 1 is made of an insulative material
such as a resin. The RF ground conductor 13 is formed on a
surface of the substrate 1, and functions as an antenna ground
plane. The chip antenna 2 has its one end connected to the RF
ground conductor 13. The circuit ground conductor 4 is
formed on the surface of the substrate 1, and functions as a
digital circuit ground.

The above chip antenna 2 is an antenna element that func-
tions as a loading element. It includes: a rectangular base
material made of a dielectric such as, for example, an alu-
mina; a linear conductor pattern that is wound in a spiral
manner with respect to the longitudinal direction of a surface
of this base material. This chip antenna 2 is installed at a
position close to one of the short edges of the substrate 1 and
spaced a predetermined distance apart from the RF ground
conductor 13. It is fixed onto a land (not shown in the figure)
formed at a predetermined position on the substrate 1. Fur-
thermore, the chip antenna 2 is connected to the RF ground
conductor 13 via a link conductor 14. Note that the conductor
pattern of the chip antenna 2 has its one end connected to the
link conductor 14.

Furthermore, to the link conductor 14, there is connected a
frequency regulation circuit 15, as shown in FIGS. 1 and 2.
This frequency regulation circuit 15 includes: a first inductor
16 and a second inductor 17 that are chip inductors connected
in series to the chip antenna 2; and a third inductor 18 that is
a chip inductor whose one end is connected to the second
inductor 17 and whose other end is connected to the RF
ground conductor 13. Furthermore, between the second
inductor 17 and the third inductor 18, there is provided a
feeding point. Note that the first inductor 16 and the second
inductor 17 are for regulating resonant frequencies, and that
the third inductor 18 is provided for reducing reflections of
incident powers.
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The above RF ground conductor 13 is for example pattern-
formed on the substrate 1 with a copper foil or the like, and is
also connected to a ground of a high-frequency circuit (not
shown in the figure). The RF ground conductor 13 has a first
ground portion 19A and a second ground portion 19B. The
first ground portion 19A extends along the chip antenna 2.
The second ground portion 19B extends in a direction
orthogonal to an extension direction of the first ground por-
tion 19A and also in a direction of spacing apart from the first
ground portion 19A and the chip antenna 2. That is, the RF
ground conductor 13 is formed in an inverted L-shape
branched to extend in two directions orthogonal to each other.
Note that the second ground portion 19B is arranged on the
link conductor 14 side (in the figure, on the left side of the
circuit ground conductor 4) along the circuit ground conduc-
tor 4.

In this manner, in the present embodiment, the RF ground
conductor 13 is branched to extend in two directions as the
first ground portion 19A and the second ground portion 19B.
Therefore, in spite of the small ground area as a whole, the RF
ground conductor 13 extends in two directions to secure a
length necessary for the antenna characteristics. As aresult, a
radiation efficiency similar to that of a ground with one large
area is obtained, making it possible to have sufficient antenna
characteristics. Note that in the RF ground conductor 13
branched in two directions, a combination with the chip
antenna 2 as an antenna portion brings about a bipolar-an-
tenna-like state. Therefore, it is assumed that a length close to
V4 of an antenna operating wavelength is formed as an elec-
trical length, thus improving the antenna characteristics.

Furthermore, the antenna apparatus of the present embodi-
ment has the RF ground conductor 13 branched in an inverted
L-shape. Therefore, it is possible to effectively use the surface
of the substrate 1 by arranging the first ground portion 19A
and the second ground portion 19B respectively along a short
edge and a long edge of the substrate 1. Especially, the circuit
ground conductor 4 is formed on the substrate 1 together with
the RF ground conductor 13. This makes it possible to secure
a sufficient area of the circuit ground conductor 4 while
maintaining the antenna characteristics. Furthermore, the RF
ground conductor 13 is branched in directions orthogonal to
each other. This can contribute to the antenna characteristics
in an omnidirectional manner.

As another example ofthe present embodiment, the second
ground portion 19B may be arranged on the opposite side of
the link conductor 14 (in the figure, on the right side of the
circuit ground conductor 4) along the circuit ground conduc-
tor 4, as shown in FIG. 3.

Next is a description of another embodiment of an antenna
apparatus according to the present invention. Note that in the
following description of the embodiment, identical constitu-
ent elements to those described in the above embodiment are
designated with identical reference numerals, and description
thereof is omitted.

The difference between this embodiment and the previous
embodiment lies in the following point. While in the above
embodiment, both of the first ground portion 19A and the
second ground portion 19B that constitute the RF ground
conductor 13 are pattern-formed on the substrate 1, the
antenna apparatus of this embodiment is made of: a substrate
ground portion 29A where an RF ground conductor 23 is
formed on a substrate 1; and an external ground portion 29B
a base end of which is connected to the substrate ground
portion 29A and extends outside the substrate 1 in a direction
different from that of the substrate ground portion 29A, as
shown in FIG. 4.
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That is, in this embodiment, the RF ground conductor 23 is
made of: the substrate ground portion 29A that is pattern-
formed on the substrate 1, similarly to the first ground portion
19A; and the external ground portion 29B whose base end is
connected to the left edge of the substrate ground portion 29A
and which extends along the circuit ground conductor 4 in a
direction orthogonal to an extension direction of the substrate
ground portion 29A.

As the above external ground portion 29B, a flexible sub-
strate, a metal wire, or a metal-made adhesive tape where a
conductor is formed is adopted.

In this manner, in this embodiment, the RF ground conduc-
tor 23 is made of: the substrate ground portion 29A; and the
external ground portion 29B. Therefore, in the case where a
sufficient ground plane is not available on the surface of the
substrate 1 for securing the circuit ground conductor 4 or for
other purposes, it is possible to secure a ground length by use
of'the external ground portion 29B outside the substrate 1, to
thereby obtain favorable antenna characteristics.

EXAMPLES

Next is a specific description of the results confirming the
effect ofthe antenna apparatus according to the present inven-
tion by use of a simulation tool.

As calculation conditions for the simulation tool, the regu-
lator circuit constants of the first inductor 16 to the third
inductor 18 in the frequency regulation circuit 15 were
respectively made A, B, and C. Furthermore, as constituent
materials of the respective parts, an FR-4 with a specific
inductive capacity of 4.9 was used in the substrate 1, and also
an alumina base material with a specific inductive capacity of
9 was used in the chip antenna 2. The conductors in the
conductor pattern and the surface of the substrate 1 were
perfect conductors.

Table 1 below shows the results of the evaluation confirm-
ing the effect by the simulation tool performed on the above-
mentioned embodiment (Invention 1) and another example of
an embodiment (Invention 2) based on the above calculation
conditions. Table 1 also shows the results of the simulation
similarly performed on an ideal configuration (Ideal
Example) shown in FIG. 5 and a conventional configuration
(Conventional Example) shown in FIG. 6.

TABLE 1
Radia-
Regulator circuit constant  Return  Resonant  tion ef-
Item A B C loss frequency ficiency
Conventional 6nH  240nH 10nH -30dB 430 MHz 10%
Example
Ideal 6nH  240nH 14nH -21dB 430MHz 26%
Example
Invention 1 5nH  240nH 11nH -23dB 430MHz 25%
Invention 2 5nH  240nH 10nH -20dB 430MHz 24%

As shown in Table 1 above, both Invention 1 and Invention
2 showed improved antenna characteristics compared with
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Conventional Example. An effect substantially the same as
that of Ideal Example was confirmed.

The present invention is not limited to the above respective
embodiments and various modifications can be made as long
as they do not depart from the spirit or scope of this invention.

For example, in the frequency regulation circuit 15, the first
inductor 16 to the third inductor 18 with an inductance com-
ponent as a lumped constant element are used. However, the
component is not limited to an inductance component.
Capacitors with a capacitance component may be used. Alter-
natively, these may be combined.

Furthermore, as a base material of the chip antenna 2, an
alumina is used, which is a dielectric material. However, a
magnetic material or a composite material combining a
dielectric material and a magnetic material may be used.

Furthermore, the above RF ground conductors 13 and 23
are branched to extend in two directions. However, the RF
ground conductor may be branched to extend in three or more
directions.

What is claimed is:

1. An antenna apparatus, comprising:

a substrate;

an RF ground conductor which is formed in an inverted

L-shape so as to be branched to extend in at least two
directions orthogonal to each other, at least a part of
which RF ground conductor is formed on a surface of the
substrate so as to be arranged along a short edge and a
long edge of the substrate, the RF ground conductor
functioning as an antenna ground plane; and

an antenna portion, one end of which is connected to the RF

ground conductor,

a circuit ground conductor functioning as a digital circuit

ground and formed on the surface of the substrate; and

a part of the RF ground conductor which extends in a

direction spaced apart from the antenna portion is
arranged along the circuit ground conductor.

2. The antenna apparatus according to claim 1, wherein

the antenna portion is a chip antenna installed on the sub-

strate, and

the RF ground conductor has, on the substrate: a first

ground portion that extends along the chip antenna; and
a second ground portion that extends in a direction
orthogonal to an extension direction of the first ground
portion and also in a direction spaced apart from the first
ground portion and the chip antenna; and

the second ground portion is arranged along the circuit

ground conductor.

3. The antenna apparatus according to claim 1, wherein

the RF ground conductor includes: a substrate ground por-

tion formed on the substrate; and an external ground
portion, a base end of which is connected to the substrate
ground portion and extends outside the substrate in a
direction different from that of the substrate ground
portion; and

the external ground portion is arranged along the circuit

ground conductor.

#* #* #* #* #*
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1
ANTENNA STRUCTURE FOR A MOBILE
PHONE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an antenna structure for a
mobile phone, and especially to an antenna structure for a
mobile phone of which metal is used to obscure around a base
board of the antenna to improve the hearing aid compatibility
(HAC) character of the antenna structure.

2. Description of the Prior Art

A standardization corporation ANSI (American National
Standards Institute) in the U.S. A. stipulated a specification of
ANSI C63.19, the FCC (Federal Communication Commis-
sion) asked the manufacturers and service agents of mobile
phones for the necessity of over 50% satisfaction in meeting
the regulation of the limitation of EMI for hearing aids stipu-
lated in ANSI C63.19 on products input to the U.S.A. since
Feb. 18, 2008.

The standard in testing stipulated by the specification on
the hearing aid compatibility (HAC) in ANSI C63.19 is as
below:

a. to use a testing probe for measuring the quantity of the
electromagnetic field of 5x5 cm® and 15 mm above a sound
outputting hole of a mobile phone;

b. to divide the tested plane into 9 blocks, each block is
separately tested on its electromagnetic field strength;

c. to omit the electromagnetic field strengths of the largest
three blocks among the 9 blocks, and to take the block with
the largest electromagnetic field strength among the
remaining six blocks to define the category of HAC;

d. different categories of HAC are defined by having a difter-
ence of value of 5 dB between every two categories, and
include the categories of M1, M2, M3, M4 etc. (in which
M3 and M4 are categories meeting the standard of stipu-
lation).

Therefore, normally people will observe the HAC catego-
ries of electric field and the magnetic field at the same time of
an antenna structure, and also omit the field strengths of the
largest three blocks, but to take the block with the largest
electromagnetic field strength among the remaining six
blocks to define the HAC at the present frequency.

In order to meet the specification for the antenna structure
under the condition not to lower efficiency, the present inven-
tion provides a brand new measure of solution to elevate the
category of the antenna structure.

SUMMARY OF THE INVENTION

The present invention provides an antenna structure for a
mobile phone to improve its hearing aid compatibility (HAC)
character by metal obscuring, the antenna structure mainly is
composed of an antenna base board and a copper foil; the
antenna base board is provided in a housing of the mobile
phone near a sound outputting hole, and a metallic thin layer
is made in the housing of the mobile phone in corresponding
by position with the antenna base board, the ground surface
between the metallic thin layer and a circuit board in the
housing of the mobile phone will form an electrically con-
ductive connection. With this structure, distribution of the
strength of the electric field of the antenna structure will be
improved; thereby HAC near the sound outputting hole in
testing can be evidently improved.
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The metallic thin layer of the present invention can be made
on the surface of the housing of the mobile phone, and also
can be shaped and embedded in the housing; otherwise, it can
be made by copper covering.

The present invention will be apparent in its structure and
functions after reading the detailed description of the pre-
ferred embodiment thereof in reference to the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The file of this patent contains at least one photograph
executed in color. Copies of the patent with color drawings
will be provided by the Patent and Trademark Office upon
request and payment of the necessary fee.

FIG. 1 is an anatomic perspective view of the present
invention showing making of a metallic thin layer from a
copper foil, in which the copper foil has not been stuck;

FIG. 2 is a perspective view of the present invention after
assembling, in which the copper foil has been stuck on the
housing of a mobile phone;

FIG. 3 is a perspective view of the present invention seeing
in another direction;

FIG. 4 is a schematic perspective view of the present inven-
tion seeing in a further direction;

FIG. 5 is a chart showing a test result of the present inven-
tion for a high frequency range (1850 MHZ) HAC;

FIG. 6 is a chart showing a test result of the present inven-
tion for the high frequency range (1850 MHZ) HAC under the
condition of having no copper foil covered an empty electric
circuit board;

FIG. 7 is an anatomic perspective view of the present
invention showing a metallic thin layer is made on the hous-
ing of a mobile phone in which the metallic thin layer has not
been attached;

FIG. 8 is a perspective view of FIG. 7 after assembling;

FIG. 9 is a partial sectional view taken from FIG. 8;

FIG. 10 is a schematic sectional view showing the metallic
thin layer is shaped and embedded in the housing of the
mobile phone.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIGS. 7-9, an antenna structure 3 provided in
the present invention is assembled in a mobile phone 4 having
a sound outputting hole 44, the antenna structure 3 is con-
nected with a circuit board 42 (having a ground surface) in a
housing (composed of an upper housing part 41 and a lower
housing part 43) of the mobile phone 4 for wireless signal
transmitting. The antenna structure 3 comprises mainly an
antenna base board 31 and a metallic thin layer 32.

The antenna base board 31 is provided in the housing
composed of the upper housing part 41 and the lower housing
part 43 of the mobile phone 4 and near the sound outputting
hole 44. The metallic thin layer 32 is shaped and embedded in
the housing of the mobile phone 4 in corresponding by posi-
tion with the antenna base board 31 to obscure around the
latter, and can be or can be not electrically connected with the
ground surface of the circuit board 42; as is shown in the
drawing, when being grounded, it is connected with a ground-
ing line 45 extending out of the circuit board 42.

The present invention has the antenna base board 31
obscured by the metallic thin layer 32 therearound, thereby
distribution of the strength of the electric field of the antenna
structure near the sound outputting hole 44 will be improved
as compared with the case without the metallic thin layer 32
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no matter the metallic thin layer 32 is or is not connected with
a ground surface; thereby the HAC character can be evidently
improved.

And more, in the embodiment of the present invention,
taking the length and the width of the metallic thin layer 32 to
be 60 mm and 40 mm respectively, the test results for HAC for
the metallic thin layer 32 being and being not connected with
a ground surface using the operation frequency range of
DCS512 (1710 MHZ) and DCS700 (1747 MHZ) respectively
are shown in the table below:

Time avg. of

electric field
Channel Name (V/m) Category Efficiency
512 grounded 78.1 M3 83.37%
700 grounded 77.7 M3 72.2%
512 not grounded 86.3 M2 77.48%
700 not grounded 89.9 M2 67.17%

Note:
DCS512 (1710 MHZ) and DCS700 (1747 MHZ)

We can see from the above table that the metallic thin layer
32 can elevate the category of HAC whether being or being
not connected with a ground surface.

Referring to FIG. 10, this is another embodiment of the
present invention, a metallic thin layer 32' in the antenna
structure 3 of the present invention can be shaped and embed-
ded in the upper housing part 41 of the mobile phone (such as
by injection enveloping) to obscure the antenna base board 31
near the sound outputting hole 44.

And more, a metallic thin layer of the present invention can
be made from a covering copper foil. As shown in FIGS. 1-3,
the antenna structure is provided in the mobile phone to
connect with an electric circuit board 22 having a ground
surface in a housing 21 of a mobile phone for wireless signal
transmitting. The antenna structure of the present invention
mainly comprises an antenna base board 11 and a copper foil
12.

The antenna base board 11 of the present invention is
provided in the housing 21 of the mobile phone near a sound
outputting hole, and there are insulating pads 13 provided on
three edges inside of the housing 21 of the mobile phone
surrounding the antenna base board 11. The copper foil 12
envelops the antenna base board 11 from outside of the hous-
ing 21 at an area where the antenna base board 11 is, and the
copper foil 12 is composed of a main copper foil 12a and two
wing copper foils 125, 12¢ for enveloping the housing 21 of
the mobile phone with their edges folded upwards toward the
vertical outer surfaces of the insulating pads 13 to form a kind
of'inverse “U” shaped enveloping, the ground surfaces of the
copper foil 12 and the electric circuit board 22 form electric
conductive connection; Referring to FIG. 4, the electric cir-
cuit board 22 has a grounding line 14 extending out to the
wing copper foil 12¢, thereby after enveloping, the copper foil
12 contacts the grounding line 14 to form electric conductive
connection with the ground.

Referring to FIG. 3 showing an embodiment of copper foil
enveloping of the present invention, wherein a length L, a
right side length RL, a width W and a height H that the copper
foil 12 surrounds by enveloping the antenna base board 11 are
respectively 40 mm, 35 mm, 60 mm and 13.3 mm. A table of
HAC tests taking the embodiment of the present invention
and an empty circuit board for operation under different fre-
quency ranges is obtained as shown below:
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Time avg. of
electric field
Channel Name (V/m) Category  Efficiency
512 Copper foil enveloping 54.2 M3 53.06%
38 Copper foil enveloping 162.9 M3 60.24%
512 Empty circuit board 113.8 M2 58.36%
38 Empty circuit board 186.3 M2 48.74%

Note:
PCS512 (1850 MHZ) and EGSM38 (848 MHZ)

We can see from the above table that, when the present
invention is operated under a high frequency range (1850
MHZ), as compared with the empty circuit board without
being enveloped with a copper foil, it has a close efficiency to
that of the latter, but HAC of the present invention is much
improved.

Moreover, FIG. 5 shows a test result for this embodiment
enveloped with a copper foil of the present invention for a
high frequency range (1850 MHZ) HAC; while FIG. 6 shows
atest result for the embodiment without being enveloped with
a copper foil also for a high frequency range (1850 MHZ)
HAC.

FIGS. 5 and 6 present some 9 grid charts for comparing
strengths of E-fields; the present invention is enveloped with
acopper foil, as compared with the empty circuit board, HAC
can be elevated from M2 (being failed to meet the regulation
stipulated in ANSI C63.19) to M3 (meeting the regulation
stipulated in ANSI C63.19).

Evidently, after the antenna base board 11 is surrounded by
enveloping of the copper foil 12 and is connected with the
ground surface, its strength of E-field is larger than that of the
empty circuit board, thereby the hearing aid compatibility
(HAC) character can be improved evidently.

In conclusion, the bran new structure of the present inven-
tion as stated above meets the element requirement for a
patent. While the embodiment given is only for illustrating
preferred embodiments of the present invention, and not for
giving any limitation to the scope of the present invention; it
will be apparent to those skilled in this art that various modi-
fications or changes without departing from the spirit of this
invention shall also fall within the scope of the appended
claims.

The invention claimed is:

1. An antenna structure for a mobile phone having an
improved hearing aid compatibility (HAC) character, said
mobile phone having a sound output hole, said antenna struc-
ture being provided in said mobile phone and being connected
with a circuit board having a ground surface in a housing of
said mobile phone for wireless signal transmission, said
antenna structure comprising:

an antenna base board provided in said housing of said

mobile phone near said sound output hole;
three insulating pads surrounding three edges inside of said
housing of said mobile phone

a metallic thin layer being a copper foil which envelops

said antenna base board from outside of said housing of
said mobile phone at a location disposed in correspon-
dence with said antenna base board to be in spaced
relationship with said antenna base board, said copper
foil being composed of a main copper foil and two wing
copper foils for enveloping said housing of said mobile
phone with respective edges thereof folded upwardly
toward vertical outer surfaces of said insulating pads to
form a kind of inverse U-shaped envelopment, said cir-
cuit board having a grounding line extending out to one
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of said wing copper foils, in order that said copper foil
contacts said grounding line to form an electric conduc-
tive connection with said ground surface of said circuit
board.

2. The antenna structure for a mobile phone as defined in
claim 1, wherein said metallic thin layer forms an electrically
conductive connection with said circuit board having said
ground surface.

5

6

3. The antenna structure for a mobile phone as defined in
claim 1, wherein a length L, a right side length RL, a width W
and a height H of said copper foil positioned on said housing
are respectively 40 mm, 35 mm, 60 mm and 13.3 mm.
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MOBILE COMMUNICATION TERMINAL

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the priority of Korean Patent
Application No. 2008-0049044 filed on May 27, 2008, in the
Korean Intellectual Property Office, the disclosure of which is
incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to mobile communication
terminals, and more particularly, to a mobile communication
terminal that can provide a stable contact between a film type
antenna formed on a housing of the mobile communication
terminal and a printed circuit board inside the housing.

2. Description of the Related Art

Recently, mobile wireless terminals that separately use
various kinds of bandwidths, such as CDMA, PDA, DCS, and
GSM, or use all of the bandwidths, have come into wide-
spread use. Terminals that have various kinds of functions and
designs have appeared. As the terminals have gradually been
reduced in size, thickness, and weight, the diversity of the
functions of the terminals has attracted attention. Therefore,
emphasis is placed on reducing the volume of the terminals
while the terminals maintain the function of an antenna.

Particularly, in a case of an antenna, for example, a rod
antenna or a helical antenna that protrudes from the outside of
aterminal by a predetermined length has excellent character-
istics because of omnidirectional radiation. However, the rod
antenna or the helical antenna of the terminal is most suscep-
tible to damage when it falls down, and reduces portability.
Therefore, research has been conducted on an in-molding
antenna that is formed integrally with a case of a mobile
communication terminal.

SUMMARY OF THE INVENTION

An aspect of the present invention provides a mobile com-
munication terminal that can provide a stable contact between
a film type antenna formed on a housing of the mobile com-
munication terminal and a printed circuit board inside the
housing.

An aspect of the present invention also provides a mobile
communication terminal including: a housing of the mobile
communication terminal; a film type antenna provided on the
surface of the housing; a printed circuit board disposed inside
the housing; and a connector electrically connecting the film
type antenna and the printed circuit board.

The film type antenna may be provided integrally with the
housing by in-molding labeling.

The connector may be provided by in-molding labeling
while part of the connection is inserted into the housing.

The connector may include a first contact part in contact
with the film type antenna; a second contact part connected to
the printed circuit board; and a support part provided between
the first contact part and the second contact part and support-
ing the connector with respect to the housing.

The first contact part may include a bent portion to provide
elasticity.

The second contact part may pass through a via hole
formed in the printed circuit board, and be connected to one
surface of the printed circuit board opposite to another surface
facing the film type antenna by soldering.
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The support part may include: a first support portion con-
necting the first contact part and the second contact part; and
a second support portion extending from the first support
portion.

The first support portion may be perpendicular to a major
surface of the printed circuit board.

The second support portion may be horizontal to the major
surface of the printed circuit board.

The housing may include a protrusion to support the sup-
port part.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features and other advantages
of'the present invention will be more clearly understood from
the following detailed description taken in conjunction with
the accompanying drawings, in which:

FIG. 1 is a cross-sectional view illustrating a mobile com-
munication terminal according to an exemplary embodiment
of the invention;

FIG. 2 is a perspective view illustrating a connector used in
a mobile communication terminal according to another
exemplary embodiment of the invention; and

FIGS. 3A to 3C are cross-sectional views illustrating the
process flow to manufacture a mobile communication termi-
nal according to still another exemplary embodiment of the
invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Exemplary embodiments of the present invention will now
be described in detail with reference to the accompanying
drawings.

FIG. 1 is a cross-sectional view illustrating a mobile com-
munication terminal according to an exemplary embodiment
of the invention.

Referring to FIG. 1, amobile communication terminal 100
according to this embodiment may include a housing 110, a
film type antenna 120, a printed circuit board 130, and a
connector 140.

The film type antenna 120 may include a carrier film 121
and a conductive pattern 122.

The carrier film 121 may be formed of a material that is
appropriate to perform in-molding labeling (IML). Specifi-
cally, the carrier film 121 that has the conductive pattern 122
formed on one surface thereof is inserted into a mold for
manufacturing the housing of the mobile communication ter-
minal, synthetic resins used to form the housing of the mobile
communication terminal are injected into the mold, and the
housing is manufactured from the synthetic resins at the
appropriate temperature and pressure. Therefore, the material
that forms the carrier film 121 needs to be a material that does
not significant deformation under the pressure and tempera-
ture during the in-molding labeling, and at the same time, can
be formed integrally with the housing of the mobile commu-
nication terminal. In this embodiment, the carrier film 121
may include a thin, insulating polymer material.

The conductive pattern 122 may be an antenna pattern that
is formed on one surface of the carrier film 121.

The conductive pattern 122 may be formed by using vari-
ous kinds of methods. A conductive pattern may be printed
onto the carrier film 121 by using conductive ink. Alterna-
tively, a desired pattern may be directly formed on the carrier
film by sputtering or evaporation. The conductive pattern 122
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may be a conductive pattern that is formed of previously
manufactured metal foil that is then attached to the carrier
film 121.

The conductive pattern 122 includes a power feed terminal,
and may also include a connection terminal for making a
connection with an external circuit, such as a ground terminal.
In this embodiment, the power feed terminal may be a contact
area that is in contact with an external power feed line.

The housing 110 of the mobile communication terminal
may be formed by the in-molding labeling. That is, the carrier
film on which the conductive pattern is formed is inserted into
the mold, synthetic resins used to form the housing are
injected into the mold, thereby manufacturing the housing. In
this embodiment, the carrier film 121 may be formed inte-
grally with the housing 110 and be formed on the surface of
the housing.

In this embodiment, the carrier film 121 may be formed on
an outer surface of the housing 110. The conductive pattern
122 may be located between the housing 110 and the carrier
film 121.

The housing may vary in shape. In this embodiment, a
protrusion 111 may be formed on the inside of the housing
110 in order to support the connector 140. The shape or
position of the protrusion may vary according to the shape or
position of the connector.

The printed circuit board 130 may be disposed inside the
housing of the mobile communication terminal. A plurality of
active devices and passive devices may be mounted on the
printed circuit board 130. A power feed line for supplying a
current to the film type antenna 120 may be formed on the
printed circuit board.

Inthis embodiment, a viahole may be formed in the printed
circuit board 130. One end of the connector 140 may be
arranged and pass through the via hole. The end of the con-
nector may be connected to the power feed line by soldering,
which is performed at one surface opposite to another surface,
which faces the film type antenna, from major surfaces of the
printed circuit board.

The connector 140 may connect the film type antenna 120
to the printed circuit board 130. That is, one end of the
connector 140 may be in contact with the conductive pattern
122 of the film type antenna that is formed on the surface of
the housing of the mobile communication terminal, and the
other end of the connector 140 may be in contact with the
power feed line of the printed circuit board 130 that is dis-
posed inside the housing of the mobile communication ter-
minal.

In this embodiment, the connector 140 may be formed
integrally with the housing 110 of the mobile communication
terminal. The housing 110 may be manufactured by using
in-molding labeling. That is, during the in-molding labeling,
the connector may be injected into the mold for manufactur-
ing the housing, and synthetic resins used to form the housing
may be injected into the mold, thereby manufacturing the
housing. At this time, the connector 140 may be formed
integrally with the housing 110 while part of the connector is
inserted into the housing.

In this embodiment, the other end of the connector may
pass through the via hole formed in the printed circuit board,
and be connected to the rear surface of the printed circuit
board by soldering. That is, the connector is not connected to
the surface facing the film type antenna among the major
surfaces of the printed circuit board, but a soldering portion
131 is formed at the surface that is opposite to the surface
facing the film type antenna, so that the adhesion between the
printed circuit board 130 and the connector 140 can be
strengthened.
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FIG. 2 is a perspective view illustrating a connector that is
used in a mobile communication terminal according to
another embodiment of the invention.

A connector 240 according to this embodiment may
include a first contact part 241, a second contact part 242, and
a support part 243.

The first contact part 241 may be in contact with a conduc-
tive pattern of a film type antenna that is formed on a housing
of a mobile communication terminal.

At least one bent portion 241a may be formed at the first
contact part 241. The bent portion 241a provides predeter-
mined elasticity to the first contact part. The predetermined
elasticity of the first contact part 241 can prevent an undesired
deformation of the film type antenna caused by the first con-
tact part 241 when the first contact part 241 is in contact with
the film type antenna.

The second contact part 242 may be connected to the
printed circuit board that is disposed inside the housing of the
mobile communication terminal. The second contact part 242
may be electrically connected to a power feed line, formed on
the printed circuit board, by soldering. The connector may be
fixed to the printed circuit board by the soldering. In this
embodiment, the second contact part 242 may be connected
to the rear surface of the printed circuit board. Therefore, the
second contact part 242 may pass through the via hole that is
formed in the printed circuit board.

The support part 243 may be formed between the first
contact part 241 and the second contact part 242, and support
the connector with respect to the housing of the mobile com-
munication terminal.

Inthis embodiment, the support part 243 may include a first
support portion 243-1, a second support portion 243-2, and a
third support portion 243-3. The first support portion 243-1
may directly connect the first contact part 241 and the second
contact part 242 to each other. When the connector is disposed
inside the housing of the mobile communication terminal, the
first support portion 243-1 may be disposed perpendicular to
the major surface of the printed circuit board to which the
connector is connected.

The second support portion 243-2 may extend from the first
support portion 243-1. The second support portion 243-2 may
be perpendicularly connected to the first support portion 243-
1. In this case, when the connector is disposed inside the
housing of the mobile communication terminal, the second
support portion 243-2 may be disposed in parallel with the
major surface of the printed circuit board to which the con-
nector is connected.

The third support portion 243-3 may extend from the sec-
ond support portion 243-2. The third support portion 243-3
may be perpendicularly connected to the second support por-
tion 243-2.

In this embodiment, the first support portion 243-1, the
second support portion 243-2, and the third support portion
243-3 are tightly disposed to part of the housing of the mobile
communication terminal to which the connector is coupled,
and thus can firmly support the connector. In order to more
firmly support the first to third support parts, a protrusion may
be formed inside the mobile communication terminal.

FIGS. 3A to 3C are cross-sectional views illustrating the
process flow to manufacture a mobile communication termi-
nal according to still another exemplary embodiment of the
invention.

FIG.3Ais aview illustrating a process of positioning a film
type antenna and a connector inside a mold having the shape
of'a housing of a mobile communication terminal in order to
perform in-molding labeling. In FIG. 3A, the specific shape
of the mold is omitted.
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A film type antenna 320 includes a carrier film 321 and a
conductive pattern 322 that may be formed on the carrier film
321. The carrier film 321 may be formed of a material that is
appropriate to perform in-molding labeling (IML). Specifi-
cally, the carrier film 321 that has one surface at which the
conductive pattern 322 is formed is inserted into a mold for
manufacturing the housing of the mobile communication ter-
minal, synthetic resins used to form the housing of the mobile
communication terminal are injected into the mold, and the
housing is manufactured from the injected synthetic resins at
the appropriate temperature and pressure. Therefore, the
material that forms the carrier film 321 needs to amaterial that
does not undergo significant deformation under the pressure
and the temperature of the in-molding labeling, and at the
same time, can be integrally formed with the housing of the
mobile communication terminal. In this embodiment, the
carrier film 321 may include a thin, insulating polymer mate-
rial.

The conductive pattern 322 may be an antenna pattern that
is formed on one surface of the carrier film 321. The conduc-
tive pattern 322 may be formed by using various kinds of
methods. A conductive pattern may be printed onto the carrier
film 321 by using conductive ink. Alternatively, a desired
pattern may be directly formed on the carrier film by sputter-
ing or evaporation. The conductive pattern 322 may be a
conductive pattern that is formed of previously manufactured
metal foil which is then attached to the carrier film 321. The
conductive pattern 322 includes a power feed terminal, and
may also include a connection terminal for making a connec-
tion to an external circuit, such as a ground terminal. In this
embodiment, the power feed terminal may be a contact area
that is in contact with the connector 340.

The connector 340 may be formed of a conductive mate-
rial. One end of the connector may be disposed in contact with
the conductive pattern 322.

FIG. 3B is a view illustrating a process of forming a hous-
ing by injecting into the mold, synthetic resins used to form
the housing of the mobile communication terminal.

A housing 310 of the mobile communication terminal may
be formed by the in-molding labeling. That is, the film type
antenna 320 and the connector 340 are inserted into the mold
for manufacturing the housing, and synthetic resins used to
form the housing are injected into the mold, thereby manu-
facturing the housing. At this time, the film type antenna 320
maybe formed integrally with the housing 310 and be formed
on the surface of the housing, and part of the connector 340
may be inserted into and fixed to the housing.

In this embodiment, the film type antenna 320 may be
formed on an outer surface of the housing 310. In order to
support the connector 340, a protrusion 311 may be formed
on the housing 310.

FIG. 3C is a view illustrating a process of disposing a
printed circuit board 330 inside the housing and connecting
the connector 340 to the printed circuit board.

One end of the connector 340 may be inserted into a via
hole that is formed in the printed circuit board, and the con-
nector may be connected to a power feed line on the printed
circuit board by soldering, which is performed at the rear
surface of the printed circuit board. The soldering allows an
electric connection between the connector and the printed
circuit board, and strengthens physical coupling therebe-
tween.

In FIG. 3C, only a part of the housing is illustrated. How-
ever, a housing corresponding to the housing 310 is coupled to
manufacture the mobile communication terminal.

As set forth above, according to the exemplary embodi-
ments of the invention, a stable contact can be provided
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between a film type antenna formed on a housing of a mobile
communication terminal, and a printed circuit board inside
the housing.

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

What is claimed is:

1. A mobile communication terminal comprising:

a housing having a surface;

a film type antenna provided on the surface of the housing;

a printed circuit board disposed inside the housing; and

a connector supported tightly and firmly by the housing

and electrically connecting the film type antenna and the
printed circuit board,

the connector being integrally formed with the housing by

in-molding labeling, and a portion of the connector
being inserted inside the housing.

2. The mobile communication terminal of claim 1, wherein
the film type antenna is provided integrally with the housing
by in-molding labeling.

3. The mobile communication terminal of claim 1, wherein
the connector comprises:

a first contact part in contact with the film type antenna;

a second contact part connected to the printed circuit

board; and

a support part provided between the first contact part and

the second contact part and supporting the connector
with respect to the housing.

4. The mobile communication terminal of claim 3, wherein
the first contact part comprises a bent portion to provide
elasticity.

5. The mobile communication terminal of claim 3, wherein
the second contact part passes through a via hole formed in
the printed circuit board, and is connected to one surface of
the printed circuit board opposite to another surface facing the
film type antenna by soldering.

6. The mobile communication terminal of claim 3, wherein
the support part comprises:

a first support portion connecting the first contact part and

the second contact part; and

a second support portion extending from the first support

portion.

7. The mobile communication terminal of claim 6, wherein
the first support portion is perpendicular to a major surface of
the printed circuit board.

8. The mobile communication terminal of claim 6, wherein
the second support portion is horizontal to a major surface of
the printed circuit board.

9. The mobile communication terminal of claim 3, wherein
the housing comprises a protrusion to support the support
part.

10. A mobile communication terminal comprising:

a housing of the mobile communication terminal;

a film type antenna provided on a surface of the housing;

a printed circuit board disposed inside the housing; and

a connector electrically connecting the film type antenna

and the printed circuit board,

wherein the connector comprises:

a first contact part in contact with the film type antenna;

a second contact part connected to the printed circuit

board; and

a support part provided between the first contact part and

the second contact part and supporting the connector
with respect to the housing,

wherein the support part comprises:
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a first support portion connecting the first contact part and

the second contact part; and

a second support portion extending from the first support

portion.

11. The mobile communication terminal of claim 10,
wherein the first support portion is perpendicular to a major
surface of the printed circuit board.

12. The mobile communication terminal of claim 10,
wherein the second support portion is horizontal to a major
surface of the printed circuit board.

13. A method of manufacturing a mobile communication
terminal, the method comprising:

inserting a film type antenna into a mold for forming a

housing of the mobile communication terminal;

8

inserting a connector into the mold, the connector being
electrically connected to the film type antenna; and

injecting a resin into the mold for forming the housing
integrally with the connector, at least a portion of the
connector protruding through a wall of the housing.

14. The method of claim 13, further comprising:

connecting a printed circuit board to the connector.

15. The method of claim 14, wherein said connecting com-

prises:

inserting an end of the portion of the connector through a
via hole formed in the printed circuit board; and

soldering the connector with the printed circuit board.

#* #* #* #* #*
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ing point near the second end and electrically connected to the
grounding point on the ground plane. The matching circuit is
on the dielectric substrate. One terminal of the matching
circuit is connected to the coupling strip, and the other is
connected to a signal source.

7 Claims, 10 Drawing Sheets
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1
COUPLE-FED MULTI-BAND LOOP
ANTENNA

RELATED APPLICATIONS

This application claims a priority under 35 U.S.C. 119 to
Application TAWAIN 097116537, filed on May 5, 2008, the
disclosures of which Applications are incorporated by refer-
ence herein.

FIELD OF THE INVENTION

The present invention is related to a loop antenna, particu-
larly to a coupled-fed multi-band loop antenna which is suit-
able to be installed in mobile communication devices.

BACKGROUND OF THE INVENTION

With the rapid development of wireless communication, all
wireless communication products are made light, thin, short
and small in appearance in trend and in fashion so as to cater
to the demand of consumers market. Meanwhile, the wireless
communication product is required to provide various ser-
vices; it means that more and more system modules and
elements will be installed in the limited space of the wireless
communication product. Hence, the space for installing the
antenna will be compressed significantly.

Because the conventional monopole antenna and PIFA
(planar inverted-F antenna) antenna usually require wide
metal strips to achieve the required wide bandwidths for
practical applications, the loop antenna with a narrow strip
width becomes an attractive choice for the demand for
smaller and multi-band antenna. For example, a loop antenna
with multiple metal arms is disclosed in U.S. Pat. No. 7,265,
726 B2 “Multi-band antenna”, and used in GSM, DSC, and
UMTS mobile communication system as an internal mobile
phone antenna for multi-band operation. Though a narrow
metal strip is used for the loop antenna, the required wide
bandwidth can be obtained. But in this former case, half-
wavelength mode and one-wavelength mode of the conven-
tional loop antenna are used. The half-wavelength mode is
provided for GSM operation, which makes the antenna size
difficult to be reduced. On the other hand, according to
“Antenna and wireless communication devices” disclosed in
No. US 20070268191 A1, the multi-band operation can also
be achieved by using a matching circuit. Here, a new design of
a coupled-fed multi-band loop antenna is disclosed. This
design is different from the conventional loop antenna used in
the mobile phone, which uses the half-wavelength loop mode
as its first resonant mode. The antenna of the present invention
uses the quarter-wavelength mode of the loop antenna as its
first resonant mode. In this case, for application in the same
operating band, the size of the antenna can be reduced by half.
Compared with the conventional design of the internal mobile
phone antenna, the design of the present invention is capable
of saving more antenna occupied space to accommodate
other associated elements, such as the loudspeaker or camera
lens, and so on. The antenna of the present invention is
designed in a manner of using a coupling feed, so that the
quarter-wavelength mode of the loop antenna can be excited
successfully with good impedance matching. Thus, the size
of'the antenna of the invention is only half of the conventional
loop antenna. Besides, a matching component group can fur-
ther be used to compensate for the large imaginary part of the
half-wavelength and one-wavelength resonant modes of the
loop antenna, so that these two modes can also have good
impedance matching, thereby the antenna can cover four
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operating bands of GSM/DCS/PCS/UMTS and satisfy the
demand for wireless communications.

SUMMARY OF THE INVENTION

Therefore, one of the objectives of the present invention is
to provide a loop antenna for the mobile phone, capable of
covering GSM (890~960 MHz)/DCS (1710~1880 MHz)/
PCS (1850~1990 MHz)/UMTS (1920~2170 MHz) opera-
tions for the mobile phone, and the size of the antenna of the
present invention is only half of the conventional mobile
phone antenna operating at the same frequency band.
Besides, such an antenna has the advantages of simple struc-
ture, clear operating mechanism, easy fabrication, and saving
of the inner space of the mobile phone.

The antenna of the present invention comprises a dielectric
substrate, a ground plane, a radiating portion and a matching
component group. The ground plane is located on the dielec-
tric substrate and has a grounding point. The radiating portion
comprises a supporting substrate, a coupling metal strip and a
radiating loop-shaped metal strip. The coupling metal strip of
the radiating portion is located on the supporting substrate of
the radiating portion, and the radiating loop-shaped metal
strip is also located on the supporting substrate and encloses
the coupling metal strip. The length of the radiating loop-
shaped metal strip is substantially Y4 wavelength of the lowest
resonant frequency of the antenna. The radiating loop-shaped
metal strip has a first end, a second end and a shorting point;
the first end is roughly parallel with the coupling metal strip,
and the shorting point is located near the second end and
electrically connected to the grounding point of the ground
plane. The matching component group is located on the
dielectric substrate. One terminal of the matching component
group is electrically connected to the coupling metal strip of
the radiating portion, and the other terminal is connected to a
signal source through a signal line.

Preferably, the dielectric substrate is a system circuit board
of the mobile communication device.

Preferably, the ground plane is a system ground plane of
the mobile communication device.

Preferably, the ground plane is formed on the dielectric
substrate by printing or etching.

Preferably, the material of supporting substrate is selected
from the group consisting of the dielectric substrate, plastic
and ceramics.

Preferably, the coupling metal strip of the radiating portion
is substantially straight, [.-shaped or T-shaped.

Preferably, the coupling metal strip has at least two arms.

Preferably, the matching component group is a circuit
including at least one inductive component.

Inthe antenna of the present invention, the coupling feed is
used to excite the V4-wavelength resonant mode of the radi-
ating loop-shaped metal strip, so that a lower band with good
impedance matching can be formed. The %4-wavelength and
one-wavelength resonant modes of the radiating loop-shaped
metal strip are combined to form a wide operating band, and
the matching component group is used to compensate for the
large imaginary part of these two modes, and thereby an upper
band with good impedance matching can be formed. The
lower band, which is Y4-wavelength resonant mode, provides
an operating bandwidth of about 100 MHz (890~990 MHz),
which covers GSM operation. The return loss of this antenna
in this required band is better than 6 dB. The upper band,
which is formed by the %2-wavelength and one-wavelength
resonant modes, provides an operating bandwidth of 500
MHz (1700~2200 MHz), which can cover DCS/PCS/UMTS
operation. The return loss in this required band ranging from
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1710~2170 MHz is better than 6 dB, and this can satisfy the
communication application requirement. Meanwhile, the
antenna of the present invention not only has a simple struc-
ture and a clear operating mechanism, but also shows a sig-
nificantly reduced size when compared with the conventional
mobile phone antenna operating at the same frequency band.
This means the antenna of the present invention requires a
much smaller volume inside the mobile phone. Therefore, the
present invention has value of industrial application.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter regarded as the invention is particularly
pointed out and distinctly claimed in the concluding portion
of'the specification. The invention together with features and
advantages thereof may best be understood by reference to
the following detailed description with the accompanying
drawings in which:

FIG.1is astructural drawing of the first embodiment of the
antenna in the present invention;

FIG. 2 is a measured result of return loss of the first
embodiment of the antenna in the present invention;

FIG. 3 is aradiation pattern at 925 MHz of the first embodi-
ment of the antenna in the present invention;

FIG. 4 is a radiation pattern at 1750 MHz of the first
embodiment of the antenna in the present invention;

FIG. 5 is a radiation pattern at 2100 MHz of the first
embodiment of the antenna in the present invention;

FIG. 6(a) is an antenna gain drawing of the first embodi-
ment of the antenna of the present invention in the GSM band;

FIG. 6(b) is an antenna gain drawing of the first embodi-
ment of the antenna of the present invention in the DCS/PCS/
UMTS band;

FIG. 7 is a structural drawing of the second embodiment of
the antenna in the present invention;

FIG. 8 is a structural drawing of the third embodiment of
the antenna in the present invention; and

FIG. 9 is a structural drawing of the fourth embodiment of
the antenna in the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Exemplary embodiments of the present invention are
described herein in the context of a coupled-fed multi-band
loop antenna.

Those of ordinary skilled in the art will realize that the
following detailed description of the exemplary embodi-
ment(s)is illustrative only and is not intended to be in any way
limiting. Other embodiments will readily suggest themselves
to such skilled persons having the benefit of this disclosure.
Reference will now be made in detail to implementations of
the exemplary embodiment(s) as illustrated in the accompa-
nying drawings. The same reference indicators will be used
throughout the drawings and the following detailed descrip-
tion to refer to the same or like parts.

FIG. 1 illustrates a structural drawing of the first embodi-
ment of the antenna in the present invention. Embodiment 1
comprises a dielectric substrate 10, a ground plane 11, a
radiating portion 12 and a matching component group 13. The
ground plane 11 is located on the dielectric substrate 10, and
has a grounding point 111. The radiating portion 12 com-
prises a supporting substrate 121, a coupling metal strip 122
and a radiating loop-shaped metal strip 123. The coupling
metal strip 122 of the radiating portion 12 is located on the
supporting substrate 121 of the radiating portion 12, and the
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radiating loop-shaped metal strip 123 is also located on the
supporting substrate 121, and surrounds the coupling metal
strip 122.

The length of the radiating loop-shaped metal strip 123 is
roughly Y4-wavelength of the lowest resonant frequency of
the antenna, and the radiating loop-shaped metal strip 123 has
a first section 1231, a second section 1232, a first end portion
124, a second end portion 125, and a shorting point 126. The
first end portion 124 is parallel with the coupling metal strip
122. The shorting point 126 is located near the second end
portion 125 and electrically connected to the grounding point
111 of the ground plane 11. The matching component group
13 is located on the dielectric substrate 10. One terminal of the
matching component group 13 is electrically connected to the
coupling metal strip 122 of radiating portion 12, and the other
terminal is connected to a signal source 15 through a signal
line 14. An end of the second end portion 124 is connected to
the shorting point 126, and the other end of the second end
portion 124 is a free end. The coupling metal strip 122 is
located between the first end portion 124 and the second end
portion 125. The first section 1231 is connected to the first end
portion 124 and extending perpendicular to the coupling
metal strip 122, and the second section 1232 is parallel to the
first section 1231.

Preferably, the dielectric substrate 10 is a system circuit
board of a mobile communication device. Preferably, the
ground plane 11 is a system ground plane of a mobile com-
munication device. Preferably, the ground plane 11 is formed
on the dielectric substrate 10 by printing or etching. Prefer-
ably, the material of the supporting substrate 131 of the radi-
ating portion 12 is selected from the group consisting of a
dielectric substrate, a plastic and ceramics. Preferably, the
coupling metal strip 122 of the radiating portion 12 is sub-
stantially straight, or L-shaped or T-shaped. Preferably, the
matching component group 13 is a circuit including at least
one inductive component.

FIG. 2 illustrates a measured result of return loss of first
embodiment shown in FIG. 1. The following dimensions and
values of the elements are selected to perform the experiment.
The dielectric substrate 10 is an FR4 glass fiber substrate with
thickness of 0.8 mm. The size of the ground plane 11 is
40*100 mm?, and is etched on the surface of the dielectric
substrate 11. The supporting substrate 121 of the radiating
portion 12 is an FR4 glass fiber substrate with thickness 0f0.8
mm. The length and width of the supporting substrate 121 is
respectively 26 mm and 10 mm. Both the coupling metal strip
122 and the radiating ring-shaped metal strip 123 are printed
on the surface of supporting substrate 131. The width of the
coupling metal strip 122 shaped in a straight line is 1.5 mm
and the length of which is 8.5 mm. Meanwhile, the length of
the radiating loop-shaped metal strip 123 is 82 mm, and its
length is about Y4 wavelength of the lowest resonant fre-
quency. The radiating loop-shaped metal strip 123 has a first
end 124, a second end 125 and a shorting point 126. The first
end 124 is about 8.5 mm and substantially parallel with the
coupling metal strip 122, and a series capacitive effect is
formed between the first end 124 and the coupling metal strip
122.

The shorting point 126 is located near the second end 125
and electrically connected to the grounding point 111 of
ground plane 11. The matching component group 13 is
located on the dielectric substrate 10. One terminal of the
matching component group 13 is electrically connected to the
coupling metal strip 122 of the radiating portion 12. The other
terminal is connected to a signal source 15 through a signal
line 14. In first embodiment, the matching component group
1 is a circuit including an inductive component of 10 nH.
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The antenna of the present invention is different from the
conventional loop antenna which uses the 2 wavelength
mode of the radiating loop-shaped metal strip as its first
resonant mode to provide the required GSM operation. The
length of radiating loop-shaped metal strip 123 adopted in the
antenna of the present invention is 82 mm, which is just %
wavelength at 900 MHz. Therefore, the lower band 21 is the
Va-wavelength resonant mode of the radiating loop-shaped
metal strip 123, and the upper band mode 22 is formed by the
Vh-wavelength resonant mode and one-wavelength resonant
mode of the radiating loop-shaped metal strip 123. When the
coupling metal strip 122 and the matching component group
13 are not used, this means that the first end 124 of the
radiating ring-shaped metal strip 123 is directly connected to
a signal source 15, only the %2-wavelength resonant mode of
the loop antenna can be excited. When the coupling metal
strip 122 is used, it is equivalent to serially connect a capacitor
between the signal source 15 and the radiating loop-shaped
metal strip 123. The serially connected capacitor is capable of
compensating for high inductive impedance of the Y4-wave-
length resonant mode of the radiating loop-shaped metal strip
123, so that the Y4-wavelength resonant mode can be excited
successfully and has good impedance matching. The match-
ing component group 13, which is an inductive component of
10 nH in the first embodiment, is used to compensate for the
imaginary part of the upper band 22 and make the upper band
22 capable of forming a wideband operation with good
impedance matching.

The antenna of the present invention can provide a lower
band and an upper band with good impedance matching by
using the Y4-wavelength resonant mode, the Y5-wavelength
resonant mode and the one-wavelength resonant mode of the
radiating loop-shaped metal strip 123, and adopting proper
dimensions of the coupling metal strip 122 and proper ele-
ment value of the matching component group 13. The lower
band 21 is V4-wavelength resonant mode and provides an
operating bandwidth of 100 MHz (890~990 MHz) covering
GSM operation, and the return loss of this antenna is better
than 6 dB in the lower band. The upper band 22 is formed by
the Y4-wavelength resonant mode and one-wavelength reso-
nant mode and provides an operating bandwidth of 500 MHz
(1700~2200 MHz) covering DCS/PCS/UMTS operation,
and the return loss in the bandwidth ranging from 1710~2170
MHz is better than 6 dB. This fulfills the application demand.

FIG. 3 illustrates a radiation pattern of the first embodiment
at 925 MHz. The obtained result indicates that the radiation
pattern of the 1/-wavelength resonant mode of the radiating
loop-shaped metal strip is similar to the radiation pattern of
the conventional monopole antenna or conventional PIFA
antenna at the same frequency.

FIG. 4 illustrates a radiation pattern of first embodiment at
1750 MHz. The obtained result indicates that the radiation
pattern of the V2-wavelength resonant mode of the radiating
loop-shaped metal strip is affected by the current zero on the
ground plane, so that the nulls of the radiation pattern are
more than the radiation pattern at 925 MHz. The radiating
pattern in the x-y plane is distorted toward the —y direction,
but this does not affect the demand for actual application.

FIG. 5 illustrates a radiation pattern of first embodiment at
2100 MHz. The obtained result indicate that the radiation
pattern at 2100 MHz is also affected by the current zero on the
ground plane, like the radiation pattern at 1750 MHz in the
upper band, and the nulls of the radiation pattern are more
than radiation pattern at 925 MHz. Meanwhile, the portion of
the radiation pattern in the +y direction is larger than that in
the +x direction in the x-y plane. In general, this fulfills the
demand for actual application.
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FIG. 6(a) and FIG. 6(b) illustrate antenna gain drawings of
the first embodiment of the antenna of the invention for GSM
operation and DCS/PCS/UMTS operation, respectively.
From the measured data of first embodiment from the draw-
ing, the antenna gain value in the GSM band is about
0.46~1.66 dBi, and the antenna gain value in the DCS/PCS/
UMTS band is about 0.77~2.28 dBi. All antenna gain values
fulfill the demand for actual application.

FIG. 7, FIG. 8 and FIG. 9 illustrate structural drawings of
the second embodiment, the third embodiment, and the fourth
embodiment of the antenna of the present invention respec-
tively. The entire structures of the second embodiment, the
third embodiment and the fourth embodiment are about the
same as the entire structure of first embodiment, except that
the coupling metal strip of the second embodiment is
L-shaped, and the coupling metal strip of the third embodi-
ment is T-shaped, and the coupling metal strip of the fourth
embodiment has two arms, and the distance between the
shorting point 126 and the second end 125 of the second
embodiment is slightly different from the first embodiment,
and the bending manners for the radiating loop-shaped metal
strips of the third embodiment and the fourth embodiment are
slightly different from that of the first embodiment. However,
these embodiments can achieve the same results as the first
embodiment.

Concluding the abovementioned specification, the antenna
of'the present invention has the advantage of simple structure,
clear operating mechanism, low manufacture cost and
reduced antenna size for the mobile phone. Therefore, this
antenna of the present invention has high industrial applica-
tion value.

While the invention has been described by way of example
and in terms of a preferred embodiment, it is to be understood
that the invention is not limited thereto. To the contrary, it is
intended to cover various modifications and similar arrange-
ments and procedures, and the scope of the appended claims
therefore should be accorded the broadest interpretation so as
to encompass all such modifications and similar arrange-
ments and procedures.

What is claimed is:

1. A coupled-fed multi-band loop antenna, comprising:

a dielectric substrate;

a ground plane located on the dielectric substrate, and
having a grounding point;

a radiating portion, comprising:

a supporting substrate;

a coupling metal strip located on the supporting substrate;
and

a radiating loop-shaped metal strip located on a single
surface of the supporting substrate wherein the length of
the radiating loop-shaped metal strip is substantially 4
wavelength of the lowest resonant frequency of the
antenna, and the radiating loop-shaped metal strip has a
first section, a second section, a first end portion, a
second end portion and a shorting point, and the first end
portion is roughly parallel with the coupling metal strip,
and the shorting point is located near the second end
portion and electrically connected to the grounding
point of the ground plane, and an end of the second end
portion is connected to the shorting point, and another
end of the second end portion is a free end, and the
coupling metal strip is located between the first end
portion and the second end portion, and the first section
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is connected to the first end portion and extending per-
pendicular to the coupling metal strip, and the second
section is parallel to the first section; and
amatching component group located on the dielectric sub-
strate, and one terminal of the matching component
group electrically connected to the coupling metal strip
of the radiating portion, and the other terminal of the
matching component group connected to a signal
source.
2. The antenna of claim 1, wherein the dielectric substrate
is a system circuit board of a mobile communication device.
3. The antenna of claim 1, wherein the ground plane is a
system round plane of a mobile communication device.

8

4. The antenna of claim 1, wherein the material of the
supporting substrate is selected from the group consisting of
the dielectric substrate, plastic and ceramics.

5. The antenna of claim 1, wherein the coupling metal strip
is substantially straight, or L-shaped or T-shaped.

6. The antenna of claim 1, wherein the coupling metal strip
has at least two arms.

7. The antenna of claim 1, wherein the matching compo-
nent group is a circuit including at least one inductive com-

10 ponent.
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1
DIELECTRIC RESONATOR ANTENNA WITH
BENDING METALLIC PLANES

FIELD OF THE INVENTION

The present invention is related to a dielectric resonator
antenna (DRA), and more particularly, to a dielectric resona-
tor antenna with a carved-well dielectric resonator and plu-
rality of ground metallic planes bent in different angles.

BACKGROUND OF THE INVENTION

The prior rectangle DRA is usually operated in a TE,
mode, and the mode has a wide-beam linearly-polarized
radiation pattern with a bandwidth of approximately 6-10%
and having advantages of low loss and high radiation effi-
ciency, and could be increased to more than 10% by using
low-permittivity material with €,=10.

The beamwidth of the broadside radiation for a typical
sectorial antenna is about 120°, and the half-power beam-
width (HPBW) of vertical polarization on H-plane is only
about 80°, can not fulfill the requirement of the sectorial
antenna.

As known, the quality factor is an important parameter to
affect the bandwidth. Besides, various radiation patterns can
be obtained by choosing proper resonator shapes and exciting
proper resonant modes, and the radiation efficiency can be
affected by the shape of the ground plane, for example, a
W-shaped or a V-shaped ground plane is used to lower the
cross-polarization level or to increase the gain of antenna.
Bigger ground plane can be attached to antennas to increase
the gain and to decrease the backward radiation. A ground
plane of pyramidal-horn shape has also been used to increase
the gain of antenna.

U.S. Pat. No. 6,995,713 published on Feb. 7, 2006, entitled
“Dielectric resonator wideband antennas” discloses a wide-
band antenna consisting of a dielectric resonator or DRA
mounted on a substrate with an earth plane, applied to wire-
less networks, and the resonator is positioned at a distance x
from at least one of the edges of the earth plane, x being
chosen such that 0=x=).;,, /2 with A ;,, the wavelength in the
dielectric of the resonator.

U.S. Pat. No. 7,196,663 published on Mar. 27, 2007
entitled “Dielectric resonator type antennas”, applied in par-
ticular to DRA antennas for domestic wireless networks,
relates to a dielectric resonator antenna comprising a block of
dielectric material of which a first face intended to be
mounted on an earth plane is covered with a metallic layer,
and at least one second face perpendicular to the first face is
covered with a partial metallic layer having a width less than
the width of this second face.

JP Pub. No. 2005142864 published on Jun. 2, 2005 entitled
“Dielectric resonator antenna” provided a dielectric resonant
antenna whose band is widened. The resonant antenna has a
dielectric resonator in a specified shape, a mount substrate
where a feeder and ground electrodes are formed and the
dielectric resonator is mounted, a loop as a conductor line
which is formed on a flank of the dielectric resonator and
annularly bent while having one end as a first connection
point connected to the feeder and the other end as a second
connection point connected to the ground electrodes, and a
stub which is formed of a conductor extending from the loop
of the dielectric resonator separately from the mount sub-
strate. The first connection point is formed closer to the side of
the stub than the second connection point, and a patch is
formed on the top surface of the dielectric resonator by pat-
terning a metal conductor in a specified shape.
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The above-mentioned DRAs, U.S. Pat. No. 6,995,713
“Dielectric resonator wideband antenna”, U.S. Pat. No.
7,196,663 “Dielectric resonator type antennas”, and JP Pub.
No. 2005142864 “Dielectric resonator antenna”, all related to
a rectangle DRA, utilize different ways to increase the band-
width, for example, stacking different size of resonators or
reshaping resonators. However, it will make the process more
complex, increase cost and the size of the antenna.

SUMMARY OF THE INVENTION

According to the prior arts mentioned above, the main
objective of present invention is to provide a dielectric reso-
nator antenna with bending metallic planes, comprises: a
substrate, having a first surface and a second surface; a feed
conductor, formed on the first surface; a ground plane, formed
on the second surface; a resonator of dielectric material
mounted on the ground plane; and four metallic planes,
attached around the ground plane respectively and electri-
cally connected with the ground plane, wherein the metallic
planes form an acute angle with an extended area of the
ground plane.

Accordingly, the other objective of present invention is to
provide a wide-beam DRA having linear-polarization radia-
tion pattern by attaching metallic planes around a ground
plane to increase HPBW and gain on H-plane, moreover, to
reshape the pattern on the E-plane.

Furthermore, another objective of the present invention is
to increase the HPBW of vertical-polarization radiation pat-
tern and gain on H-plane by adjusting the radiation direction
of the electromagnetic wave and concentrating the radiation
on the H-plane.

The present invention also provides a method to increase
the HPBW of vertical-polarization radiation pattern and the
gain on H-plane of the DRA.

Furthermore, the metallic planes attached around the
ground plane of the DRA could be adjusted such that the
angle between the metallic planes and the ground plane
approaches 90° to reflect the electromagnetic wave from dif-
ferent directions and decrease the effective aperture area to
board the HPBW of vertical-polarization radiation pattern
and gain on H-plane.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing aspects, as well as many of the attendant
advantages and features of this invention will become more
apparent by reference to the following detailed description,
when taken in conjunction with the accompanying drawings,
wherein:

FIG. 1is a perspective view in accordance with the present
invention;

FIG. 2 is a diagram illustrating the size of different parts of
the present invention;

FIG. 3 is a diagram illustrating return loss of the signal
transmission of the dielectric resonator antenna according to
the embodiment of the present invention; and

FIG. 4 is a radiation pattern diagram of the dielectric reso-
nator antenna according to the embodiment of the present
invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

With reference to FIG. 1, illustrating the perspective view,
the present invention of the DRA 1 with bending metallic
planes, comprises:
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a dielectric substrate 10 of plate shape including a first
surface 101 and a second surface 102, which is a printed
circuit board made of a material having a dielectric constant
of 2-13, for example, an FR4 substrate with the dielectric
constant of 4.4;

a ground plane 20 of metallic material forming on the
second surface 102, and further including a rectangular hol-
low portion 201, of which the longer side extends along a first
axis Al;

a feed conductor 30 mounted on the first surface 101, and
the feed conductor 30 extends along a second axis A2 per-
pendicular to the first axis A1 and pass through the central part
of the hollow portion 201,

a resonator 40 of dielectric material, further including a
main body 401 and a caved well 402. The material of the
resonator 40 provides the characteristics of high dielectric
constant between 10 to 100 and low loss tangent of about
0.002 to product high radiation efficiency. The main body 401
is shaped as rectangle and partially overlapped with the hol-
low portion 201. The well 402 is also shaped as rectangle,
wherein two ofthe symmetry sides are parallel to the first axis
A, and the other two symmetry sides are parallel to the second
axis A,. Besides, the well 402 could be chosen to overlap with
the hollow portion 201 or lapse from the hollow portion 201.
The direction of longer side of the main body 401 is the same
as the second axis A,. The main body 401 and the ground
plane 20 have a contact area Ac, and the second axis A2 pass
through the central part of the contact area Ac; and

four metallic planes, defined as a first metallic plane 51, a
second metallic plane 52, a third metallic plane 53 and a forth
metallic plane 54, attached around the ground plane 20 and
electrically interconnected with the ground plane 20, wherein
the metallic planes form an acute angle with the extended area
of'the ground plane 20. The angle between the extend area of
the ground plane 20 and the first metallic plane 51 or the
second metallic plane 52 is defined as a first acute angle 6,
and the angle between the extend area of the ground plane 20
and the third metallic plane 53 or the forth metallic plane 54
is defined as a second acute angle 6,.

Moreover, the first metallic plane 51 and the second metal-
lic plane 52 are attached on the sides of the ground plane 20 in
z-direction, and the third metallic plane 53 and the fourth
metallic plane 54 are attached on the sides of the ground plane
20 in y-direction.

Besides, the present invention reshapes the radiation pat-
tern by reflecting the electromagnetic wave between the
metallic planes 51-54, through bending the first metallic
plane 51 and the second metallic plane 52 to adjust the angle
0, to increase the HPBW of vertical polarization. FIG. 4
shows the radiation pattern on the xy-plane at frequency 3.4
GHz. The solid line is the measured vertical-polarization
pattern and the dash line is the measured horizontal-polariza-
tion pattern. While 0, approaches 90°, the HPBW of vertical-
polarization radiation pattern on H-plane (xy-plane) is about
120°.

On the other hand, adjusting the third metallic plane 53 and
the fourth metallic plane 54 to change the angle 6, to concen-
trate the radiation on the H-plane.

The dielectric resonator antenna of present invention has
properties of low loss and of vertically-polarized radiation
pattern to apply in the WiMAX networks.

In addition, it should be noted that some performance of the
DRA 1 provided by the present invention can be controlled by
adjusting related elements. For example, (1) the position of
the dielectric resonator 40 is fine-adjusted to match with input
impedance, (2) the size of the main body 401 is adjusted to
adjust the resonant frequency of'the DRA, (3) the position and
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size of the well 402 is adjusted to fine-adjust resonant fre-
quency of the DRA and to increase the radiation bandwidth,
(4) the angle 0, is adjusted to increase the HPWB of vertical
polarization on the H plane, and (5) the angle 0, is adjusted to
increase the HPWB of vertical polarization on the H plane.

FIG. 2 is a plan diagram illustrating the size of different
parts of the present invention. Sizes of different parts of the
DRA 1 are given as follows. The main body 401 has a length
a, a width b, a height d (shown in FIG. 1), and a distance
between the edge of the well and the main body is p. The well
402 has a length and a width S1 and S2 respectively. The
substrate 10 and the ground plane 20 have a length W, and a
width W, The width of the feed conductor 30 is Wm, and the
length of the feed conductor 30 extended beyond the hollow
portion 201 is Ls. The hollow portion 201 has a length La and
a width W . The length and the width of the first metallic
plane 51 and the second metallic plane 52 are W, and W, .,
respectively. And the length and the width of the third metallic
plane 53 and the fourth metallic plane 54 are W, and W
respectively.

Next, sizes of different parts of the DRA 1 are given as
follows. The main body 401 has a length a, a width b, a height
d, a distance between the edge of the well and the main body
is p and the well 402 has a length S, and a width S,, wherein
a=21 mm, b=13.5 mm, d=9.7 mm, p=8.5 mm, S,=5.4 mm,
and S,=9.1 mm. The length and the width of the hollow
portion 201 are W _=1 mm, and [. ,=12.5 mm. The lengths and
widths of the substrate 10 and the ground plane 20 are W, =80
mm and W, =55 mm. The thinness of the substrate is =0.6
mm, the dielectric constant is 4.4, and the dielectric constant
€, of the dielectric resonator 40 is 20. Moreover, the relative
distance of the edge of the resonator 40 to the hollow portion
201 is d,=2.6 mm. The distance of the feed conductor 30
extended beyond the hollow portion 201 is Ls=3 mm. The
size of the metallic plane is W, ,=E =60 mm, the angles are
6,=85°, and 6,=75°.

According to the preferred embodiment of the present
invention, the return loss is smaller when the bandwidth is
between 3.4-3.8 GHz as shown in FIG. 3. FIG. 4 shows the
radiation pattern on X-y plane at frequency 3.4 GHz. The solid
line is the measured vertical-polarization pattern and the dash
line is the measured horizontal-polarization pattern.

While the invention has been particularly shown and
described with reference to the preferred embodiments
thereof, these are, of course, merely examples to help clarify
the invention and are not intended to limit the invention. It
will be understood by those skilled in the art that various
changes, modifications, and alterations in form and details
may be made therein without departing from the spirit and
scope of the invention, as set forth in the following claims.

vers

What is claimed is:
1. A dielectric resonator antenna with bending metallic
planes, comprises:
a substrate, having a first surface and a second surface;
a feed conductor, formed on the first surface;
a ground plane, formed on the second surface;
a resonator of dielectric material mounted on the ground
plane; and
four metallic planes, attached around the ground plane
respectively and electrically connected with the ground
plane, wherein the metallic planes form an acute angle
with an extended area of the ground plane.
2. The dielectric resonator antenna as claimed in claim 1,
wherein the ground plane is a metallic plane.
3. The dielectric resonator antenna as claimed in claim 1,
wherein the ground plane having a hollow portion extended
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along a first axis (A1), and the feed conductor extended along
a second axis (A2) and passing through the central part of the
hollow portion.

4. The dielectric resonator antenna as claimed in claim 3,
wherein the hollow portion is shaped as a rectangle and the
longer side of the hollow portion is extended along the first
axis.

5. The dielectric resonator antenna as claimed in claim 3,
wherein the first axial (A1) is perpendicular to the second
axial (A2).

6. The dielectric resonator antenna as claimed in claim 3,
wherein the resonator partially covers the hollow portion.

7. The dielectric resonator antenna as claimed in claim 6,
wherein the resonator further consists of a main body and a
caved well.

8. The dielectric resonator antenna as claimed in claim 7,
wherein the main body and the well are shaped as a rectangle.

9. The dielectric resonator antenna as claimed in claim 7,
wherein the main body extends along the second axis.

10. The dielectric resonator antenna as claimed in claim 7,
wherein the well does not overlap with the hollow portion,
and is close to the other side along the longer side of the main
body.

20
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11. The dielectric resonator antenna as claimed in claim 7,
wherein the main body is positioned ona contacted area of the
ground plane, and the second axis passes through the central
part of the contacted area.

12. The dielectric resonator antenna as claimed in claim 1,
wherein the conductor extends along the second axis.

13. The dielectric resonator antenna as claimed in claim 12,
wherein the four metallic planes include a first metallic plane,
a second metallic plane, a third metallic plane, and a fourth
metallic plane, wherein the first metallic plane and the second
metallic plane are attached to the ground plane and paralleled
to the second axial, and wherein the third metallic plane and
the fourth metallic plane are attached to the ground plane and
paralleled to the first axis.

14. The dielectric resonator antenna as claimed in claim 13,
wherein the first metallic plane or the second metallic plane
forms a first acute angle 6, with the extended area of the
ground plane.

15. The dielectric resonator antenna as claimed in claim 13,
wherein the third metallic plane or the fourth metallic plane
forms a second acute angle 0, with the extended area of the
ground plane.






_1373543118.pdf
US007978140B2

a2 United States Patent 10) Patent No.: US 7,978,140 B2
Wong et al. (45) Date of Patent: Jul. 12, 2011
(54) MULTIBAND ANTENNA AND TA30300 B2 102008 Chenetal oo ST Ms
s K utforsetal. .........
COMMUNICATION DEVICE HAVING THE 7,825,863 B2* 11/2010 Martiskainen et al. ....... 343/702
SAME 2005/0264455 Al* 12/2005 Talvitie etal. ......c........ 343/702
(75) Inventors: Kin-Lu Wong, Tapei Hsien (TW); FOREIGN PATENT DOCUMENTS
Ting-Wei Kang, Taipei Hsien (TW) ™ 1258891 4/1994
™ 1262620 12/1994
ssignee: Acer Inc., Taipei Hsien cite examiner
73) Assig Acer Inc., Taipei Hsien (TW * cited by i
(*) Notice:  Subject to any disclaimer, the term of this Primary Examiner — Huedung Mancuso
patent is extended or adjusted under 35 (74) Attorney, Agent, or Firm — Alan Kamrath; Kamrath &
U.S.C. 154(b) by 240 days. Associates PA
(21)  Appl. No.: 12/468,933 (57) ABSTRACT
. multiband antenna for a communication device 1s dis-
A multiband fi ication device is di
(22) Filed: May 20, 2009 closed. The multiband antenna comprises a dielectric sub-
. L. strate, a ground portion, and a radiating metal portion. The
(65) Prior Publication Data dielectric substrate comprises two surfaces. The ground por-
US 2010/0214179 Al Aug. 26,2010 tion comprises a first ground plane, a second ground plane,
’ and a connecting metal strip. The first ground plane is on one
(30) Foreign Application Priority Data of the surfaces of the dielectric substrate and has a first con-
necting point and a shorting point. The second ground plane
Feb. 23,2009  (TW) woooorvrorororicirinrens 98105708 A 1s near the first ground plane and has a second connecting
point. At least one part of the connecting metal strip is on one
(51) Int.CL surface of the dielectric substrate. The connecting metal strip
HO01Q 1/24 (2006.01) has one end connected to the first connecting point and the
52 US. Cl ’ 343/702 other end connected to the second connecting point. The
(52) S.CL ... e radiating metal portion is connected to the diclectric sub-
(58) Field of Classification Search .................. 343/702, strate, without overlapping the first ground plane. The radi-
o 343/700 MS, 767, 8465 741-744 ating metal portion comprises a radiating section having one
See application file for complete search history. end connected to the shorting point and the other end as an
. open end; and a feeding section having one end connected to
(56) References Cited a signal source and the other end as an open end, wherein the

U.S. PATENT DOCUMENTS

6,466,176 B1* 10/2002 Maozetal. ................. 343/767
7,215,283 B2* 5/2007 Boyle ... 343/700 MS

L

open end of the feeding section has a spacing of less than 3
mm to the radiating portion.

20 Claims, 7 Drawing Sheets





U.S. Patent Jul. 12, 2011 Sheet 1 of 7 US 7,978,140 B2

FIG. 1





U.S. Patent Jul. 12, 2011 Sheet 2 of 7 US 7,978,140 B2

FIG. 2





U.S. Patent Jul. 12, 2011 Sheet 3 of 7 US 7,978,140 B2

FIG. 3





U.S. Patent Jul. 12, 2011 Sheet 4 of 7 US 7,978,140 B2
2A
132 133

131

FIG. 4





U.S. Patent Jul. 12, 2011 Sheet 5 of 7 US 7,978,140 B2

3oL . . e
500 1000 1500 2000 2500  3000(MHz)

FIG. 5





U.S. Patent Jul. 12, 2011 Sheet 6 of 7 US 7,978,140 B2

(%)
100

— VT

501

800 850 900 950 1000 (MHz)

FIG. 6

(%)
100

1700 1800 1900 2000 2100 2200 (MHz)

FIG. 7





U.S. Patent Jul. 12, 2011 Sheet 7 of 7 US 7,978,140 B2

FIG. 8





US 7,978,140 B2

1
MULTIBAND ANTENNA AND
COMMUNICATION DEVICE HAVING THE
SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an antenna and a commu-
nication device having the same, and more particularly, to a
small-size multiband antenna suitable for a folder type com-
munication device and a folder type communication device
having the same.

2. Description of the Related Art

As wireless communication technologies prevail, various
wireless communication applications emerge, along with
important issues such as antenna miniaturization for portable
communication devices. Commonly, it is necessary for most
portable communication devices to achieve multiband opera-
tions; however, most portable communication devices
achieve multiband operations by exciting resonant modes of
their embedded antennas only; therefore, in order to cover
operations in low-frequency bands, it is often required to
increase the occupied area or volume of the antenna.

In prior art techniques such as those disclosed in Taiwan
Patent Publication 1258,891, entitled “Mobile Phone
Antenna,” and Taiwan Patent Publication 1262,620, entitled
“An Internal Mobile Phone Antenna,” the planar inverted-F
antennas (PIFAs) are designed for application in the folder-
type mobile phones, and only the quarter-wavelength reso-
nant modes of the planar inverted-F antennas are excited to
cover the required frequency bands. Therefore, the length of
the antenna must be extended, resulting in the increase in the
occupied area or volume of the antenna.

Hence, it is necessary to provide a multiband antenna and
a communication device having the same, which can excite
resonant modes contributed by a ground portion of a portable
communication device to incorporate the resonant modes of
antenna to cover required multiband operations to improve
the deficiencies in the prior art technique.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a multi-
band antenna which has a miniaturized size and can cover
multiband operations to achieve mobile communication
capabilities.

It is another object of the present invention to provide a
communication device having the multiband antenna as
described above.

In order to achieve the above object, the present invention
discloses a multiband antenna comprising a dielectric sub-
strate, a ground portion, and a radiating metal portion. The
dielectric substrate comprises two surfaces. The ground por-
tion comprises a first ground plane, a second ground plane,
and a connecting metal strip. The first ground plane is on one
of the surfaces of the dielectric substrate and has a first con-
necting point and a shorting point. The second ground plane
is near the first ground plane and has a second connecting
point. At least one part of the connecting metal strip is on one
surface of the dielectric substrate. The connecting metal strip
has one end connected to the first connecting point and the
other end connected to the second connecting point. The
radiating metal portion is on the dielectric substrate, without
overlapping the first ground plane. The radiating metal por-
tion comprises a radiating section having one end connected
to the shorting point and the other end as an open end; and a
feeding section having one end connected to a signal source
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and the other end as an open end, wherein the open end of the
feeding section has a spacing of less than 3 mm to the radi-
ating portion.

Hence, the present invention provides a multiband antenna
with an innovative structure for various wireless communi-
cation applications

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a view of a communication device in one
embodiment of the present invention.

FIG. 2 illustrates a structural view of the multiband antenna
in a first embodiment of the present invention.

FIG. 3 illustrates a side view of the multiband antenna in
the first embodiment of the present invention when the cover
of the communication device is open.

FIG. 4 illustrates a side view of the multiband antenna in
the first embodiment of the present invention when the cover
of the communication device is closed.

FIG. 5 illustrates a measured return loss of the multiband
antenna in the first embodiment of the present invention.

FIG. 6 illustrates a measured radiation efficiency of a low-
frequency band of the multiband antenna in the first embodi-
ment of the present invention.

FIG. 7 illustrates a measured radiation efficiency of a high-
frequency band of the multiband antenna in the first embodi-
ment of the present invention.

FIG. 8 illustrates a structural view of the multiband antenna
in a second embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

The advantages and innovative features of the invention
will become more apparent from the following detailed
description when taken in conjunction with the accompany-
ing drawings.

Please refer to FIG. 1 to FIG. 4. FIG. 1 illustrates a view of
a communication device in an embodiment of the present
invention; FIG. 2 illustrates a structural view ofthe multiband
antenna in a first embodiment of the present invention; FIG. 3
illustrates a side view of the multiband antenna in the first
embodiment of the present invention when the cover of the
communication device is open; and FIG. 4 illustrates a side
view of the multiband antenna in the first embodiment of the
present invention when the cover of the communication
device is closed.

The present invention discloses a communication device
100 comprising a multiband antenna 1. The communication
device 100 is basically in either an open (the talk condition)
state (as shown in FIG. 1) or a closed (the idle condition) state.
When the communication device 100 has different opening
angles, the multiband antenna 1 has different opening angles
accordingly. The multiband antenna 1 provides good signal
transmitting/receiving functions regardless of the opening
angles. In the embodiment, the communication device 100 is
a folder-type mobile phone, though the communication
device 100 is not limited thereto.

Please refer to FIG. 1 and FIG. 2. The multiband antenna 1
comprises a dielectric substrate 11, a ground portion 12, and
a radiating metal portion 13. The ground portion 12 com-
prises a first ground plane 121, a second ground plane 122,
and a connecting metal strip 123.

The dielectric substrate 11 comprises a first surface 111
and a second surface 112; the first surface 111 is opposite to
the second surface 112. In this embodiment, the first ground
plane 121 is on the first surface 111 of the dielectric substrate
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11; the first ground plane 121 can be formed on the dielectric
substrate 11 by printing or etching. For example, the dielec-
tric substrate 11 can be a system circuit board of the portable
communication device, and the first ground plane 121 can be
a system ground plane of the portable communication device.

The first ground plane 121 of the ground portion 12 has a
first connecting point 151 and a shorting point 153. The
second ground plane 122 of' the ground portion 12 is near the
first ground plane 121, and the second ground plane 122 has
a second connecting point 152. The second ground plane 122
is not in contact with the second surface 112 (as shown in FIG.
3). For example, the second ground plane 122 can be a metal
supporting plate of a front cover of the folder-type commu-
nication device.

In this embodiment, the communication device is a folder-
type mobile phone. When the cover of the mobile phone is in
the open state (the talk condition), the second ground plane
122 is not parallel to the second surface 112 (as shown in FIG.
3), and the first ground plane 121 is not parallel to the second
ground plane 122 either. When the cover of the mobile phone
is in the closed state (the idle condition), the second ground
plane 122 is parallel to the second surface 112, and the first
ground plane 121 is parallel to the second ground plane 122 as
well. The embodiment has taken into account the perfor-
mance requirements of the antenna in non-parallel (the talk
condition) and parallel (the idle condition) states and thus
meets the requirements of practical applications.

It is noted that the first ground plane 121 and the second
ground plane 122 can be disposed at other portions of the
portable communication device. The first ground plane 121
and the second ground plane 122 can be disposed according to
the mechanism design of the portable communication device.
The embodiment can be modified and still achieve the
required frequency band as long as it falls within the scope
and the technological principles of the present invention. For
example, the first ground plane 121 and the second ground
plane 122 can be disposed at the same side of the dielectric
substrate 11.

The connecting metal strip 123 and the first ground plane
121 are on different surfaces of the dielectric substrate 11.
One end of the connecting metal strip 123 is connected to the
first connecting point 151, the other end is connected to the
second connecting point 152 through a via-hole 16. In this
embodiment, one part of the connecting metal strip 123 is on
the second surface 112 of the dielectric substrate 11, and the
other part protrudes out of the second surface 112 and is
suspended in the air with a bent shape to conform to the
open/closed movements of the communication device (as in
folder-type mobile phone). It is noted that the structure of the
connecting metal strip 123 is not limited thereto.

In this embodiment, the radiating metal portion 13 is on
one surface of the dielectric substrate 11 and is not overlap-
ping with the first ground plane 121 in order to operate as a
monopole or shorted monopole antenna; therefore, the qual-
ity factor of the antenna is decreased and the operating fre-
quency band of the antenna is widened. For example, the
radiating metal portion 13 could be formed on the dielectric
substrate 11 by etching or printing.

The radiating metal portion 13 comprises a radiating sec-
tion 131 and a feeding section 132. In this embodiment, the
radiating section 131 and the feeding section 132 are on the
same surface of the dielectric substrate 11. One end of the
radiating section 131 is connected to the shorting point 153
through a via-hole 16, while the other end of the radiating
section 131 is an open end.

One end of the feeding section 132 is connected to the
signal source 14. In this embodiment, a microstrip feedline is
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used as an example. One end of the signal source 14 is
connected to the first ground plane 121, and the other end of
the signal source 14 is connected to the microstrip feedline.
The other end of the feeding section 132 is an open end, where
the open end of the feeding section 132 has a spacing 133 of
less than 3 mm to the radiating section 131.

Itis noted that the length of the spacing 133 is related to the
capacitance that can be contributed to the antenna’s input
impedance; in addition, the total length of the spacing 133 is
not necessarily parallel to the radiating section 131 and can be
adjusted according to requirements.

FIG. 5 illustrates a measured return loss of the multiband
antenna in the first embodiment of the present invention. In
this embodiment, the parameters are chosen as follows: the
length of the dielectric substrate 11 is about 110 mm, and the
width of the dielectric substrate 11 is about 40 mm; the length
of'the first ground plane 121 of'the ground portion 12 is about
100 mm, and the width is about 40 mm; the length of the
second ground plane 122 is about 100 mm, and the width is
about 40 mm; the length of the connecting metal strip 123 is
about 40 mm, and the width is about 1 mm; and one part
(about 35 mm in length) of the connecting metal strip 123 is
on one surface of the dielectric substrate 11. The length of the
radiating section 131 of the radiating metal portion 13 is about
50 mm; one end of the radiating section 131 is 2 mm wide, and
the other end is an open end of about 5 mm in width. One end
of'the feeding section 132 is connected to the signal source 14
and has a width of about 2 mm, and the other end is an open
end of about 1 mm in width. The open end of the feeding
section 132 has a spacing of about 1.5 mm from the radiating
section 131.

From the results of the embodiment, with the definition of
6-dB return loss, the first resonant mode 21 (dipole-like half-
wavelength mode of the ground portion 12) is sufficient to
cover the GSM850/900 bands, and the second resonant mode
22 (dipole-like one-wavelength mode of the ground portion
12) along with the third resonant mode 23 (quarter-wave-
length mode of the multiband antenna 1 in the present inven-
tion) is sufficient to cover the GSM1800/1900/UMTS bands.
Hence, the multiband antenna 1 of the present invention can
provide multiband operations in the GSM850/900/1800/
1900/UMTS bands to meet modern communication require-
ments.

FIG. 6 illustrates a measured radiation efficiency of a low-
frequency band of the multiband antenna 1 in the first
embodiment of the present invention. With the geometry
described above, the multiband antenna 1 presents a radiation
efficiency of higher than 80% in all operating bands and thus
meets communication requirements.

FIG. 7 illustrates a measured radiation efficiency of a high-
frequency band of the multiband antenna 1 in the first
embodiment of the present invention. With the geometry
described above, the multiband antenna 1 presents a radiation
efficiency of higher than 60% in all operating bands and thus
meets communication requirements.

FIG. 8 illustrates a structural view of a multiband antenna
6 in a second embodiment of the present invention. The multi-
band antenna 6 comprises a dielectric substrate 11, a ground
portion 12, and a radiating metal portion 63. What is different
from the first embodiment is that a radiating section 631 and
a feeding section 632 of the multiband antenna 6 are on
different surfaces of the dielectric substrate 11. Since the
spacing 633 is determined by the thickness of the dielectric
substrate 5, it follows that the thickness of the dielectric
substrate 5 must be less than 3 mm. The operation principle of
the second embodiment is the same as that of the first embodi-
ment, and the second embodiment can achieve results similar
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to that of the first embodiment by adjusting the width of the
open end of the feeding section 632 of the multiband antenna
6. Therefore, for the sake of brevity, it will not be described
further.

As described, the multiband antenna of the present inven-
tion uses a specially designed connecting metal strip to effec-
tively excite the dipole-like half-wavelength mode and one-
wavelength mode of the communication device. By adjusting
the length of the connecting metal strip, the surface current of
the ground portion is modified to excite the one-wavelength
mode, which is not available in the prior art technique, and the
operating frequencies of the two resonant modes can be
adjusted. In addition, by using the coupling feed technique
and setting the spacing between the open end of the feeding
section ofthe radiating metal portion and the radiating section
at less than 3 mm to contribute additional capacitance for
compensating for the large inductance, the two modes (half-
wavelength and one-wavelength) of the ground portion are
achieved with good impedance matching. The antenna itself
is a coupled-fed inverted-F antenna and can operate in the
quarter-wavelength mode to provide good impedance match-
ing. Hence, the dipole-like half-wavelength mode of the
ground portion can cover the GSM850/900 (low-frequency
bands of the antenna) operations, and the dipole-like one-
wavelength mode of the ground portion along with the quar-
ter-wavelength mode of the coupled-fed inverted-F antenna
can cover the GSM800/1900/UMTS (high-frequency bands
of the antenna) operations. The multiband antenna of the
present invention needs only to provide the resonant path for
high-frequency operating bands; therefore, the occupied area
of the multiband antenna is effectively reduced to achieve
antenna miniaturization. Furthermore, the multiband antenna
of the present invention can be manufactured with a simple
process and low cost to meet practical application require-
ments.

It is noted that the above-mentioned embodiments are only
for illustration. It is intended that the present invention cover
modifications and variations of this invention provided they
fall within the scope of the following claims and their equiva-
lents. Therefore, it will be apparent to those skilled in the art
that various modifications and variations can be made to the
structure of the present invention without departing from the
scope or spirit of the invention.

What is claimed is:

1. A multiband antenna for a communication device, the
multiband antenna comprising:

a dielectric substrate comprising two surfaces;

a ground portion comprising:

a first ground plane on one surface of the dielectric
substrate, the first ground plane having a first connect-
ing point and a shorting point;

a second ground plane near the first ground plane, the
second ground plane having a second connecting
point; and

a connecting metal strip having one end connected to the
first connecting point and another end connected to
the second connecting point, with at least one part of
the connecting metal strip on one surface of the
dielectric substrate; and

a radiating metal portion on one surface of the dielectric

substrate, wherein the radiating metal portion is not

overlapping the first ground plane, the radiating metal
portion comprising:

a radiating section having one end connected to the
shorting point and another end as an open end; and
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a feeding section having one end connected to a signal
source and another end as an open end, wherein the
open end of the feeding section has a spacing of less
than 3 mm to the radiating portion.

2. The multiband antenna as claimed in claim 1, wherein
the dielectric substrate is a system circuit board of a portable
communication device.

3. The multiband antenna as claimed in claim 1, wherein
the first ground plane is a system ground plane of a portable
communication device.

4. The multiband antenna as claimed in claim 1, wherein
the first ground plane and the radiating metal portion are
formed on the dielectric substrate by etching or printing.

5. The multiband antenna as claimed in claim 1, wherein
the second ground plane is a metal supporting plate of a front
cover of a folder-type communication device.

6. The multiband antenna as claimed in claim 1, wherein
the radiating section and the feeding section are on the same
surface of the dielectric substrate.

7. The multiband antenna as claimed in claim 1, wherein
the radiating section and the feeding section are on different
surfaces of the dielectric substrate, respectively.

8. The multiband antenna as claimed in claim 1, wherein
the dielectric substrate comprises a first surface and a second
surface; the first ground plane is on the first surface, with at
least one part of the connecting metal strip being on the
second surface.

9. The multiband antenna as claimed in claim 8, wherein
the radiating section and the feeding section are both on the
second surface.

10. The multiband antenna as claimed in claim 8, wherein
the radiating section is on the first surface and the feeding
section is on the second surface.

11. The multiband antenna as claimed in claim 10, wherein
the thickness of the dielectric substrate is less than 3 mm.

12. The multiband antenna as claimed in claim 1, wherein
the first ground plane and the second ground plane are on
opposite sides of the dielectric substrate.

13. The multiband antenna as claimed in claim 1, wherein
the first ground plane and the second ground plane are on the
same side of the dielectric substrate.

14. The multiband antenna as claimed in claim 1, wherein
the first ground plane is not parallel to the second ground
plane.

15. The multiband antenna as claimed in claim 1, wherein
the communication device is a folder-type communication
device.

16. A communication device comprising the multiband
antenna as claimed in claim 1.

17. The communication device as claimed in claim 16,
wherein the dielectric substrate comprises a first surface and
a second surface; the first ground plane is on the first surface,
with at least one part of the connecting metal strip being on
the second surface.

18. The communication device as claimed in claim 17,
wherein the radiating section and the feeding section are both
on the second surface.

19. The communication device as claimed in claim 17,
wherein the radiating section is on the first surface and the
feeding section is on the second surface.

20. The communication device as claimed in claim 19,
wherein the thickness of the dielectric substrate is less than 3
mm.
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1
ELECTRIC DEVICE AND ANTENNA
MODULE THEREOF

This application claims the benefit of Taiwan application
Serial No. 096134579, filed Sep. 14, 2007, the subject matter
of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates in general to an electronic device and
an antenna module thereof, and more particularly to an elec-
tronic device having a shielding casing and an antenna mod-
ule thereof.

2. Description of the Related Art

Wireless communication, not subjected to the restriction of
place nor requiring cable, has high mobility and has been
widely used in various electronic devices. With regard to
wireless communication technology, the design of antenna
module places a very important role.

Referring to FIG. 1, a perspective of a conventional note-
book computer 900 and an antenna module 920 is shown. The
notebook computer 900 includes a host 930 and a display
panel 940. As the structure of the notebook computer 900 is so
complicated, the notebook computer 900 is susceptible to
electromagnetic interference which occurs between internal
electronic elements or due to external noises. To prevent the
electronic elements of the notebook computer 900 from being
affected by the above electromagnetic interference, a shield-
ing casing 950 is used for covering the electronic elements.

However, the shielding casing 950 also shields the radia-
tion of the antenna module 920, and becomes a barrier to the
antenna module 920. Thus, the disposition of the antenna
module 920 must avoid the shielding casing 950.

Referring to FIG. 2, FIGS. 3A~3K, FIGS. 4A~4K and
FIGS. 5A~5K. FIG. 2 is a return loss vs. frequency curve
diagram of the antenna module 920 of FIG. 1. FIGS. 3A~3K
are diagrams of far-field power distribution of the antenna
module 920 of FIG. 1 on X-Y plane. FIGS. 4A~4K are
diagrams of far-field power distribution of the antenna mod-
ule 920 of FIG. 1 onY-Z plane. FIGS. 5A~5K are diagrams of
far-field power distribution of the antenna module 920 of FIG.
1 on Z-X plane. According to the experimental results, the
return loss, the radiation efficiency, the peak gain and the
average gain at each frequency band are respectively shown in
Table 1.1~Table 1.6.

TABLE 1.1
Return Loss
Frequency Band (GHz) 24 2.5 5.15 5.875
Measurement Result 17.01 13.42 11.08 12.27

As indicated in Table 1.1, when the antenna module 920 is
at the frequency width of 2.4 GHz, 2.5 GHz, 5.15 GHz and
5.875 GHgz, the return loss has a maximum value of 17.014
dBi and a minimum of 11.083 dBi, and the difference
between the maximum return loss and the minimum return
loss is 5.931 dBi. The experiment results show that the
antenna module 920, despite having avoided the shielding
casing 950, is still affected by the shielding casing 950 and
has an over-diversified distribution of return loss at different
frequency bands.
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TABLE 1.2

Radiation Efficiency

Frequency Radiation Efficiency
2.400 GHz 59.43
2.450 GHz 57.23
2.500 GHz 55.93
5.150 GHz 32.74
5.250 GHz 42.90
5.350 GHz 64.31
5.470 GHz 58.69
5.600 GHz 51.22
5.725 GHz 56.47
5.825 GHz 49.34
5.850 GHz 43.19

As indicated in Table 1.2, of the 11 points measured when
the antenna module 120 is at the frequency band of 2.4
GHz~5.85 GHz, the radiation efficiency has a maximum
value of 64.31% and a minimum value of 32.74%, and the
difference between the maximum and the minimum radiation
efficiency is 31.57%. For ordinary radiation efficiency, the
acceptable minimum level is 45%. However, in the above
frequency bands, there are three frequency bands (5.15 GHz,
5.25 GHz and 5.85 GHz) whose radiation efficiencies are
lower than the minimum level. The experiment results show
that the antenna module 920, despite having avoided the
shielding casing 950, is still affected by the shielding casing
950 and has an over-diversified distribution of radiation fre-
quency at different frequency bands and too many frequency
bands are below the minimum radiation frequency.

TABLE 1.3

Peak Gain (dBi)

Frequency Band (GHz)

2.4 245 2.5 5.15 5.25 5.35
X-Y 4.73 4.40 4.07 2.84 3.82 3.60
Y-Z
Z-X
TABLE 1.4
Peak Gain (dBi)
Frequency Band (GHz)
5.47 5.6 5.725 5.825 5.85
X-Y 3.90 5.09 7.31 7.62 6.89
Y-Z
Z-X

As indicated in Table 1.3~1.4, of the 11 points measured
when the antenna module 120 is at the frequency band of 2.4
GHz~5.85 GHz, the peakgain has a maximum value of 7.62
dBi and a minimum value of 2.84 dBi, and the difference
between the maximum and the minimum peak gain is 4.78
dBi. The experiment results show that the antenna module
920, despite having avoided the shielding casing 950, is still
affected by the shielding casing 950 and has an over-diversi-
fied distribution of peak gain at different frequency bands.
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TABLE 1.5

Average Gain (dBi)

Frequency Band (GHz)

2.4 2.45 2.5 5.15 5.25
X-Y -4.54 -4.50 -4.26 -7.00 -5.43
Y-Z -3.62 -3.92 -3.89 -6.14 -3.50
Z-X -2.37 -2.50 -2.62 -5.30 -3.88
TABLE 1.6
Average Gain (dBi)
Frequency Band (GHz)
5.35 5.47 5.6 5.725 5.825 5.85
X-Y -4.31 -396  -4.51 -476  -5.44 -5.93
Y-Z -3.01 -2.63 -3.09 -2.78 -4.11 -4.48
Z-X -2.94  -207 =209 -2.16 -251 -3.04

As indicated in Table 1.5~1.6, of the 11 X-Y plane points
measured when the antenna module 120 is at the frequency
band of 2.4 GHz~5.85 GHz, the average gain has a maximum
value of -=7.00 dBi and a minimum value of -3.96 dBi, and the
difference between the maximum and the minimum average
gainis 3.04 dBi. The experiment results show that the antenna
module 920, despite having avoided the shielding casing 950,
is still affected by the shielding casing 950 and has an over-
diversified distribution of average gain at different frequency
bands.

During the design of the antenna module 920, the antenna
module 920 must go through serial tests to find out the most
suitable position of disposition. However, despite the antenna
module 920 is disposed at the most suitable position, the
antenna module 920 is still affected by the shielding casing
950. In order to avoid the antenna module 920 being affected
by the shielding casing 950, the antenna module 920 may
even be disposed at a position with poor direction of fre-
quency radiation. Thus, how to develop an electronic device
and an antenna module capable of enhancing signal radiation
has become an imminent issue to be resolved.

SUMMARY OF THE INVENTION

The invention is directed to an electronic device and an
antenna module thereof. The shielding casing is used as a
grounding body of the antenna module for preventing the
antenna module from being affected by the shielding casing,
hence reducing the interference of external noise on the
antenna module.

According to a first aspect of the present invention, an
electronic device including a plurality of electronic elements
and an antenna module are provided. The antenna module
includes a radiating body and a grounding body. The ground-
ing body covers the electronic elements for being a shielding
casing of the electronic elements. At least a radio frequency
resonance is excited between the radiating body and the
grounding body.

According to a second aspect of the present invention, an
antenna module disposed in an electronic device is provided.
The electronic device includes a plurality of electronic ele-
ments and an antenna module. The antenna module includes
a radiating body and a grounding body. The grounding body
covers the electronic elements for being a shielding casing of
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the electronic elements. At least a radio frequency resonance
is excited between the radiating body and the grounding body.

The invention will become apparent from the following
detailed description of the preferred but non-limiting embodi-
ments. The following description is made with reference to
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 (Prior Art) is a perspective of a conventional note-
book computer and an antenna module;

FIG. 2 (Prior Art) is a return loss vs. frequency curve
diagram of the antenna module of FIG. 1;

FIGS. 3A~3K (Prior Art) are diagrams of far-field power
distribution of the antenna module of FIG. 1 on X-Y plane;

FIGS. 4A~4K (Prior Art) are diagrams of far-field power
distribution of the antenna module of FIG. 1 on Y-Z plane;

FIGS. 5A~5K (Prior Art) are diagrams of far-field power
distribution of the antenna module of FIG. 1 on Z-X plane;

FIG. 6 is a perspective of an electronic device and an
antenna module thereof according to a first embodiment of
the invention;

FIG. 7 is an enlargement of the antenna module of FIG. 6;

FIG. 8 is a return loss vs. frequency curve diagram of the
antenna module of FIG. 6;

FIGS. 9A~9K are diagrams of far-field power distribution
of the antenna module of FIG. 6 on X-Y plane;

FIGS. 10A~10K are diagrams of far-field power distribu-
tion of the antenna module of FIG. 6 on Y-Z plane;

FIGS. 11A~11K are diagrams of far-field power distribu-
tion of the antenna module of FIG. 6 on Z-X plane;

FIG. 12 is a perspective of an antenna module thereof
according to a second embodiment of the invention;

FIG. 13 is a return loss vs. frequency curve diagram of the
antenna module of FIG. 12;

FIGS. 14A~14K are diagrams of far-field power distribu-
tion of the antenna module of FIG. 12 on X-Y plane;

FIG. 15A~15K are diagrams of far-field power distribution
of the antenna module of FIG. 12 on Y-Z plane; and

FIGS. 16 A~16K are diagrams of far-field power distribu-
tion of the antenna module of FIG. 12 on Z-X plane.

DETAILED DESCRIPTION OF THE INVENTION
First Embodiment

Referring to FIG. 6, a perspective of an electronic device
100 and an antenna module 120 according to a first embodi-
ment of the invention is shown. The electronic device 100
includes a plurality of electronic elements 110 and an antenna
module 120. Examples of the electronic device 100 include
notebook computer (NB), personal digital assistant (PDA),
mobile phone, global positioning system (GPS) reception
device and ultra mobile personal computer (UMPC). In the
present embodiment of the invention, the electronic device
100 is exemplified by a notebook computer, but the variety of
the electronic device 100 is not for limiting the invention. The
antenna module 120 includes a radiating body 121 and a
grounding body 122. The grounding body 122 covers the
electronic element 110 for being a shielding casing of the
electronic element 110. At least a radio frequency resonance
is excited between the radiating body 121 and the grounding
body 122.

Let the notebook computer be taken for example. The
antenna module 120 directly covers the shielding casing of
the electronic element 110 (such as a display panel) for being
a grounding body 122. The shielding casing avoids external
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noise (such as a high frequency electromagnetic wave) inter-
fering the electronic element 110 and also prevents the elec-
tromagnetic energy of the electronic element 110 from leak-
ing, such that the electronic element 110 conforms to a certain
standard of electromagnetic interference (EMI) and electro-
magnetic susceptibility (EMS).

The area of the grounding body 122 used as a shielding
casing is more than double of the area of the radiating body
121, so the grounding body 122 used as a shielding casing
provides the antenna module 120 with excellent grounding
properties. Let the notebook computer be taken for example.
The shielding casing almost covers the entire display panel.
The area of the grounding body 122 used as a shielding casing
is more than four times or even ten times of the area of the
radiating body 121. When external noises enter the antenna
module 120, the large-sized grounding body 122 effectively
suppress the generation of noise current, hence minimizing
the interference of external noises on the antenna module 120.

Furthermore, the radiating body 121 and the grounding
body 122 are integrally formed in one piece in the antenna
module 120. As the grounding body 122 used as a shielding
casing is no more shielded by the shielding casing, the effi-
ciency of the antenna module 120 is not affected.

When manufacturing the shielding casing, the radiating
body 121 and the grounding body 122 of the antenna module
120 are formed at the same time, and the integration between
the radiating body 121 and the grounding body 122 is not
subjected to assembly tolerance.

Referring to FIG. 7, an enlargement of the antenna module
120 of FIG. 6 is shown. In terms of the disposition of the
antenna module 120, the radiating body 121 is protruded from
a lateral side 122a of the grounding body 122. The grounding
body 122 having a radiation heat area 1225 neighboring the
radiating body 121 is surrounded by the radiation heat area
1224 but not any other part of the grounding body 122. The
radio frequency resonance excited between the radiating
body 121 and the radiation heat area 1225 of the grounding
body 122 will not be affected by the grounding body 122.

Examples of the antenna module 120 include monopole
antenna, inverse F antenna (IFA), patched inverse F antenna
(PIFA) and slot antenna for example. In the present embodi-
ment of the invention, the antenna module 120 is exemplified
by a patched inverse F antenna (PIFA).

The radiating body 121 includes a first sub-radiating body
1211 and a second sub-radiating body 1212. The first sub-
radiating body 1211 is connected to the grounding body 122.
The first sub-radiating body 1211 has a first length [.11. The
second sub-radiating body 1212 is connected to the first sub-
radiating body 1211 and disposed between the first sub-radi-
ating body 1211 and the grounding body 122. The second
sub-radiating body 1212 has a second length .12 smaller than
the first length [.11.

The radiating body 121 has a feed-in point F1. The ground-
ing body 122 has a grounding point G1. At least a first radio
frequency resonance is excited between the first sub-radiating
body 1211 and the grounding body 122, and a second the
radio frequency resonance is excited between the second
sub-radiating body 1212 and the grounding body 122. In the
present embodiment of the invention, the first radio frequency
resonance is a frequency band of 2.4 GHz used in 802.11b or
802.11g communication protocol, and the second the radio
frequency resonance is a frequency band of 5 GHz used in
802.11a communication protocol.

Referring to FIG. 8, FIGS. 9A~9K, FIGS. 10A~10K and
FIGS. 11A~11K. FIG. 8 is a return loss vs. frequency curve
diagram of the antenna module 120 of FIG. 6. FIGS. 9A~9K
are diagrams of far-field power distribution of the antenna
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6
module 120 of FIG. 6 on X-Y plane. FIG. 10A~10K are
diagrams of far-field power distribution of the antenna mod-
ule 120 of FIG. 6 on Y-Z plane. FIG. 11A~11K are diagrams
of far-field power distribution of the antenna module 120 of
FIG. 6 on Z-X plane. According to the experimental results,
the return loss, the radiation efficiency, the peak gain and the

average gain at each frequency band are respectively shown in
Table 2.1~Table 2.6:

TABLE 2.1
Return Loss
Frequency Band (GHz) 24 2.5 5.15 5.875
Measurement Result 13.526 13.970 11.520 10.105

As indicated in Table 2.1, when the antenna module 120 is
at the frequency band of 2.4 GHz, 2.5 GHz, 5.15 GHz and
5.875 GHz, the return loss has a maximum value of 13.970
dBi and a minimum of 10.105 dBi, and the difference
between the two return losses is 3.865 dBi. Compared with
the conventional antenna module 920 whose return loss differ
by 5.931 dBi, the experiment results show that the antenna
module 120 is capable of effectively reducing the influence of
the shielding casing and increasing anti-noise ability, so the
antenna module 120 has a uniform distribution of return loss

at different frequency bands.
TABLE 2.2
Radiation Efficiency
Frequency Radiation Efficiency
2.400 GHz 62.77
2.450 GHz 58.01
2.500 GHz 52.09
5.150 GHz 43.18
5.250 GHz 48.43
5.350 GHz 56.46
5.470 GHz 53.33
5.600 GHz 57.37
5.725 GHz 58.38
5.825 GHz 61.15
5.850 GHz 56.91

As indicated in Table 2.2, of the 11 points measured when
the antenna module 120 is at the frequency band of 2.4
GHz~5.85 GHz, the radiation efficiency has a maximum
value of 62.77% and a minimum value of 43.18%, and the
difference between the maximum and the minimum radiation
efficiency is 19.59%. For ordinary radiation efficiency, the
acceptable minimum level is 45%. However, in the above
frequency bands, there is only one frequency band (5.15
GHz) whose radiation efficiency is lower than the minimum
level. Compared with the conventional antenna module 920,
(the difference between the maximum and the minimum
radiation efficiency is 31.57%, and there are three frequency
bands whose radiation efficiency is lower than the minimum
level), the experiment results show that the antenna module
120 is capable of effectively reducing the influence of the
shielding casing and increasing anti-noise ability, such the
antenna module 120 has a uniform distribution of radiation
frequency at different frequency bands and lesser number of
frequency bands having low radiation efficiency.
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TABLE 2.3

Peak Gain (dBi)

Frequency Band (GHz)

2.4 245 2.5 5.15 5.25 5.35
X-Y 5.47 476 3.96 4.05 4.44 3.71
Y-Z
Z-X
TABLE 2.4
Peak Gain (dBi)
Frequency Band (GHz)
547 5.6 5.725 5.825 5.85
X-Y 5.64 5.41 6.52 7.83 7.62
Y-Z
Z-X

As indicated in Table 2.3~2.4, of the 11 points measured
when the antenna module 220 is at the frequency band of 2.4
GHz~5.85 GHz, the peak gain has a maximum value of 7.83
dBi and a minimum value of 3.71 dBi, and the difference
between the maximum and the minimum gain is 4.12 dBi.
The experiment results show that the antenna module 120 is
capable of effectively reducing the influence of the shielding
casing and increasing anti-noise ability, such that the antenna
module has a uniform distribution of peak gain at different
frequency bands.

TABLE 2.5

Average Gain (dBi)

Frequency Band (GHz)
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Second Embodiment

Referring to FIG. 12, a perspective of and an antenna
module 220 thereof according to a second embodiment of the
invention is shown. The antenna module 220 of the present
embodiment of the invention differs with the antenna module
120 of the first embodiment in that the antenna module 220 is
exemplified by a slot antenna. As for other similarities, the
same designations are used and are not repeated here.

The antenna module 220 has a groove S disposed between
the radiating body 221 and the grounding body 222. The
radiating body 221 includes a first sub-radiating body 2211
and a second sub-radiating body 2212. The first sub-radiating
body 2211 is connected to the grounding body 222. The first
sub-radiating body 2211 has a first length [.21. The second
sub-radiating body 2212 is connected to the grounding body
222 and the first sub-radiating body 2211. The second sub-
radiating body 2212 has a second length [.22 smaller than the
first length [.21.

The radiating body 221 has a feed-in point F2 disposed at
the junction between the first sub-radiating body 2211 and the
second sub-radiating body 2212. The grounding body 222 has
a grounding point G2 neighboring a lateral side 222a of the
radiating body 221. At least a first radio frequency resonance
is excited between the first sub-radiating body 2211 and the
grounding body 222, and a second the radio frequency reso-
nance is excited between the second sub-radiating body 2212
and the grounding body 222. In the present embodiment of
the invention, the first radio frequency resonance is a fre-
quency band of 2.4 GHz used in 802.11b or 802.11g commu-
nication protocol, the second the radio frequency resonance is
a frequency band of 5 GHz used in 802.11a communication
protocol.

Referring to FIG. 13, FIG. 14A~14K, FIG. 15A~15K and
FIG. 16 A~16K. FIG. 13 is a return loss vs. frequency curve

24 245 25 5.15 5.95 diagram of the antenna module 220 of FIG. 12. FIGS.
40 14A~14K are diagrams of far-field power distribution of the
)é; :gg; :g:%‘ :g:ég ji? jzg antenna module 220 of FIG. 12 on X-Y plane. FIGS.
7-X -1.82 -2.21 272 -380  -3.3 15A~15K are diagrams of far-field power distribution of the
antenna module 220 of FIG. 12 on Y-Z plane. FIGS.
16A~16K are diagrams of far-field power distribution of the
45 antenna module 220 of FIG. 12 on Z-X plane. According to
TABLE 2.6 . ..
the experimental results, the return loss, the radiation effi-
Average Gain (dBi) ciency, the peak gain and the average gain at each frequency
band are respectively shown in Table 3.1~Table 3.6:
Frequency Band (GHz)
5.35 5.47 5.6 5725 5.825 5.85 >0 TABLE 3.1
X-Y -4.83  -4.82  -5.00 -430 -411 = -443 Return Loss
Y-Z -1.31  -0.60 -0.82 -0.52 -0.64  -0.94
Z-X -3.02 -319 -340 -283 -2.39 -2.67 Frequency Band (GHz) 24 2.5 5.15 5.875
55 Measurement Result 19.663 22.434 15.768 13.333

As indicated in Table 2.5~2.6, of the 11 X-Y plane points
measured when the antenna module 120 is at the frequency
band of 2.4 GHz~5.85 GHz, the average gain has a maximum
value of -5.73 dBi and a minimum value of -4.11 dBi, and the
difference between the maximum and the minimum average
gain is 1.62 dBi. Compared with the conventional antenna
module 920 whose average gains differ by 3.04 dBi, the
experiment results show that the antenna module 120 is
capable of effectively reducing the influence of the shielding
casing and increasing anti-noise ability, such that the antenna
module 120 has a uniform distribution of average gain at
different frequency bands.

60

65

As indicated in Table 3.1, when the antenna module 220 is
at the frequency width of 2.4 GHz, 2.5 GHz, 5.15 GHz and
5.875 GHz, the return loss of the antenna module 220 is larger
than that of the conventional antenna module 920. Compared
with the conventional antenna module 920, the experiment
results show that the antenna module 220 is capable of effec-
tively reducing the influence of the shielding casing and
increasing anti-noise ability, such that the antenna module
220 has excellent distribution of return loss at different fre-
quency bands.





US 7,973,723 B2

9
TABLE 3.2
Efficiency
Frequency Radiation Efficiency
2.400 GHz 64.38
2.450 GHz 6343
2.500 GHz 57.51
5.150 GHz 44.39
5.250 GHz 51.14
5.350 GHz 47.26
5.470 GHz 53.30
5.600 GHz 58.38
5.725 GHz 56.91
5.825 GHz 71.90
5.850 GHz 62.57

As indicated in Table 3.2, of the 11 points measured when
the antenna module 220 is at the frequency band of 2.4
GHz~5.85 GHz, the radiation efficiency has a maximum
value of 71.90% and a minimum value of 44.39%, and the
difference between the maximum radiation efficiency and the
minimum radiation efficiency is 27.51%. For ordinary radia-
tion efficiency, the acceptable minimum level is 45%. How-
ever, in the above frequency bands, there is only one fre-
quency band (5.15 GHz) whose radiation efficiency is lower
than the minimum level. Compared with the conventional
antenna module 920, (the difference between the maximum
and the minimum radiation efficiency is 31.57%, and there
are three frequency bands whose radiation efficiencies are
lower than the minimum level), the experiment results show
that the antenna module 220 is capable of effectively reducing
the influence of the shielding casing and increasing anti-noise
ability, such that the antenna module 220 has a uniform dis-
tribution of radiation frequency at different frequency bands
and has lesser frequency bands resulting in low radiation
efficiency.

TABLE 3.4

Peak Gain (dBi)

Frequency
547 5.6 5.725 5.825 5.85
XY 4.21 4.50 4.81 4.94 4.58
Y-Z
Z-X

As indicated in Table 3.3~3.4, of the 11 points measured
when the antenna module 220 is at the frequency band of 2.4
GHz~5.85 GHz, the peak gain has a maximum value of 4.94
dBi and a minimum value of 1.56 dBi, and the difference
between the maximum and the minimum peak gain is 3.38
dBi. Compared with the conventional antenna module 920
whose peak gains differ by 4.78 dBi, the experiment results
show that the antenna module 220 is capable of effectively
reducing the influence of the shielding casing and increasing
anti-noise ability, such that the antenna module 220 has a
uniform distribution of peak gain at different frequency
bands.
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TABLE 3.5

Average Gain (dBi)

Frequency Band (GHz)

2.4 245 2.5 5.15 5.25
X-Y -4.10 -4.40 -4.14 -6.14 -5.70
Y-Z -4.09 -4.97 -5.16 -3.75 -3.51
Z-X -1.91 -1.87 -2.23 -4.48 -3.65
TABLE 3.6
Average Gain (dBi)
Frequency Band (GHz)
5.35 5.47 5.6 5.725 5.825 5.85
X-Y -5.27 -438 -454 -413 -4.07 -4.48
Y-Z -3.42 -2.85 -273 -3.14 -4.12 -4.85
Z-X -3.52  -3.32 -3.88 -3.21 -2.87 -3.37

As indicated in Table 3.5~3.6, of the 11 X-Y plane points
measured when the antenna module 120 is at the frequency
band of 2.4 GHz~5.85 GHz, the average gain has a maximum
value of -6.14 dBi and a minimum value of -4.07 dBi, and the
difference between the maximum and the minimum average
gain is 2.07 dBi. Compared with the conventional antenna
module 920 whose average gains differ by 3.04 dBi, the
experiment results show that the antenna module 220 is
capable of effectively reducing the influence of the shielding
casing and increasing anti-noise ability, such that the antenna
module 120 has a uniform distribution of average gain at
different frequency bands.

According to the electronic device and the antenna module
thereof disclosed in the above embodiment of the invention,
the shielding casing is used as a grounding body of the
antenna module, such that the electronic device and the
antenna module thereof has many advantages exemplified as
follows.

Firstly, the grounding body used as the shielding casing
provides the antenna module with excellent grounding prop-
erties. When external noises enter the antenna module, large-
sized grounding body effectively suppress the generation of
noise current, hence minimizing the interference of external
noises on the antenna module.

Secondly, the radiating body and the grounding body are
integrally formed in one piece in the antenna module. As the
grounding body used as a shielding casing is no more shielded
by the shielding casing, the efficiency of the antenna module
is not affected.

Thirdly, when manufacturing the shielding casing, the
radiating body and the grounding body of the antenna module
are formed at the same time, and the integration between the
radiating body and the grounding body is not subjected to
assembly tolerance.

Fourthly, the radiating body is protruded from a lateral side
of the grounding body. The grounding body having a radia-
tion heat area neighboring the radiating body 121 is sur-
rounded by the radiation heat area 1225 but not any other part
of'the grounding body. The radio frequency resonance excited
between the radiating body and the radiation heat area of the
grounding body will not be affected by the grounding body.

Fifthly, the invention is applicable to various types of
antenna modules.
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Sixthly, the experimental results show that the antenna
module of the above embodiments has uniform distributionin
various measurements.

While the invention has been described by way of example
and in terms of a preferred embodiment, it is to be understood
that the invention is not limited thereto. On the contrary, it is
intended to cover various modifications and similar arrange-
ments and procedures, and the scope of the appended claims
therefore should be accorded the broadest interpretation so as
to encompass all such modifications and similar arrange-
ments and procedures.

What is claimed is:

1. An electronic device, comprising:

a plurality of electronic elements; and

an antenna module, comprising:

a grounding body covering the electronic elements so as
to serve as a shielding casing of the electronic ele-
ments; and

a radiating body, comprising a first sub-radiating body
connected to the grounding body and a second sub-
radiating body connected to the first sub-radiating
body, the second sub-radiating body connected to the
first sub-radiating body via an extension part extend-
ing from the second sub-radiating body in a direction
opposite to the grounding body, wherein at least a
radio frequency resonance is excited between the
radiating body and the grounding body.

2. The electronic device according to claim 1, wherein the
radiating body and the grounding body are integrally formed
in one piece.

3. The electronic device according to claim 1, wherein the
area of the grounding body is more than double of the area of
the radiating body.

4. The electronic device according to claim 1, wherein the
radiating body is protruded from a lateral side of the ground-
ing body.

5. The electronic device according to claim 1, wherein the
antenna module has a groove disposed between the radiating
body and the grounding body.

6. An electronic device, comprising:

a plurality of electronic elements;

an antenna module, comprising:

a grounding body covering the electronic elements so as
to serve as a shielding casing of the electronic ele-
ments; and

a radiating body; wherein at least a radio frequency
resonance is excited between the radiating body and
the grounding body, and wherein the radiating body
comprises:

a first sub-radiating body connected to the grounding
body, wherein the first sub-radiating body has a first
length; and

a second sub-radiating body connected to the first
sub-radiating body and disposed between the first
sub-radiating body and the grounding body,
wherein the second sub-radiating body has a sec-
ond length smaller than the first length.
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7. The electronic device according to claim 5, wherein

the second sub-radiating body is further connected to the
grounding body, and wherein the first sub-radiating
body has a first length and the second sub-radiating body
has a second length smaller than the first length.

8. An antenna module disposed in an electronic device,
wherein the electronic device comprises a plurality of elec-
tronic elements and an antenna module comprising:

a grounding body covering the electronic elements for

being a shielding casing of the electronic elements; and

a radiating body, comprising a first sub-radiating body and
a second sub-radiating body, wherein the first sub-radi-
ating body is connected to the grounding body and the
second sub-radiating body is connected to the first sub-
radiating body, and a central line of a part of the first
sub-radiating body and a central line of a part of the
second sub-radiating body are disposed on the same
horizontal axis,

and wherein at least a radio frequency resonance is excited
between the radiating body and the grounding body.

9. The antenna module according to claim 8, wherein the
radiating body and the grounding body are integrally formed
in one piece.

10. The antenna module according to claim 8, wherein the
area of the grounding body is more than double of the area of
the radiating body.

11. The antenna module according to claim 8, wherein the
radiating body is protruded from a lateral side of the ground-
ing body.

12. The antenna module according to claim 8, having a
groove disposed between the radiating body and the ground-
ing body.

13. The antenna module according to claim 12, wherein

the second sub-radiating body is further connected to the
grounding body, wherein the first sub-radiating body has

a first length and the second sub-radiating body has a

second length smaller than the first length.

14. An antenna module disposed in an electronic device,
wherein the electronic device comprises a plurality of elec-
tronic elements and an antenna module comprising:

a grounding body covering the electronic elements so as to
serve as a shielding casing of the electronic elements;
and

a radiating body, wherein at least a radio frequency reso-
nance is excited between the radiating body and the
grounding body, and wherein the radiating body com-
prises:

a first sub-radiating body connected to the grounding
body, wherein the first sub-radiating body has a first
length; and

a second sub-radiating body connected to the first sub-
radiating body and disposed between the first sub-
radiating body and the grounding body, wherein the
second sub-radiating body has a second length
smaller than the first length.
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1
MULTI-ANTENNA MODULE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a multi-antenna module,
particularly to a multi-antenna module, wherein the number
of antenna units can be infinitely expanded in the same
antenna structure.

2. Description of the Related Art

With the popularization of wireless communication, there
are also many advances in antenna technology. Particularly,
many types of Combo antenna systems have been developed
to meet the tendency of miniaturizing antennae and fabricat-
ing multi-frequency communication devices, wherein difter-
ent antenna structures are integrated into a single antenna
module to attain a multi-frequency function and reduce the
sizes of antenna systems.

Refer to FIG. 1. A Taiwanese patent No. 1268010 discloses
an antenna integration system for mobile phones, which com-
prises a baseplate 104, a planar Inverted F antenna 101, a
monopole antenna 102, and a planar antenna 103. The planar
Inverted F antenna 101 has a feeder point 105 and ground
point 106. The monopole antenna 102 has a feeder point 107,
and the planar antenna 103 has a feeder point 108. The mini-
mum spacing between the planar Inverted F antenna 101 and
the monopole antenna 102 is 6 mm. The minimum spacing
between the planar Inverted F antenna 101 and the planar
antenna 103 is 2 mm. In such a structure, the appropriate
spacing between antennae can effectively reduce the isolation
interference and enable the antennae to transmit and receive
signals normally.

Referring to FIG. 2a and FIG. 25, FIG. 2a is a diagram
showing the measurement results of the isolation (S21) of the
planar Inverted F antenna and the monopole antenna. FIG. 26
is a diagram showing the measurement results of the isolation
(S21) of the planar Inverted F antenna and the planar antenna.
From the measurement results, it is known that the antenna
integration system has a better isolation than other prior arts.

To reduce the radiation interference among the antennae,
the planar Inverted F antenna 101 is arranged on a first face of
the baseplate 104, and the monopole antenna 102 is arranged
on a lateral side of the baseplate 104, and the planar antenna
103 is arranged on the first face of the baseplate 104 but far
away from the monopole antenna 102. Such a layout should
increase the difficulty of installing the antenna integration
system and make the antenna system hard to integrate with
electronic products. The spacing between antennae has to be
at least 6 mm or at least 2 mm, which greatly increases the
space occupied by the system. However, the radiation effi-
ciency of the antenna integration system is hard to obviously
increase thereby. Further, the isolation effect between the
antennae is likely to be constrained. In fact, the prior-art
antenna integration system seldom achieves the announced
function completely.

SUMMARY OF THE INVENTION

One objective of the present invention is to provide a multi-
antenna module, which comprises a ground plane, a primary
conductor, a secondary conductor and a plurality of coupling
conductors, and which features sharing radiation conductors
and a ground plane, whereby the layout space of antennae is
greatly reduced, and whereby the multi-antenna module of
the present invention is easy-to-assemble for various elec-
tronic devices.
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Another objective of the present invention is to provide a
multi-antenna module, wherein the framework of the parallel
primary radiation arm and secondary radiation arm can infi-
nitely expand the number of antenna units in the same antenna
structure, and wherein the interference between antennae is
reduced, whereby the present invention has multiple opera-
tion frequency bands and can apply to multiple communica-
tion systems, and whereby the present invention achieves
antenna miniaturization.

A further objective of the present invention is to provide a
multi-antenna module, wherein the capacitive coupling effect
of parallel radiation arms and the inductance of the radiation
arms themselves form a high-pass or low-pass filter, whereby
the isolation of antennae is effectively increased.

To achieve the abovementioned objectives, the present
invention proposes a multi-antenna module, which comprises
a ground plane, a primary conductor, a secondary conductor
and a plurality of coupling conductors. The primary conduc-
tor further comprises a first short-circuit member and a pri-
mary radiation arm. The secondary conductor further com-
prises a second short-circuit member, a secondary radiation
arm, an extension arm and a first feeder cable. The coupling
conductor further comprises a feeder member, a coupling arm
and a second feeder cable. One end of the first short-circuit
member of the primary conductor is connected to the ground
plane. The primary radiation arm is connected to the other end
of the first short-circuit member and extends from the first
short-circuit member along a first direction. One end of the
second short-circuit member of the secondary conductor is
connected to the ground plane. The secondary radiation arm
is connected to the other end of the second short-circuit mem-
ber and extends from the second short-circuit member along
a second direction opposite to the first direction. The primary
radiation arm and the secondary radiation arm are parallel to
each other and have a gap therebetween. The extension arm is
connected to the joint interface of the second short-circuit
member and the secondary radiation arm, and extends from
the second short-circuit member along the first direction. The
first feeder cable is connected to the secondary radiation arm.
The coupling arm of the coupling conductor is connected to
one end of the feeder member and extends from the feeder
member along the second direction. The secondary radiation
arm and the coupling arm are parallel to each other and have
a gap therebetween. The second feeder cable is connected to
the feeder member.

In a first embodiment of the present invention, the second-
ary radiation arm of the secondary conductor receives micro-
wave signals of a first antenna from the first feeder cable. The
microwave signals are then transmitted to the extension arm,
the second short-circuit member, and the ground plane. Via
the capacitive coupling effect of the secondary radiation arm
and the primary radiation arm, the signals are coupled to the
primary conductor. The primary conductor receives the elec-
trically-coupled signals from the secondary radiation arm and
further transmits the signals to the first short-circuit member
and the ground plane. Thus, the primary radiation arm, the
secondary radiation arm, the extension arm, the first short-
circuit member, and the second short-circuit member jointly
form the main radiation structure of the first antenna. Then,
the primary conductor and the secondary radiation arm excite
a first resonant mode of the first antenna, and the extension
arm excites a second resonant mode of the first antenna. A
capacitive effect is created between the coupling conductor
and the extension arm, and an inductive effect is created in the
coupling conductor itself. Then, a filter, which can effectively
protect a second antenna from the interference of the signals
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of'the first antenna, will be formed via appropriately adjusting
the gap and the thickness and serpentinity of the coupling
conductor.

In the first embodiment, the signal filters are formed by the
integration structure of the ground plane, the primary con-
ductor, the secondary conductor and the coupling conductor
together with the capacitive coupling effect of the parallel
radiation arms and inductance of the conductors. The signal
filters can eftectively reduce the mutual interference between
the first antenna and the second antenna. Thus, additional
spacing is unnecessary between two adjacent antennae, and
the dimensions of the antenna system are greatly reduced.
Further, a superior isolation can still be achieved thereby. As
the antennae of the present invention share parts of the radia-
tion conductors, the layout size of the antennae is greatly
reduced, and the assembly process thereof is simplified.

A second embodiment is basically similar to the first
embodiment except the primary conductor additionally has
an extension arm in the second embodiment. A first extension
arm is connected to the joint of the first short-circuit member
and the primary radiation arm and extends from the first
short-circuit member along the second direction. Further, a
second coupling conductor is arranged beside the first exten-
sion arm in the second embodiment. The second coupling
conductor has a second coupling arm. The second coupling
arm of the second coupling conductor and the first extension
arm of the primary conductor are parallel to each other and
have a gap therebetween.

The second feeder member receives feed-in signals from
the third feeder cable of the second coupling conductor and
transmits the signals to the second coupling arm. The second
coupling arm couples the signals to the extension arm, and the
extension arm transmits the signals to the first short-circuit
member and the ground plane. Thus, the extension arm, the
second coupling arm, the first short-circuit member, and the
second feeder member jointly form the main radiation struc-
ture of a third antenna. The extension arm and the second
coupling arm excite a resonant mode of the third antenna.

In the second embodiment, the framework of parallel pri-
mary radiation arm and secondary radiation arm can infinitely
expand the number of antenna units in the same antenna
structure. Filters, which can effectively reduce the interfer-
ence between antennae, can be formed via appropriately
adjusting the capacitive coupling effect of parallel radiation
arms and the inductance of the radiation conductors. Thereby,
multiple antennae can be integrated into the same antenna
structure to share the radiation conductors and greatly reduce
the layout space of antennae. Thus, the present invention can
achieve antenna miniaturization and multiple operation fre-
quency bands and apply to many communication systems.
Further, the present invention is easy-to-assemble for various
electronic devices

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11is a top view showing an antenna integration system
for mobile phones disclosed by a Taiwanese patent No.
1268010;

FIG. 2a is a diagram showing the measurement results of
the isolation (S21) of a conventional planar Inverted F
antenna and a conventional monopole antenna;

FIG. 2b is a diagram showing the measurement results of
the isolation (S21) of a conventional planar Inverted F
antenna and a conventional planar antenna;

FIG. 3 is a top view schematically showing a multi-antenna
module according to a first embodiment of the present inven-
tion;
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FIG. 4 is a top view schematically showing a variation of
the first embodiment of the present invention;

FIG. 5 is atop view schematically showing a multi-antenna
module according to a second embodiment of the present
invention;

FIG. 6 is a perspective view schematically showing that the
second embodiment applies to a portable computer;

FIG. 7 is a diagram showing the measurement results of the
voltage standing wave ratio (VSWR) of a first antenna (a
WWAN system) according to the second embodiment of the
present invention;

FIG. 8 is a diagram showing the measurement results of the
voltage standing wave ratio (VSWR) of a second antenna (a
WLAN and WiMAX system) according to the second
embodiment of the present invention;

FIG. 9 is a diagram showing the measurement results of the
voltage standing wave ratio (VSWR) of a third antenna (a
UWB system) according to the second embodiment of the
present invention;

FIG. 10 is a diagram showing the measurement results of
the isolation (for the WWAN system and the WLAN system)
of'the multi-antenna module according to the second embodi-
ment of the present invention;

FIG. 11 is a diagram showing the measurement results of
the isolation (for the WWAN system and the UWB system) of
the multi-antenna module according to the second embodi-
ment of the present invention;

FIG. 12 is a diagram showing the measurement results of
the isolation (for the WLAN system and the UWB system) of
the multi-antenna module according to the second embodi-
ment of the present invention; and

FIG. 13 is a top view of a multi-antenna module according
to a third embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Referring to FIG. 3 a top view of a multi-antenna module
according to a first embodiment of the present invention, the
multi-antenna module of the present invention comprises a
ground plane 31, a primary conductor 32, a secondary con-
ductor 33 and a coupling conductor 34. The primary conduc-
tor 32 further comprises a first short-circuit member 321 and
a primary radiation arm 322. The secondary conductor 33
further comprises a second short-circuit member 331, a sec-
ondary radiation arm 332, an extension arm 333 and a first
feeder cable 334. The coupling conductor 34 further com-
prises a feeder member 341, a coupling arm 342 and a second
feeder cable 343.

One end of the first short-circuit member 321 of the pri-
mary conductor 32 is connected to the ground plane 31. One
end of the primary radiation arm 322 is connected to the other
end of the first short-circuit member 321, and the primary
radiation arm 322 extends from the first short-circuit member
321 along a first direction. One end of the second short-circuit
member 331 of the secondary conductor 33 is connected to
the ground plane 31. One end of the secondary radiation arm
332 is connected to the other end of the second short-circuit
member 331, and the secondary radiation arm 332 extends
from the second short-circuit member 331 along a second
direction opposite to the first direction. The primary radiation
arm 322 and the secondary radiation arm 332 are parallel to
each other and have a gap therebetween. One end of the
extension arm 333 is connected to the joint interface of the
second short-circuit member 331 and the secondary radiation
arm 332, and the extension arm 333 extends from the second
short-circuit member 331 along the first direction. The first
feeder cable 334 contains a central conductor 3344, an inner
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insulation layer 3345, external conductor 334¢ and an exter-
nal insulation layer 334d in sequence from the center. The
central conductor 3344 of the first feeder cable 334 is con-
nected to the secondary radiation arm 332. The external con-
ductor 334c is connected to the ground plane 31.

The primary radiation arm 322 has a length of about 45 mm
and a width of about 2 mm. The secondary radiation arm 332
has a length of about 32 mm and a width of about 2 mm. The
first short-circuit member 321 has a length of about 12 mm
and a width of about 2 mm. The second short-circuit member
331 has a length of about 9 mm and a width of about 2 mm.

The secondary radiation arm 332 of the secondary conduc-
tor 33 receives microwave signals of a first antenna from the
first feeder cable 334. The microwave signals are then trans-
mitted to the extension arm 333, the second short-circuit
member 331, and the ground plane 31. Via the capacitive
coupling effect of the secondary radiation arm 332 and the
primary radiation arm 322, the signals are coupled to the
primary conductor 32. The primary conductor 32 receives the
electrically-coupled signals from the secondary radiation arm
332 and further transmits the signals to the first short-circuit
member 321 and the ground plane 31. Thus, the primary
radiation arm 322, the secondary radiation arm 332, the
extension arm 333, the first short-circuit member 321, and the
second short-circuit member 331 jointly form the main radia-
tion structure of the first antenna. Then, the primary conduc-
tor 32 and the secondary radiation arm 332 excite a first
resonant mode of the first antenna, and the extension arm 333
excites a second resonant mode of'the first antenna. A capaci-
tive effect is created between the coupling conductor 34 and
the extension arm 333, and an inductive effect is created in the
coupling conductor 34 itself. Then, a filter, which can effec-
tively protect a second antenna from the interference of the
signals of the first antenna, will be formed via appropriately
adjusting the gap and the thickness and serpentinity of the
coupling conductor 34.

One end ofthe coupling arm 342 of the coupling conductor
34 is connected to one end of the feeder member 341, and the
coupling arm 342 extends from the feeder member 341 along
the second direction. The secondary radiation arm 332 and
the coupling arm 342 are parallel to each other and have a gap
therebetween. The second feeder cable 343 contains a central
conductor 343a, an inner insulation layer 3435, external con-
ductor 343 ¢ and an external insulation layer 3434 in sequence
from the center. The central conductor 3434 of the second
feeder cable 343 is connected to the feeder member 341. The
external conductor 343c¢ is connected to the ground plane 31.

The extension arm 333 has a length of about 12 mm and a
width of about 2 mm. The coupling arm 342 has a length of
about 13 mm and a width of about 2 mm. The feeder member
341 has a length of about 3 mm and a width of about 2 mm.
The second short-circuit member 331 has a length of about 9
mm and a width of about 2 mm.

The feeder member 341 receives feed-in signals from a
second antenna via the second feeder cable 343 and transmits
the signals to the coupling arm 342. Then, the signals are
coupled to the extension arm 333 by the coupling arm 342.
The extension arm 333 transmits the signals to the second
short-circuit member 331 and the ground plane 31. Thus, the
extension arm 333, the coupling arm 342, the second short-
circuit member 331 and the feeder member 341 jointly form
the main radiation structure of the second antenna. Then, the
extension arm 333 and the coupling arm 342 excite a resonant
mode of the second antenna. A capacitive effect is created
between the primary radiation arm 322 and the secondary
radiation arm 332, and an inductive effect is created in sec-
ondary conductor 33 itself. Then, a filter, which can effec-
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tively protect the first antenna against the interference of the
signals of the second antenna, will be formed via appropri-
ately adjusting the gap and the thickness and serpentinity of
the secondary conductor 33.

In this embodiment, the signal filters are formed by the
integration structure of the ground plane 31, the primary
conductor 32, the secondary conductor 33 and the coupling
conductor 34 together with the capacitive coupling effect of
the parallel radiation arms and inductance of the conductors.
The signal filters can effectively reduce the mutual interfer-
ence between the first antenna and the second antenna. Thus,
additional spacing is unnecessary between two adjacent
antennae, and the dimensions of the antenna system are
greatly reduced. Further, a superior isolation can still be
achieved thereby. As the antennae of the present invention
share parts of the radiation structures, the layout size of the
antennae is greatly reduced, and the assembly process thereof
is simplified.

A top view of a variation of the first embodiment of the
present invention is as shown in FIG. 4. In this variation, a
modulation member 344 is arranged beside the coupling con-
ductor 34. One end of the modulation member 344 is con-
nected to the lateral of the coupling conductor 34, and the
other end of the modulation member 344 is connected to the
ground plane 31. The modulation member 344 is used to
modulate the impedance matching of the coupling conductor
34 of the second antenna system, whereby the second antenna
system has a better impedance-variation performance.

A top view of a second embodiment of the present inven-
tion is as shown in FIG. 5. This second embodiment is basi-
cally similar to the first embodiment and comprises a ground
plane 51, a primary conductor 52, a secondary conductor 53,
a first coupling conductor 54 and a second coupling conduc-
tor 55. The primary conductor 52 further comprises a first
short-circuit member 521, a primary radiation arm 522 and a
first extension arm 523. The secondary conductor 53 further
comprises a second short-circuit member 531, a secondary
radiation arm 532, a second extension arm 533 and a first
feeder cable 534. The first coupling conductor 54 further
comprises a first feeder member 541, a first coupling arm 542
and a second feeder cable 543. The second coupling conduc-
tor 55 further comprises a second feeder member 551, a
second coupling arm 552 and a third feeder cable 553.

The second embodiment is different from the first embodi-
ment in that the primary conductor 52 has an additional first
extension arm 523. The first extension arm 523 is connected
to the joint of the first short-circuit member 521 and the
primary radiation arm 522 and extends from the first short-
circuit member 521 along the second direction. The second
embodiment further has a second coupling conductor 55
arranged beside the first extension arm 523. The second cou-
pling arm 552 of the second coupling conductor 55 and the
first extension arm 523 of the primary conductor 52 are par-
allel to each other and have a gap therebetween. The third
feeder cable 553 is connected to the second feeder member
551.

The second feeder member 551 receives a feed-in signal
from the third feeder cable 553 and transmits the signal to the
second coupling arm 552. The second coupling arm 552
couples the signal to the first extension arm 523, and the first
extension arm 523 transmits the signal to the first short-circuit
member 521 and the ground plane 51. Thus, the first exten-
sion arm 523, the second coupling arm 552, the first short-
circuit member 521, and the second feeder member 551
jointly form the main radiation structure of a third antenna.
The first extension arm 523 and the second coupling arm 552
excite a resonant mode of the third antenna.
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The second embodiment incorporates multiple antenna
units in the framework of the parallel primary radiation arm
522 and secondary radiation arm 532, wherein a capacitive
coupling effect is created between the parallel radiation arms,
and inductance is created in the radiation conductor 34. Dif-
ferent-frequency filters can be formed via appropriately
adjusting the capacitive coupling effect and the inductance to
respectively isolate antennae lest they interfere mutually.
Thus is formed a multi-antenna module sharing radiation
conductors, achieving antenna miniaturization, simplifying
assembly procedures, having multiple operation frequency
bands and applying to multiple communication systems.

Referring to FIG. 6, a perspective view schematically
shows that the second embodiment applies to a portable com-
puter. The multi-antenna module of the present invention is
arranged in the inner edge of a baseplate 61 of a portable
computer 6. The ground plane 51 is made of a tin foil. The
entire tin foil is stuck onto the inner surface of the baseplate
61. A screen 62 is arranged above the tin foil and the baseplate
61. The baseplate 61 is used as the ground plane of the entire
antenna module, and the tin foil conducts signals from the
ground plane 51 to the baseplate 61.

The multi-antenna module of the present invention inte-
grates the conductors of different operational frequencies into
an identical antenna module to share radiation conductors. In
the present invention, antennae needn’t be embedded in the
edges of a portable computer, and adjacent antennae do not
need additional spacing. Therefore, the multi-antenna mod-
ule of the present invention is easy-to-layout for various elec-
tronic devices, and the assembly process thereof’is simplified.

Referring to FIG. 7, a diagram shows the measurement
results of the voltage standing wave ratio (VSWR) of the first
antenna (a WWAN system) according to the second embodi-
ment of the present invention. When the voltage standing
wave ratio of the first antenna is defined to be 2.5, the opera-
tion frequency of a bandwidth S1 is between 824 and 960
MHz, which covers the AMPS system (824-894 MHz) and
GSM system (880-960 MHz), and the operation frequency of
abandwidth S2is between 1570 and 2500 MHz, which covers
the GPS system (1575 MHz), DCS system (1710-1880
MHz), PCS system (1850-1990 MHz) and UMTS system
(1920-2170 MHz).

Referring to FIG. 8, a diagram shows the measurement
results of the voltage standing wave ratio (VSWR) of the
second antenna (a WLAN and WiMAX system) according to
the second embodiment of the present invention. When the
voltage standing wave ratio of the second antenna is defined
to be 2, the operation frequency of a bandwidth S3 is between
2.3 and 2.8 GHz, which covers the WLAN 802.11b/g system
(2.4-2.5 GHz), and the operation frequency of a bandwidth S4
is between 4.4 and 6.0 GHz, which covers the WLAN 802.11a
system (4.9-5.9 GHz). Besides, the operation frequency of
the bandwidth S3 and the bandwidth S4 also overlaps the
bandwidth of the WIMAX system (2.6-6.0 GHz).

Referring to FIG. 9, a diagram shows the measurement
results of the voltage standing wave ratio (VSWR) of the third
antenna (a UWB system) according to the second embodi-
ment of the present invention. When the voltage standing
wave ratio of the third antenna is defined to be 2, the operation
frequency of a bandwidth S5 is between 2.9 and 7.2 GHz,
which covers the UWB system (3.1-4.9 GHz). From the
VSWR measurement results, it is known that the multi-an-
tenna module of the present invention has a superior opera-
tion frequency band.

Referring to FIG. 10, a diagram shows the measurement
results of the isolation (for the WWAN and WLAN systems)
of'the multi-antenna module according to the second embodi-
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ment of the present invention. From the measurement results,
it is observed that the isolation is below -20 dB for the
WWAN and WLAN systems.

Referring to FIG. 11, a diagram shows the measurement
results of the isolation (for the WWAN and UWB systems) of
the multi-antenna module according to the second embodi-
ment of the present invention. From the measurement results,
it is observed that the isolation is below -20 dB for the
WWAN and UWB systems.

Referring to FIG. 12, a diagram shows the measurement
results of the isolation (for the WLAN and UWB systems) of
the multi-antenna module according to the second embodi-
ment of the present invention. From the measurement results,
it is observed: the isolation is below -20 dB for the WLAN
and UWB systems. Therefore, the multi-antenna module of
the present invention can indeed inhibit the signal interfer-
ence between two adjacent antennae and promote the isola-
tion of antennae.

A top view of a multi-antenna module according to a third
embodiment of the present invention is shown in FIG. 13. The
third embodiment is similar to the second embodiment, and
the identical or equivalent elements in FIG. 13 use the same
numeral notations of the second embodiment. The third
embodiment of the present invention has a third coupling
conductor 56 and a fourth coupling conductor 57 additionally.
The third coupling conductor 56 is arranged beside the first
coupling conductor 54 and the secondary conductor 53 and
along the direction opposite to the direction of the first cou-
pling conductor 54 and the secondary conductor 53. The
fourth coupling conductor 57 is arranged beside the second
coupling conductor 55 and the primary conductor 52 and
along the direction opposite to the direction of the second
coupling conductor 55 and the primary conductor 52. Then,
the first coupling conductor 54 and the third coupling con-
ductor 56 excite a resonant mode of a fourth antenna, and the
second coupling conductor 55 and the fourth coupling con-
ductor 57 excite a resonant mode of a fifth antenna. Applying
the principle used above can infinitely expand the number of
antennae in the same antenna structure without reserving
additional spacing for adjacent antennae. Thereby, the
present invention can achieve antenna miniaturization and
multiple operation frequency bands.

What is claimed is:

1. A multi-antenna module comprising

a ground plane;

a primary conductor further comprising

a first short-circuit member with one end thereof con-
nected to said ground plane; and

aprimary radiation arm connected to another end of said
first short-circuit member and extending from said
first short-circuit member along a first direction;

a secondary conductor further comprising

a second short-circuit member with one end thereof
connected to said ground plane;

a secondary radiation arm connected to another end of
said second short-circuit member and extending from
said second short-circuit member along a second
direction opposite to said first direction, wherein said
secondary radiation arm and said primary radiation
arm are parallel to each other and have a gap therebe-
tween;

an extension arm connected to a joint of said second
short-circuit member and said secondary radiation
arm and extending from said second short-circuit
member along said first direction; and

afirst feeder cable connected to said secondary radiation
arm;
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a coupling conductor further comprising

a feeder member;

a coupling arm connected to one end of said feeder
member and extending from said feeder member
along said second direction, wherein said coupling
arm and said extension arm are parallel to each other
and have a gap therebetween; and

a second feeder cable connected to said feeder member.

2. The multi-antenna module according to claim 1, wherein
said coupling conductor further comprises a modulation
member.

3. The multi-antenna module according to claim 2, wherein
modulation member is used to modulate impedance matching
of said coupling conductor.

4. The multi-antenna module according to claim 1, wherein
said first feeder cable is used to transmit feed-in signals of a
first antenna.

5. The multi-antenna module according to claim 1, wherein
said second feeder cable is used to transmit feed-in signals of
a second antenna.

6. A multi-antenna module comprising

a ground plane;

a primary conductor further comprising

a first short-circuit member with one end thereof con-
nected to said ground plane;

aprimary radiation arm connected to another end of said
first short-circuit member and extending from said
first short-circuit member along a first direction; and

a first extension arm connected to a joint of said first
short-circuit member and said primary radiation arm
and extending from said first short-circuit member
along a second direction opposite to said first direc-
tion;

a secondary conductor further comprising

a second short-circuit member with one end thereof
connected to said ground plane;

a secondary radiation arm connected to another end of
said second short-circuit member and extending from
said second short-circuit member along said second
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direction, wherein said secondary radiation arm and
said primary radiation arm are parallel to each other
and have a gap therebetween;

a second extension arm connected to a joint of said
second short-circuit member and said secondary
radiation arm and extending from said second short-
circuit member along said first direction; and

afirst feeder cable connected to said secondary radiation
arm;

a first coupling conductor further comprising

a first feeder member;

a first coupling arm connected to one end of said first
feeder member and extending from said first feeder
member along said second direction, wherein said
first coupling arm and said second extension arm are
parallel to each other and have a gap therebetween;
and

a second feeder cable connected to said first feeder
member;

a second coupling conductor further comprising

a second feeder member;

a second coupling arm connected to one end of said
second feeder member and extending from said sec-
ond feeder member along said first direction, wherein
said second coupling arm and said first extension arm
are parallel to each other and have a gap therebe-
tween; and

a third feeder cable connected to said second feeder
member.

7. The multi-antenna module according to claim 6, wherein
said first feeder cable is used to transmit feed-in signals of a
first antenna.

8. The multi-antenna module according to claim 6, wherein
said second feeder cable is used to transmit feed-in signals of
a second antenna.

9. The multi-antenna module according to claim 6, wherein
third feeder cable is used to transmit feed-in signals of a third
antenna.
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1
CHIP ANTENNA APPARATUS AND
METHODS

PRIORITY AND RELATED APPLICATIONS

This is a continuation of, and claims priority to, U.S. patent
application Ser. No. 11/648,431 filed Dec. 28, 2006 and
entitled “Chip Antenna Apparatus and Methods™ which is a
continuation application of and claims priority to Interna-
tional PCT Application No. PCT/FI2005/050089 having an
international filing date of Mar. 16, 2005, which claims pri-
ority to Finland Patent Application No. 20040892 filed Jun.
28, 2004, each of the foregoing incorporated herein by refer-
ence in its entirety.

This applicationis related to co-owned U.S. Pat. No. 7,589,
678 issue Sep. 15, 2009 and entitled “Multi-Band Antenna
With a Common Resonant Feed Structure and Methods”, and
co-owned U.S. Pat. No. 7,663,551 issued Feb. 16, 2010 and
entitled “Multiband Antenna Apparatus and Methods™, each
also incorporated herein by reference in its entirety. This
application is also related to co-owned and co-pending U.S.
patent application Ser. No. 11/648,429 filed Dec. 28, 2006
and entitled “Antenna, Component And Methods”, also incor-
porated herein by reference in its entirety.

COPYRIGHT

A portion of the disclosure of this patent document con-
tains material that is subject to copyright protection. The
copyright owner has no objection to the facsimile reproduc-
tion by anyone of the patent document or the patent disclo-
sure, as it appears in the Patent and Trademark Office patent
files or records, but otherwise reserves all copyright rights
whatsoever.

BACKGROUND OF THE INVENTION

1. Field of Invention

The invention relates generally to antennas for radiating
and/or receiving electromagnetic energy, and specifically in
one aspect to an antenna in which the radiators are conductor
coatings of a dielectric chip; the chip may be, e.g., mounted
on a circuit board of a radio device, wherein the circuit board
is a part of the antenna structure.

2. Description of Related Technology

In small-sized radio devices, such as mobile phones, the
antenna or antennas are preferably placed inside the cover of
the device, and naturally the intention is to make them as
small as possible. An internal antenna has usually a planar
structure so that it includes a radiating plane and a ground
plane below it. There is also a variation of the monopole
antenna, in which the ground plane is not below the radiating
plane but farther on the side. In both cases, the size of the
antenna can be reduced by manufacturing the radiating plane
on the surface of a dielectric chip instead of making it air-
insulated. The higher the dielectricity of the material, the
smaller the physical size of an antenna element of a certain
electric size. The antenna component becomes a chip to be
mounted on a circuit board. However, such a reduction of the
size of the antenna entails the increase of losses and thus a
deterioration of efficiency.

FIG. 1 shows a chip antenna known from the publications
EP 1 162 688 and U.S. Pat. No. 6,323,811, in which antenna
there are two radiating elements side by side on the upper
surface of the dielectric substrate 110. The first element 120 is
connected by the feed conductor 141 to the feeding source,
and the second element 130, which is a parasitic element, by
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a ground conductor 143 to the ground. The resonance fre-
quencies of the elements can be arranged to be different in
order to widen the band. The feed conductor and the ground
conductor are on a lateral surface of the dielectric substrate.
On the same lateral surface, there is a matching conductor 142
branching from the feed conductor 141, which matching con-
ductor is connected to the ground at one end. The matching
conductor extends so close to the ground conductor 143 ofthe
parasitic element that there is a significant coupling between
them. The parasitic element 130 is electromagnetically fed
through this coupling. The feed conductor, the matching con-
ductor and the ground conductor of the parasitic element
together form a feed circuit; the optimum matching and gain
for the antenna can then be found by shaping the strip con-
ductors of the feed circuit. Between the radiating elements,
there is a slot 150 running diagonally across the upper surface
of'the substrate, and at the open ends of the elements, i.e. at the
opposite ends as viewed from the feeding side, there are
extensions reaching to the lateral surface of the substrate. By
means of such design, as well by the structure of the feed
circuit, it is aimed to arrange the currents of the elements
orthogonally so that the resonances of the elements would not
weaken each other.

A drawback of the above described antenna structure is that
in spite of the ostensible optimization of the feed circuit,
waveforms that increase the losses and are effectively useless
with regard to the radiation produced by the device are created
in the dielectric substrate. The efficiency ofthe antenna is thus
comparatively poor and not satisfactory. In addition, there is
significant room for improvement if a relatively even radia-
tion pattern, or omnidirectional radiation, is required.

SUMMARY OF THE INVENTION

The present invention addresses the foregoing needs by
disclosing antenna component apparatus and methods.

In a first aspect of the invention, an antenna apparatus is
disclosed. In one embodiment, the antenna apparatus com-
prises: a dielectric substrate comprising a plurality of sur-
faces, a ground plane, a first antenna element, a second
antenna element, and an electromagnetic coupling element
disposed substantially between the first element and the sec-
ond element. In one variant, the first antenna element is con-
figured to be galvanically coupled to a feed structure at a third
location, and the second antenna element is configured to be
electromagnetically coupled to the feed structure through the
electromagnetic coupling element so as to form a resonant
structure between the first antenna element, the second
antenna element, the dielectric substrate, and the ground
plane.

In another variant, the first element is disposed at least
partially on a first surface of the dielectric substrate and at
least partially on a second surface of the dielectric substrate,
and the first antenna element is configured to be coupled to the
ground plane at a first location.

In another variant, the second element is disposed at least
partially on a third surface of the dielectric substrate, the third
surface and the first surface being disposed substantially at
opposite ends of the substrate, and at least partially on the
second surface. The second antenna element is configured to
be coupled to the ground plane at a second location.

In yet another variant, the ground plane is disposed a first
predetermined distance away from the dielectric substrate
along at least a portion of a fourth surface and along at leasta
portion of a fifth surface of the dielectric substrate, the fifth
surface substantially opposing the fourth surface. The first
and the third locations are disposed proximate a first and a
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second corner of the dielectric substrate, respectively, the first
and the second corner arranged along a first edge of the
dielectric substrate. The second location is disposed proxi-
mate a third corner of the dielectric substrate, the third corner
arranged along a second edge of the dielectric substrate, the
second edge substantially opposing the first edge.

In still another variant, the ground plane is further dis-
posed: (i) a second predetermined distance away from the
dielectric substrate along at least a portion of the first surface,
and (ii) a third predetermined distance away from the dielec-
tric substrate along at least a portion of the third surface.

In another variant, the second antenna element is further
configured to be coupled to the ground plane at a fourth
location, the fourth location positioned distally relative to the
electromagnetic coupling element, e.g., the first and the third
locations are disposed proximate a first and a second corner of
the dielectric substrate, respectively, the second and the
fourth locations are disposed proximate a third and a fourth
corner of the dielectric substrate, respectively, the first and the
second corner arranged along a first edge of the dielectric
substrate, and the third and the fourth corner are arranged
along a second edge of the dielectric substrate, the second
edge opposing the first edge.

In another embodiment, the antenna apparatus comprises:
a dielectric substrate comprising a plurality of surfaces, a
ground plane, a first antenna element disposed at least par-
tially on a first surface of the dielectric substrate and at least
partially on a second surface of the dielectric substrate, the
first antenna element configured to be coupled to the ground
plane at a first location, a second antenna element disposed at
least partially on a third surface of the dielectric substrate, the
third surface substantially opposing the first surface, and at
least partially on the second surface, the second antenna ele-
ment configured to be coupled to the ground plane at a second
location, and an electromagnetic coupling element disposed
substantially between at least portions of the first element and
the second element. The ground plane is arranged a first
predetermined distance away from the dielectric substrate
along at least a portion of a fourth surface of the dielectric
substrate, and a feed structure is galvanically coupled to the
first antenna element at a third location, and is coupled to the
second antenna element through the electromagnetic cou-
pling element so as to form a resonant structure between the
first antenna element, the second antenna element, the dielec-
tric substrate, and the ground plane.

In a second aspect of the invention, a chip component is
disclosed. In one embodiment, the chip component com-
prises: a dielectric substrate comprising a plurality of sur-
faces, a first antenna element disposed at least partially on a
first, a second and a third surface of the substrate, the first
antenna element adapted to couple to a ground plane at a first
location, a second antenna element disposed at least partially
on the first surface of the substrate, and at least partially on the
third surface of the substrate, the second antenna element
adapted to couple to the ground plane at a second location,
and an electromagnetic coupling element disposed substan-
tially between the first antenna element and the second
antenna element. The coupling element is configured to elec-
tromagnetically couple the second antenna element to the first
antenna element. The first antenna element is configured to be
galvanically coupled to a feed structure at a third location, the
galvanic coupling comprising a conductive material asym-
metrically coupled to the third surface to provide a substan-
tially omni-directional radiation pattern within at least a first
frequency range.

In one variant, the second antenna element is disposed at
least partially on the second surface, and is further configured
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to be coupled to the ground plane at a fourth location, and the
first antenna element is disposed at least partially on the
fourth surface of the dielectric substrate, and the second
antenna element is disposed at least partially on a fifth surface
of the dielectric substrate, the fifth surface substantially
opposing the fourth surface.

In another variant, the second and the fourth surface share
a common first edge, the third and the fourth surface share a
common second edge, the third and the fifth surface share a
common third edge, the second and the fifth surface share a
common fourth edge, the first antenna element is disposed
over a first area proximate the first edge and the second edge,
and the second antenna element is disposed over a third area
proximate the third edge and the fourth edge, such that the
first location is proximate the first edge, the second location is
proximate the third edge, the third location is proximate the
second edge, and the fourth location is proximate the fourth
edge.

In another variant, the electromagnetic coupling element
comprises a substantially linear slot positioned on the second
surface.

In still another variant, the electromagnetic coupling ele-
ment comprises a slot comprised of at least one turn that
forms at least one finger-like projection extending between
respective open ends of the first antenna element and the
second antenna element.

In yet another variant, the first antenna element is disposed
at least partially on a fourth surface of the dielectric substrate,
and the second antenna element is disposed at least partially
on a fifth surface of the dielectric substrate, the fifth surface
substantially opposing the fourth surface such that the second
and the fourth surface share a common first edge, the second
and the fifth surface share a common second edge, the first
antenna element is disposed over an area proximate the first
edge, and the second antenna element is disposed over an area
proximate the second edge.

In another embodiment, the chip component comprises a
first layer, comprising a ground plane, a second layer, having
a first end and a second end, disposed substantially parallel to
the first layer, and comprising a conductive element, the con-
ductive element.

In one variant, the conductive element comprises: a first
antenna element coupled to the ground plane at a first location
proximate the first end, a second antenna element coupled to
the ground plane at a second location proximate the second
end, and an electromagnetic coupling element disposed
between the first antenna element and the second antenna
element, a dielectric substrate, disposed substantially
between the first and the second layer, a first and a second
interconnect structure configured to couple the first layer to
the first and second ends of the second layer, respectively, and
a feed structure coupled to the first antenna element at a third
location and coupled to the second antenna element through
the electromagnetic coupling element so as to form a resonant
structure between the first antenna element, the second
antenna element, the dielectric substrate, and the ground
plane. The first antenna element is disposed at least partially
on the first interconnect structure, and the second antenna
element is disposed at least partially on the second intercon-
nect structure.

In another embodiment, the chip component is produced
by the method comprising using of a semiconductor tech-
nique; i.e., by growing a metal layer on the surface of the
substrate (e.g. quartz substrate), and removing a part of it so
that the elements remain.
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BRIEF DESCRIPTION OF THE DRAWINGS

In the following, the invention will be described in more
detail. Reference will be made to the accompanying draw-
ings, wherein:

FIG. 1 presents an example of a prior art chip antenna;

FIG. 2 presents an example of a chip antenna according to
the invention;

FIG. 3 shows a part of a circuit board belonging to the
antenna structure of FIG. 2 from the reverse side;

FIGS. 4a and 45 present another example of the chip com-
ponent of an antenna according to the invention;

FIG. 5 presents a whole antenna with a chip component
according to FIG. 4a;

FIGS. 6a-d show examples of shaping of the slot between
the radiating elements in an antenna according to the inven-
tion;

FIG. 7 shows an example of the directional characteristics
of an antenna according to the invention, placed in a mobile
phone;

FIG. 8 shows an example of band characteristics of an
antenna according to the invention;

FIG. 9 shows an example of an effect of the shape of the slot
between the radiating elements on the place of the antenna
operation band; and

FIG. 10 shows an example of the efficiency of an antenna
according to the invention.

DETAILED DESCRIPTION OF THE INVENTION

Reference is now made to the drawings wherein like
numerals refer to like parts throughout.

As used herein, the terms “wireless”, “radio” and “radio
frequency” refer without limitation to any wireless signal,
data, communication, or other interface or radiating compo-
nent including without limitation Wi-Fi, Bluetooth, 3G
(3GPP/3GPPS), HSDPA/HSUPA, TDMA, CDMA (e.g.,
1S-95A, WCDMA, etc.), FHSS, DSSS, GSM, UMTS, PAN/
802.15, WiMAX (802.16), 802.20, narrowband/FDMA,
OFDM, PCS/DCS, analog cellular, CDPD, satellite systems,
millimeter wave, or microwave systems.

Additionally, as used herein, the term “chip antenna”
means without limitation an antenna structure comprising a
chip component. In addition to the actual chip component
itself, the structure may comprise the ground arrangement
surrounding it and the antenna feed arrangement.

It will further be appreciated that as used herein, the quali-
fiers “upper” and “lower” refer to the relative position of the
antenna shown in FIGS. 2 and 44, and have nothing to do with
the position in which the devices are used, and in no way are
limiting, but rather merely for convenient reference.
Overview

In one salient aspect, the present invention comprises a
chip component (and antenna formed therefrom) which over-
comes the aforementioned deficiencies of the prior art.

Specifically, one embodiment of the invention comprises a
plurality (e.g., two) radiating antenna elements on the surface
of a dielectric substrate chip. Each of them is substantially
symmetric and of a similar or same size, and covers one of the
opposing heads, and part of the upper surface of the (e.g.,
rectangular) chip. In the middle of the upper surface between
the elements is formed a slot. The circuit board or other
substrate, on which the chip component is mounted, has no
ground plane under the chip nor on its sides up to a certain
distance. The lower edge of one of the radiating elements is
galvanically connected to the antenna feed conductor on the
circuit board, and at another point to the ground plane, while
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the lower edge of the opposite radiating element, or the para-
sitic element, is galvanically connected only to the ground
plane. The parasitic element obtains its feed through said
electromagnetic coupling, and both elements resonate with
substantially equal strength at the operating frequency.

In one embodiment, the aforementioned component is
manufactured by a semiconductor technique; e.g., by grow-
ing a metal layer on the surface of quartz or other type of
substrate, and removing a part of it so that the elements
remain.

In addition, the invention has the advantage that the effi-
ciency of an antenna made using such a component is high, in
spite of the use of the dielectric substrate. This is due to the
comparatively simple structure of the antenna, which pro-
duces an uncomplicated current distribution in the antenna
elements, and correspondingly a simple field image in the
substrate without “superfluous” waveforms.

Moreover, the invention has an excellent omnidirectional
radiation profile, which is largely due to the symmetrical
structure, shaping of the ground plane, and the nature of the
coupling between the elements.

A still further advantage of the invention is that both the
tuning and the matching of an antenna can be carried out
without discrete components; i.e., just by changing the width
of'the slot, shaping the conductor pattern of the circuit board
near the antenna component, etc.

Yet another advantage of the invention is that the antenna
according to it is very small and simple and tolerates rela-
tively high field strengths.

DESCRIPTION OF THE EXEMPLARY
EMBODIMENTS

Detailed discussions of various exemplary embodiments
of the invention are now provided. It will be recognized that
while described in terms of particular applications (e.g.,
mobile devices including for example cellular telephones),
materials, components, and operating parameters (e.g., fre-
quency bands), the various aspects of the invention may be
practiced with respect to literally any wireless or radio fre-
quency application.

FIG. 2 shows an example of a chip antenna according to
one embodiment of the invention. The antenna 200 comprises
a dielectric substrate chip and a plurality (two in this embodi-
ment) radiating elements on its surface, one of which has been
connected to the feed conductor of the antenna and the other
which is an electromagnetically fed parasitic element, some-
what akin to the prior art antenna of FIG. 1. However, there
are several structural and functional differences between
those antennas. In the antenna according to the invention,
among other things; the slot separating the radiating elements
is between the open ends of the elements and not between the
lateral edges.

Moreover, the parasitic element obtains its feed through the
coupling prevailing over the slot and not through the coupling
between the ground conductor of the parasitic element and
the feed conductor. The first radiating element 220 of the
antenna 200 comprises a portion 221 partly covering the
upper surface of an elongated, rectangular substrate 210 and
a head portion 222 covering one head of the substrate. The
second radiating element comprises a portion 231 symmetri-
cally covering the upper surface of the substrate partly and a
head portion 232 covering the opposite head. Each head por-
tion 222 and 232 continues slightly on the side of the lower
surface of the substrate, thus forming the contact surface of
the element for its connection. In the middle of the upper
surface between the elements there remains a slot 260, over
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which the elements have an electromagnetic coupling with
each other. The slot 260 extends in this example in the trans-
verse direction of the substrate perpendicularly from one
lateral surface of the substrate to the other, although this is by
no means a requirement for practicing the invention.

The chip component 201, or the substrate with its radiators,
is in FIG. 2 on the circuit board (PCB) on its edge and its lower
surface against the circuit board. The antenna feed conductor
240 is a strip conductor on the upper surface of the circuit
board, and together with the ground plane, or the signal
ground GND, and the circuit board material, it forms a feed
line having a certain impedance. The feed conductor 240 is
galvanically coupled to the first radiating element 220 at a
certain point of its contact surface. At another point of the
contact surface, the first radiating element is galvanically
coupled to the ground plane GND. At the opposite end of the
substrate, the second radiating element 230 is galvanically
coupled at its contact surface to the ground conductor 250,
which is an extension of the wider ground plane GND. The
width and length of the ground conductor 250 have a direct
effect on the electric length of the second element and thereby
on the natural frequency of the whole antenna. For this rea-
son, the ground conductor can be used as a tuning element for
the antenna.

The tuning of the antenna is also influenced by the shaping
of'the other parts of the ground plane, too, and the width d of
the slot 260 between the radiating elements. There is no
ground plane under the chip component 201, and on the side
of'the chip component the ground plane is at a certain distance
s from it. The longer the distance, the lower the natural fre-
quency. In turn, increasing the width d of the slot increases the
natural frequency of the antenna. The distance s also has an
effect on its impedance. Therefore the antenna can advanta-
geously be matched by finding the optimum distance of the
ground plane from the long side of the chip component. In
addition, removing the ground plane from the side of the chip
component improves the radiation characteristics of the
antenna, such as its omnidirectional radiation.

At the operating frequency, both radiating elements
together with the substrate, each other and the ground plane
form a quarter-wave resonator. Due to the above described
structure, the open ends of the resonators are facing each
other, separated by the slot 260, and said electromagnetic
coupling is clearly capacitive. The width d of the slot can be
dimensioned so that the resonances of both radiators are
strong and that the dielectric losses of the substrate are mini-
mized. The optimum width is, for example, 1.2 mm and a
suitable range of variation 0.8-2.0 mm, for example. When a
ceramic substrate is used, the structure provides a very small
size. The dimensions of a chip component of an exemplary
Bluetooth antenna operating on the frequency range 2.4 GHz
are 2x2x7 mm?®, for example, and those of a chip component
of'a GPS (Global Positioning System) antenna operating at
the frequency of 1575 MHz 2x3x10 mm?, for example.

FIG. 3 shows a part of the circuit board belonging to the
antenna structure of FIG. 2 as seen from below. The chip
component 201 on the other side of the circuit board (PCB)
has been marked with dashed lines in the drawing. Similarly
with dashed lines are marked the feed conductor 240, the
ground conductor 250 and a ground strip 251 extending under
the chip component to its contact surface at the end on the side
of'the feed conductor. A large part of the lower surface of the
circuit board belongs to the ground plane GND. The ground
plane is missing from a corner of the board in the area A,
which comprises the place of the chip component and an area
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extending to a certain distance s from the chip component,
having a width which is the same as the length of the chip
component.

FIG. 4a shows another example of the chip component of
an antenna according to the invention. The component 401 is
mainly similar to the component 201 presented in FIG. 2. The
difference is that now the radiating elements extend to the
lateral surfaces of the substrate 410 at the ends of the com-
ponent, and the heads-of-the substrate are largely uncoated.
Thus the first radiating element 420 comprises a portion 421
partly covering the upper surface of the substrate, a portion
422 in a corner of the substrate and a portion 423 in another
corner of the same end. The portions 422 and 423 in the
corners are partly on the side of the lateral surface of the
substrate and partly on the side of the head surface. They
continue slightly to the lower surface of the substrate, forming
thus the contact surface of the element for its connection. The
second radiating element 430 is similar to the first one and is
located symmetrically with respect to it. The portions of the
radiating elements being located in the corners can naturally
also be limited only to the lateral surfaces of the substrate or
only to one of the lateral surfaces. In the latter case, the
conductor coating running along the lateral surface continues
at either end of the component under it for the whole length of
the end.

InFIG. 45, the chip component 401 of FIG. 44 is seen from
below. The lower surface of the substrate 410 and the con-
ductor pads serving as said contact surfaces in its corners are
seen in the figure. One of the conductor pads at the first end of
the substrate is intended to be connected to the antenna feed
conductor and the other one to the ground plane GND. Both
of the conductor pads at the second end of the substrate are
intended to be connected to the ground plane.

FIG. 5 shows a chip component according to FIGS. 4a and
4b as mounted on the circuit board so that a whole antenna
400 is formed. Only a small part of the circuit board is visible
is this embodiment. Now the chip component 401 is not
located at the edge of the circuit board, and therefore there is
a groundless area on its both sides up to a certain distance s.
The antenna feed conductor 440 is connected to the chip
component in one corner of its lower surface, and the ground
plane extends to other corners corresponding FIG. 44.

FIGS. 6a-d show examples of shaping of the slot between
the radiating elements in an antenna according to the inven-
tion. In FIG. 6a, the antenna’s chip component 601 is seen
from above and in FIG. 65 the chip component 602 is seen
from above. Both the slot 661 in component 601 and the slot
662 in component 602 travel diagonally across the upper
surface of the component from the first to the second side of
the component. The slot 662 is yet more diagonal and thus
longer than the slot 661, extending from a corner to the
opposite, farthest corner of the upper surface of the chip
component. In addition, the slot 662 is narrower than the slot
661. It is mentioned before that broadening the slot increases
the natural frequency of the antenna. Vice versa, narrowing
the slot decreases the natural frequency of the antenna, or
shifts the antenna operation band downwards. Lengthening
the slot by making it diagonal affects in the same way, even
more effectively.

In FIG. 6¢ the antenna’s chip component 603 is seen from
above, and in FIG. 6d the chip component 604 is seen from
above. Both the slot 663 in component 603 and the slot 664 in
component 604 now have turns. The slot 663 has six rectan-
gular turns so that a finger-like strip 625 is formed in the first
radiating element, the strip extending between the regions,
which belong to the second radiating element. Symmetri-
cally, a finger-like strip 635 is formed in the second radiating
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element, this strip extending between the regions, which
belong to the first radiating element. The number of the turns
in the slot 664 belonging to the component 604 is greater so
that two finger-like strips 626 and 627 are formed in the first
radiating element, these strips extending between the regions,
which belong to the second radiating element. Between these
strips there is a finger-like strip 636 as a projection of the
second radiating element. The strips in the component 604
are, besides more numerous, also longer than the strips in the
component 603, and in addition the slot 664 is narrower than
the slot 663. For these reasons the operation band of an
antenna corresponding to the component 604 is located lower
down than the operation band of an antenna corresponding to
the component 603.

FIG. 7 presents an example of the directional characteris-
tics of an antenna according to the invention, being located in
a mobile phone. The antenna has been dimensioned for the
Bluetooth system. There are three directional patterns in the
Figure: (i) the directional pattern 71 presents the antenna gain
on plane XZ; (ii) the directional pattern 72 on plane YZ; and
(iii) the directional pattern 73 on plane XY; wherein the X axis
is the longitudinal direction of the chip component, the'Y axis
is the vertical direction of the chip component and the Z axis
is the transverse direction of the chip component. It is seen
from the patterns that the antenna transmits and receives well
on all planes and in all directions. On the plane XY in par-
ticular, the pattern is substantially even. The two others only
have a recess 0of 10 dB in a sector about 45 degrees wide. The
totally “dark™ sectors typical in directional patterns do not
exist at all.

FIG. 8 presents an example of the band characteristics of an
antenna according to one embodiment of the invention. It
presents a curve of the reflection coefficient S11 as a function
of frequency. The curve has been measured from the same
Bluetooth antenna the patterns of FIG. 6. If the criterion for
the cut-off frequency is the value -6 dB of the reflection
coefficient, the bandwidth becomes about 50 MHz, which is
about 2% as a value. In the center of the operating band, at the
frequency of 2440 MHz, the reflection coefficient is =17 dB,
which indicates good matching. The Smith diagram shows
that in the center of the band, the impedance of the antenna is
purely resistive, below the center frequency slightly induc-
tive, and above the centre frequency slightly capacitive,
respectively.

FIG. 9 presents an example of an effect of the shape of the
slot between the radiating elements on the place of the
antenna operation band.

The curve 91 shows the fluctuation of the reflection coef-
ficient S11 as a function of frequency in the antenna, the size
of the chip component of which is 10x3x4 mm?>, and the slot
between the radiating elements is perpendicular. The reso-
nance frequency of the antenna, which is approximately the
same as the medium frequency of the operation band, falls on
the point 1725 MHz.

The curve 92 shows the fluctuation of the reflection coef-
ficient, when the slot between the radiating elements is diago-
nal according to FIG. 6b. In other respects the antenna is
similar as in the previous case. Now the resonance frequency
of the antenna falls on the point 1575 MHz, the operation
band thus being located about 150 MHz lower than in the
previous case. The frequency 1575 MHz is used by the GPS
(Global Positioning System). A frequency lower than that can
in practice be reached in the antenna in question by using a
diagonal slot.

The curve 93 shows the fluctuation of the reflection coef-
ficient, when the slot between the radiating elements has turns
according to FIG. 64 and is somewhat narrower than in the

20

25

30

35

40

45

50

55

60

65

10

two previous cases. In other respects the antenna is generally
similar. Now the operation band of the antenna is lower nearly
by a half compared to the case corresponding to the curve 91.
The resonance frequency falls on the point 880 MHz, which
is located in the range used by the EGSM system (Extended
GSM).

A ceramics having the value 20 of the relative dielectric
coefficient €, is used for the antenna in the three cases of FIG.
9. Using a ceramics with a higher €, value, also the band of an
antenna equipped with a diagonal slot can be placed for
example in the range of 900 MHz without making the antenna
bigger. However, the electric characteristics of the antenna
may then be somewhat reduced.

FIG. 10 shows an example of the efficiency of an antenna
according to the invention. The efficiency has been measured
from the same Bluetooth antenna as the patterns of FIGS. 7
and 8. At the centre of the operating band of the antenna the
efficiency is about 0.44, and decreases from that to the value
of'about 0.3 when moving 25 MHz to the side from the centre
of'theband. The efficiency is considerably high for an antenna
using a dielectric substrate.

While the above detailed description has shown, described,
and pointed out novel features of the invention as applied to
various embodiments, it will be understood that various omis-
sions, substitutions, and changes in the form and details of the
device or process illustrated may be made by those skilled in
the art without departing from the invention. The foregoing
description is of the best mode presently contemplated of
carrying out the invention. This description is in no way
meant to be limiting, but rather should be taken as illustrative
of the general principles of the invention. The scope of the
invention should be determined with reference to the claims.

What is claimed is:

1. Antenna apparatus, comprising:

a dielectric substrate comprising a plurality of surfaces;

a ground plane;

a first antenna element disposed at least partially on a first
surface of the dielectric substrate and at least partially on
a second surface of the dielectric substrate, the first
antenna element configured to be coupled to the ground
plane at a first location;

a second antenna element disposed at least partially on a
third surface of the dielectric substrate, the third surface
and the first surface being disposed substantially at
opposite ends of the substrate, and at least partially on
the second surface, the second antenna element config-
ured to be coupled to the ground plane at a second
location; and

an electromagnetic coupling element disposed substan-
tially between the first element and the second element;

wherein the first antenna element is configured to be gal-
vanically coupled to a feed structure at a third location;
and

wherein the second antenna element is configured to be
electromagnetically coupled to the feed structure
through the electromagnetic coupling element so as to
form a resonant structure between the first antenna ele-
ment, the second antenna element, the dielectric sub-
strate, and the ground plane.

2. The antenna apparatus of claim 1, wherein the ground
plane is disposed a first predetermined distance away from the
dielectric substrate along at least a portion of a fourth surface
and along at least a portion of a fifth surface of the dielectric
substrate, said fifth surface substantially opposing said fourth
surface.

3. The antenna apparatus of claim 2, wherein the ground
plane is further disposed: (i) a second predetermined distance
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away from the dielectric substrate along at least a portion of
the first surface; and (ii) a third predetermined distance away
from the dielectric substrate along at least a portion of the
third surface.

4. The antenna apparatus of claim 2, wherein the first and
the third locations are disposed proximate a first and a second
corner of the dielectric substrate, respectively, said first and
said second corner arranged along a first edge of the dielectric
substrate.

5. The antenna apparatus of claim 4, wherein the second
location is disposed proximate a third corner of the dielectric
substrate, said third corner arranged along a second edge of
the dielectric substrate, said second edge substantially oppos-
ing said first edge.

6. The antenna apparatus of claim 1, wherein the second
antenna element is further configured to be coupled to the
ground plane at a fourth location, said fourth location posi-
tioned distally relative to the electromagnetic coupling ele-
ment.

7. The antenna apparatus of claim 6, wherein:

the first and the third locations are disposed proximate a
first and a second corner of the dielectric substrate,
respectively;

the second and the fourth locations are disposed proximate
a third and a fourth corner of the dielectric substrate,
respectively;

said first and said second corner arranged along a first edge
of the dielectric substrate; and

said third and said fourth corner are arranged along a sec-
ond edge of the dielectric substrate, said second edge
opposing said first edge.

8. A chip component, comprising:

a dielectric substrate comprising a plurality of surfaces;

a first antenna element disposed at least partially on a first,
a second and a third surface of said substrate, the first
antenna element adapted to couple to a ground plane at
a first location;

a second antenna element disposed at least partially on the
first surface of said substrate, and at least partially on the
third surface of said substrate, the second antenna ele-
ment adapted to couple to the ground plane at a second
location; and

an electromagnetic coupling element disposed substan-
tially between the first antenna element and the second
antenna element and configured to electromagnetically
couple the second antenna element to the first antenna
element;

wherein the first antenna element is configured to be gal-
vanically coupled to a feed structure at a third location,
said galvanic coupling comprising a conductive material
asymmetrically coupled to the third surface to provide a
substantially omni-directional radiation pattern within
at least a first frequency range.

9. The chip component of claim 8, wherein the second
antenna element is disposed at least partially on the second
surface, and is further configured to be coupled to the ground
plane at a fourth location.

10. The chip component of claim 9, wherein:

the first antenna element is disposed at least partially on the
fourth surface of the dielectric substrate; and

the second antenna element is disposed at least partially on
a fifth surface of the dielectric substrate, the fifth surface
substantially opposing the fourth surface.

11. The chip component of claim 10, wherein:

the second and the fourth surface share a common first
edge;
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the third and the fourth surface share a common second
edge;

the third and the fifth surface share a common third edge;

the second and the fifth surface share a common fourth
edge;

the first antenna element is disposed over a first area proxi-
mate said first edge and said second edge; and

the second antenna element is disposed over a third area
proximate said third edge and said fourth edge.

12. The chip component of claim 11, wherein:

the first location is proximate the first edge;

the second location is proximate the third edge;

the third location is proximate the second edge; and

the fourth location is proximate the fourth edge.

13. The chip component of claim 8, wherein the electro-
magnetic coupling element comprises a substantially linear
slot positioned on the second surface.

14. The chip component of claim 8, wherein the electro-
magnetic coupling element comprises a slot comprised of at
least one turn.

15. The chip component of claim 14, wherein the at least
one turn forms at least one finger-like projection extending
between respective open ends of the first antenna element and
the second antenna element.

16. The chip component of claim 8, wherein:

the first antenna element is disposed at least partially on a
fourth surface of the dielectric substrate; and

the second antenna element is disposed at least partially on
a fifth surface of the dielectric substrate, the fifth surface
substantially opposing the fourth surface.

17. The chip component of claim 16, wherein:

the second and the fourth surface share a common first
edge;

the second and the fifth surface share a common second
edge;

the first antenna element is disposed over an area proximate
said first edge; and

the second antenna element is disposed over an area proxi-
mate said second edge.

18. An antenna apparatus, comprising:

a dielectric substrate comprising a plurality of surfaces;

a ground plane;

a first antenna element disposed at least partially on a first
surface of the dielectric substrate and at least partially on
a second surface of the dielectric substrate, the first
antenna element configured to be coupled to the ground
plane at a first location;

a second antenna element disposed at least partially on a
third surface of the dielectric substrate, the third surface
substantially opposing the first surface, and at least par-
tially on the second surface, the second antenna element
configured to be coupled to the ground plane at a second
location; and

an electromagnetic coupling element disposed substan-
tially between at least portions of the first element and
the second element;

wherein the ground plane is arranged a first predetermined
distance away from the dielectric substrate along at least
a portion of a fourth surface of the dielectric substrate;
and

wherein a feed structure is galvanically coupled to the first
antenna element at a third location, and is coupled to the
second antenna element through the electromagnetic
coupling element so as to form a resonant structure
between the first antenna element, the second antenna
element, the dielectric substrate, and the ground plane.
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19. The antenna apparatus of claim 18, wherein the ground
plane is further disposed the first predetermined distance
away from the dielectric substrate along at least a portion of a
fifth surface, said fifth surface arranged substantially oppos-
ing said fourth surface.

20. The antenna apparatus of claim 19, wherein the ground
plane is further disposed a second predetermined distance
away from the dielectric substrate along at least a portion of
the first surface and along at least a portion of the third surface
of the dielectric substrate.

21. The antenna apparatus of claim 18, wherein the elec-
tromagnetic coupling element comprises an open slot config-
ured substantially between open ends of the first and the
second antenna elements.

22.The antenna apparatus of claim 21, wherein the first and
the second locations are positioned distally relative to the
electromagnetic coupling element.

23. The antenna apparatus of claim 18, wherein the first and
the third location are disposed proximate to an edge of the first
surface, and the second location is disposed proximate to an
edge of the third surface.

24. The antenna apparatus of claim 18, wherein:

the ground plane is coupled to the first surface at the first

location and to the third surface at the second location;
and

the first and the second locations are positioned distally

relative to the electromagnetic coupling element.

25. The antenna apparatus of claim 18, wherein at least one
of the first or the second antenna elements is formed at least
partially on a fourth surface of the dielectric substrate.

26. The antenna apparatus of claim 25, wherein at least one
of the first and/or the second antenna elements is formed at
least partially on a fifth surface of the dielectric substrate; the
fifth surface substantially opposing the fourth surface.

27. The antenna apparatus of claim 18, wherein at least one
of the first or second antenna elements is formed at least
partially on a sixth surface of the dielectric substrate.
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28. The antenna apparatus of claim 18, wherein the second
antenna element is further configured to be coupled to the
ground plane at a fourth location, said second, said first, and
said fourth location positioned distally relative to the electro-
magnetic coupling element.

29. A chip component, comprising:

a first layer comprising a ground plane;

a second layer having a first end and a second end, the
second layer being disposed substantially parallel to the
first layer and comprising a conductive element, the
conductive element comprising:

a first antenna element coupled to the ground plane at a
first location proximate the first end;

a second antenna element coupled to the ground plane at
a second location proximate the second end; and

an electromagnetic coupling element disposed between
the first antenna element and the second antenna ele-
ment;

a dielectric substrate, disposed substantially between the
first and the second layer;

a first and a second interconnect structure configured to
couple the first layer to the first and second ends of the
second layer, respectively; and

a feed structure coupled to the first antenna element at a
third location and coupled to the second antenna element
through the electromagnetic coupling element so as to
form a resonant structure between the first antenna ele-
ment, the second antenna element, the dielectric sub-
strate, and the ground plane;

wherein the first antenna element is disposed at least par-
tially on the first interconnect structure, and the second
antenna element is disposed at least partially on the
second interconnect structure.






