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1
ANTENNA STRUCTURE FOR A NOTEBOOK

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an antenna structure, and
especially to an antenna structure which suits a notebook
applied to multi-frequency wireless communication.

2. Description of the Prior Art

In fast progression of the technique of wireless communi-
cation, such as wireless local area network (LAN), gradually,
mobile communication systems have been built in notebooks;
thereby the notebooks can still be connected with the outside
for transmitting data via the mobile communication systems.
The working frequencies of the technique of wireless com-
munication have developed to multi-frequencies very early
before, such as VIFI, GSM 900, GSM 1800, DCS, CDMA
and WCDMA etc.

In an U.S. patent application Ser. No. 2007/0060222 titled
“Combination Antenna with Multiple Feed Points™, there is a
kind of combination antenna having therein a common struc-
ture for connecting a first electromagnetic radiation element
and a second electromagnetic radiation element, the two elec-
tromagnetic radiation elements are provided for operating
different frequency bands. The common structure includes a
common antenna structure, a common mounting structure
and a common grounding structure, in order that the space
occupied by the first and the second electromagnetic radiation
elements which are mounted separately can be saved.

The evidently not able to satisfy the requirement of mobile
communication. And more, by virtue of the tendency of com-
pacting of notebooks, the space for mounting hidden antenna
becomes smaller and smaller; it is the main category of dis-
cussion of the present invention—how to design an antenna
structure that can be applied to multiple frequency bands.

SUMMARY OF THE INVENTION

The present invention mainly is to provide an antenna
structure for a notebook with four radiation members, the
antenna structure has an elongate supporting rack having
thereon a first radiation member, a second radiation member,
a third radiation member and a fourth radiation member; each
radiation member is planar, and is integrally connected with
the supporting rack. Thereby, under space allowance of the
notebook, for instance, above the screen, it is capable to
mount a multi-frequency antenna structure at one time in a
space saving mode; and this can make saving of cost and
processing.

In the antenna structure provided for the present invention,
at least two of'the first to the fourth radiation members are of
same working frequency, for instance, the frequencies of the
first and the fourth radiation members are same, or the fre-
quencies of the second and the third radiation members are
same, but alternatively, they can be all different.

The antenna structure of the present invention not only can
save the costs of mold developing and time for processing, but
also can save space occupied in comparison with that having
four radiation members mounted separately, the space of the
antenna will not waste by having the structure, and a better
effect in function can be obtained.

The present invention will be apparent in its structure and
operational function after reading the detailed description of
the preferred embodiment thereof in reference to the accom-
panying drawings.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11is a perspective view showing the appearance of the
present invention;

FIG. 2 is a plan view of the present invention;

FIG. 3 is schematic view showing use of the present inven-
tion on a notebook;

FIG. 4 is a plan view of another embodiment of the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIGS. 1 and 2, an antenna structure 1 of the
present invention comprises an elongate supporting rack 10
having thereon a first radiation member 11, a second radiation
member 12, a third radiation member 13 and a fourth radia-
tion member 14; the radiation members 11-14 are all planar,
and are integrally connected with the supporting rack 10.
A plurality of fixing hooks 15 are extended out of the
supporting rack 10 which has two screw fixing holes 16
provided on the two mutually opposite ends thereof for lock-
ing in of screws for the convenience of mounting the support-
ing rack 10 above a displaying screen 21 of a notebook 20, as
is shown in FIG. 3.
In this embodiment, the first to the fourth radiation mem-
bers 11-14 are of different working frequencies. FIG. 4 shows
another embodiment of the present invention, wherein the
first and the fourth radiation members 11, 14 are of same
working frequency such as WIFI; and the second and the third
radiation members 12, 13 are also of same working frequency
such as GSM and WCDMA.
The fourth radiation members 11-14 of the present inven-
tion are integrally connected with the supporting rack 10, and
a multi-frequency antenna structure can be made just with a
set of mold, this can have an effect of saving space as in
comparison of the present invention with the mode of having
four radiation members formed and mounted separately, and
can meet the tendency of compacting of notebooks. More-
over, it is capable to mount the multi-frequency antenna struc-
ture at one time; and this can make saving of time of process-
ing in comparison with the mode of forming and mounting
separately.
Having now particularly described and ascertained the
novelty and improvement of my invention and in what man-
ner the same is to be performed, what we claim will be
declared in the claims followed.
The invention claimed is:
1. An antenna structure for a notebook with multiple radia-
tion members, the antenna structure comprising:
an elongate supporting rack; and
a first radiation member, a second radiation member, a third
radiation member and a fourth radiation member;

wherein each radiation member of the first radiation mem-
ber, the second radiation member, the third radiation
member and the fourth radiation member is planar;

wherein the first radiation member, the second radiation
member, the third radiation member and the fourth
radiation member are spaced apart along a length of the
supporting rack; and

wherein each radiation member of the first radiation mem-

ber, the second radiation member, the third radiation
member and the fourth radiation member is directly
connected to the supporting rack.

2. The antenna structure for a notebook according to claim
1, wherein at least two radiation members of a group consist-
ing of the first radiation member, the second radiation mem-
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3

ber, the third radiation member and the fourth radiation mem-
ber have a same working frequency.

3. The antenna structure for a notebook according to claim
1, wherein the first radiation member and the fourth radiation
member have a same first working frequency, and the second
radiation member and the third radiation member have a same
second working frequency.

4. The antenna structure for a notebook according to claim
1, wherein the first radiation member, the second radiation
member, the third radiation member and the fourth radiation
member are integrally formed with the supporting rack.

5. The antenna structure for a notebook according to claim
1, wherein the supporting rack has a plurality of fixing hooks
and two screw fixing holes, the plurality of fixing hooks

4

extend outwardly from a middle portion of the supporting
rack, one of the two screw fixing holes is located on each of
two opposing ends of the supporting rack for mounting the
supporting rack above a displaying screen of the notebook.

6. The antenna structure for a notebook according to claim
5, wherein the plurality of fixing hooks are located between
the second radiation member and the third radiation member,
the first radiation member is located between a first screw
fixing hole of the two screw fixing holes and the second
radiation member, and the fourth radiation member is located
between a second screw fixing hole of the two screw fixing
holes and the third radiation member.
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CHIP ANTENNA APPARATUS AND
METHODS

PRIORITY AND RELATED APPLICATIONS

This is a continuation application of and claims priority to
International PCT Application No. PCT/F12005/050089 hav-
ing an international filing date of Mar. 16, 2005, which claims
priority to Finland Patent Application No. 20040892 filed
Jun. 28, 2004, each of the foregoing incorporated herein by
reference in its entirety.

This application is related to co-owned and co-pending
U.S. patent application Ser. No. 11/544,173 filed Oct. 5, 2006
and entitled “Multi-Band Antenna With a Common Resonant
Feed Structure and Methods”, and co-owned and co-pending
U.S. patent application Ser. No. 11/603,511 filed Nov. 22,
2006 and entitled “Multiband Antenna Apparatus and Meth-
ods”, 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
contemporaneously herewith and entitled “Antenna, Compo-
nent And Methods”, also incorporated 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
a ground conductor 143 to the ground. The resonance fre-
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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 is disclosed. In
one embodiment, the antenna comprises: a dielectric sub-
strate having a first dimension and a second dimension, the
dielectric substrate being disposed on a mounting substrate
and at least partially coupled to a ground plane; a conductive
layer having a first portion and a second portion to form a first
resonant element and a second resonant element respectively;
an electromagnetic coupling element disposed between the
first portion and the second portion; and a feed structure
connected to the first portion and coupled through the elec-
tromagnetic coupling element to the second portion so as to
form a resonant structure between the first resonant element,
the second resonant element, the mounting substrate, and the
ground plane.

In another embodiment, the antenna is manufactured
according to the method comprising: mounting a dielectric
element at least partially on a ground plane disposed on a
substrate; disposing a conductive first portion at least partially
on an upper surface and a first side surface of the dielectric
element, and a conductive second portion at least partially on
an upper surface and a second side surface of the dielectric
element; disposing a feed structure asymmetrically coupled
to at least one edge or side of the first portion or the second
portion; and forming a mutual coupling region between the
first portion and the second portion to adjust an antenna
resonant frequency.

In still another embodiment, the antenna comprises a
dielectric substrate having an upper surface and a lower sur-
face; and at least two radiating elements mounted at least
partially on the upper surface and one of the at least two
radiating elements partially coupled along exterior edges to a
ground plane partially connected to the lower surface. The at
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least two radiating elements are separated by a slot, the slot
adapted to increase an effective electrical length of the at least
two radiating elements; and a resonant structure configured
so that the operation of the antenna is responsive to at least
one of the following: i.) a dimension of the slot; ii.) a dimen-
sion of each of the at least two radiating elements, iii.) a
separation length of the ground plane from an exterior surface
of'the antenna, and iv.) a feed connection point connecting to
one of the at least two radiating elements.

In yet another embodiment, the antenna comprises a high-
efficiency antenna resulting from use of an antenna compo-
nent that is comparatively simple in structure, and which
allows for an uncomplicated current distribution within the
antenna elements, and correspondingly a simple field image
in the substrate without superfluous or ancillary waveforms.

In a second aspect of the invention, a radio frequency
device is disclosed. In one embodiment, the device com-
prises: an antenna deposited on a dielectric substrate; a con-
ductive coating deposited on the dielectric substrate, the con-
ductive coating having a first portion comprising a first
resonator and a second portion comprising a second resona-
tor. The first resonator and the second resonator are separated
at respective open ends by a distance d so as to at least in part
determine an operating frequency. The device further com-
prises a feed structure coupled to the conductive coating; and
a resonant structure formed by the first resonator, the second
resonator, the substrate, and a ground plane deposited on the
substrate, the structure configured to operate substantially
within a selected frequency band.

In another embodiment, the device comprises a substrate; a
conductive surface adapted to form a ground plane; an
antenna comprising a dielectric element having a longitudinal
direction and a transverse direction, the element being depos-
ited at least partially on the ground plane; a conductive coat-
ing deposited on the dielectric element, the conductive coat-
ing having a first portion forming a first resonator and a
second portion forming a second resonator; and a feed struc-
ture coupled to the conductive coating. Open ends of the first
resonator and the second resonator are separated by a non-
conductive slot to at least electromagnetically couple the first
resonator and the second resonator, and to form a resonant
structure with the substrate and the ground plane.

In a third aspect of the invention, a method for tuning an
antenna is disclosed. In one embodiment, the antenna is dis-
posed on a substrate, and the method comprises: setting an
electrical length of a first conductive element between the first
portion of a first radiating element and a ground plane; setting
an electrical length of a second conductive element between
the second portion of a second radiating element to the ground
plane to achieve frequency tuning of the antenna; setting at
least one of a feed structure length or connection point to the
first portion of the radiating element; setting a width or length
of a slot element to at least adjust the coupling of energy
between the first radiating element and the second radiating
element; and setting a spacing of the first radiating element
and the second radiating element extended from the ground
plane to determine at least in part an omni-directional radia-
tion pattern.

In another embodiment, both the tuning and the matching
of'the antenna is carried out without discrete components;i.e.,
by shaping the conductor pattern of the circuit board near the
antenna component.

In a fourth aspect of the invention, a chip antenna is dis-
closed. In one embodiment, the chip antenna comprises: a
dielectric substrate with an upper and lower surface, a first
and a second head and a first and a second side, and on surface
of the substrate a first and a second radiating element; a slot
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disposed substantially between the elements; the first radiat-
ing element connected to a feed conductor of the antenna at a
first point and to a ground plane of the radio device ata second
point, and the second radiating element connected at a third
point to a ground conductor and through it galvanically to the
ground plane.

In one variant, and in order to reduce the antenna losses and
to provide substantially omnidirectional radiation, the first
radiating element comprises a portion covering the first head
and another portion covering the upper surface, and the sec-
ond radiating element comprises a portion covering the sec-
ond head and another portion covering the upper surface so
that the slot extends from the first side to the second side and
divides the upper surface to two parts of the substantially
same size, over which slot the second radiating element is
arranged to obtain a feed electromagnetically.

In a fifth aspect of the invention, a chip component for
implementing an antenna of a radio device is disclosed. In one
embodiment, the component comprises: a dielectric substrate
comprising an upper surface, a lower surface, a first head, a
second head, a first side, and a second side; a first antenna
element coupled to a feed conductor at a first point and to a
ground plane of the radio device at a second point, the first
antenna element at least partially disposed on the first head
and at least partially on the upper surface; a second antenna
element coupled to the ground plane at a third point, the
second antenna element at least partially disposed on the
second head and at least partially on the upper surface; and a
slot extended between at least a portion of the first antenna
element and the second antenna element to provide electro-
magnetic energy to feed the second antenna element.

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.

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.
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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 com-
prises a chip component (and antenna formed therefrom)
which overcomes 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
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.
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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
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
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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
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. 4a 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
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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
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





US 7,679,565 B2

9

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 as 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 relative value. In the center of the operating
band, at the frequency 0f2440 MHz, the reflection coefficient
is =17 dB, which indicates good matching. The Smith dia-
gram shows that in the center of the band, the impedance of
the antenna is purely resistive, below the center frequency
slightly inductive, 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
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 Fris used for the antenna in the three cases of F1IG.
9. Using a ceramics with a higher Frvalue, 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'the band. 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
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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. An antenna comprising:

a dielectric substrate having a first dimension and a second
dimension, the dielectric substrate being disposed on a
mounting substrate and at least partially coupled to a
ground plane;

a conductive layer having a first portion and a second
portion to form a first resonant element and a second
resonant element respectively;

an electromagnetic coupling element disposed between the
first portion and the second portion; and

a feed structure connected to the first portion and coupled
through the electromagnetic coupling element to the
second portion so as to form a resonant structure
between the first resonant element, the second resonant
element, the mounting substrate, and the ground plane.

2. The antenna of claim 1, wherein the resonant structure
comprises a quarter-wave resonator selected to operate sub-
stantially within a first frequency range.

3. The antenna of claim 1, wherein the feed structure con-
nected to the first portion comprises a conductive material
asymmetrically coupled to the first portion to provide a sub-
stantially omni-directional radiation pattern within a first fre-
quency range.

4. The antenna of claim 1, wherein the ground plane com-
prises a conductive material coupled to a first side of the first
resonant element and to a second side of the second resonant
element, and distally located relative to the electromagnetic
coupling element.

5. The antenna of claim 1, wherein the first resonant ele-
ment comprises a first conductive patch on a first location
adjacent said dielectric substrate, and the second resonant
element comprises a second conductive patch on a second
location adjacent said dielectric substrate; wherein the first
and second conductive patches cooperate to provide a sub-
stantially omni-directional antenna radiation pattern.

6. The antenna of claim 1, wherein the electromagnetic
coupling element comprises a capacitance electromagneti-
cally coupling the open ends of the first and the second reso-
nant elements so as to lower a natural resonant frequency of
the antenna.

7. The antenna of claim 1, wherein the dielectric substrate
comprises a ceramic material.

8. The antenna of claim 1, wherein the electromagnetic
coupling element comprises a capacitance coupled to open
ends of the first resonant element and the second resonant
element so as to lower a natural frequency range of the first
resonant element and the second resonant element.

9. The antenna of claim 1, wherein the second resonant
element comprises a conductive trace coupled to the ground
plane and adapted to permit tuning of an antenna frequency
response.

10. The antenna of claim 1, wherein the electromagnetic
coupling element comprises mutually coupled members
between the first resonant element and the second resonant
element.

11. A high-efficiency antenna, comprising:

a substrate having a first dimension and a second dimen-

sion, the substrate being disposed on a mounting ele-
ment and at least partially coupled to a ground plane;
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an electrically conductive layer having a first portion and a
second portion configured so as to form a first resonant
element and a second resonant element respectively;

a coupling element disposed electrically between the first
portion and the second portion; and

a feed structure connected to the first portion and electro-
magnetically coupled through the coupling element to
the second portion so as to form a resonant structure
between the first resonant element, the second resonant
element, the mounting element, and the ground plane;

wherein said antenna is further configured to produce a
substantially omni-directional radiation pattern.

12. The antenna of claim 11, wherein the resonant structure
comprises a quarter-wave resonator selected to operate sub-
stantially within a first frequency range.

13. The antenna of claim 11, wherein the feed structure
connected to the first portion comprises a conductive material
asymmetrically coupled to the first portion to provide said
substantially omni-directional radiation pattern within a first
frequency range.

14. The antenna of claim 11, wherein the ground plane
comprises a conductive material coupled to a first side of the
first resonant element and to a second side of the second
resonant element, and distally located relative to the coupling
element.

15. The antenna of claim 11, wherein:

the first resonant element comprises a first conductive
patch on a first location adjacent said substrate;

the second resonant element comprises a second conduc-
tive patch on a second location adjacent said substrate;
and

wherein the first and second conductive patches cooperate
to provide said substantially omni-directional antenna
radiation pattern.

16. The antenna of claim 11, wherein the coupling element
comprises a capacitance electromagnetically coupling the
open ends of the first and the second resonators so as to lower
a natural resonant frequency of the antenna.

17. The antenna of claim 11, wherein the substrate com-
prises a ceramic material.

18. An antenna comprising:

a dielectric substrate having a first dimension and a second
dimension, the dielectric substrate comprising means
for disposing the dielectric substrate on a mounting sub-
strate, the means for disposing further comprising
means at least partially coupling the dielectric substrate
to a ground plane;

a conductive layer having a first portion and a second
portion, the first and second portions each having a first
resonant means and a second resonant means respec-
tively;

means for electromagnetic coupling the first portion and
the second portion; and

means for forming a resonant structure between the first
resonant means, the second resonant means, the mount-
ing substrate, and the ground plane, the means for form-
ing the resonant structure comprising a feed structure
connected to the first portion and coupled through the
means for electromagnetic coupling to the second por-
tion.

19. The antenna of claim 18, wherein the means for form-
ing the resonant structure comprises a quarter-wave resonator
selected to operate substantially within a first frequency
range.

20. The antenna of claim 18, wherein the feed structure
connected to the first portion comprises a conductive material
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asymmetrically coupled to the first portion to provide a sub-
stantially omni-directional radiation pattern within a first fre-
quency range.

21. The antenna of claim 18, wherein the ground plane
comprises a conductive material coupled to a first side of the
first resonant means and to a second side of the second reso-
nant means, and distally located relative to the means for
electromagnetic coupling.

22. The antenna of claim 18, wherein the first resonant
means comprises a first conductive patch on a first location
adjacent said dielectric substrate, and the second resonant
means comprises a second conductive patch on a second
location adjacent said dielectric substrate; wherein the first
and second conductive patches cooperate to provide a sub-
stantially omni-directional antenna radiation pattern.

23. The antenna of claim 18, wherein the means for elec-
tromagnetic coupling further comprises a capacitance elec-
tromagnetically coupling the open ends of the first and the
second resonant elements so as to lower a natural resonant
frequency of the antenna.

24. The antenna of claim 18, wherein the dielectric sub-
strate comprises a ceramic material.

25. The antenna of claim 18, wherein the means for elec-
tromagnetic coupling comprises a capacitance coupled to
open ends of the first resonant means and the second resonant
means so as to lower a natural frequency range of the first
resonant means and the second resonant means.

26. The antenna of claim 18, wherein the second resonant
means comprises a conductive trace coupled to the ground
plane and means for tuning of an antenna frequency response.

27. The antenna of claim 18, wherein the means for elec-
tromagnetic coupling comprises mutually coupled members
between the first resonant means and the second resonant
means.

28. A high-efficiency antenna, comprising:

a substrate having a first dimension and a second dimen-
sion, the substrate comprising one or more attachment
elements for disposing the substrate onto a mounting
element and for at least partially coupling the substrate
to a ground plane;

an electrically conductive layer having a first portion and a
second portion configured so as to form a first resonant
element and a second resonant element respectively;

a coupling element disposed electrically between the first
portion and the second portion; and

a feed structure connected to the first portion and electro-
magnetically coupled through the coupling element to
the second portion so as to form a resonant structure
between the first resonant element, the second resonant
element, the mounting element, and the ground plane;

wherein the antenna is further configured to produce a
substantially omni-directional radiation pattern.

29. The antenna of claim 28, wherein the resonant structure
comprises a quarter-wave resonator selected to operate sub-
stantially within a first frequency range.

30. The antenna of claim 28, wherein the feed structure
connected to the first portion comprises a conductive material
asymmetrically coupled to the first portion to provide the
substantially omni-directional radiation pattern within a first
frequency range.

31. The antenna of claim 28, wherein the ground plane
comprises a conductive material coupled to a first side of the
first resonant element and to a second side of the second
resonant element, and distally located relative to the coupling
element.
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32. The antenna of claim 28, wherein:

the first resonant element comprises a first conductive
patch on a first location adjacent the substrate;

the second resonant element comprises a second conduc-
tive patch on a second location adjacent the substrate;
and

wherein the first and second conductive patches cooperate
to provide the substantially omni-directional antenna
radiation pattern.

33. The antenna of claim 28, wherein the coupling element
comprises a capacitance electromagnetically coupling the
open ends of the first and the second resonators so as to lower
a natural resonant frequency of the antenna.

34. The antenna of claim 28, wherein the substrate com-
prises a ceramic material.

35. An antenna comprising:

a dielectric substrate having a first dimension and a second
dimension, the dielectric substrate comprising one or
more attachment elements adapted for disposing the
dielectric substrate onto a mounting substrate and at
least partially coupling the dielectric substrate to a
ground plane;

a conductive layer having a first portion and a second
portion to form a first resonant element and a second
resonant element respectively;

an electromagnetic coupling element disposed between the
first portion and the second portion; and

a feed structure connected to the first portion and coupled
through the electromagnetic coupling element to the
second portion so as to form a resonant structure
between the first resonant element, the second resonant
element, the mounting substrate, and the ground plane.

36. The antenna of claim 35, wherein the resonant structure
comprises a quarter-wave resonator selected to operate sub-
stantially within a first frequency range.

37. The antenna of claim 35, wherein the feed structure
connected to the first portion comprises a conductive material
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asymmetrically coupled to the first portion to provide a sub-
stantially omni-directional radiation pattern within a first fre-
quency range.

38. The antenna of claim 35, wherein the ground plane
comprises a conductive material coupled to a first side of the
first resonant element and to a second side of the second
resonant element, and distally located relative to the electro-
magnetic coupling element.

39. The antenna of claim 35, wherein the first resonant
element comprises a first conductive patch on a first location
adjacent said dielectric substrate, and the second resonant
element comprises a second conductive patch on a second
location adjacent said dielectric substrate; wherein the first
and second conductive patches cooperate to provide a sub-
stantially omni-directional antenna radiation pattern.

40. The antenna of claim 35, wherein the electromagnetic
coupling element comprises a capacitance electromagneti-
cally coupling the open ends of the first and the second reso-
nant elements so as to lower a natural resonant frequency of
the antenna.

41. The antenna of claim 35, wherein the dielectric sub-
strate comprises a ceramic material.

42. The antenna of claim 35, wherein the electromagnetic
coupling element comprises a capacitance coupled to open
ends of the first resonant element and the second resonant
element so as to lower a natural frequency range of the first
resonant element and the second resonant element.

43. The antenna of claim 35, wherein the second resonant
element comprises a conductive trace coupled to the ground
plane and adapted to permit tuning of an antenna frequency
response.

44. The antenna of claim 35, wherein the electromagnetic
coupling element comprises mutually coupled members
between the first resonant element and the second resonant
element.
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MULTI-BAND MONOPOLE ANTENNA FOR A
MOBILE COMMUNICATIONS DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This patent application is a continuation application of, and
incorporates by reference the entire disclosure of, U.S. patent
application Ser. No. 11/713,324, which was filed on Mar. 2,
2007 now U.S. Pat. No. 7,403,164, U.S. patent application
Ser. No. 11/713,324 is a continuation application of, and
incorporates by reference the entire disclosure of, U.S. patent
application Ser. No. 11/124,768, which was filed on May 9,
2005 now U.S. Pat. No. 7,411,556, U.S. patent application
Ser. No. 11/124,768 is a continuation application of Interna-
tional Patent Application No. PCT/EP02/14706, filed on Dec.
22, 2002.This patent application incorporates U.S. patent
application Ser. No. 11/713,324, U.S. patent application Ser.
No. 11/124,768, and International Patent Application No.
PCT/EP02/14706 by reference.

BACKGROUND OF THE INVENTION

1. Technical Field of the Invention

This invention relates generally to the field of multi-band
monopole antennas. More specifically, a multi-band mono-
pole antenna is provided that is particularly well-suited for
use in mobile communications devices, such as Personal
Digital Assistants, cellular telephones, and pagers.

2. Description of Related Art

Multi-band antenna structures for use in a mobile commu-
nications device are known in this art. For example, one type
of antenna structure that is commonly utilized as an inter-
nally-mounted antenna for a mobile communication device is
known as an “inverted-F”* antenna. When mounted inside a
mobile communications device, an antenna is often subject to
problematic amounts of electromagnetic interference from
other metallic objects within the mobile communications
device, particularly from the ground plane. An inverted-F
antenna has been shown to perform adequately as an inter-
nally mounted antenna, compared to other known antenna
structures. Inverted-F antennas, however, are typically band-
width-limited, and thus may not be well suited for bandwidth
intensive applications.

SUMMARY OF THE INVENTION

A multi-band monopole antenna for a mobile communica-
tions device includes a common conductor coupled to both a
first radiating arm and a second radiating arm. The common
conductor includes a feeding port for coupling the antenna to
communications circuitry in a mobile communications
device. In one embodiment, the first radiating arm includes a
space-filling curve. In another embodiment, the first radiating
arm includes a meandering section extending from the com-
mon conductor in a first direction and a contiguous extended
section extending from the meandering section in a second
direction.

A mobile communications device having a multi-band
monopole antenna includes a circuit board, communications
circuitry, and the multi-band monopole antenna. The circuit
board includes an antenna feeding point and a ground plane.
The communications circuitry is coupled to the antenna feed-
ing point of the circuit board. The multi-band monopole
antenna includes a common conductor, a first radiating arm
and a second radiating arm. The common conductor includes
a feeding port that is coupled to the antenna feeding point of
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the circuit board. The first radiating arm is coupled to the
common conductor and includes a space-filling curve. The
second radiating arm is coupled to the common conductor. In
one embodiment, the circuit board is mounted in a first plane
within the mobile communications device and the multi-band
monopole antenna is mounted in a second plane within the
mobile communications device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a top view of an exemplary multi-band monopole
antenna for a mobile communications device;

FIG. 2 is a top view of an exemplary multi-band monopole
antenna including one alternative space-filling geometry;

FIGS. 3-9 illustrate several alternative multi-band mono-
pole antenna configurations;

FIG. 10 is a top view of the exemplary multi-band mono-
pole antenna of FIG. 1 coupled to a circuit board for a mobile
communications device;

FIG. 11 shows an exemplary mounting structure for secur-
ing a multi-band monopole antenna within a mobile commu-
nications device;

FIG. 12 is an exploded view of an exemplary clamshell-
type cellular telephone having a multi-band monopole
antenna,

FIG. 13 is an exploded view of an exemplary candy-bar-
style cellular telephone having a multi-band monopole
antenna; and

FIG. 14 is an exploded view of an exemplary personal
digital assistant (PDA) having a multi-band monopole
antenna.

DETAILED DESCRIPTION OF THE DRAWINGS

Referring now to the drawing figures, FIG. 1 is a top view
of an exemplary multi-band monopole antenna 10 for a
mobile communications device. The multi-band monopole
antenna 10 includes a first radiating arm 12 and a second
radiating arm 14 that are both coupled to a feeding port 17
through a common conductor 16. The antenna 10 also
includes a substrate material 18 on which the antenna struc-
ture 12, 14, 16 is fabricated, such as a dielectric substrate, a
flex-film substrate, or some other type of suitable substrate
material. The antenna structure 12, 14, 16 is preferably pat-
terned from a conductive material, such as a metallic thick-
film paste that is printed and cured on the substrate material
18, but may alternatively be fabricated using other known
fabrication techniques.

The first radiating arm 12 includes a meandering section 20
and an extended section 22. The meandering section 20 is
coupled to and extends away from the common conductor 16.
The extended section 22 is contiguous with the meandering
section 20 and extends from the end of the meandering sec-
tion 20 back towards the common conductor 16. In the illus-
trated embodiment, the meandering section 20 of the first
radiating arm 12 is formed into a geometric shape known as a
space-filling curve, in order to reduce the overall size of the
antenna 10. A space-filling curve is characterized by at least
ten segments which are connected in such a way that each
segment forms an angle with its adjacent segments, that is, no
pair of adjacent segments define a larger straight segment. It
should be understood, however, that the meandering section
20 may include other space-filling curves than that shown in
FIG. 1, or may optionally be arranged in an alternative mean-
dering geometry. FIGS. 2-6, for example, illustrate antenna
structures having meandering sections formed from several
alternative geometries. The use of shape-filling curves to
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form antenna structures is described in greater detail in the
co-owned PCT Application WO 01/54225, entitled Space-
Filling Miniature Antennas, which is hereby incorporated
into the present application by reference.

The second radiating arm 14 includes three linear portions.
As viewed in FIG. 1, the first linear portion extends in a
vertical direction away from the common conductor 16. The
second linear portion extends horizontally from the end of the
first linear portion towards the first radiating arm. The third
linear portion extends vertically from the end of the second
linear portion in the same direction as the first linear portion
and adjacent to the meandering section 20 of the first radiating
arm 14.

As noted above, the common conductor 16 of the antenna
10 couples the feeding port 17 to the first and second radiating
arms 12, 14. The common conductor 16 extends horizontally
(as viewed in FIG. 1) beyond the second radiating arm 14, and
may be folded in a perpendicular direction (perpendicularly
into the page), as shown in FIG. 10, in order to couple the
feeding port 17 to communications circuitry in a mobile com-
munications device.

Operationally, the first and second radiating arms 12, 14 are
each tuned to a different frequency band, resulting in a dual-
band antenna. The antenna 10 may be tuned to the desired
dual-band operating frequencies of a mobile communications
device by pre-selecting the total conductor length of each of
the radiating arms 12, 14. For example, in the illustrated
embodiment, the first radiating arm 12 may be tuned to oper-
ate ina lower frequency band or groups of bands, such as PDC
(800 MHz), CDMA (800 MHz), GSM (850 MHz), GSM (900
MHz), GPS, or some other desired frequency band. Similarly,
the second radiating arm 14 may be tuned to operate in a
higher frequency band or group of bands, such as GPS, PDC
(1500 MHz), GSM (1800 MHz), Korean PCS, CDMA/PCS
(1900 MHz), CDMA2000/UMTS, IEEE 802.11 (2.4 GHz),
or some other desired frequency band. It should be under-
stood that, in some embodiments, the lower frequency band
of'the first radiating arm 12 may overlap the higher frequency
band of the second radiating ann 14, resulting in a single
broader band. It should also be understood that the multi-band
antenna 10 may be expanded to include further frequency
bands by adding additional radiating arms. For example, a
third radiating arm could be added to the antenna 10 to form
a tri-band antenna.

FIG. 2 is atop view of an exemplary multi-band monopole
antenna 30 including one alternative space-filling geometry.
The antenna 30 show in FIG. 2 is similar to the multi-band
antenna 10 shown in FIG. 1, except the meandering section 32
in the first radiating arm 12 includes a different space-filling
curve than that shown in FIG. 1.

FIGS. 3-9 illustrate several alternative multi-band mono-
pole antenna configurations 50, 70, 80, 90, 93, 95, 97. Similar
to the antennas 10, 30 shown in FIGS. 1 and 2, the multi-band
monopole antenna 50 illustrated in FIG. 3 includes a common
conductor 52 coupled to a first radiating arm 54 and a second
radiating arm 56. The common conductor 52 includes a feed-
ing port 62 on a linear portion of the common conductor 52
that extends horizontally (as viewed in FIG. 3) away from the
radiating arms 54, 56, and that may be folded in a perpen-
dicular direction (perpendicularly into the page) in order to
couple the feeding port 62 to communications circuitry in a
mobile communications device.

The first radiating arm 54 includes a meandering section 58
and an extended section 60. The meandering section 58 is
coupled to and extends away from the common conductor 52.
The extended section 60 is contiguous with the meandering
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section 58 and extends from the end of the meandering sec-
tion 58 in an arcing path back towards the common conductor
52.

The second radiating arm 56 includes three linear portions.
As viewed in FIG. 3, the first linear portion extends diago-
nally away from the common conductor 52. The second linear
portion extends horizontally from the end of the first linear
portion towards the first radiating arm. The third linear por-
tion extends vertically from the end of the second linear
portion away from the common conductor 52 and adjacent to
the meandering section 58 of the first radiating arm 54.

The multi-band monopole antennas 70, 80, 90 illustrated in
FIGS. 4-6 are similar to the antenna 50 shown in FIG. 3,
except each includes a differently-patterned meandering por-
tion 72, 82, 92 in the first radiating arm 54. For example, the
meandering portion 92 of the multi-band antenna 90 shown in
FIG. 6 meets the definition of a space-filling curve, as
described above. The meandering portions 58, 72, 82 illus-
trated in FIGS. 3-5, however, each include differently-shaped
periodic curves that do not meet the requirements of a space-
filling curve.

The multi-band monopole antennas 93,95, 97 illustrated in
FIGS. 7-9 are similar to the antenna 30 shown in FIG. 2,
except in each of FIGS. 7-9 the expanded portion 22 of the
firstradiating arm 12 includes an additional area 94, 96, 98. In
FIG. 7, the expanded portion 22 of the first radiating arm 12
includes a polygonal portion 94. In FIGS. 8 and 9, the
expanded portion 22 of the first radiating arm 12 includes a
portion 96, 98 with an arcuate longitudinal edge.

FIG. 10 is a top view 100 of the exemplary multi-band
monopole antenna 10 of FIG. 1 coupled to the circuit board
102 of a mobile communications device. The circuit board
102 includes a feeding point 104 and a ground plane 106. The
ground plane 106 may, for example, be located on one of the
surfaces of the circuit board 102, or may be one layer of a
multi-layer printed circuit board. The feeding point 104 may,
for example, be a metallic bonding pad that is coupled to
circuit traces 105 on one or more layers of the circuit board
102. Also illustrated, is communication circuitry 108 that is
coupled to the feeding point 104. The communication cir-
cuitry 108 may, for example, be a multi-band transceiver
circuit that is coupled to the feeding point 104 through circuit
traces 105 on the circuit board.

In order to reduce electromagnetic interference from the
ground plane 106, the antenna 10 is mounted within the
mobile communications device such that the projection of the
antenna footprint on the plane of the circuit board 102 does
not intersect the metalization of the ground plane 106 by more
than fifty percent. In the illustrated embodiment 100, the
antenna 10 is mounted above the circuit board 102. That is,
the circuit board 102 is mounted in a first plane and the
antenna 10 is mounted in a second plane within the mobile
communications device. In addition, the antenna 10 is later-
ally offset from an edge of the circuit board 102, such that, in
this embodiment 100, the projection of the antenna footprint
on the plane of the circuit board 102 does not intersect any of
the metalization of the ground plane 106.

In order to further reduce electromagnetic interference
from the ground plane 106, the feeding point 104 is located at
a position on the circuit board 102 adjacent to a corner of the
ground plane 106. The antenna 10 is preferably coupled to the
feeding point 104 by folding a portion of the common con-
ductor 16 perpendicularly towards the plane of the circuit
board 102 and coupling the feeding port 17 of the antenna 10
to the feeding point 104 of the circuit board 102. The feeding
port 17 of the antenna 10 may, for example, be coupled to the
feeding point 104 using a commercially available connector,
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by bonding the feeding port 17 directly to the feeding point
104, or by some other suitable coupling means. In other
embodiments, however, the feeding port 17 of the antenna 10
may be coupled to the feeding point 104 by some means other
than folding the common conductor 16.

FIG. 11 shows an exemplary mounting structure 111 for
securing a multi-band monopole antenna 112 within a mobile
communications device. The illustrated embodiment 110
employs a multi-band monopole antenna 112 having a mean-
dering section similar to that shown in FIG. 2. It should be
understood, however, that alternative multi-band monopole
antenna configurations, as described in FIGS. 1-9, could also
be used.

The mounting structure 111 includes a flat surface 113 and
at least one protruding section 114. The antenna 112 is
secured to the flat surface 113 of the mounting structure 111,
preferably using an adhesive material. For example, the
antenna 112 may be fabricated on a flex-film substrate having
a peel-type adhesive on the surface opposite the antenna
structure. Once the antenna 112 is secured to the mounting
structure 111, the mounting structure 111 is positioned in a
mobile communications device with the protruding section
114 extending over the circuit board. The mounting structure
111 and antenna 112 may then be secured to the circuit board
and to the housing of the mobile communications device
using one or more apertures 116, 117 within the mounting
structure 111.

FIG. 12 is an exploded view of an exemplary clamshell-
type cellular telephone 120 having a multi-band monopole
antenna 121. The cellular telephone 120 includes a lower
circuit board 122, an upper circuit board 124, and the multi-
band antenna 121 secured to a mounting structure 110. Also
illustrated are an upper and a lower housing 128, 130 that join
to enclose the circuit boards 122, 124 and antenna 121. The
illustrated multi-band monopole antenna 121 is similar to the
multi-band antenna 30 shown in FIG. 2. It should be under-
stood, however, that alternative antenna configurations, as
described above with reference to FIGS. 1-9, could also be
used.

The lower circuit board 122 is similar to the circuit board
102 described above with reference to FIG. 10, and includes
a ground plane 106, a feeding point 104, and communications
circuitry 108. The multi-band antenna 121 is secured to a
mounting structure 110 and coupled to the lower circuit board
122, as described above with reference to FIGS. 10 and 11.
The lower circuit board 122 is then connected to the upper
circuit board 124 with a hinge 126, enabling the upper and
lower circuit boards 122, 124 to be folded together in a man-
ner typical for clamshell-type cellular phones. In order to
further reduce electromagnetic interference from the upper
and lower circuit boards 122, 124, the multi-band antenna 121
is preferably mounted on the lower circuit board 122 adjacent
to the hinge 126.

FIG. 13 is an exploded view of an exemplary candy-bar-
type cellular telephone 200 having a multi-band monopole
antenna 201. The cellular telephone 200 includes the multi-
band monopole antenna 201 secured to a mounting structure
110, a circuit board 214, and an upper and lower housing 220,
222. The circuit board 214 is similar to the circuit board 102
described above with reference to FIG. 10, and includes a
ground plane 106, a feeding point 104, and communications
circuitry 108. The illustrated antenna 201 is similar to the
multi-band monopole antenna shown in FIG. 3, however
alternative antenna configurations, as described above with
reference to FIGS. 1-9, could also be used.

The multi-band antenna 201 is secured to the mounting
structure 110 and coupled to the circuit board 214 as
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described above with reference to FIGS. 10 and 11. The upper
and lower housings 220, 222 are then joined to enclose the
antenna 212 and circuit board 214.

FIG. 14 is an exploded view of an exemplary personal
digital assistant (PDA) 230 having a multi-band monopole
antenna 231. The PDA 230 includes the multi-band monopole
antenna 231 secured to a mounting structure 110, a circuit
board 236, and an upper and lower housing 242, 244.
Although shaped differently, the PDA circuit board 236 is
similar to the circuit board 102 described above with refer-
ence to FIG. 10, and includes a ground plane 106, a feeding
point 104, and communications circuitry 108. The illustrated
antenna 231 is similar to the multi-band monopole antenna
shown in FIG. 5, however alternative antenna configurations,
as described above with reference to FIGS. 1-9, could also be
used.

The multi-band antenna 231 is secured to the mounting
structure 110 and coupled to the circuit board 214 as
described above with reference to FIGS. 10 and 11. In slight
contrast to FIG. 10, however, the PDA circuit board 236
defines an [-shaped slot along an edge of the circuit board
236 into which the antenna 231 and mounting structure 110
are secured in order to conserve space within the PDA 230.
The upper and lower housings 242, 244 are then joined
together to enclose the antenna 231 and circuit board 236.

This written description uses examples to disclose the
invention, including the best mode, and also to enable any
person skilled in the art to make and use the invention. The
patentable scope of the invention is defined by the claims, and
may include other examples that occur to those skilled in the
art.

What is claimed:

1. A multi-band mobile communications device compris-
ing:

a first circuit board comprising a ground plane, a feeding
point, and communications circuitry, the feeding point
being coupled to the communications circuitry;

a multi-band antenna coupled to the communications cir-
cuitry and mounted on the first circuit board, the multi-
band antenna comprising:

a common conductor coupled to the feeding point;

a first radiating arm coupled to the common conductor;
and

a second radiating arm coupled to the common conduc-
tor;

wherein a projection of a footprint of the multi-band
antenna on a plane of the first circuit board intersects the
ground plane; and

wherein the intersection of the projection and the ground
plane is less than fifty percent of the projection.

2. The multi-band mobile communications device of claim

1, wherein a projection of a footprint of the multi-band
antenna on a plane of the first circuit board intersects a met-
allization of the ground plane by not more than fifty percent of
the projection.

3. The multi-band mobile communications device of claim
1, wherein the multi-band antenna is laterally offset from an
edge of the ground plane.

4. The multi-band mobile communications device of claim
1, wherein the first radiating arm and the second radiating arm
are substantially coplanar.

5. The multi-band mobile communications device of claim
1, further comprising:

a second circuit board;

a second housing and a first housing connected by a hinge,

the second housing enclosing the second circuit board
and the first housing enclosing the first circuit board, the
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hinge enabling the housings and the circuit boards to be
folded together into a clamshell configuration and
opened into a communications configuration; and
wherein the hinge enables the first circuit board to be
electrically coupled to the second circuit board.

6. The multi-band mobile communications device of claim
5, wherein the multi-band antenna is mounted on the first
circuit board adjacent to the hinge.

7. The multi-band mobile communications device of claim
5, wherein the multi-band mobile communications device
comprises a clamshell-type mobile communications device.

8. The multi-band mobile communications device of claim
1, wherein the multi-band mobile communications device
comprises a bar-type mobile communications device.

9. The multi-band mobile communications device of claim
1, wherein a total length of the first radiating arm is selected
to tune the first radiating arm to a first frequency band and a
total length of the second radiating arm is selected to tune the
second radiating arm to a second frequency band.

10. The multi-band mobile communications device of
claim 9, wherein the multi-band antenna is laterally offset
from an edge of the ground plane.

11. A multi-band mobile communications device compris-
ing:

a first circuit board comprising a ground plane, a feeding
point, and communications circuitry, the feeding point
being coupled to the communications circuitry;

a multi-band antenna coupled to the communications cir-
cuitry and mounted on the first circuit board, the multi-
band antenna comprising:

a common conductor coupled to the feeding point;

a first radiating arm coupled to the common conductor;
and

a second radiating arm coupled to the common conduc-
tor;

wherein the first radiating arm has a meandering section
extending from the common conductor in a first direc-
tion and a substantially-straight section contiguous with
the meandering section in a second substantially-oppo-
site direction as the meandering section;

wherein a projection of a footprint of the multi-band
antenna on a plane of the first circuit board intersects the
ground plane; and

wherein the intersection of the projection and the ground
plane is less than fifty percent of the projection.

12. The multi-band mobile communications device of
claim 11, wherein the multi-band antenna is laterally offset
from an edge of the ground plane.

13. The multi-band mobile communications device of
claim 11, wherein the first radiating arm and the second
radiating arm are substantially coplanar.

14. The multi-band mobile communications device of
claim 11, wherein the multi-band mobile communications
device comprises a bar-type mobile communications device.
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15. The multi-band mobile communications device of
claim 11, further comprising:

a second circuit board;

a second housing and a first housing connected by a hinge,
the second housing enclosing the second circuit board
and the first housing enclosing the first circuit board, the
hinge enabling the housings and the circuit boards to be
folded together into a clamshell configuration and
opened into a communications configuration; and

wherein the hinge enables the first circuit board to be
electrically coupled to the second circuit board.

16. The multi-band mobile communications device of
claim 15, wherein the multi-band antenna is mounted on the
first circuit board adjacent to the hinge.

17. The multi-band mobile communications device of
claim 15, wherein the multi-band mobile communications
device comprises a clamshell-type mobile communications
device.

18. The multi-band mobile communications device of
claim 11, wherein a total length of the first radiating arm is
selected to tune the first radiating arm to a first frequency band
and a total length of the second radiating arm is selected to
tune the second radiating arm to a second frequency band.

19. The multi-band mobile communications device of
claim 18, wherein the multi-band antenna is laterally offset
from an edge of the ground plane.

20. A multi-band mobile communications device compris-
ing:

a first circuit board comprising a ground plane, a feeding
point, and communications circuitry, the feeding point
being coupled to the communications circuitry;

a multi-band antenna coupled to the communications cir-
cuitry and mounted on the first circuit board, the multi-
band antenna comprising:

a common conductor coupled to the feeding point;

a first radiating arm coupled to the common conductor;
and

a second radiating arm coupled to the common conduc-
tor;

wherein the first radiating arm comprises a space-filling
curve extending from the common conductor in a first
direction and a contiguous extended substantially-
straight section extending from a meandering section in
a second direction, the contiguous extended substan-
tially-straight section extending in a substantially-oppo-
site direction as the meandering section;

wherein a projection of a footprint of the multi-band
antenna on a plane of the first circuit board intersects the
ground plane; and

wherein the intersection of the projection and the ground
plane is less than fifty percent of the projection.
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(57) ABSTRACT

The invention is related to a monopole antenna provided for
short-range applications, having a conductive pattern
arranged on a dielectric substrate. The conductive pattern has
a first straight radiating element connected to an antenna
feeding point, a second straight radiating element arranged
essentially parallel to the first radiating element and intercon-
nected to it, and further a third straight radiating element
arranged between the first and second radiating elements and
essentially parallel to both of the first and second radiating
elements and interconnected to the second radiating element.
The electric and magnetic fields of the first and the third
radiating elements are thereby interacting constructively. The
invention is also related to an integrated circuit having such
monopole antenna, and a method for manufacturing such
monopole antenna.
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1
MINIATURIZED INTEGRATED MONOPOLE
ANTENNA

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority from European Patent
Application No. 05020115.1, which was filed on Sep. 15,
2005, and is incorporated herein by reference in its entirety.

BACKGROUND

The present invention is related to the field of antennas, and
more particularly to a monopole antenna provided for short-
range applications, and comprising an electrically conductive
pattern arranged on a dielectric substrate.

In the ever-increasing use and development of wireless
communication, the demand for small and compact portable
devices is likewise increasing. The miniaturization is possible
owing to the rapidly reducing physical size and cost of wire-
less electronic components, this in turn enabled by the
progress and technological improvements made in micro-
electronic technologies, such as semiconductors, packaging
and interconnection technologies.

Antennas constitute a crucial part of such wireless com-
munication system, but have not been subject to a correspond-
ing cost and size reduction. The physical size of an antenna is
notas much related to the improvements of the manufacturing
methods used, as to the operating frequency or wavelength of
the system in which it is to be used. Accordingly, as portable
devices, such as mobile phones, become smaller and smaller,
new requirements are placed on miniaturizing the antennas to
be used with such devices as well. However, making antennas
smaller include several challenges, as the performance of the
antenna should not be allowed to decrease. The cost of the
antenna is also a very important consideration, especially in
short-range wireless communication devices.

Classical antenna structures such as monopoles and
dipoles are fabricated using dedicated structural components
such as wires, tubes and mechanical support. This is an
expensive manufacturing method and would add far too much
cost to equipment for short-range wireless communication
applications, such as Bluetooth enabled equipment, in order
to be feasible.

For short-range antennas to be cost-effective, they are
instead manufactured by high volume, low cost manufactur-
ing technologies similar to the methods used for manufactur-
ing the microelectronic components themselves. Examples of
such manufacturing technologies include ceramic multilayer
antennas and printed antennas, that is, antennas made by PCB
(Printed Circuit Board) technology.

There are integrated antennas available, for example patch
antennas and microstrip antennas manufactured by PCB,
ceramic technologies or by utilising special low dielectric
materials. Such antennas, although having a relatively low
cost, have a physical height much exceeding current require-
ments.

Even the classical antenna configurations monopole and
dipole antennas may be manufactured by printed circuit
board techniques. However, the operating frequency of the
antenna should be so high that the physical size of the antenna
is reasonable with respect to the manufacturing technology.
This gives a physical size of the antenna many times bigger
than the size of the radio component itself, which is of course
unacceptably large.
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A type of antenna resembling a printed monopole antenna
is a printed inverted F antenna (PIFA), the physical size of
which is somewhat smaller, but still very big compared to the
typical component size.

Still another type of antenna typically made by PCB tech-
nology is a loop antenna. The physical size of a loop antenna
can be reduced by introducing additional components, such
as capacitors, but at the expense of reduced performance.
Besides the additional space required, the addition of com-
ponents also adds time to the manufacturing process, and
entails another possible source of failure. Further, the radia-
tion efficiency of loop antennas is rather low.

Still another type of antenna is a fractal antenna, first
described about a decade ago. It is based on so-called fractal
geometries, or geometrical patterns repeating itself in smaller
and smaller size. The major advantage of fractal antennas is
their ability to operate on a wide range of frequencies, and it
is also possible to design compact fractal antenna structures.
However, the fractal geometrical patterns are often very com-
plex and can therefore be difficult to manufacture with high
precision.

Thus, all the above described antenna types entail short-
comings regarding their suitability to be miniaturised as well
as to be easily integrated, and it would therefore be desired to
provide an antenna structure overcoming these difficulties.

BRIEF SUMMARY

It is an advantage of the at least some embodiments of the
present invention to provide an antenna structure suitable for
miniaturisation and integration with an electronic compo-
nent.

Itis another advantage of some embodiments to provide an
antenna structure enabling a simple manufacturing of anten-
nas, and in particular enabling a low cost manufacturing in
which an antenna constitutes a physical part of an electronic
component.

It is a further advantage to provide an antenna structure
providing a small-sized antenna suitable for short-range, rela-
tively low-power applications, such as Bluetooth™.

In accordance with a first embodiment of the present inven-
tion there is provided a monopole antenna for short-range
applications, comprising an electrically conductive pattern
arranged on a dielectric substrate. The conductive pattern
comprises a first straight radiating element connected to an
antenna feeding point. A second straight radiating element is
arranged essentially parallel to the first radiating element and
interconnected to it, and a third straight radiating element is
arranged between the first and second radiating elements
essentially parallel to both of said first and second radiating
elements and interconnected to the second radiating element.
By means of this configuration the electromagnetic fields of
the first and the third radiating elements is not cancelling each
other out, thereby providing an antenna with increased per-
formance compared to state of the art miniaturized antennas.
Further, by means of the invention an integrated circuit for
radio communication including the inventive, simple antenna
structure can be easily manufactured, substantially lowering
the manufacturing costs. The size of the antenna can be made
very small compared to the operating wavelength of the
antenna, thus providing a very small-sized antenna for use in
portable devices.

In accordance with one embodiment of the invention the
third radiating element is the open end of the monopole
antenna. A short antenna is thus accomplished having only
three straight radiating segments and thereby having a favour-
able structure rendering it suitable for mass production.
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In accordance with another embodiment of the invention
the length of each of the radiating elements is approximately
atwentieth of an operating wavelength of the antenna. Owing
to the structure of the radiating pattern, this miniaturising is
possible without any essential decrease of the antenna perfor-
mance.

In accordance with yet another embodiment of the inven-
tion the distance between the first and third radiating elements
is less than the distance between the second and third radiat-
ing elements. The constructive interaction between the elec-
tromagnetic fields of the first and third radiating elements is
thereby maximized, while at the same time the counteracting
fields ofthe third and second radiating elements is minimised.
In an alternative embodiment these distances are equal, thus
giving design flexibility and providing alternative layout pos-
sibilities, for example in dependence on available space.

In accordance with still another embodiment of the inven-
tion the length of a radiating element is substantially longer
than the distances between the radiating elements. The exter-
nal physical dimensions of the antenna may thereby be fitted
in a very small space, rendering the antenna well suited for
being incorporated in mobile devices, such as cellular phones
or the like.

In accordance with yet another embodiment of the inven-
tion the radiating elements are interconnected by means of
curved or straight interconnecting parts. This again adds to
the design flexibility of the antenna, the designer being able to
chose a suitable layout for example in dependence on the
available space.

In accordance with still another embodiment of the inven-
tion the first radiating element is also provided with an elec-
trical ground connection. This embodiment may be advanta-
geous in many cases for achieving a better matching between
the antenna and an electronic component with which the
antenna is to operate.

In accordance with yet another embodiment of the inven-
tion the radiating elements constitute a single continuous
structure. Such structure may be produced by any suitable
technique, such as etching or printing.

In accordance with still another embodiment of the inven-
tion the short-range application in which the antenna is to
operate is Bluetooth having an operating frequency of
approximately 2.45 GHz. The radiation efficiency of the
antenna according to the invention is well suited for adapta-
tion to a Bluetooth application, giving a length of each of the
radiating elements of approximately 6 mm. The cost of manu-
facturing such antennas is reasonable for such short-range
applications.

The invention is also related to an integrated circuit com-
prising such a monopole antenna integrated in the circuit,
whereby advantages similar to the above described are
achieved. A very simple and cost-effective manufacturing of
an integrated circuit for communication purposes, such as for
example a transceiver circuit, may thereby be implemented.

The invention is further related to a method for manufac-
turing such monopole antenna, whereby similar advantages
are achieved.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING(S)

Further characteristics of the invention, and advantages
thereof, will be evident from the following detailed descrip-
tion of embodiments of the present invention and the accom-
panying FIGS. 1-7, which are given by way of illustration
only and are not to be construed as limitative of the invention.
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FIG. 1 illustrates the principle of a meander antenna struc-
ture.

FIGS. 2 and 3 are embodiments of the antenna in accor-
dance with the present invention.

FIG. 4 is another embodiment of the antenna in accordance
with the present invention.

FIG. 5 is yet another embodiment of the antenna in accor-
dance with the present invention.

FIG. 6 is still another embodiment of the antenna in accor-
dance with the present invention.

FIG. 7 is yet another embodiment of the antenna in accor-
dance with the present invention.

DETAILED DESCRIPTION

A most interesting manufacturing method for transceiver
circuits would be to integrate the antenna with the microelec-
tronic component itself. A meander antenna could be an inter-
esting alternative for such integration with an integrated cir-
cuit. The basic principle of this type of antennas is to curl the
conducting structures needed for a proper antenna into a
smaller area. The physical size of the antenna can be reduced
considerably, but the operating performance will however
always be degraded; it is not possible to miniaturise an
antenna just by folding radiating elements into any configu-
ration and expect to obtain the desired characteristics. The
design of equipment requiring interconnection of radio com-
ponents and antennas is often difficult and requires extensive
knowledge in radio technology.

With reference to FIG. 1 a typical meander antenna struc-
ture is shown. A straight conductor is folded into a curved
structure or a meander antenna 1. Thereby a substantially
longer antenna, usually more than twice the length of the
straight conductor, is obtained without necessitating a corre-
sponding increase in size, thereby achieving a space saving.
However, as briefly mentioned above, this cannot be done
without degrading the antenna performance, for example in
terms of radiation efficiency, due to, among other things,
interfering electromagnetic fields in adjacent conductor seg-
ments. As indicated by the arrows in the figure, the electrical
current in adjacent conductor segments of the meander
antenna will be in opposite directions. The electric and mag-
netic fields generated by the currents in the adjacent conduct-
ing segments will thus be in opposite directions and will
therefore tend to cancel out. The resistance of the antenna
structure increases when trying to miniaturize an antenna, and
constitutes a major source of losses.

In the present invention such a meander antenna has been
used as a starting point in an effort to provide a physically
short antenna suitable primarily for mobile short-range and
low power applications, such as Bluetooth operating at 2.5
GHz. Other examples of short-range, low power applications
in which the present invention may be advantageously uti-
lised are in applications utilising the Industrial, Scientific and
Medical (ISM) radio bands. To fold an antenna will reduce its
effectiveness and makes theoretical analysis extremely diffi-
cult. Simulations for such a meander antenna were performed
and showed that the performance of the antenna was not as
high as would be desired and the losses were too extensive.

In accordance with the present invention, an antenna struc-
ture overcoming, or at least reducing the cancellation prob-
lems described above is provided. The inventive antenna
structure yields a higher radiation efficiency compared to the
meander antenna and is a very small-sized antenna. The radia-
tion efficiency is not sufficient for long-range applications,
such as GSM or the like, but shows a very adequate perfor-
mance for short range (up to about 100 meters) and low power
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(up to about 100 mW) applications, such as Bluetooth. Fur-
ther, the structure is simple, i.e. not involving complicated
patterns as in the case of for example fractal antennas. The
inventive antenna structure is therefore well suited for mass
production, that is, high volume low cost manufacturing tech-
nologies, such as printed circuit board technology, ceramic
thick film technology, ceramic multilayer technology (e.g.
LTCC) and flexible circuit technology, including for example
polyimide or polyester materials. The manufacturing costs
may be greatly reduced, and the antenna may even be inte-
grated on-chip with and manufactured simultaneously with
an electronic component intended for wireless communica-
tion, such as a transceiver, or either part of a transceiver, i.e. a
receiver or a transmitter.

With reference to FIG. 2 a first embodiment of such
antenna structure is shown. The antenna structure comprises
three straight, or linear, radiating elements 4, 5 and 6. The first
radiating element 4 is connected to an antenna feeding point
9 and connected to the second radiating element 5 at its other
end by means of an interconnecting part 7. The second radi-
ating element 5 is similarly interconnected by means of a
second interconnecting part 8 to the third radiating element 8.
The interconnecting parts 7, 8 may be short curved or straight
traces, or even a combination of those (not shown). By this
innovative configuration, the performance of the antenna may
be greatly increased, but not at the expense of making it larger.
In an embodiment the third radiating element 6 is the open
end of the antenna, making the conductive pattern very small.

With reference now to FIG. 3, the conductive segments or
radiating elements 4, 5, 6 are interconnected in such a way
that the cancellation of electromagnetic fields due to opposite
currents is minimized. The arrows indicate the current direc-
tions, and the electric and magnetic fields created by the first
4 and the third radiating elements 6 are interacting construc-
tively, whereby the cancellation effects problematic of exist-
ing meander antennas are greatly reduced. The distance d
between the first radiating element 4 and the third radiating
element 6 is preferably smaller than the distance D between
the second radiating element 5 and the third radiating element
6 in order to obtain such minimization. An embodiment in
which D=d is however possible, in some cases at the expense
of'a somewhat decreased antenna performance. In an embodi-
ment D is much larger than d, the ratio D/d being as large as
possible, for example as large as the manufacturing process
admits.

FIG. 4 shows another embodiment of the invention. The
antenna may be provided with an electrical ground connec-
tion 10 besides the antenna feeding connection 9. A better
matching between the antenna and the electronic component
with which the antenna is to be used is thus accomplished, as
is known within the field.

FIGS. 5 and 6 show an embodiment corresponding to the
embodiment shown in FIGS. 2 and 4, respectively, but in
which the radiating elements are interconnected by means of
straight interconnecting parts. A slight space saving is thereby
accomplished, without decreasing the antenna performance.
A flexible antenna structure is thus provided, enabling differ-
ent design layouts to be used, for example in dependence on
the space available.

The radiating elements 4, 5, 6 of the invention may be
manufactured in a most simple way owing to its simple struc-
ture, and the conductive pattern, i.e. the radiating elements 4,
5, 6 and the interconnecting parts 7, 8, may form a single,
continuous structure. The conductive pattern is preferably
substantially planar, but may be arranged on in a non-planar
manner. The conductive pattern may for example be etched or
printed on the surface of a suitable substrate material, or be
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embedded in such substrate. The preferred substrate should
have low dielectric losses, and exemplary substrates to use
include PCB (printed circuit board), ceramic substrates such
as HTCC (high temperature co-fired ceramics) or LTCC (low
temperature co-fired ceramics), TFT (thin film technology).

Since the antenna structure of the invention enables a sub-
stantial antenna size reduction, and also owing to its simple
structure, the manufacturing of the antenna is greatly facili-
tated. The antenna can be made as an element of a printed
circuit board and be connected to RF (Radio Frequency)
circuitry also comprised on the printed circuit board, or the
antenna may even be on-chip integrated with an electronic
component (system-on-a-chip, SoC), such as circuitry for
radio communication. It can thereby, in both cases, be manu-
factured in the same process as the RF-circuitry and without
substantially increasing the size of the component. The cost
of the antenna, and hence of the wireless communication
device, may thereby be greatly reduced.

The core of the present invention is the arrangement of the
radiating elements of the antenna: in the embodiment three
such radiating elements are used. However, the use of a fourth
such radiating elements is also contemplated, as is shown in
FIG. 7. The antenna structure 11 of this embodiment com-
prises four radiating elements 12-15. The first radiating ele-
ment 12 is connected to a second radiating element 13, the
second radiating element 13 is connected to a third radiating
element 14 and the third radiating element 14 is connected to
a fourth radiating element 15. The electromagnetic fields of
the first 12 and third 14 radiating elements are interacting
constructively, as is the second 13 and fourth 15 radiating
elements. The distance between counteracting radiating ele-
ments is, in conformity with the previous embodiments, pref-
erably made larger than the distance between constructively
interacting elements.

Further, according to another embodiment of the invention
any of the above monopole antennas can be combined with
any electrical component, such as a capacitor or inductor, for
example in order to increase the radiation efficiency.

As was mentioned in the introductory part of the descrip-
tion, a state of the art printed monopole manufactured by
printed circuit board techniques renders the physical size of
the antenna far too big for wireless communication equip-
ment, in fact many times bigger than the size of the radio
component itself. Existing Bluetooth modules are typically
about 10x10 mm in size, and a monopole antenna for a
Bluetooth application is approximately 30 mm long, and
hence the size of the Bluetooth component would be four
times as large. In contrast, the monopole antenna structure in
accordance with the invention can be made yielding an
antenna space requirement of less than 10x3 mm, or
expressed in operating wavelength of the antenna: the total
physical length of each of the radiating elements can, for
some applications, be made approximately % of the wave-
length, or even Y40 of the wavelength. For a Bluetooth appli-
cation, the Bluetooth module required would thus have to be
made only slightly larger than existing modules, i.e. about
10x13 mm.

Simulations made by the inventors confirm that the radiat-
ing elements can be made approximately Y20 of the antenna’s
operating wavelength. In Bluetooth applications this trans-
lates to a length of each of the radiating elements 4, 5, 6 of
approximately 8 mm, or even less than 8 mm. The perfor-
mance of the proposed antenna structure was simulated using
three-dimensional electromagnetic simulation software, and
the results were compared to antenna structures mentioned in
the introductory part of the present application. The radiation
efficiency of the antenna compares favourably to the other
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structures and comparable performance can be achieved
while using a small form factor. Even higher radiation effi-
ciencies than comparable antennas were verified in the simu-
lations. Further, the antenna pattern of the proposed antenna
structure yields a radiation pattern similar to a typical dipole
antenna, but more isotropic.

In conclusion thus, although the monopole antenna in
accordance with the present invention is very short compared
to its operating wavelength, the radiation efficiency is still
better than comparable antennas. In accordance with the
invention thus, the antenna size is minimised while high
radiation efficiency is maintained.

In the description the straight radiating elements are
described as being essentially parallel. However, “essentially
parallel” is intended to include a slight inclination, for
example less than 10 degrees. Such deviation may be possible
without lessened performance and without requiring a more
complicated manufacturing process, for example requiring a
higher precision.

While this invention has been described in terms of several
embodiments, there are alterations, permutations, and
equivalents which fall within the scope of this invention. It
should also be noted that there are many alternative ways of
implementing the methods and compositions of the present
invention. It is therefore intended that the following appended
claims be interpreted as including all such alterations, permu-
tations, and equivalents as fall within the true spirit and scope
of the present invention.

The invention claimed is:
1. A monopole antenna,
comprising:
a dielectric substrate;
an antenna feeding point; and
an electrically conductive pattern arranged on said dielec-
tric substrate, wherein said conductive pattern com-
prises a first straight radiating element connected to said
antenna feeding point, a second radiating element
arranged parallel to, and connected to, said first radiating
element, and a third straight radiating element coupled
to the second radiating element, the third straight radi-
ating element disposed between and parallel to said first
and second radiating elements, and wherein the first,
second and third radiating elements are connected such
that electric and magnetic fields of said first and said
third radiating elements interact constructively,

wherein said first and said third radiating elements are
spaced apart by a first distance d, and wherein said
second and said third radiating elements are spaced apart
by a second distance D;

wherein each of said first, second and third radiating ele-
ments have substantially the same length which is
greater than the sum of said first distance d and said
second distance D; and

wherein each of said first, second and third radiating ele-

ments are interconnected by u-shaped interconnecting
parts having a continuous curvature.

2. The monopole antenna as claimed in claim 1, wherein
said third radiating element includes an open end of the
monopole antenna.

3. The monopole antenna as claimed in claim 1, wherein a
length of each of said radiating elements is less than approxi-
mately an eighth of an operating wavelength of the antenna,
and more than approximately a twentieth of an operating
wavelength of the antenna.
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4. The monopole antenna as claimed in claim 1, wherein a
distance d between said first and third radiating elements is
less than a distance D between said second and third radiating
elements.
5. The monopole antenna as claimed in claim 1, wherein a
distance between said first and third radiating elements is
equal to a distance between said second and third radiating
elements.
6. The monopole antenna as claimed in claim 1, wherein
said first radiating element is further provided with an elec-
trical ground connection.
7. The monopole antenna as claimed in claim 1, wherein
said conductive pattern is comprised of a single continuous
structure.
8. The monopole antenna as claimed in claim 1, wherein
said short-range application is Bluetooth having an operating
frequency of approximately 2.45 GHz.
9. The monopole antenna as claimed in claim 8, wherein
the length of each of said first, second and third radiating
elements is less than approximately 8 mm.
10. The monopole antenna as claimed in claim 8, wherein
the antenna is fitted into an area less than approximately 10x3
mm.
11. The monopole antenna as claimed in claim 1, wherein
the conducting pattern is substantially planar.
12. An integrated circuit comprising a monopole antenna
integrated therein the monopole antenna comprising;
a dielectric substrate;
an antenna feeding point; and
an electrically conductive pattern arranged on said dielec-
tric substrate, wherein said conductive pattern com-
prises a first straight radiating element connected to said
antenna feeding point, a second radiating element
arranged parallel to, and connected to, said first radiating
element, and a third straight radiating element coupled
to the second radiating element, the third straight radi-
ating element disposed between and parallel to said first
and second radiating elements, and wherein the first,
second and third radiating elements are connected such
that electric and magnetic fields of said first and said
third radiating elements interact constructively,

wherein said first and said third radiating elements are
spaced apart by a first distance d, and wherein said
second and said third radiating elements are spaced apart
by a second distance D;

wherein each of said first, second and third radiating ele-
ments have substantially the same length which is
greater than the sum of said first distance d and said
second distance D; and

wherein each of said first, second and third radiating ele-

ments are interconnected by u-shaped interconnecting
parts having a continuous curvature.

13. The integrated circuit as claimed in claim 12, wherein
said circuit is one of: a transceiver circuit, a receiver circuit
and a transmitter circuit.

14. A method for manufacturing a monopole antenna com-
prising an electrically conductive pattern arranged on a
dielectric substrate, the method comprising:

arranging a first straight radiating element on said dielec-

tric substrate,

connecting said first radiating element to an antenna feed-

ing point,

arranging a second straight radiating element parallel to

said first radiating element,

interconnecting said second radiating element to the first

radiating element,
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arranging a third straight radiating element between said
first and second radiating elements parallel to both of
said first and second radiating elements at a first distance
dto said first straight radiation, and at a second distance
D to said second straight radiation, and 5

interconnecting said third radiating element to said second
radiating element, wherein electric and magnetic fields
of said first and said third radiating elements interact
constructively,

wherein each of said first, second and third radiating ele-
ments have substantially the same length which is
greater than the sum of said first distance d and said
second distance D; and

wherein each of said first, second and third radiating ele-
ments are interconnected by u-shaped interconnecting 15
parts having a continuous curvature.

10

15. The method as claimed in claim 14, wherein arranging
the third straight radiating element further comprises arrang-
ing the third straight radiating element to include an open end
of the monopole antenna.

16. The method as claimed in claim 14, wherein a length of
each of'said radiating elements is less than approximately an
eighth of an operating wavelength of the antenna, and more
than approximately a twentieth of an operating wavelength of
the antenna.

17. The method as claimed in claim 14, wherein arranging
the third straight radiating element further comprises arrang-
ing the third straight radiating element such that a distance d
between said first and third radiating elements is less than a
distance D between said second and third radiating elements.

#* #* #* #* #*
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HIGHLY DIELECTRIC ELASTOMER
COMPOSITION AND DIELECTRIC
ANTENNA

TECHNICAL FIELD

The present invention relates to a highly dielectric elas-
tomer composition and an electrode-provided dielectric
antenna mounted on a molding of the highly dielectric elas-
tomer composition, and more particularly to a highly dielec-
tric elastomer composition for use in electric and electronic
parts used at a high-frequency band and the dielectric
antenna.

BACKGROUND ART

In recent years, with a conspicuous spread of a patch
antenna for use in a cellular phone, a cordless phone, a RFID,
and the like, and a lens antenna for use in a radio telescope, a
millimeter-wave radar, and the like, and with an outstanding
progress of a satellite communication apparatus, there is a
growing demand for making the frequency of a communica-
tion signal high and communication apparatuses compact.

As the dielectric constant of a material of an antenna incor-
porated in the communication apparatus becomes higher, it is
possible to make the communication signal higher and the
communication apparatus compact. The dielectric constant is
a parameter indicating the degree of a polarization inside the
dielectric. Therefore when the material of the antenna having
a high dielectric constant can be used, it is possible to make
the frequency of the communication signal high and hence
shorten circuits and make the communication apparatus com-
pact.

Conventionally, as a highly dielectric elastomer, the fibrous
metal salt of titanic acid and/or the composite fiber of the
metal salt of titanic acid and the amorphous titanium oxide
integrally enclosing the fibrous metal salt of titanic acid there-
with to form the integrated composite fiber are known. The
integrated composite fiber having the mol ratio between met-
als M and Ti in the range of 1.005 to 1.5 is mixed with the
elastomer at 5 to 80 wt % with respect to the total weight of the
highly dielectric elastomer composition to allow the highly
dielectric elastomer composition to have a high permittivity
(patent document 1).

300 to 500 parts by weight of barium titanate powder
having a dielectric constant not less than 2000 in the range of
a room temperature to 90° C. is mixed with 100 parts by
weight of ethylene propylene rubber or the like crosslinked
with the peroxide to form the high-permittivity rubber com-
position having a dielectric constant set to not less than 10 and
preferably not less than 20 (patent document 2).

But in the above-described highly dielectric elastomer
composition of the example (patent document 1) composed
of'the elastomer and the composite fiber mixed therewith, it is
difficult to select the kind of the elastomer and the composite
fiber, and owing to the directionality of the fibrous filling
material, the molding of the highly dielectric elastomer com-
position is anisotropic. Thereby the linear expansion and the
dielectric characteristic become unstable. Thus it is difficult
to obtain a material having a high permittivity and a low
dielectric loss tangent.

The high-permittivity rubber composition (patent docu-
ment 2) is an insulating material which is disposed to relax an
electric field mismatching which is liable to be generated at a
connection position of power cables, a termination portion
thereof, and the like. As the property of the barium titanate
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powder, it has a large dielectric loss tangent. Thus the barium
titanate powder is unsuitable for an electronic part such the
material of an antenna.

As the use mode of the communication apparatus becomes
diversified, the communication apparatus is demanded to
have little variations in the electrical characteristic in the
range from a low temperature to a high temperature. When the
conventional highly dielectric elastomer composition is used
foran electronic part that is used in a wide temperature region,
the electrical characteristic of the electronic part changes
greatly.

Further, to comply with the demand of miniaturization of
the communication apparatus, an antenna body is formed by
molding a dielectric resin material which has a small specific
gravity and a small dielectric loss and is advantageous for
obtaining a high gain, and an electrode is formed on the
obtained molding to form a dielectric antenna.

As a conventional dielectric antenna having an electrode
plated with a metal, the rubber-like elastic material soluble in
the inorganic filler and in the solvent is mixed with the styrene
polymer having the syndiotactic structure (SPS) to obtain the
composite dielectric material, the surface of which is rough-
ened by etching treatment to plate the surface at an improved
degree. The composite dielectric material is used as an
antenna (patent document 3). A resin difficult to be plated and
a resin easy to be plated are used in combination. The resin
easy to be plated is used on the surface on which the electrode
is formed so that it is used as the material of the antenna
(patent document 4). Further the electrode is made of the
copper foil pattern (patent document 5). In addition, the elec-
trode is formed on the antenna body made of ceramics by
screen printing (patent document 6).

When a resin material is used as a dielectric substrate of an
antenna, it is necessary to form an electrode. As methods of
forming the electrode, a metal plating method, a metal foil-
bonding method, and screen printing method, and the like are
known. Metal plating treatment is difficult to be made. Fur-
ther the metal plating treatment has a problem that a specific
foundation treatment is required, as disclosed in the patent
documents 3 and 4. Further when the electrode is formed by
plating treatment, the electrode has a low degree of adhesion
to the material of the antenna to a low degree after the foun-
dation treatment is made. Thus there is a fear that the dielec-
tric characteristic deteriorates. Thus the metal plating pro-
cessing is unfavorable. When the copper foil is used as the
electrode, as disclosed in the patent document 5, the electrode
is liable to be oxidized. Thus when a working temperature
rises, the electrode is oxidized and the permittivity decreases.
The screen printing is applied to form the electrode on the
antenna body made of ceramics but not applied to the antenna
body made of the elastomer. Screen printing paste used to
form the electrode of the antenna made of ceramics contains
silica. A product including the printed paste is calcined at a
high temperature of 500 to 600° C. to vitrify it so that Ag
powder is fixed. Because the elastomer is decomposed at a
high temperature of 500° C., the screen printing method can-
not be used for the antenna composed of the elastomer.

Patent document 1: Japanese Patent Application Laid-
Open No. 09-031244

Patent document 2: Japanese Patent Application Laid-
Open No. 2003-138067

Patent document 3: Japanese Patent Application Laid-
Open No. 2001-143531

Patent document 4: Japanese Patent Application Laid-
Open No. 2003-078322

Patent document 5: Japanese Patent Application Laid-
Open No. 07-066620
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Patent document 6: Japanese Patent Application Laid-
Open No. 06-029727

DISCLOSURE OF THE INVENTION
Problem to be Solved by the Invention

Itis an object of the present invention to provide a dielectric
antenna which shows a high dielectric constant in a wide
temperature range from a low temperature to a high tempera-
ture and has a low dielectric loss tangent. It is another object
thereof to provide a highly dielectric elastomer composition
for producing the dielectric antenna.

Means for Solving the Problem

A highly dielectric elastomer composition of the present
invention includes an elastomer and a highly dielectric
ceramic powder mixed with the elastomer. The highly dielec-
tric ceramic powder has a temperature coefficient o (unit:
1/° C.) of a dielectric constant of the ceramic powder on 25°
C. standard ranging from —200x107 to 100x107% over a tem-
perature range from —40° C. to 100° C.

In the present invention, the temperature coefficient
a (1/° C.) of the dielectric constant is a value defined by
a=(E€,(1)-E,(25))/[(E,(25)) (t-25)]. Herein €,(t) and €,(25)
indicate the dielectric constant at a given temperature t° C. in
the range of -40° C. to 100° C. and the dielectric constant at
25° C. respectively.

At a frequency of 1 GHz and a temperature of 25° C., the
dielectric constant of the highly dielectric elastomer compo-
sition is not less than seven and a dielectric loss tangent
thereof is not more than 0.01. In the highly dielectric elas-
tomer composition, the highly dielectric ceramic powder is a
barium titanate.neodymium ceramic powder. The elastomer
contains a non-polar olefin unit as a constituent unit thereof.
The elastomer is an ethylene propylene rubber.

A dielectric antenna of the present invention includes a
molding of the highly dielectric elastomer composition and
an electrode formed on the molding. Particularly, the elec-
trode is made of a plated copper foil.

The electrode is formed by screen-printing by using con-
ductive paste.

Effect of the Invention

In the highly dielectric elastomer composition of the
present invention, the highly dielectric ceramic powder in
which the temperature coefficient o (unit: 1/° C.) of the
dielectric constant is in the range of —200x107° to 100x107°
in the temperature range of -40° C. to 100° C. is mixed into
the elastomer. Particularly the barium titanate.neodymium
ceramic powder is used. Owing to these aspects, it is possible
to obtain the elastomer composition whose dielectric constant
is less dependent on temperature than conventional highly
dielectric elastomer compositions. Consequently it is pos-
sible to obtain electric and electronic parts such as an antenna
which can be used for a high-frequency communication appa-
ratus in a high-frequency band and wide temperature range.

The dielectric antenna of the present invention is obtained
by bonding the copper foil plated as the electrode thereof to
the molding of the highly dielectric elastomer composition
formed as the body thereof or by bonding the conductive
paste thereto by screen printing. Consequently it is possible to
make the antenna compact. Further because the antenna has a
high permittivity, it is possible to realize a high-frequency
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communication apparatus in which the antenna is incorpo-
rated and make communication apparatus compact.

BEST MODE FOR CARRYING OUT THE
INVENTION

When the highly dielectric elastomer composition is used
as a material for an antenna, with a change of a working
temperature, the dielectric constant of the elastomer compo-
sition changes. As a result, the resonance frequency of the
antenna shifts. For example, it is known that when the dielec-
tric constant of the elastomer composition drops with a rise of
temperature, the resonance frequency of the antenna shifts to
a high-frequency side. The amount of the shift can be com-
puted with reference to equations (1) through (6) shown
below.

In the case of a patch antenna, supposing that an operating
wavelength is A, a pattern length A of a transmitting and
receiving portions is expressed by the equation (1) shown
below:

A=(4)xh (1)

Supposing that the dielectric constant of the material of the
antenna is €,, a wavelength A, which passes through the
material of the antenna is expressed by the equation (2) shown
below owing to a wavelength-reducing effect:

Ao=(E)TH2 @

Therefore when the above-described material of the
antenna is used, the pattern length A of the transmitting and
receiving portions is expressed by the equation (3) shown
below:

A=(€,) TV Dx(Ya)xh ©)

Supposing that V is 300x10° m/second, a frequency { is
expressed by the equation (4) shown below:

S=V/ Q)

In designing the patch antenna with reference to the fun-
damental equations (1) through (4), supposing that an oper-
ating frequency is f}, that a dielectric constant at a room
temperature is €, and that a dielectric constant after tem-
perature changes by AT is €,, a resonance frequency f, of the
antenna is expressed by the equation (5) shown below:

SH=EJE) NS, )]

Supposing that a temperature change is AT, a shift Af ofthe
resonance frequency is expressed by the equation (6) shown
below:

A=A Q)

When the change of the dielectric constant with respect to
temperature is large, the shift Af of the resonance frequency is
large from the equations (5) and (6). This is practicably unfa-
vorable. When the resonance frequency changes+10% with
respect to the operating frequency, the property of the antenna
deteriorates greatly, which is unpreferable.

As described above, it is preferable that the highly dielec-
tric elastomer composition has a small temperature coeffi-
cient a. of the dielectric constant thereof, when it is used as the
material of the antenna.

By mixing the highly dielectric ceramic powder whose
dielectric constant is dependent on temperature to a low
extent with the elastomer, it is possible to reduce the tempera-
ture coefficient o of the dielectric constant of the highly
dielectric elastomer composition.

In the present invention, by using the highly dielectric
ceramic powder having the temperature coefficient o in the
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range of -200x107°=a=100x107° favorably -100x
10°=a.=30x1079, and more favorably —50x107°=0.=30x
1075, it is possible to set the temperature coefficient c. of the
dielectric constant of the highly dielectric elastomer compo-
sition to —1500x10~5<0a<100x107°, and favorably —1200x
10~ %<a<50x107°.

It is unpreferable that the temperature coefficient c of the
highly dielectric ceramic powder is less than -200x107¢,
because the shift of the resonance frequency with respect to
the operating frequency becomes larger than+10%, when the
highly dielectric ceramic powder is used as the material of the
antenna.

As the elastomer of the highly dielectric elastomer com-
position of the present invention, it is possible to use natural
rubber and/or synthetic rubber.

As elastomers consisting of the natural rubber, it is possible
to list graft modified rubber formed by grafting a double bond
of natural rubber, chlorinated rubber, rubber hydrochloride,
cyclized rubber, maleic rubber or hydrogenated rubber with a
vinyl monomer such as methyl methacrylate, acrylonitrile or
ester methacrylate; a block polymer formed by kneading the
natural rubber in the presence of a monomer in nitrogen
current. In addition to the natural rubber, it is possible to list
elastomers containing synthetic cis-1,4-polyisoprene as a
material thereof.

As elastomers consisting of the synthetic rubber, it is pos-
sible to list elastomer of the polyolefin family such as isobu-
tylene rubber, ethylene propylene rubber, ethylene propylene
diene rubber, ethylene propylene terpolymer, chlorosul-
fonated polyethylene rubber, and the like; elastomers of the
styrene family such as styrene-isoprene-styrene block
copolymer (SIS), styrene-butadiene-styrene copolymer
(SBS), styrene-ethylene-butylene-styrene block copolymer
(SEBS), and the like; isoprene rubber, urethane rubber,
epichlorohidrin rubber, silicone rubber, nylon 12, butyl rub-
ber, butadiene rubber, polynorbornane rubber, acrylonitrile-
butadiene rubber, and the like.

These elastomers can be used singly or by mixing two or
more kinds thereof. One or more kinds of thermoplastic resins
can be used in combination with these elastomers within a
range in which the elasticity of the elastomers do not deterio-
rate. When the elastomer consisting of the natural rubber
and/or one or more kinds of a synthetic non-polar elastomer
are used as the elastomer of the present invention, a highly
dielectric elastomer excellent in its electrical insulating prop-
erty can be obtained. Thus it is possible to preferably apply
the highly dielectric elastomer to a use demanded to have
insulating property. As the synthetic non-polar elastomer, it is
possible to list ethylene propylene rubber (hereinafter
referred to as EPDM), ethylene propylene diene rubber,
isobutylene rubber, isoprene rubber, silicone rubber, and the
like. Because the EPDM and the ethylene propylene diene
rubber have a very low dielectric loss tangent respectively,
they can be preferably used for electronic parts such as an
antenna and a sensor.

As the highly dielectric ceramic powder which can be used
in the present invention, it is preferable to use ceramic powder
consisting of a metal salt of titanic acid in which at least one
kind of the rare earth metal such as neodymium (Nd), lantha-
num (La), and the like, and one or not less than two metal
elements selected from among barium (Ba), strontium (Sr),
calcium (Ca), magnesium (Mg), cobalt (Co), palladium (Pd),
zine (Zn), beryllium (Be), cadmium (Cd), and bismuth (Bi).
The rare earth metals such as Nd, La contribute to the
improvement of a temperature characteristic that the dielec-
tric constant makes a low degree of change with a temperature
change. Metal elements such as Ba, Sr enhance the permit-
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tivity and decrease the dielectric loss tangent. That is, they
contribute to the improvement of the dielectric characteristic.
As preferable highly dielectric ceramic powder, barium titan-
ate.neodymium ceramic powder containing Ti, Ba, Nd, and
Bi can be used.

It is preferable that the particle diameter of the ceramic
powder having a high permittivity and a low dielectric loss
tangent is 0.01 to 100 pum. It is unpreferable that the average
particle diameter is less than 0.01 um, because the ceramic
powder scatters at a measuring time and hence it is difficult to
treat the ceramic powder. It is unpreferable that the average
particle diameter of the ceramic powder is more than 100 um,
because there is a fear that a variation of the dielectric char-
acteristic is caused inside the molding. A more practicable
range is 0.1 to 20 um.

It is preferable that as the characteristic of the ceramic
powder, the dielectric constant thereof is not less than seven,
and the dielectric loss tangent thereof is not more than 0.01.

It is preferable that at a frequency of 1 GHz and a tempera-
ture of 25° C., the dielectric constant of the highly dielectric
elastomer composition is not less than seven and the dielectric
loss tangent thereof is not more than 0.01. It is unpreferable
that the dielectric constant of the highly dielectric elastomer
composition is less than seven, because the effect of decreas-
ing the wavelength of a signal propagating in a material of an
electronic part is and thus it is impossible to make a product
compact. It is unpreferable that the dielectric loss tangent of
the highly dielectric elastomer composition is more than 0.01,
because a loss inside the material of the electronic part is
large. The material of the electronic part can be used in a
high-frequency band of not less than 100 MHz.

The mixing ratio of the highly dielectric ceramic powder is
so selected as to keep the dielectric constant of the highly
dielectric elastomer composition at not less than seven, the
dielectric loss tangent thereof at not more than 0.01, set the
temperature coefficient a of the dielectric constant thereof to
the range of —1500x10~<a<100x107°, and allow the highly
dielectric elastomer composition to have a moldability to
such an extent that the highly dielectric elastomer composi-
tion can be formed into an electronic part such as an antenna.

For example, the mixing amount of the highly dielectric
ceramic powder is 300 to 1200 parts by weight (phr) per 100
parts by weight (phr) of the elastomer.

Inaddition to the above-described essential components, in
a range in which the effect of the present invention is not
interfered, the highly dielectric elastomer composition which
can be used in the present invention is capable of containing
(1): a coupling agent such as a silane-containing coupling
agent, a titanate-containing coupling agent, a zirconia-alumi-
nate-containing coupling agent for improving affinity and
cementing performance in the interface of the elastomer and
the ceramic powder and improving the mechanical strength of
the highly dielectric elastomer composition, (2): a filler con-
sisting of fine particles such as talc, calcium pyrophosphate,
and the like for improving plating performance for forming an
electrode, (3): an antioxidant for improving heat stability
thereof to a high extent, (4): a light stabilizer such as an
ultraviolet light absorber for improving light resistance
thereof, (5): a halogen-containing fire-retardant assistant or a
phosphorus-containing fire-retardant assistant for improving
the fire-retardant property thereof, (6): a shock resistance-
imparting agent for improving shock resistance thereof to a
high extent, (7) a coloring agent such as dye, pigment, and the
like, (8): a crosslinking agent such as plasticizer, sulfur, per-
oxide, and the like for adjusting the property thereof, and (9):
a vulcanization-accelerating agent.
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In the range in which the effect of the present invention is
not interfered, the highly dielectric elastomer composition of
the present invention is capable of containing fibers of an
alkali metal salt of titanic acid such as glass fiber, a whisker of
potassium titanate, and the like; fibers of a metal salt of boric
acid such as fibers of titanium oxide, a whisker of magnesium
borate, a whisker of aluminum borate, and the like; fibers of a
metal salt of silicic acid such as a whisker of zinc silicate, a
whisker of magnesium silicate; and organic and inorganic
fillers such as carbon fibers, alumina fibers, aramid fibers, and
the like.

The method of producing the highly dielectric elastomer
composition of the present invention is not limited to a spe-
cific method, but it is possible to use various mixing and
molding methods. For example, it is preferable to use a
method of producing the highly dielectric elastomer compo-
sition by kneading the components thereof with using a
biaxial extruder. The highly dielectric elastomer composition
may be directly formed into a product by injection molding,
extrusion molding, and the like or formed into a to-be-molded
material such as a pellet, a rod-shaped material, a plate-
shaped material, and the like.

The method of producing the dielectric antenna of the
present invention from the highly dielectric elastomer com-
position is not limited to a specific method either, but it is
possible to use the above-described various mixing and mold-
ing methods. To improve adhesion of the plated copper foil or
conductive paste to the material of the antenna, the surface of
the material of the antenna may be roughened with sand paper
or blast treatment or surface-treated by etching with a solvent,
UV etching, plasma etching, application of a primer, and the
like.

The dielectric antenna of the present invention is obtained
by bonding a copper foil plated as an electrode to the molding
of the highly dielectric elastomer composition formed as the
body thereof or by bonding the conductive paste to the mold-
ing by screen printing.

The dielectric antenna of the present invention is described
below with reference to FIG. 1. FIG. 11s a perspective view of
the dielectric antenna (patch antenna). In a dielectric antenna
1, an electrode 3 which is a radiant element is formed at a
central portion of an upper surface of a dielectric substrate 2.
A power supply pin 5 is mounted at a predetermined position
of the electrode 3. As the method of forming the electrode 3,
metal plating treatment and bonding of a metal foil can be
used.

A grounding conductor 4 is formed on a lower surface of
the dielectric substrate 2. The power supply pin 5 is electri-
cally connected to an amplifying circuit or an originating
circuit (not shown). A high-frequency signal is supplied to the
electrode 3 through the power supply pin 5. It is possible to
use a construction in which the power supply pin 5 is not used,
but a power supply line or the like extended from the electrode
3 is utilized.

In obtaining the electrode by bonding the plated copper foil
to the antenna body, a material to be plated on the copper foil
is not limited to a specific material so long as the material to
be plated is capable of holding conductivity to such an extent
that the antenna performs its function. Gold (Au), platinum
(Pt), silver (Ag), nickel (Ni), and tin (Sn) can be used. Above
all, Ni and Ag are preferable because they are excellent in the
oxidation resistance and conductivity thereof. Ni is especially
preferable because it is inexpensive. The deposit thickness is
favorably 0.1 to 5 um and more favorably 0.5 to 3 pm. It is
unpreferable that the deposit thickness is less than 0.1 pum,

20

25

30

40

55

8

because the degree of improvement of the oxidation resis-
tance is low. It is unpreferable that the deposit thickness is
more than 5 um, because the deposit thickness becomes non-
uniform and there is an increase in a necessary amount of the
material to be plated.

Plating treatment includes an electroless plating method,
an electroplating method, and a combination of these meth-
ods. The electroless plating method is preferable because the
electroless plating method can be carried out easily and the
deposit thickness is uniform.

In the electroless plating method, a plating solution
obtained by dispersing nickel sulfate, a complexing agent, a
stabilizer, a PH buffer, an appearance-adjusting agent, and a
dispersing agent in a reducing bath of hypophosphite is
heated to not less than about 80° C. Thereafter a metal plate is
immersed in the plating solution to form a plated layer. In the
electroless plating method, after a plated portion of the metal
plate is degreased and pickled, plating treatment is carried
out.

To bond the copper foil to the molding of the elastomer, it
is possible to use an epoxy or urethane bonding film and a
liquid adhesive agent. Itis preferable that the thickness of the
adhesive layer is 1 to 100 pm. It is unpreferable that the
thickness of the adhesive layer is less than 1 um, because the
adhesive layer is incapable of being locally present and hence
an adhesive area is small. It is unpreferable that the thickness
of'the adhesive layer is more than 100 um, because the dielec-
tric characteristic (particularly, dielectric loss tangent) of the
molding of the elastomer deteriorates. A more practicable
range falls in 20 to 50 pm.

It is possible to insert the copper foil into a die to bond the
copper foil to the elastomer by utilizing a pressure at a time of
molding when the elastomer is vulcanized.

By using the plated copper foil as the electrode of the
dielectric antenna composed of the elastomer, as described
above, the electrode has favorable adhesion to the molding of
the elastomer and an excellent resistance to oxidation.

An embodiment of obtaining the electrode by screen-print-
ing by using the conductive paste is described below with
reference to FIGS. 2 and 3. In the dielectric antenna 1, a
dielectric substrate 2 is formed from a composition contain-
ing the elastomer and the highly dielectric ceramic powder
mixed therewith, and a conductive paste 6 is screen-printed
on the dielectric substrate 2 to form an electrode 3. The
above-described composition has the dielectric constant of
not less than seven and the dielectric loss tangent of not more
than 0.01. The electrode 3 atthe ground side and at the radiant
side is formed on the front and rear portions of the dielectric
substrate 2. The dielectric antenna 1 is formed as a patch
antenna.

As shown in FIG. 2, in the above-described screen printing,
in a state where a screen 7 whose periphery is reinforced with
a print frame 10 is layered on the dielectric substrate 2 on
which the conductive paste 6 is to be printed, the conductive
paste 6 is applied from the reverse of the screen 7 to the
dielectric substrate 2 by a squeegee 11. The screen 7 is con-
structed of a shielding plate 8 on which a transmission portion
8a is selectively formed and a reticulate portion 9 disposed
entirely on the lower surface of the shielding plate 8. The
conductive paste 6 applied to the dielectric substrate 2 by the
squeegee 11 permeates the transmission portion 8a of the
shielding plate 8 and is printed selectively on the upper sur-
face of the dielectric substrate 2 to form the electrode 3.

A conductive material contained in the conductive paste to
be used is not limited to a specific material so long as the
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conductive material is capable of holding conductivity to
such an extent that the antenna performs its function. For
example, Au, Pt, Ag, Ni, and Sn can be used. Above all, Ag is
especially preferable because it is excellent in the resistance
to oxidation and the conductivity thereof. Niis also especially
preferable because it is in expensive. The diameter of par-
ticles of the conductive material to be contained in the con-
ductive paste is favorably 0.05 to 30 um and more favorably 1
to 10 um. It is difficult to treat fine particles whose diameter is
less than 0.05 um. It is unpreferable that the diameter of the
fine particles is more than 30 pm because the thickness of the
electrode is large and there is an increase in a necessary
amount of the material to be used. It is unpreferable that the
conductive paste is printed thickly because the thickness of a
screen-printed layer is liable to be nonuniform and the vol-
ume resistivity changes.

The mixing amount of the conductive material to be con-
tained in the conductive paste is favorably 50 to 97 wt %. In
this case, the mixing amount of a binder is 3 to 50 wt %. The
mixing amount of the conductive material is more favorably
70 to 90 wt %. The remainder is the mixing amount of the
binder. It is unpreferable that the mixing amount of the con-
ductive material is less than 50 wt %, because the electrode is
incapable of securing conductivity to such an extent that the
electrode performs its function. It is unpreferable that the
mixing amount of the conductive material is more than 97 wt
% because the mixing amount of the binder is small and hence
the electrode has a low degree of adhesion to the calcined
material of the antenna and there is a possibility that the
electrode cracks.

In the case of the conductive paste containing Ag used as
the conductive material thereof, the binder to be used is not
limited to a specific kind, but the binder such as epoxy resin,
butyral resin, polyester resin, and the like generally used can
be used. Above all, epoxy-modified resin is especially pref-
erable because it has favorable adhesion to the material of the
antenna. The volume resistivity of the electrode is not limited
to a specific value, provided that the volume resistivity
thereof falls in a range in which the function of the antenna is
not interfered. The volume resistivity of the electrode is favor-
ably less than 1072 Q-cm. It is unpreferable that the volume
resistivity of the electrode is more than 1072 Q-cm, because
the conductivity of the electrode falls greatly and thereby the
resonance frequency of the antenna shifts greatly and VSWR
(voltage standing wave ratio) deteriorates. The volume resis-
tivity of the electrode is more favorably less than 107> Q-cm.

EXAMPLES

The dielectric constant and dielectric loss tangent of the
molding of the highly dielectric elastomer composition
obtained in each example and comparison example and the
temperature coefficient o of the dielectric constant of the
molding thereof were measured by the following method.

Test Method 1: Measurement of Dielectric Constant and
Dielectric Loss Tangent at 25° C.

The molding obtained by molding the highly dielectric
elastomer composition thermally and compressingly was
processed into long and narrow specimens each having a
dimension of 1.5 mmx1.5 mmx80 mm. By carrying out a
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10
cavity resonator method (pages 16 to 19 of magazine, “Elec-
tronic Monthly” published in July of 1998), the dielectric
constant and dielectric loss tangent of each specimen were
measured at 25° C. in 1 GHz band.

Test Method 2: Measurement of Dielectric Constant at Each
Temperature and Temperature Coefficient o of Dielectric
Constant

The molding of the highly dielectric elastomer composi-
tion was processed into specimens each having a predeter-
mined configuration and a dimension of $25 mmxt 1.5 mm.
By carrying out a volumetric method, the dielectric constant
at —40° C., 25° C., at 100° C. and the temperature coefficient
a of the dielectric constant were measured. A measuring
apparatus used in the volumetric method was RF impedance/
material analyzer HP4291B (produced by Agilent Technolo-
gies, Inc.). An electrode used was HP16453A (produced by
Agilent Technologies, Inc.).

Examples 1 Through 3

In each of the examples 1 through 3, EPDM, ceramic
powder of barium titanate.neodymium (“HF-120" produced
by KCM Corporation Co., Ltd., dielectric constant: 120) in
which the temperature coefficient . of the dielectric constant
was —100x107°%, a vulcanization-accelerating agent, and a
processing aid were mixed with one another at mixing ratios
shown in table 1 to obtain a molding of each example having
a dimension of 80 mmx80 mmx1.5 mm by thermal and
compression molding. The vulcanizing condition was 170°
C.x30 minutes in each example. The vulcanization-acceler-
ating agent, the processing aid, and the like used were one part
by weight (phr) of stearic acid (“LUNAC S-30” produced by
Kao Corporation), five parts by weight (phr) of zinc oxide
(“META-Z L-40” produced by INOUE CALCIUM CO.,
LTD.), three parts by weight (phr) of a processing aid
(“SPLENDER R-100” produced by Kao Corporation), 2.5
parts by weight (phr) of a vulcanization-accelerating agent
(“Soxinol M” produced by Sumitomo Chemical Co., Ltd.),
and 1.5 parts by weight (phr) of sulfur (“GOLDEN FLOWER
SULFUR POWDER” produced by Tsurumi Chemical Co.,
Ltd.).

The dielectric constant and dielectric loss tangent of each
of'the obtained moldings were measured by the test method 1.
The dielectric constant and the temperature coefficient o of
the dielectric constant at each temperature were measured by
the test method 2. Table 1 shows the results of the measure-
ment.

Examples 4 Through 6

Moldings were obtained in the same condition and method
as those of the example 1 except that the ceramic powder of
the barium titanate.neodymium of the example 1 in which the
temperature coefficient o of the dielectric constant was 100x
107 was replaced with the ceramic powder of the barium
titanate.neodymium (HF-100 produced by KCM Corporation
Co., Ltd., dielectric constant: 100) in which the temperature
coefficient o of the dielectric constant was —40x107°.

The obtained moldings were evaluated in the same condi-
tion as that of the example 1. Table 1 shows the results of the
measurement.
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TABLE 1
Dielectric characteristic of molding
Temper-
Mixing amount ature
coefficient
Vulcanization- Ceramic powder Dielectric of
accelerating Temperature Dielectric loss Dielectric dielectric
EPDM agent, coefficient constant tangent constant constant
Mixing Processing aid Mixing Dielectric  of dielectric (Cavity resonator (Volumetric (25 to
amount Mixing amount amount Nameof  constant constant method: 1 GHz) method: 1 GHz) 100°C.)
Example phr phr phr powder 25°C. x107¢° C. 25°C. —40°C. 25°C. 100°C. x1075°C.
1 100 13 400 HF-120 120 -100 10 0.002 10.9 10 9.1 -1200
2 100 13 800 HF-120 120 -100 16 0.002 17.5 16 14.6 -1200
3 100 13 1000 HF-120 120 -100 20 0.003 21.8 20 18.2 -1200
4 100 13 400 HF-100 100 -40 8 0.002 8.7 8 7.4 -1067
5 100 13 800 HF-100 100 -40 14 0.002 15.3 14 12.9 -1067
6 100 13 1000 HF-100 100 -40 17 0.003 18.6 17 15.6 -1067

As shown in the examples 1 through 3, the dielectric con-
stant of each molding at 25° C. was not less than seven, the
dielectric loss tangent thereof was not more than 0.01, and the
temperature coefficient o of the dielectric constant thereof
was —1200x107°. As shown in the examples 4 through 6, the
dielectric constant of each molding at 25° C. was not less than
seven, the dielectric loss tangent thereof was not more than
0.01, and the temperature coefficient of the dielectric constant
thereof was —1067x1075. These values show a high permit-
tivity and a low dielectric loss tangent respectively. The tem-
perature coefficients a of the dielectric constant of the mold-
ings were larger than —-1500x107°. Thus the shift of the
resonance frequency when the highly dielectric elastomer
compositions were used for the material of an antenna fell
within £10%. Thus the moldings are excellent as the material
of the antenna.

Comparison Examples 1 Through 3

In each of the comparison examples 1 through 3, the
EPDM, ceramic powder of strontium titanate (“ST-NAS”
produced by KCM Corporation Co., Ltd., dielectric constant:
180) in which the temperature coefficient c. of the dielectric
constant was —1200x107°, the vulcanization-accelerating
agent, and the processing aid were mixed with one another at
mixing ratios shown in table 2 to obtain moldings each having
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a dimension of 80 mmx80 mmx1.5 mm. The vulcanizing
condition was 170° C.x30 minutes. The vulcanization-accel-

25 erating agent and the processing aid used were identical to

those of the example 1.

The dielectric constant and dielectric loss tangent of each
of'the obtained moldings were measured by the test method 1.
The dielectric constant and the temperature coefficient o of

30 the dielectric constant at each temperature were measured by

the test method 2. Table 2 shows the results of the measure-
ment.

Comparison Examples 4 Through 6

35

The molding of each comparison example was obtained in
the same condition and method as those of the comparison
example 1 except that the ceramic powder of the strontium
titanate of the comparison example 1 in which the tempera-

40 ture coefficient o of the dielectric constant was —1200x10°

was replaced with ceramic powder of barium titanate powder
(BT-32 produced by FUJI TITANIUM INDUSTRY CO.,
LTD., dielectric constant: 4000) in which the temperature
coefficient o of the dielectric constant was —2000x107°.

The obtained moldings were evaluated in the same condi-
tion as that of the example comparison 1. Table 2 shows the
results of the measurement.

TABLE 2

Dielectric characteristic of molding

Temper-
Mixing amount ature
coefficient
Vulcanization- Ceramic powder Dielectric of
accelerating Temperature Dielectric loss Dielectric dielectric
EPDM agent, coefficient constant tangent constant constant
Com- Mixing Processing aid Mixing Dielectric  of dielectric (Cavity resonator (Volumetric (25 to
parison  amount Mixing amount amount Nameof  constant constant method: 1 GHz) method: 1 GHz) 100°C.)
Example phr phr phr powder 25°C. x1076/° C. 25°C. —40°C. 25°C. 100°C. x107%°C.
1 100 13 300 ST-NAS 180 -1200 10 0.003 12.0 10 8.0 -2667
2 100 13 600 ST-NAS 180 -1200 20 0.004 24.0 20 16.0 -2667
3 100 13 900 ST-NAS 180 -1200 30 0.005 36.0 30 24.0 -2667
4 100 13 400 BT32 4000 -2000 15 0.031 18.8 15 11.3 -3333
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TABLE 2-continued

Dielectric characteristic of molding

Temper-
Mixing amount ature
coefficient
Vulcanization- Ceramic powder Dielectric of
accelerating Temperature Dielectric loss Dielectric dielectric
EPDM agent, coefficient constant tangent constant constant
Com- Mixing Processing aid Mixing Dielectric  of dielectric (Cavity resonator (Volumetric (25 to
parison  amount Mixing amount amount Nameof  constant constant method: 1 GHz) method: 1 GHz) 100°C.)
Example phr phr phr powder 25°C. x107¢° C. 25°C. —40°C. 25°C. 100°C. x1075°C.
5 100 13 800 BT32 4000 -2000 30 0.032 37.5 30 22.5 -3333
6 100 13 1000 BT32 4000 -2000 40 0.034 50.0 40 30.0 -3333

As shown in the comparison examples 1 through 3, the
dielectric constant of each molding at 25° C. was not less than
seven, the dielectric loss tangent thereof was not more than
0.01, and the temperature coefficient a of the dielectric con-
stant was —2667x107° which was smaller than —1500x107°.
Thus a shift generated when the molding is used as the mate-
rial of an antenna cannot be kept within+10% of the operating
frequency.

As shown in the comparison examples 4 through 6, the
dielectric constant of each molding at 25° C. was not less than
seven, the dielectric loss tangent thereof was more than 0.01,
and the temperature coefficient o of the dielectric constant
was —3333x107° which was smaller than ~1500x107. Thus a
shift generated when the molding is used as the material of an
antenna cannot be kept within+10% of the operating fre-
quency.

The characteristic of a dielectric antenna obtained in each
of the examples and the comparison examples shown below
was examined by the following method.

Test Method 3 (Cavity Resonator Method): Measurement of
Dielectric Constant and Dielectric Loss Tangent at 25° C.

The test method 3 was carried out in a manner similar to
that of the test method 1.

Test Method 4: Measurement of Characteristic of Antenna

By using obtained patch antennas, the resonance frequency
and the VSWR (voltage standing wave ratio) were measured
by using a network analyzer. A gain in each resonance fre-
quency was also measured in comparison with a reference
antenna whose gain was known. Antennas satisfying the con-
dition of VSWR<2 and gain>2 dBi were marked by “good”.
Antennas which did not satisfy this condition were marked by
“poor”.

Test Method 5: Measurement of Change in Characteristic of
Antenna

An aging test was conducted on the obtained antennas at
100° C. for 500 hours to measure the change in the charac-
teristic (resonance frequency, gain) thereof.

Examples 7 Through 9

In each of the examples 7 through 9, the ceramic powder of
the barium titanate.neodymium (“HF-120" produced by
KCM Corporation Co., Ltd., dielectric constant: 120) and
small amount of additives including the vulcanization-accel-
erating agent and the processing aid were mixed with the
EPDM at mixing ratios shown in table 3 to obtain a molding
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of'each example having a dimension of 80 mmx80 mmx2 mm
by thermal compression molding. The vulcanizing condition
was 170° C.x30 minutes. The vulcanization-accelerating
agent and the processing aid used were one part by weight
(phr) of the stearic acid (“LUNAC S-30” produced by Kao
Corporation), five parts by weight (phr) of the zinc oxide
(“META-Z L-40” produced by INOUE CALCIUM CO.,
LTD.), three parts by weight (phr) of the processing aid
(“SPLENDER R-100” produced by Kao Corporation), 2.5
parts by weight (phr) of the vulcanization-accelerating agent
(“Soxinol M” produced by Sumitomo Chemical Co., Ltd.),
and 1.5 parts by weight (phr) of the sulfur (“GOLDEN
FLOWER SULFUR POWDER” produced by Tsurumi
Chemical Co., Ltd.).

The dielectric constant and dielectric loss tangent of each
of the obtained moldings (antenna member) were measured
by the test method 3. Table 3 shows the results of the mea-
surement.

A nickel-plated copper foil was bonded to both surfaces of
each molding with an epoxy adhesive film (40 um) by apply-
ing heat and pressure thereto to obtain a sheet of each example
having a dimension of 60 mmx60 mmx2 mm. By using the
material of an antenna, a patch antenna adapted to 2450 MHz
was prepared. A power supply position and the configuration
of the electrode of the antenna on the radiant surface thereof
were selected according to the dielectric constant of the mate-
rial of each antenna. An unnecessary portion was removed by
etching. The etching was carried out by printing a resist of an
electrode pattern and by using a solution of ferric chloride.

Table 3 shows the kind ofthe electrode of each antenna, the
deposit thickness, and the thickness of the copper foil. The
property of each antenna was measured by the test method 4.
Table 4 shows the results. The change in the property of each
antenna was measured by the test method 5. Table 4 shows the
results.

In the examples 7 through 9, instead of nickel plating, Ag
paste (“SILCOAT RF200” produced by FUKUDA METAL
FOIL & POWDER CO., LTD.) was screen-printed on both
surfaces of each molding in the same condition. After printing
was conducted in a predetermined configuration on a surface
of each of the moldings, they were dried at 80° C. for 30
minutes. Thereafter the moldings were calcined at 150° C. for
30 minutes. Table 3 shows the thickness of the electrode of
each antenna and the volume resistivity thereof. The property
of each antenna was measured by the test method 3. Table 4
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shows the results. The change of the property of each antenna
was measured by the test method 4. Table 4 shows the results.

Examples 10 Through 12

16

of the electrode of the antenna on the radiant surface thereof
were selected according to the dielectric constant of the mate-
rial of each antenna. An unnecessary portion was removed by
etching. The etching was carried out by printing a resist of an

. 5 electrode pattern and by using the solution of the ferric chlo-
In each of the examples 10 through 12, the ceramic powder ride.
of the strontium titanate (“ST-NAS” produced by KCM Cor- .
poration Co., Ltd., dielectric constant: 180) and small amount Tab.le 3 §hows the kind ofthe electrode ofeach antenpa, the
of additives including the vulcanization-accelerating agent deposit thickness, and the thickness of the copper foil. The
and the processing aid were mixed with the EPDM at mixing 1o Property of each antenna was measureq by the test method 4.
ratios shown in table 3 to obtain a molding of each example Table 4 shows the results. The change in the property of each
having a dimension of 80 mmx80 mmx2 mm by carrying out antenna was measured by the test method 5. Table 4 shows the
thermal compression molding. The vulcanizing condition results.
was 170° C.x30 minutes. The vulcanization-accelerating Inthe examples 10 through 12, instead of silver plating, Ag
agent and the processing aid used were identical to those of 15 paste (“SILCOAT RF200” produced by FUKUDA METAL
the example 7. FOIL & POWDER CO., LTD.) was screen-printed on both
The dielectric constant and dielectric loss tangent of each surfaces of the molding in the same condition. After printing
of'the obtained moldings were measured by the test method 3. was conducted in a predetermined configuration on a surface
Table 3 shows the results of the measurement. of each of the moldings, they were dried at 80° C. for 30
A silver-plated copper foil was bonded to both surfaces of 70 minutes. Thereafter the moldings were calcined at 150° C. for
each molding with an epoxy adhesive film (40 um) by apply- 30 minutes. Table 3 shows the thickness of the electrode of
ing heat and pressure thereto to obtain a sheet of each example each antenna and the volume resistivity thereof. The property
having a dimension of 60 mmx60 mmx2 mm. By using the of each antenna was measured by the test method 3. Table 4
material of an antenna, a patch antenna adapted to 2450 MHz shows the results. The change in the property of each antenna
was prepared. A power supply position and the configuration was measured by the test method 5. Table 4 shows the results.
TABLE 3
vul- Dielectric
canization- characteristic of
accelerating material of the
EPDM Ceramic agent, antenna Thickness
Mixing Mixing  Processing Di- Dielectric Deposit  of copper  Electrode- Film Volume
amount Name of amount aid electric loss thickness foil forming  thickness resistivity
Example phr  powder phr phr constant  tangent Electrode pm pm method pm Q- cm
7 100 HF-120 400 13 10 0.002  Ni-plated 0.5 35 Screen 11 12x 107
copper foil printing
8 100 HF-120 800 13 16 0.002  Ni-plated 1 35 Screen 12 9.2x107°
copper foil printing
9 100 HF-120 1000 13 20 0.003  Ni-plated 3 35 Screen 12 8.9x107°
copper foil printing
10 100 ST NAS 300 13 10 0.003  Ag-plated 0.5 12 Screen 10 Llx107*
copper foil printing
11 100 ST NAS 600 13 20 0.004  Ag-plated 1 35 Screen 11 9.1x107°
copper foil printing
12 100 ST NAS 900 13 30 0.005  Ag-plated 3 70 Screen 12 8.1x 107
copper foil printing
TABLE 4
Characteristic of antenna
after heat treatment
Characteristic of antenna at 100° C. for 500 hours
Resonance Resonance
frequency Gain frequency Gain
Example MHz VSWR  dBi Judgement MHz VSWR  dBi Judgement
7 2451 1.1 6.6 good 2448 12 66 good
8 2447 1.1 6 good 2448 1.2 6 good
9 2445 12 59 good 2451 13 59 good
10 2445 1.1 6 good 2450 12 65 good
11 2448 12 58 good 2446 12 57 good
12 2450 12 43 good 2447 13 42 good
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The antennas of the examples 7 through 12 were judged as
“good” before and after the aging test was conducted. Thus
they can be used practicably.

Comparison Examples 7 Through 9
In each of the comparison examples 7 through 9, the

ceramic power of the barium titanate.neodymium (“HF-120”
produced by KCM Corporation Co., Ltd., dielectric constant:

18

mm. By using this material of the antenna, a patch antenna
adapted to 2450 MHz was prepared. A power supply position
and the configuration of the electrode of the antenna on the
radiant surface thereof were selected according to the dielec-
tric constant of the material of each antenna. An unnecessary
portion was removed by etching. The etching was carried out
by printing a resist of an electrode pattern and by using the
solution of the ferric chloride.

Table 5 shows the kind of the electrode of each antenna,

120) and small amount of additives including the vulcaniza- 10 ’ -
tion-accelerating agent and the processing aid were mixed and the thickness of the copper foil. The property of each
with the EPDM at mixing ratios shown in Table 5 to obtain a antenna was measured by the test method 4. Table 6 shows the
molding of each comparison example having a dimension of ~ results. The change of the property of each antenna was
80 mmx80 mmx2 mm by thermal compression molding. The measured by the test method 5. Table 6 shows the results.
vulcanizing condition was 170° C.x30 minutes. The vulcani- 15  Inthe comparison examples 7 through 9, instead of plating
zation-accelerating agent and the processing aid used were treatment, Ag paste (“SILCOAT RF200” produced by
identical to those of the example 7. FUKUDA METAL FOIL & POWDER CO., LTD.) was
The dielectric constant and dielectric loss tangent of each screen-printed on both surfaces of each molding in the same
of the obtained moldings (antenna member) were measured condition. After printing was conducted in a predetermined
by the test method 3. Table 5 shows the results of the mea- 20 configuration on a front portion of each of the moldings, they
surement. were dried at 80° C. for 30 minutes. Thereafter the moldings
An unplated copper foil was bonded to both surfaces of were calcined at 150° C. for 30 minutes. The property of each
each molding with an epoxy adhesive film (40 um) by apply- antenna was measured by the test method 3. Table 6 shows the
ing heat and pressure thereto to obtain a sheet of each com- results. The change of the property of each antenna was
parison example having a dimension of 60 mmx60 mmx2 measured by the test method 4. Table 6 shows the results.
TABLE 5
Dielectric
characteristic
of material
Vulcanization- of antenna (Cavity Thickness
EPDM Ceramic accelerating resonator method) of
Mixing Mixing agent, Dielectric Electrode-  copper
Comparison amount Name of amount Processing aid Dielectric loss forming foil
Example phr  powder phr phr constant tangent method pm
7 100 HF-120 400 13 10 0.002 Copper 35
foil
8 100 HF-120 800 13 16 0.002 Copper 35
foil
9 100 HF-120 1000 13 20 0.003 Copper 35
foil
10 100 ST NAS 300 13 10 0.003 Copper —
plating
11 100 ST NAS 600 13 20 0.004 Copper —
plating
12 100 ST NAS 900 13 30 0.006 Copper —
plating
TABLE 6
Characteristic of antenna
after heat treatment
Characteristic of antenna at 100° C. for 500 hours
Resonance Resonance
Comparison frequency Gain frequency Gain
Example MHz VSWR  dBi Judgement MHz VSWR  dBi Judgement
7 2448 1.1 6 good 2435 2.6 1.9 poor
8 2445 1.2 5.8 good 2431 2.7 1.8 poor
9 2453 1.2 4.3 good 2437 2.6 1.8 poor
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The antennas of the comparison examples 7 through 12
were judged as “good” before the aging test was conducted,
but after the aging test finished, VSWR>2 and gain<2 dBi.
Therefore they had inferior characteristics and unpreferable.

INDUSTRIAL APPLICABILITY

By mixing the highly dielectric ceramic powder whose
dielectric constant is dependent on temperature to a low
extent with the elastomer, the resulting highly dielectric elas-
tomer composition can be preferably utilized as a composite
material for electronic parts such as the antenna of a high-
frequency communication apparatus which is dependent on
temperature to a low extent. Further the electrode of the
dielectric antenna is formed by bonding the plated copper foil
to the molding of the highly dielectric elastomer composition
or by bonding the conductive paste thereto by screen printing.
Thereby the antenna whose permittivity is dependent on tem-
perature to a low degree and which is excellent in the resis-
tance to aging can be preferably utilized for a high-frequency
communication apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a dielectric antenna (patch
antenna).

FIG. 2 is an explanatory view for explaining the formation
of an electrode by screen printing in a process of producing
the dielectric antenna.

FIG. 3 is a sectional view of the dielectric antenna.

EXPLANATION OF REFERENCE NUMERALS
AND SYMBOLS

: dielectric antenna

: dielectric substrate

: electrode

: grounding conductor
: power supply pin

: conductive paste

: screen

SN UL R W N
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8: shielding plate

8a: transmission portion
9: reticulate portion

10: print frame

11: squeegee

The invention claimed is:

1. A highly dielectric elastomer composition comprising
an elastomer and a highly dielectric ceramic powder mixed
with said elastomer, which is used as a material of an elec-
tronic part which treats electric signals having a frequency of
not less than 100 MHz wherein the highly dielectric ceramic
powder has a temperature coefficient o (unit: 1/° C.) of a
dielectric constant of said ceramic powder on 25° C. standard
ranging from -200x107% to 100x107° over a temperature
range from —-40° C. to 100° C.

wherein said highly dielectric ceramic powder is a barium

titanate.neodymium ceramic powder,
wherein said elastomer contains a non-polar olefin unit as
a constituent unit thereof,

wherein at a frequency of 1 GHz and a temperature of 25°
C., a dielectric constant of said highly dielectric elas-
tomer composition is not less than seven and a dielectric
loss tangent thereof is not more than 0.01.

2. The highly dielectric elastomer composition according
to claim 1, wherein said elastomer is an ethylene propylene
rubber.

3. The highly dielectric elastomer composition, according
to claim 1, which is used as a material of an electronic part
which treats electric signals having a frequency of not less
than 100 MHz.

4. The highly dielectric elastomer composition according
to claim 1, wherein said highly dielectric elastomer compo-
sition has a temperature coefficient a (unit: 1/° C.) of said
dielectric constant of said elastomer composition on 25° C.
standard in a range of —1500x10~5<0<100x10~° over a tem-
perature range from -40° to 100° C.

5. The highly dielectric elastomer composition according
to claim 2, further comprising a crosslinking agent.

#* #* #* #* #*
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WIDEBAND ANTENNA

TECHNICAL FIELD OF THE INVENTION

The present invention relates to antennas and, more par-
ticularly, to antenna systems for communication devices, as
well as to communication devices having such antenna sys-
tems.

DESCRIPTION OF RELATED ART

Portable communication devices, such as cellular phones,
are becoming increasingly smaller and more compact. For
many reasons, the antennas of such devices are often disposed
inside the device. Consequently, the antennas also have to be
of limited dimensions.

Atthe same time, the various frequency bands to be used by
such devices are expanding. As a result, the small antennas
need to operate over wider and wider frequency bands. In the
case of cellular phones, for example, typical devices cover
frequency ranges that include the lowest GSM frequency as
well as the highest UMTS frequency. It is thus desirable to
cover ranges from 824-2170 MHz, while maintaining a good
efficiency over the entire range of bands. This is not a simple
task to solve in a small sized portable communication device.

Thus, a need exists for small antennas that provide good
efficiency over a large frequency band.

SUMMARY OF THE INVENTION

The present invention is generally directed to providing an
antenna arrangement having reduced dimensions, configured
to reside inside a portable communication device and config-
ured to provide superior operating properties for the frequen-
cies that are of interest.

Implementations of the present invention provide an
antenna arrangement for a communication device, which is
small enough to fit inside the device and still maintain supe-
rior antenna properties over a range of frequencies.

According to a first aspect of the present invention, an
antenna arrangement for a portable communication device
includes a monopole antenna element having a bottom side at
a first end joined to a first end of a first lateral side and at an
opposite second end joined to a first end of a second lateral
side, where the bottom side is joined to each lateral side at an
angle that is below ninety degrees for forming an antenna
element area defined at least by the bottom side and the first
and second lateral sides, wherein the antenna element area
includes a central part that is halfway curved around a longi-
tudinal axis in a conical fashion, so that at least a part of the
bottom side is provided half a turn around the longitudinal
axis.

A second aspect of the present invention is directed to an
antenna arrangement including the features of the first aspect,
wherein the lateral sides are parallel with the longitudinal
axis.

A third aspect of the present invention is directed to an
antenna arrangement including the features of the first aspect,
wherein the first lateral side has a second end and the second
lateral side has a second end.

A fourth aspect of the present invention is directed to an
antenna arrangement including the features of the third
aspect, wherein the second end of the first lateral side is joined
to the second end of the second lateral side in order to define
the antenna element area.

A fifth aspect of the present invention is directed to an
antenna arrangement including the features of the third
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2

aspect, further comprising an upper side, which is ata firstend
joined to the second end of the first lateral side and ata second
end to the second end of the second lateral side in order to
define the antenna element area.

A sixth aspect of the present invention is directed to an
antenna arrangement including the features of the third
aspect, further including a feeding section joined with and
stretching out from a lateral side adjacent the bottom side.

A seventh aspect of the present invention is directed to an
antenna arrangement including the features of the sixth
aspect, further including at least one tuning section joined
with and stretching out from a lateral side.

An eighth aspect of the present invention is directed to an
antenna arrangement including the features of the seventh
aspect, wherein the tuning section is provided between the
feeding section and the second end of the lateral side.

A ninth aspect of the present invention is directed to an
antenna arrangement including the features of the sixth
aspect, further including a matching unit connected to the
feeding section.

A tenth aspect of the present invention is directed to an
antenna arrangement including the features of the first aspect,
wherein the antenna element area includes a first and a second
planar part provided on opposite sides of the central part.

Implementations of the present invention provide a por-
table communication device having an antenna arrangement
that is small, can be provided inside the device and still has
good antenna properties for the frequencies that are of inter-
est.

According to an eleventh aspect of the present invention, a
portable communication device includes: a ground plane; a
radio circuit; and a monopole antenna element having a bot-
tom side at a first end joined to a first end of a first lateral side
and at an opposite second end joined to a first end of a second
lateral side, where the bottom side is joined to each lateral side
at an angle that is below ninety degrees for forming an
antenna element area defined at least by the bottom side and
the first and second lateral sides, wherein the antenna element
area includes a central part that is halfway curved around a
longitudinal axis in a conical fashion, so that at least a part of
the bottom side is provided half a turn around the longitudinal
axis.

A twelfth aspect of the present invention is directed to a
portable communication device including the features of the
eleventh aspect, wherein the monopole antenna element is
placed sideways in relation to the ground plane.

A thirteenth aspect of the present invention is directed to a
portable communication device including the features of the
eleventh aspect, wherein the lateral sides are parallel with the
longitudinal axis.

A fourteenth aspect of the present invention is directed to a
portable communication device including the features of the
eleventh aspect, wherein the first lateral side has a second end
and the second lateral side has a second end.

A fifteenth aspect of the present invention is directed to a
portable communication device including the features of the
fourteenth aspect, wherein the second end of the first lateral
side is joined to the second end of the second lateral side in
order to define the antenna element area.

A sixteenth aspect of the present invention is directed to a
portable communication device including the features of the
fourteenth aspect, further including an upper side, which is at
a first end joined to the second end of the first lateral side and
at a second end to the second end of the second lateral side in
order to define the antenna element area.

A seventeenth aspect of the present invention is directed to
aportable communication device including the features of the
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fourteenth aspect, further including a feeding section joined
with and stretching out from a lateral side adjacent the bottom
side.

An eighteenth aspect of the present invention is directed to
aportable communication device including the features of the
seventeenth aspect, further including at least one tuning sec-
tion joined with and stretching out from a lateral side towards
the ground plane.

A nineteenth aspect of the present invention is directed to a
portable communication device including the features of the
eighteenth aspect, wherein the tuning section is provided
between the feeding section and the second end of the lateral
side.

A twentieth aspect of the present invention is directed to a
portable communication device including the features of the
seventeenth aspect, further including a matching unit con-
nected between the feeding section and the radio circuit.

A twenty-first aspect of the present invention is directed to
aportable communication device including the features of the
eleventh aspect, wherein the antenna element area includes a
first and a second planar part provided on opposite sides of the
central part.

A twenty-second aspect of the present invention is directed
to a portable communication device including the features of
the eleventh aspect, wherein the portable device is a cellular
phone.

Implementations of the present invention provide a number
of advantages. For example, a small sized antenna arrange-
ment may be provided inside a portable communication
device and still have good antenna properties for a wide
frequency range. Implementations of the present invention
are less susceptible to fabrication errors and manufacturing
tolerances. Implementations of the present invention may be
less affected, during operation, to orientation of the portable
communication device in which they reside. Implementations
of the present invention may be of simple design and pro-
duced at a relatively low cost. Implementations of the present
invention may conform to the dimensions of compact devices
in which they reside.

It should be appreciated that the terms “comprises/com-
prising” and/or “includes/including,” when used in this speci-
fication, are taken to specify the presence of stated features,
integers, steps or components, but do not preclude the pres-
ence 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 shows a front view of an exemplary device in which
systems and methods of the present invention may be imple-
mented;

FIG. 2 shows aperspective view of an antenna arrangement
according to an embodiment of the present invention;

FIG. 3 shows a front view of a circuit board provided with
the antenna arrangement of FIG. 2 and other components;

FIG. 4 shows a side view of the circuit board of FIG. 3;

FIG. 5 shows a circuit diagram of a matching unit accord-
ing to one implementation of the present invention; and

FIG. 6 shows an exemplary graph of VSWR (voltage stand-
ing wave ratio) vs. frequency associated with operation an
antenna arrangement according to FIG. 2.

DETAILED DESCRIPTION OF EMBODIMENTS

FIG. 1 shows a front view of a communication device 10 in
the form of a cellular phone. Communication device 10 may
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4

include a casing 12 that may house a keypad 16 and a display
14. Keypad 16 may include a number of keys that are used for
operating communication device 10, e.g., inputting informa-
tion by a user of communication device 10. Communication
device 10 may include other input mechanisms. Other func-
tional units of communication device 10 may be provided in
an interior of communication device 10, i.e., inside casing 12.

Communication device 10 may include at least one antenna
arrangement, which according to one implementation of the
invention, may be provided in the interior of communication
device 10, i.e., inside casing 12. It should appreciated that the
communication device 10 according to the present invention
is not limited to a cellular phone, but may include any mobile
terminal, such as alap top computer, a palm top computer, and
the like.

FIG. 2 shows a perspective view of an antenna arrangement
18 according to one embodiment of the present invention.
Antenna arrangement 18 may include a monopole antenna
element that has a main section that may include a central part
36 and first and second lateral parts 38 and 40, collectively, an
antenna element area 36, 38, 40, having a bottom side 20,
which, at a first end, may be adjacent to a first end of a first
lateral side 22. Bottom side 20 may be disposed at an opposite
second end adjacent to a first end of a second lateral side 24.
Lateral sides 22 and 24 may be substantially straight or flat.
Bottom side 20 may be adjacent to each of lateral sides 22 and
24 at an angle that is less than ninety degrees, for example.
Other angles are possible.

Firstand second lateral sides 22 and 24 may include second
ends, which, in one embodiment, are joined. As described,
antenna element area 36, 38, 40 may be defined by three or
more sides, e.g., bottom side 20, and lateral sides 22 and 24.
Antenna element area 36, 38, 40 may be divided into central
part 36 and first and second lateral parts 38 and 40, where first
and second lateral parts 38 and 40 are provided on opposite
sides of central part 36. Each of the parts of antenna element
area 36, 38 and 40 may extend from bottom side 20 to a point
where the second ends of lateral sides 22 and 24 are joined.

In one implementation, central part 36 may be halfway
curved around a longitudinal axis 26, for example, in a coni-
cal shape, so that at least a part of bottom side 20 is provided
halfa turn around longitudinal axis 26. In other words, central
part 36 may be essentially formed as a cone that has been split
through the middle or bisected along longitudinal axis 26.
First and second lateral parts 38 and 40 may be substantially
planar and without curvature, and may extend away from
central part 36 perpendicular to the plane in which the split is
provided. The distance from the top to the base of the struc-
ture having a split cone-like shape may in some instances be
approximately equal to Y& of the wavelength of the lowest
frequency in a frequency range that is of interest. Other dis-
tances are possible. For example, approximately equal to V2,
Va, Y6, Yio, or other fraction of the wavelength of the lowest
frequency in a frequency range that is of interest.

First and second lateral sides 22 and 24 may be parallel to
longitudinal axis 26. Antenna arrangement 18 may include a
feeding section 28, which, in one embodiment, may be joined
with second lateral side 24. Feeding section 28 may be joined
with lateral side 24 adjacent bottom side 20. Feeding section
28 may be joined with lateral side 24 at a point where lateral
sides 20 and 24 meet, or, alternatively, may be spaced a
distance from the junction, for example, as is shown in FI1G. 2.
Antenna arrangement 18 may include a first and a second
tuning section 32 and 34 that may be joined to second lateral
side 24. Feeding section 28, and tuning sections 32 and 34
may be co-planar with second lateral part 40. Antenna
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arrangement 18 may be made from a conductive material, for
example, a metal, e.g., copper. Other materials are possible.

FIG. 3 shows a front view of antenna arrangement 18
provided on a circuit board 42. FIG. 4 shows a side view of
antenna arrangement 18 on circuitboard 42. Circuit board 42,
for example, may be divided into two sections, a circuit sec-
tion 46 and an antenna section 44. In one implementation,
antenna section 44 does not include a ground plane and/or any
other components or other electrical circuits that may influ-
ence antenna arrangement 18 in antenna section 44. Circuit
section 46 may include a ground plane 52. Ground plane 52
may be disposed within circuit board 42. Alternatively,
ground plane 52 may be partially or entirely disposed on or
near a surface of the board 42.

Circuit board 42 may connect to a number of electrical
elements. In FIGS. 3 and 4, two elements, a radio circuit 50
and a matching unit 48, are as shown as connecting to circuit
board 42. It will be appreciated that circuit board 42 may have
several other elements mounted on it, which have been omit-
ted for purposes of discussion.

Feeding section 28 of antenna arrangement 18 may extend
from lateral side 24 to which it is joined, and connect to
matching unit 48. Matching unit 48 may connect to radio
circuit 50. Other configurations are possible.

As can be seen from FIGS. 3 and 4, tuning sections 32 and
34 of antenna arrangement 18 may extend from lateral side
24, to which sections 32 and 34 are joined, in a direction
toward circuit section 46 of circuit board 42 and toward
ground plane 52. In one implementation, antenna arrange-
ment 18 may be disposed at a distance from ground plane 52
and in a plane in which ground plane 52 is provided. For
example, tuning sections 32 and 34 may be disposed on a side
of ground plane 52, i.e., sideways in relation to ground plane
52.

FIG. 5 shows matching unit 48 that is suitable for use with
antenna arrangement 18 according to one implementation of
the present invention. Matching unit 48 may include a first
capacitor C1. First capacitor C1 may be disposed at a first end
connected to ground and at a second end connected to a first
end of a first inductor [L1. The connection point between first
capacitor C1 and first inductor L1 may connect to radio circuit
50 for supplying and receiving radio signals. A second end of
first inductor .1 may connect to a first end of a second
capacitor C2. Second capacitor C2 may include a second end
connected to a first end of a second inductor [.2. A second end
of second inductor .2 may connect to ground. The connec-
tion point between second capacitor C2 and second inductor
L2 may connect to feeding section 28 of antenna arrangement
18. The values of the components of matching unit 48 may be
selected so that unit 48 aids the performance of antenna
arrangement 18 by matching antenna arrangement 18 to the
frequency range(s) of interest.

Currently, portable communication devices are typically
configured to operate using relatively wide frequency bands.
Inthe case of cellular phones, for example, an antenna should
be configured to cover various GSM, PCS, and/or UMTS
frequency bands. With respect to these exemplary frequency
bands, the antenna should be configured to cover frequencies
ranging from about 824 MHz to about 2170 MHz, while
maintaining an acceptable level of performance.

Implementations of an antenna, according to the present
invention, provide an optimal level of performance, as can be
seen from FIG. 6, which shows a plot of VSWR (voltage
standing wave ratio) relative to frequency for the antenna
according one implementation of the present invention. The
scale used on the horizontal axis in FIG. 6 is 200 MHz per unit
(starting at 500 MHz and ending at 2500 MHz). The scale
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used on the vertical axis in FIG. 6 is ranging from 1 to 11. In
the plot, a few exemplary points are furthermore marked,
where a first point 1 is provided for the frequency 824 MHz,
a second point 2 provided for the frequency 960 MHz, a third
point 3 is provided for the frequency 1710 MHz and a fourth
point 4 is provided for the frequency 2170 MHz. Here first
and second points 1 and 2 give a first range which corresponds
to lower GSM frequencies, while third and fourth points 3 and
4 give a second range which corresponds to higher GSM
frequencies, PCS frequencies, and/or UMTS frequencies.

As can be seen in FIG. 6, the performance associated with
operation using an implementation of the present invention is
good over the entire range of 824-2170 MHz. As can be seen
in FIG. 6, the efficiency is very good (e.g., below 3) within the
first and the second range and only slightly above 3 in a short
range from about 960 to about 1150 MHz. The efficiency is
thus very good in the entire range from about first point 1 to
about fourth point 4, which corresponds to a frequency range
that is of particular interest in existing mobile terminals and
the like.

Tuning sections 32, 34 of antenna arrangement 18 in FIG.
2 may have a limited influence on the plot in FIG. 6. The
disposition and placement of tuning sections 32, 34 along the
lateral side of antenna arrangement 18 may influence the
steepness of the plot in various sections, for example, around
second point 2 of the plot. It is therefore possible to vary the
steepness of sections of the plot through varying the positions
of tuning sections 32, 34 along the lateral side of antenna
arrangement 18. As such, antenna arrangement 18 may be
configured (e.g., fine-tuned) to meet specific requirements
relative to selected frequencies of particular interest.

Antenna arrangements according to the present invention,
such as antenna arrangement 18, have a number of further
advantages. For example, some implementations are com-
paratively less sensitive to fabrication errors and manufactur-
ing tolerances. Some implementations are comparatively less
sensitive to variations in orientation during operation of the
mobile phones in which they are used. Some implementations
may occupy a limited space in the mobile phones in which
they reside. Some implementations are comparatively less
complex and readily produced at comparatively low cost.

The present invention may be varied in any number of
ways. For example, it should be appreciated that the antenna
element area need not include, for instance, the lateral parts.
It should also be appreciated that antenna arrangement 18
may be provided without some of the above-described com-
ponents, such as the tuning sections. Antenna arrangement 18
may only include one tuning section, or, alternatively, two or
more tuning sections. The tuning elements and the feeding
elements may connect to any of the lateral sides. The tuning
elements and the feeding elements need not connect to the
same lateral side. Antenna arrangement 18 need not be pro-
vided as a split solid cone-like structure, but may be provided,
for example, as a split truncated cone-like structure, or any
other suitable structure. For example, antenna arrangement
18 may be provided with an upper side 38, which would at a
first end be joined to the second end of'the first lateral side and
at a second end be joined to the second end of the second
lateral side. As such, the antenna element area may be defined
by the bottom, upper, and first and second lateral sides. Other
configurations are possible.

Matching unit 48 can also be modified from that which has
been described. For example, one or both of the inductance
elements may be omitted. The invention is furthermore in no
way limited to the frequency ranges mentioned above, but
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may be applied for any suitable frequency range. Therefore,
the present invention is only to be limited by the following
claims.

What is claimed is:

1. An antenna arrangement for a portable communication
device, comprising:

a monopole antenna element including:

a central part having an upper side and an opposing
bottom side, and a top end and an opposing base end,
where a width of the central part at the base end is
greater than a width of the central part at the top end,

a first lateral side joined to a first lengthwise edge of the
central part, and

a second lateral side joined to a second lengthwise edge
of the central part,
where the central part is partially curved around a

longitudinal axis, so that at least a portion of the
bottom side is provided one half turn round the
longitudinal axis, and the first and second lateral
sides are lengthwise parallel to the longitudinal
axis, to define an antenna element in the form of a
truncated cone-like structure bisected along the
longitudinal axis.

2. The antenna arrangement of claim 1, where the first
lateral side and the second lateral side extend from the central
part perpendicularly to a plane in which the truncated cone-
like structure is bisected.

3. The antenna arrangement of claim 2, where the the first
lateral side and the second lateral side extend to a point
beyond the one half turn around the longitudinal axis.

4. The antenna arrangement of claim 2, where the first
lateral side and the second lateral side are joined to the central
part at a juncture of the upper side and the bottom side.

5. The antenna arrangement of claim 1, further comprising:

a feeding section joined with and extending from the first

lateral side adjacent the bottom side.

6. The antenna arrangement of claim 5, further comprising:

at least one tuning section joined with and extending from

the first lateral side.

7. The antenna arrangement of claim 6, where the at least
one tuning section is provided between the feeding section
and an end of the first lateral side.

8. The antenna arrangement of claim 5, further comprising:

a matching unit connected to the feeding section.

9. The antenna arrangement of claim 1, where the first
lateral side comprises a first substantially planar part and the
second lateral side comprises a second substantially planar
part provided on opposite sides of the central part.

10. A communication device comprising:

a ground plane;

a radio circuit; and
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a monopole antenna element including:

a central part having an upper side and an opposing
bottom side, and a top end and an opposing base end,
where a width of the central part at the base end is
greater than a width of the central part at the top end,

a first lateral side joined to a first lengthwise edge of the
central part, and

a second lateral side joined to a second lengthwise edge
of the central part,
where the central part is at least partially curved

around a longitudinal axis, so that at least a portion
ofthe bottom side is provided a half turn around the
longitudinal axis, and the first and second lateral
sides are lengthwise parallel to the longitudinal
axis, to define an antenna element in the form of a
truncated cone-like structure bisected along the
longitudinal axis.

11. The communication device of claim 10, where the
monopole antenna element is disposed sideways relative to
the ground plane.

12. The communication device of claim 10, where the first
lateral side and the second lateral side extend from the central
part perpendicularly to a plane in which the truncated cone-
like structure is bisected.

13. The communication device of claim 12, where the the
first lateral side and the second lateral side extend to a point
beyond the half turn around the longitudinal axis.

14. The communication device of claim 12, where the first
lateral side and the second lateral side are joined to the central
part at a juncture of the upper and bottom sides.

15. The communication device of claim 12, further com-
prising a feeding section joined with and extending from the
first lateral side adjacent the bottom side.

16. The communication device of claim 15, further com-
prising:

at least one tuning section joined with and extending from

the first lateral side towards the ground plane.

17. The communication device of claim 16, where the
tuning section is provided between the feeding section and an
end of the first lateral side.

18. The communication device of claim 15, further com-
prising:

a matching unit connected to the feeding section and the

radio circuit.

19. The communication device of claim 10, where the first
lateral side comprises a first substantially planar part and the
second lateral side comprises a second substantially planar
part provided on opposite sides of the central part.

20. The communication device of claim 10, where the
communication device comprises a cellular phone.

#* #* #* #* #*
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Fourth embodiment
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ANTENNA DEVICE AND MULTI-BAND TYPE
WIRELESS COMMUNICATION APPARATUS
USING SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an antenna device and
more particularly to the antenna device that can operate in a
plurality of bands (transmitting/receiving bands) and a multi-
band wireless communication apparatus using the antenna
device.

2. Description of the Related Art

In recent years, a wireless communication apparatus such
as a mobile phone or a like has become widespread and
various bands are used in communications. In a recently-
available mobile phone called a dual-band, triple-band, or
quad-band type mobile phone in particular, one mobile phone
is made to operate in a plurality of bands (transmitting/receiv-
ing bands). In such a circumstance, hurried development of an
antenna device making up antenna circuits that can be embed-
ded in a mobile phone or a like being capable of operating in
a plurality of bands (transmitting/receiving bands) described
above is needed. It is thus necessary that, in order to respond
to needs for further miniaturization of a wireless communi-
cation apparatus such as a mobile phone and for operations in
multi-bands, despite a tendency of an increase in antenna
components, the antenna device not only can achieve its min-
iaturization but also can have high performance.

An example of such a conventional antenna device
mounted on one wireless communication apparatus such as a
mobile phone which can operate in a plurality of bands is
disclosed in, for example, Patent Reference 1 (Japanese
Patent Application Laid-open No. 2004-363789) in which a
dielectric antenna portion having a radiation electrode pattern
and a plate antenna portion make up an inverted F antenna.
Also, an antenna device is disclosed in Patent Reference 2
(Japanese Patent Application Laid-open No. 2004-7803) in
which a conductive plate-shaped auxiliary element is
attached to a dielectric antenna portion with a radiation elec-
trode pattern. Another antenna device is disclosed in Patent
Reference 3 (International Publication No. WO 99/28990) in
which an inverted F antenna is constructed by arranging a
dielectric between a radiation conductor and a grounding
conductor. Still another antenna device made up of only a
dielectric is disclosed in Patent Reference 4 (Japanese Patent
Application Laid-open No. 2005-229365). Yet another
antenna device is disclosed in Patent Reference 5 (Japanese
Patent Application Laid-open No. Hei 3-502157) in which a
dielectric core is mounted in a loop of a loop antenna.

However, the conventional antenna devices disclosed in the
Patent References 1 and 2 have a problem in that fine adjust-
ments are not easy since their impedance matching is per-
formed by using the radiation electrode patterns formed on
the dielectric antenna portion. The antenna device disclosed
in the Patent Reference 3 has also a problem in that a band-
width is made narrow and radiation efficiency is lowered
since the dielectric is placed between the radiation conductor
and a grounding conductor. The antenna device disclosed in
the Patent Reference 4 has also a problem in that the radiation
efficiency and sensitivity are lowered when compared with
the antenna devices disclosed in the Patent References 1, 2,
and 3. The antenna device disclosed in the Patent Reference 4
has another problem that an antenna needs to be installed for
every band and space for the antenna device is greatly occu-
pied by antenna circuits and its antenna gain is reduced due to
fluctuations of directivity of the antenna and degradation in
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VSWR (Voltage Standing Wave Ratio) caused by interactions
among the installed antennas for each band. The antenna
device disclosed in the Patent Reference 5 has a problem that
the antenna used is a single loop antenna in which its line
length or electrical length consists of one wavelength and,
therefore, space for the antenna is greatly occupied in the
antenna device.

SUMMARY OF THE INVENTION

In view of the above, it is an object of the present invention
to provide technology capable of realizing an antenna device
that can operate in wide bands (in a multi-band) and can
achieve an excellent antenna gain and maintain non-directiv-
ity of vertically polarized waves in each band in a space-
saving manner.

As aresult from various studies and researches of smaller-
sized antenna devices, the inventor of the present invention
has invented the antenna device which can save more space
compared with the conventional antenna device and also can
perform operation in wide bands (in a plurality of frequency
bands) and can achieve excellent antenna gain and maintain
non-directivity of vertically polarized waves in each band,
that is, in order to solve the above problems, there is provided
an antenna device made up of an approximately U-shaped
conductor antenna, on one end side of which a power feeding
portion is provided and on other end side of which an end
portion is provided as an open end terminal and a base body
made of an insulating material, wherein one end of the con-
ductor antenna and other end of the conductor antenna are
placed so as to come near to each other with the base body
interposed between the one end of the conductor and the other
end of the conductor antenna and wherein the base body is
coupled to at least either of the one end side of the conductor
or the other end side of the conductor antenna.

By configuring as above, one end and the other end of the
U-shaped conductor antenna are placed so as to come near to
each other and the base body made of an insulating material is
mounted between the one end and the other end of the
U-shaped conductor antenna and is coupled to at least either
of'the one end or the other end portion. That is, the base body
made of a dielectric material or magnetic material both being
an insulating material is coupled to a place where an electric
field strength of the conductor antenna increases and, as a
result, an electromagnetic distance between the one end and
the other end of the conductor antenna becomes short to a
degree to which electrostatic coupling occurs, which allows a
resonant point to be easily obtained and, therefore, the
antenna can be miniaturized by a wavelength shortening
effect of the dielectric or magnetic material being the insu-
lating material. Therefore, the antenna device is allowed to
operate in wide bands (in a multi-band) and to achieve excel-
lent antenna gain and maintain non-directivity of vertically
polarized waves and save space. Particularly, the above
antenna device has the flexibility of easily achieving wide-
band operations in a plurality of frequency bands. It is thus
made possible to realize excellent gain and to keep non-
directivity of vertically polarized waves in wider bands (in a
plurality of bands). Moreover, in each band, excellent antenna
gain can be obtained and non-directivity of vertically polar-
ized waves is kept in wider bands.

Also, according to the present invention, an antenna device
is provided which includes an approximately U-shaped con-
ductor antenna, on one end side of which a power feeding
portion is provided and, on other end side of which an end
portion is provided as an open end terminal and a base body
made of an insulating material, wherein one end of the con-
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ductor antenna and other end of the conductor antenna are
placed so as to come near to each other with the base body
interposed between the one end of the conductor antenna and
the other end of the conductor antenna and wherein the base
body is coupled between the one end of the conductor antenna
and other end of the conductor antenna.

Moreover, the base body is mounted between conductors
making up the conductor antenna both being opposite to each
other wherein space is formed at least in a partial portion
between conductors making up the conductor antenna both
being opposite to each other. For example, the base body may
be placed between in a portion near to an end portion on one
end side of the conductor antenna and in a portion near to an
end portion on the other end side of the conductor antenna or
the base body may be placed between in a portion near to a
central portion on one end side of the conductor antenna and
in a portion near to a central portion on the other end side of
the conductor antenna.

Also, the conductor antenna is made of a metal conductive
plate or a metal conductive line or the conductor antenna is
constructed of a conductor pattern made of metal conductive
foil placed on the base body or of a metal conductive film.

By configuring as above, the one end of the conductor
antenna is capacitively coupled to the other end of the con-
ductor antenna and the one end of the conductor antenna and
the other end of the conductor antenna are electromagneti-
cally and mutually used and, therefore, impedance matching
property can be improved and, as a result, wide-band opera-
tions in each band and maintaining of non-directivity of ver-
tically polarized waves are made possible. Moreover, by per-
forming a machining process of shaving part of the metal
conductive foil or metal conductive film, the adjustment of
transmitting and receiving frequencies of the conductor
antenna becomes possible.

Also, according to the present invention, the conductor
antenna is made of a plate-shaped conductor and a plane
portion of the conductor on one end side of the conductor
antenna, which is opposite to the other end side, is approxi-
mately orthogonal to a plane portion of the conductor on the
other end side of the conductor antenna. By configuring as
above, height of the conductor antenna can be made small,
which allows a thickness of a wireless communication appa-
ratus into which the antenna device is embedded to be thin. In
addition, some distance can be kept between the conductor
antenna and the conductor portion of the main board, which is
attributable to improvement of antenna gain and achievement
of' wide-band operations. Additionally, by arranging the con-
ductor planes on the one end side and the other end side of the
conductor antenna so as to be parallel to each other, further
improvement of antenna gain and achievement of wider-band
operations are made possible.

Also, according to the present invention, the antenna
device is made up of a main board or sub-board on which the
base body and the conductor antenna are mounted. Alterna-
tively, the board is the main board or a sub-board connected to
the main board. The sub-board is electrically connected to the
main board and may be placed far from the main board.
Preferably, a mounting hardware is attached which is used to
attach the main board and/or the antenna device to an appa-
ratus into which the main board and/or the conductor antenna.
Also, each of a portion on one end side of the conductor
antenna and a folded-back portion may be coupled to the
board. By configuring as above, handling of the antenna
device at a time of assembling work is made easy.

Moreover, according to the present invention, there is pro-
vided an antenna device made up of an approximately
U-shaped conductor antenna, on one end side of which a
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power feeding portion is provided and on the other end side of
which an end portion is provided as an open end terminal and
a base body made of an insulating material, wherein one end
of the conductor antenna and other end of the conductor
antenna are placed so as to come near to each other with the
base body interposed between the one end of the conductor
and the other end of the conductor antenna and wherein the
base body is coupled to at least either of the one end side of the
conductor or the other end side of the conductor antenna. By
configuring as above, the base body and conductor antenna
can be mounted on the sub-board, which functions as a board
being different from the main board, and some distance can be
kept between the conductor antenna and base body mounted
on the sub-board and conductor portions mounted on the
main board and, therefore, unwanted capacitive coupling can
be reduced, which is contributable to the wide-band and high-
gain antenna. Alternatively, either of the sub-board or main
board can be used as the above board.

Also, the base body and one portion on one end side of the
conductor antenna or one portion on the other end side of the
conductor antenna may be mounted on a main face of the
board and another portion on one end side of the conductor
antenna or another portion on the other end of the conductor
antenna is formed on a rear of the main face of the board. By
configuring as above, the rear of the board can be effectively
used, which enables miniaturization of the antenna device.

Also, at least either of a portion on one end side of the
conductor antenna or a portion on the other end side of the
conductor antenna can be made of a metal conductive plate or
a metal conductive line. In the above configuration, by using
the metal plate or metal line material, assembling of the
antenna device is made easy and a degree of freedom of
designing its shape is increased, which can provide the
antenna having a mechanical strength.

Also, either of a portion on one end side of the conductor
antenna or a portion on the other end side of the conductor
antenna is made up of a conductor pattern made of metal
conductive foil or ametal conductive film placed to the board.
By configuring as above, the conductor antenna can be easily
fabricated by using a screen printing method, deposition
method, or a like and, therefore, any one of line-shaped,
meandering shaped, and crank-shaped, and helical shaped
profiles for the antenna device can be selected as appropriate.

Also, in the conductor antenna in which another portion on
one end side of the conductor antenna or another portion on
the other end of the conductor antenna is formed on a rear of
the main face of the board and, preferably, a conductor on one
end side of the conductor antenna is coupled to a conductor on
the other end side of the conductor antenna in an approxi-
mately U-shaped folded-back portion via a through-hole
formed on the board or a side electrode formed on the board.
By configuring as above, since the conductor on the one end
side and the conductor on the other end side of the conductor
antenna is made of a metal conductive plate or metal conduc-
tive line, if a portion on the other end side is made of the metal
conductive foil or metal conductive line mounted on the rear
of the board, both can be coupled easily and reliability in the
mechanical strength and electrical connection is increased.

Also, preferably, a plane on one end side of the conductor
antenna is approximately vertical to a plane on the other end
side, which is opposite to the one end side, of the conductor
antenna. By configuring as above, the height of the conductor
antenna is allowed to be made small while a radiation area of
the conductor antenna remains maintained and the antenna
device or a wireless communication apparatus in which the
antenna device is embedded is allowed to be made thin.





US 7,679,569 B2

5

Additionally, some distance can be kept between the conduc-
tor antenna and conducting portions on the main board and
the occurrence of capacitive coupling is reduced by formation
of a face being orthogonal to the ground of the base body,
which is contributable to reduction of unwanted capacitive
coupling and improvement of antenna gain and operations in
wide band.

Also, a portion on the other end side of the conductor
antenna may be made to bypass to form an L-shaped route or
S -shaped route on a rear of the board. By configuring as
above, frequencies can be adjusted by changing a length of
the conductor. Moreover, the conductor antenna can be con-
figured so as to bypass an obstacle or other components
existing in narrow space.

Furthermore, according to the present invention, the
antenna device is provided which is made up of an approxi-
mately U-shaped conductor antenna, in an approximately
central portion on one end side of which a power feeding
portion is provided and on other end side of which an end
portion is provided as an open end terminal, a base body made
of an insulating material, and a board on which the base body
and the conductor antenna are mounted, wherein one end of
the conductor antenna and other end of the conductor antenna
are placed so as to come near to each other with the base body
interposed between the one end of the conductor and the other
end of the conductor antenna and wherein the base body is
coupled to at least either of the one end side of the conductor
or the other end side of said conductor antenna.

Also, the conductor antenna and the base body are mounted
on a main face of the board.

Also, portions on one end side or on the other end side of
the conductor antenna is made of a metal conductive plate or
metal conductive line.

Also, a portion on one end side of the conductor antenna
may be coupled to an upper face of the base body and a
portion on the other end side of the conductor antenna is
coupled to a side face of the base body and a portion on one
end of the conductor antenna may be coupled to a side face of
the base body and a portion on other end side of the conductor
antenna may be coupled to another side facing the side face of
the conductor antenna. By configuring as above, the conduc-
tor is configured so as to be sandwiched between the conduc-
tor antennas, thereby achieving the antenna having a high
mechanical strength.

Also, a portion on one side of the conductor antenna may
be coupled to an upper face of the base body and a portion on
the other side of the conductor antenna may be coupled to a
rear of the board.

Moreover, in the antenna device having the above configu-
rations, to the base body may be connected a portion on one
end of the conductor antenna and a conductor pattern that
enables adjustment of transmitting and receiving frequencies.
In the above configuration, by performing a machining pro-
cess of shaving part of the conductor pattern, a degree of
capacitive coupling to the conductor antenna can be changed,
thus enabling the adjustment of transmitting/receiving fre-
quencies of the antenna device.

Furthermore, according to the present invention, the
antenna device having the above configurations is embedded
into a wireless communication apparatus, which can provide
the multi-band type wireless communication device. The
antenna device enables the achievement of the space-saving
profile of the antenna device to be embedded and an increase
in a degree of freedom of layout for the antenna device in a
case of the wireless communication apparatus and miniatur-
ization of the wireless communication apparatus.
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With the above configurations, it is made possible to realize
a small-sized antenna device that can operate in wide bands
(in a multi-band) and to achieve an excellent gain and to
maintain non-directivity of vertically polarized waves in each
band. Therefore, when this antenna device is applied to a
multi-band wireless communication apparatus such as a
mobile phone or a like, antenna circuits embedded in the
antenna device can be configured so as to save space, which
enables an increase in a degree of freedom of designing
placement (layout) of the antenna device in a case of the
wireless communication apparatus and easy miniaturization
of the communication apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, advantages, and features of
the present invention will be more apparent from the follow-
ing description taken in conjunction with the accompanying
drawings in which:

FIG. 1 is a diagram showing basic configurations of an
antenna device according to the first embodiment of the
present invention;

FIG. 2 is a diagram illustrating an equivalent circuit of the
antenna device shown in FIG. 1;

FIG. 3 is a graph showing a relation between VSWR Volt-
age Standing Wave Ratio) and frequency in the antenna
device according to the first embodiment of the present inven-
tion;

FIG. 4 is a graph showing a relation between radiation
efficiency and frequency in the antenna device according to
the first embodiment of the present invention;

FIG. 5 is a diagram showing basic configurations of an
antenna device according to the second embodiment of the
present invention;

FIG. 6 is a graph showing a relation between VSWR and
frequency in the antenna device shown in FIG. 5 according to
the first embodiment of the present invention;

FIG. 7 is a diagram showing basic configurations of an
antenna device according to the third embodiment of the
present invention;

FIG. 8 is a graph showing a relation between VSWR and
frequency in the antenna device shown in FIG. 7 according to
the second embodiment;

FIG. 9 is a diagram showing basic configurations of an
antenna device according to the fourth embodiment of the
present invention;

FIG. 10 is a table showing a length of each conductor
antenna, a length of each base body in a longitudinal direction
and radiation efficiency obtained by changing a permittivity
of the base body in the first to third embodiments of the
present invention;

FIG. 11 is a diagram showing a relation between the radia-
tion efficiency shown in FIG. 10 and a length of each conduc-
tor antenna according to the fourth embodiment of the present
invention;

FIG. 12 is a perspective view of examples embodying the
antenna device according to the first embodiment of the
present invention;

FIG. 13 is a plan view of the antenna device shown in FIG.
12;

FIG. 14 is a three-view drawing showing the antenna
device shown in FIG. 12;

FIG. 15 is a diagram showing a relation between all aver-
age gain and frequency of the antenna device shown in FIG.
12 and of a conventional chip antenna;
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FIG. 16 is a diagram showing an example in which the
antenna device shown in FIG. 12 is applied to a mobile phone
being one of multi-band wireless communication appara-
tuses;

FIG. 17 is a diagram showing a modified example of the
antenna device according to the first embodiment of the
present invention;

FIG. 18 is a perspective view of an antenna device accord-
ing to the fifth embodiment of the present invention;

FIG. 19 is a diagram showing basic configurations of an
antenna device according to the sixth embodiment and FIG.
19(a) is a perspective view of the antenna device mounted on
a sub-board together with part of the sub-board is seen from a
surface of a main board and FIG. 19(b) is a perspective view
of the antenna device mounted on the sub-board seen from a
rear of part of the main board and the sub-board;

FIG. 20 is a diagram illustrating the antenna device accord-
ing to the sixth embodiment of the present invention and FIG.
20(a) is its plan view, FIG. 20(d) is its side view, and FIG.
20(c) is its bottom plan view;

FIG. 21 is a diagram illustrating an antenna device of the
first modified example of the antenna device of the sixth
embodiment of the present invention and FIG. 21(a) is its plan
view, FI1G. 21(b) is its side view, FIG. 21(c) is its bottom plan
view and FIG. 21(d) is its perspective view;

FIG. 22 is a diagram illustrating an antenna device of the
second modified example of the antenna device of the sixth
embodiment of the present invention and FIG. 22(a) is its plan
view, FI1G. 22(b) is its side view, FIG. 22(c) is its bottom plan
view and FIG. 22(d) is its perspective view;

FIG. 23 is a diagram illustrating an antenna device of the
third modified example of the antenna device of the sixth
embodiment of the present invention and FIG. 23(a) is its plan
view, FI1G. 23(b) is its side view, FIG. 23(c) is its bottom plan
view and FIG. 23(d) is its perspective view;

FIG. 24 is a diagram illustrating an antenna device of the
fourth modified example of the antenna device of the sixth
embodiment of the present invention and FIG. 24(a) is its plan
view, FI1G. 24(b) is its side view, FIG. 24(c) is its bottom plan
view and FIG. 24(d) is its perspective view;

FIG. 25 is a diagram illustrating an antenna device of the
fifth modified example of the antenna device of the sixth
embodiment of the present invention and FIG. 25(a) is its plan
view, FI1G. 25(b) is its side view, FIG. 25(¢) is its bottom plan
view and FIG. 25(d) is its perspective view;

FIG. 26 is a diagram illustrating an antenna device of the
sixth modified example of the antenna device of the sixth
embodiment of the present invention and FIG. 26(a) is its plan
view, FI1G. 26(b) is its side view, FIG. 26(c) is its bottom plan
view and FIG. 26(d) is its perspective view;

FIG. 27 is a diagram illustrating an antenna device of the
seventh modified example of the antenna device of the sixth
embodiment of the present invention;

FIG. 28 is a diagram illustrating an antenna device of the
eighth modified example of the antenna device of the sixth
embodiment of the present invention;

FIG. 29 is a diagram illustrating an antenna device of the
ninth modified example of the antenna device of the sixth
embodiment of the present invention;

FIG. 30 is a diagram showing the antenna device of the
sixth embodiment of the present invention applied to amobile
phone being one of multi-band wireless communication
apparatuses and FIG. 30(a) is a perspective view illustrating
amain board, battery, antenna device, or a like in a base of the
mobile phone when viewed from a rear and FIG. 30(d) is a
perspective view illustrating a flexible board, antenna device,
or a like when viewed from a keypad side (front side);
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FIG. 31 is also a diagram showing the antenna device of the
sixth embodiment of the present invention applied to amobile
phone being one of multi-band wireless communication
apparatuses in which a power feeding route other than the
antenna device, microphone, or a like in a mobile phone are
shown in particular;

FIG. 32 is a diagram showing basic configurations of an
antenna device according to the seventh embodiment of the
present invention in which the antenna device together with
part of the board is seen from a surface of the board;

FIG. 33 is a diagram showing configurations of the antenna
device of the seventh embodiment of the present invention
and FIG. 33(a) is a perspective view when viewed from a
front side (shown by an arrow in FIG. 29) and F1G. 33(b) is a
perspective view when viewed from a rear side;

FIG. 34 is a diagram showing an antenna device of the first
modified example of the seventh embodiment of the present
invention and FIG. 34(a) is a perspective view when viewed
from a front side (shown by an arrow in FIG. 32) and FIG.
34(b) is a perspective view when viewed from a rear side;

FIG. 35 is a diagram showing an antenna device of the
second modified example of the seventh embodiment of the
present invention and FIG. 35(a) is a perspective view when
viewed from a front side (shown by an arrow in FIG. 31) and
FIG. 35(b) is a perspective view when viewed from a rear
side;

FIG. 36 is a diagram showing conceptual configurations of
anantenna device according to the seventh embodiment of the
present invention in which each portion is expressed by
numerals (1) to (5);

FIG. 37 is a graph in which a result from the measurement
of how resonant frequency changes when each parameter
(dimension of each component) is changed is plotted;

FIG. 38 is a diagram illustrating an entire main board of a
mobile phone on which the antenna device of the seventh
embodiment is mounted;

FIG. 39 is a diagram showing basic configurations of an
antenna device of the eighth embodiment of the present
invention and FIG. 39(a) is a perspective view of the first
modified example, FIG. 39(5) is a perspective view of the
second modified example, and FIG. 39(c) is a perspective
view of the third modified example;

FIG. 40 is a diagram showing configurations of an antenna
device of the eighth embodiment of first modified example of
the present invention and FIG. 40(a) is its plan view, FIG.
40(b) is its side view, FIG. 40(c) is its bottom plan view, and
FIG. 40(d) is its perspective view;

FIG. 41 is a graph showing results from measurement of
antenna radiation patterns (gain directivity) obtained when
power is fed from an end portion of antenna-mounted board
and when power is fed from a central portion of the antenna-
mounted board according to the embodiments of the present
invention; and

FIG. 42 is a diagram showing configurations of an antenna
device of the ninth embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Best modes of carrying out the present invention will be
described in further detail using various embodiments with
reference to the accompanying drawings. An antenna device
of the first embodiment of the present invention is explained
by referring to FIG. 1 to FIG. 4. FIG. 1 is a diagram showing
basic configurations of an antenna device of the first embodi-
ment of the present invention. FIG. 2 is a diagram illustrating
an equivalent circuit of the antenna device of FIG. 1. The
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antenna device 100, as shown in FIG. 1, includes a conductor
antenna 110 and a base body 120.

The conductor antenna 110 is made up of a metal plate
(metal conductive plate) so as to be approximately U-shaped
in which a power feeding portion is located at an end portion
111a of a conductor 111 on one end side in a lower portion in
FIG. 1 to which the conductor antenna 110 is connected and
an end portion 112a of a conductor 112 on the other end side
in an upper portion in FIG. 1 is formed as an open end
terminal. That is, the conductors 111 and 112 are placed far
from each other and band-shaped space and a folded-back
portion 114 are interposed between the conductors 111 and
112. Also, the coupling between the base body 120 and con-
ductor antenna 110 is sufficiently achieved only if the base
body 120 is coupled to at least either of the end portion 111a
of the conductor 111 or to the end portion 1124 of the con-
ductor 112. The conductor 111 is capacitively coupled to the
conductor 112 with the space 113 being interposed between
the conductor 111 and conductor 112. Moreover, the plane of
the conductor 111 on the one end side of the conductor
antenna 110 and the plane of the conductor 112 on the other
end side of the conductor antenna 110 are arranged so as to be
in parallel to each other. As shown in FIG. 2, between induc-
tances Lal and Lb1, between La2 and Lb2, . . ., between Lan
and Lbn, capacitances Cal, Ca2, . .., Ca(n-1) exist respec-
tively. Therefore, the space 113 provides an interval with the
level at which at least capacitive coupling is assumed. More-
over, between the conductors 111 and 112 and a ground,
capacitances Cb1, Cb2, Cb3,. .., Cbn, Cb(n+1) exist respec-
tively. The conductor antenna 110 is fabricated using a metal
plate made of, for example, bronze phosphate, copper, **Ni
(nickel) or a lie and, in order to reduce a resistance value to
obtain a high antenna gain and to minimize a loss, the con-
ductor antenna 110 is given gold plating or silver plating on its
surface.

The base body 120 is made of an insulating material being
a dielectric material or a magnetic material (hereinafter, a
dielectric material or a magnetic material is used in the
descriptions) and is configured so as to have a cuboid shape
and is coupled between the end portion 111a of the conductor
111 on one end side of the conductor antenna 110 and the end
portion 1124 of the conductor 112 on the other end side of the
conductor antenna 110, that is, to the end portion 111a and the
end portion 112a of the conductors 111 and 112 both facing
each other. Here, the plane of the conductor 111 on the one
end side of the conductor antenna 110 and the plane of the
conductor 112 on the other end side are arranged so as to be in
parallel to each other. Moreover, the coupling between the
base body 120 and conductor antenna 110 is sufficiently
achieved only if'the base body 120 is coupled to at least either
of the end portion 111a of the conductor 111 or to the end
portion 112a of the conductor 112. The end portion 111a of
the conductor 111 is capacitively connected to the end portion
112a of the conductor 112 with the base body 120 being
interposed between the conductors 111 and 112 both facing
each other, that is, between inductances Lan and Lbn exists a
capacitance Cd. The base body 120 is made of ceramic that
provides a low loss in a high frequency, such as alumina,
silica, magnesium, or a like. In the case of the base body 120
made of the magnetic material, the base body is made of
hexagonal ferrite of a Z-type or Y-type or a like called “pla-
nar” and composite materials containing the ferrite materials.
In the case of the base body 120 made of the dielectric mate-
rial, a permittivity and dielectric loss exert an influence on
antenna properties.

The antenna device 100 operates in transmitting/receiving
frequency bands each being different from one another. More
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specifically, a portion corresponding to all length (quarter
length of GSM band) of the conductor antenna 110 including
a folded-back portion operates in a GSM band (900 MHz
band), a portion corresponding a halflength (quarter length of
DCS/PCS band) of the conductor antenna 110 operates in a
DCS band (1700 MHz band) and PCS band (1800 MHz
band), in a UMTS band (2200 MHz band). By operating as
above, the antenna device 100 of a quadband type is achieved.
Thus, the portion corresponding to all length (A/4) of the
conductor antenna 110 operates in the GSM band which is a
frequency band being lower than the DCS and PCS bands in
which the portion corresponding to a half length (A/4) of the
conductor antenna 110 operates and lower than the UMTS
band in which the base body 120 containing the end portion
1114 of the conductor 111 on the one end side of the conduc-
tor antenna 110 and the open end portion 1124 of the conduc-
tor 112 on the other end of the conductor antenna 110 oper-
ates. Moreover, the portion corresponding to a half length
(A/4) of the conductor antenna 110 operates in both the DCS
and PCS bands each being different from each other but being
near to each other in terms of frequencies.

The end portion 111a of the conductor 111 on the one side
of the conductor antenna 110 is connected through the con-
ductor line 130 to a power feeding line 141. Between the
power feeding line 141 and the conductor line 130 is mounted
an impedance matching circuit made up of chip elements or a
like. A main board 150 is made of a glass epoxy resin or a like
and serves as a PCB (Printed Circuit Board) to be embedded
in a mobile phone being one of the multi-band wireless com-
munication apparatuses of the embodiment of the present
invention described later.

In such configurations as above, power is fed to the con-
ductor antenna 110 through the power feeding line 141 from
a transmitting/receiving circuit section (not shown) mounted
in the main board 150. The antenna device 100, since being
formed so as to be small-sized and thin, is allowed to be
mounted ahead on the edge portion 150a of the main board
150, not on the main board 150. Generally, if an antenna,
battery, transmitting/receiving circuits, microphone, speaker,
or a like are mounted in narrow space, since the antenna is
made to be placed in a close vicinity of conductor portions
such as the transmitting/receiving circuits, a mirror-image
current of opposite phase to cancel a resonant current occur-
ring in an antenna flows, which leads to reduction of the
antenna gain. In order to suppress the influence by the mirror-
image current, the antenna needs to be placed apart from the
conductor portions such as transmitting/receiving circuits, or
the like. Also, if a radiation electrode is placed near to the
conductor portions, a capacitive component not attributable
to radiation increases, which also leads to reduction of the
antenna gain and a decrease in bandwidth. By configuring the
antenna device 100 as above, some distance can be kept
between the conductor antenna 110 and conductor portions
such as a battery, transmitting/receiving circuit, microphone,
speaker on which mounted the main board 150, or the like,
thus enabling to realize the antenna device 100 that can oper-
ate in wide bands and achieve high-gain antenna.

FIG. 3 is a graph showing a relation between VSWR (Volt-
age Standing Wave Ratio) and frequency in the antenna
device 100 of the first embodiment. The VSWR is a value
expressing a degree of reflection of power transmitted to the
antenna device 100. The smaller the value is (the nearer to 1),
the better and the effective the transmission of applied power
to the antenna device 100 is and the less the reflection of the
power is. The smaller value represents that the antenna prop-
erty is excellent. Preferably, the VSWR is 5.00 or less in a
frequency band to be used. FIG. 3 shows apparently that
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satisfactory antenna properties were obtained in a frequency
band (860 MHz to 1100 MHz) being near to the GSM band
(900 MHz band), and in a frequency band (1600 MHz to 1900
MHz) being near to the DCS (1700 MHz band) and the PCS
(1800 MHz band) band and in a frequency band (2050 MHz
to 2200 MHz) being near to the UMTS.

FIG. 4 is a graph showing a relation between radiation
efficiency and frequency in the antenna device 100 of'the first
embodiment. The radiation efficiency represents how effec-
tively power applied to the antenna device 100 is radiated into
space. The larger the radiation efficiency (the nearer to 1
[100%]) is, the better the radiation efficiency is. The larger
value of the radiation efficiency represents that the antenna
property is excellent. Preferably, the radiation efficiency is
0.90 (90%) in a frequency band to be used. As is apparent
from FIG. 4, the satisfactory radiation frequency of 0.95
(95%) or more was obtained in the GSM (900 MHz) band, of
0.98 (98%) or more in the DCS (1700 MHz) and PCS (1800
MHz) bands, and of 0.99 (99%) or more in the UMTS (2200
MHz) band.

Next, an antenna device of the second embodiment of the
present invention is described by referring to FIGS. 5 and 6.
FIG. 5 is the diagram showing basic configurations of the
antenna device 200 according to the second embodiment of
the present invention, which is shown in a manner corre-
sponding to those shown FIG. 1. In FIG. 5, same reference
numbers are assigned to components corresponding to those
in FIG. 1 and their descriptions are omitted accordingly. In the
antenna device 200 of the second embodiment, its base body
220 has configurations being different from those in the
antenna device 100 of the first embodiment. That is, the base
body 220 is made of a dielectric material and is formed to
have a cuboid shape and is further coupled to a central portion
1115 of the conductor 111 on the one end side of the conduc-
tor antenna 110 and to a central portion 11256 of the conductor
112 onthe other end side ofthe conductor antenna 110, that is,
to the central portion 111a and central portion 112a of the
conductors 111 and 112 both facing each other. Moreover, the
coupling between the base body 220 and the conductors 111
and 112 is sufficiently achieved only if the base body 220 is
coupled to at least either of the central portion 1115 of the
conductor 111 or to the central portion 1125 of the conductor
112. By configuring as above, the same actions and effects as
obtained in the first embodiment can also be achieved in the
second embodiment.

FIG. 6 is a graph showing a relation between VSWR and
frequency in the antenna device 200 shown in FIG. 5 accord-
ing to the second embodiment. Preferably, the VSWR is 5. 00
in a frequency band to be used. As is apparent from FIG. 6,
satisfactory antenna properties were obtained in a frequency
band (860 MHz to 1100 MHz) being near to the GSM (900
MHz) band, and in a frequency band (1600 MHz to 1900
MHz) being near to the DCS (1700 MHz) and the PCS (1800
MHz) bands and in a frequency band (2050 MHz to 2200
MHz) being near to the UMTS (2200 MHz) band.

Next, an antenna device of the third embodiment of the
present invention is described by referring to FIGS. 7 and 8.
FIG. 7 is a diagram showing basic configurations of the
antenna device 300 of the third embodiment of the present
invention, which is shown in a manner to correspond to FIG.
1. In FIG. 7, same reference numbers are assigned to compo-
nents corresponding to those in FIG. 1 and their descriptions
are omitted accordingly. In the antenna device 300 of the third
embodiment, a conductor antenna 310 has configurations
being different from those of the antenna device 100 of the
first embodiment. That is, the conductor antenna 310 is made
up of a line material (metal conductive line) so as to be
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approximately U-shaped in which a power feeding portion
315, which branches from an end portion 311a side of the
conductor 311 on one end side of the conductor antenna 310
shown in a lower portion of FIG. 7, is formed on a surface of
abase body 120 and an end portion 3124 of the conductor 312
on the other end side of the conductor antenna 310 shown in
an upper portion of FIG. 7 is formed as an open end terminal.
In other words, the conductors 311 and 312 are placed far
from each other and between the conductors 311 and 312 are
formed band-shaped space 313 and a folded-back portion
314. Also, the base body 120 is made of a dielectric material
s0 as to have a cuboid shape and is coupled to the end portion
311a of the conductor 311, which faces the conductor 312, of
the conductor antenna 310 and to an open end portion 312a of
the conductor 312, which faces the conductor 311, of the
conductor antenna 310 in a manner in which the base body
120 is sandwiched between the end portion 311a and the open
end portion 3124a. The power feeding portion 315 is formed
on a side of a power feeding portion of the base body 120 in
a manner being routed in and then is separated from the base
body 120 and extends, in parallel to the end portion 311a, to
be connected to a conductor line 130. Moreover, the coupling
between the base body 120 and the conductors 311 and 312 is
sufficiently achieved only if the base body 120 is coupled to at
least either of the end portion 311a of the conductor 311 or to
the end portion 312a of the conductor 312. The conductor
antenna 310 is constructed by using a line material made of,
for example, bronze phosphate, copper, **Ni (nickel) or a like
and, in order to reduce a resistance value to achieve a high
antenna gain and to minimize a loss, the conductor antenna
310 is given gold plating or silver plating on its surface. By
configuring as above, the same actions and effects as obtained
by the antenna device 100 in the first embodiment can also be
achieved in the third embodiment.

FIG. 8 is a graph showing a relation between VSWR and
frequency in the above antenna device 300. Preferably, the
VSWRis 6.00 or less. As is apparent from FIG. 8, satisfactory
antenna properties were obtained in a frequency band (810
MHz to 910 MHz) being near to the GSM band (900 MHz
band), and in a frequency band (1630 MHz to 1900 MHz)
being near to the DCS (1700 MHz band) and the PCS (1800
MHz band) bands and in a frequency band (2050 MHz to
2200 MHz) being near to the UMTS band (2200 MHz band).

Next, an antenna device of the fourth embodiment of the
present invention is described by referring to F1G. 9. FIG. 9 is
adiagram showing basic configurations of the antenna device
400 of'the fourth embodiment of the present invention, which
is shown in a manner to correspond to FIGS. 5 and 7. In FIG.
9, same reference numbers are assigned to components cor-
responding to those in FIGS. 5 and 7 and their descriptions are
omitted accordingly. The antenna device 400 of the fourth
embodiment is configured by combining the conductor
antenna 310 of the antenna device 300 of the third embodi-
ment with the base body 220 of the antenna device 200 of the
second embodiment. That is, the base body 220 is made of a
dielectric material so as to have a cuboid shape and is coupled
to a central portion 3115 of the conductor 311 on one side of
the conductor antenna 310 and to a central portion 3125 of the
conductor 312 on the other side of the conductor antenna 310
in which the conductor 311 faces the conductor 312 in a
manner in which the base body is sandwiched between the
central portions 3116 and 312b. Moreover, the coupling
between the base body 220 and the conductors 311 and 312 is
sufficiently achieved only if the base body 220 is coupled to at
least either of the central portion 3115 of the conductor 311 or
the central portion 3125 of the conductor 312. By configuring
as above, the same actions and effects as obtained by the
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antenna devices 200 and 300 in the second and third embodi-
ment can be achieved in the fourth embodiment as well.

FIG. 10 is a table showing a length of each of the conductor
antennas 110 to 310, a length of each of base bodies 120 and
220 in a longitudinal direction (its width and height are the
same) and radiation efficiency obtained by changing a per-
mittivity of the base body 220 obtained by changing a per-
mittivity of the base bodies 120 and 220 in the antenna
devices 100 to 400 in the first to fourth embodiments. FIG. 11
is a diagram showing a relation between the radiation effi-
ciency shown in FIG. 10 and the length of each conductor
antenna. Moreover, as a comparative example, lengths, radia-
tion efficiency and the like of the conventional chip antenna
having a radiation electrode pattern are shown on the above
same table. As is apparent from FIGS. 10 and 11, the radiation
efficiency of each of the antenna devices 100 to 300 and of the
chip antenna of the comparative example is approximately
0.90 (90%) or more in the PCS (1800 MHz) band, however,
the radiation efficiency of each of the antenna devices 100 to
300 of the embodiment of the present invention is about 0.89
(89%) or more in the GSM (900 MHz) band, whereas the
radiation efficiency of the conventional chip antenna of the
comparative example is 0.86 (86%). This shows that, in the
PCS and GSM bands, irrespective of the length and a cross-
sectional profile (of a plate-shaped conductor antenna in the
first and second embodiments and of a line-shaped conductor
antenna in the third and fourth embodiments) of each of the
conductor antennas, length of each of the base bodies in a
longitudinal direction, relative permittivity of each of the base
bodies, satisfactory radiation characteristics can be obtained.

FIGS. 12(a) and 12(b) are perspective views of examples
embodying the antenna device 100 of the first embodiment.
FIGS. 13(a) and 13(b) are plan views of the examples
embodying the antenna device 100 of the first embodiment.
FIGS. 14 (including 14[a], 14[5], and 14][c]) is a three-view
drawing illustrating main portions of the antenna device of
FIG. 12. The antenna device 500 of the fourth embodiment
includes a conductor antenna 510, a base body 520, a con-
ductor line 530 (see FIG. 14[5]), a power feeding connector
531, and a mounting hardware 532, all of which are mounted
on a sub-board 540. The antenna device 500 is formed so as to
be small-sized and to be thin and, therefore, besides a main
board (not shown), the sub-board 540 can be provided. By
configuring as above, some distance can be kept between the
conductor antenna 510 and base body 520 and conducting
portions such as an edge portion 55056 (see FIG. 16), which
serves as a grounding terminal, of the main board, the antenna
made up of the conductor antenna 510 and base body 520 can
operate in wide bands with high antenna gain obtained.

The conductor antenna 510 is made up of a metal plate so
as to be approximately U-shaped in which the conductor
antenna 510 is folded so that a plane portion of a conductor
511 on one end side of the conductor antenna 510 shown in an
upper portion of FIG. 12(5) is vertical with respect to a plane
portion of a conductor 512 on the other end side of the con-
ductor antenna 510 and a power feeding section 515 is formed
in an end portion 511a of the conductor 511 on the one end
side and an end portion 5124 of the conductor 512 on the other
end side is formed as an open end terminal. That is, the
conductors 511 and 512 are placed far from each other, and
between the conductors 511 and 512 are interposed a band-
shaped space 513 and a folded-back portion 514. The con-
ductor antenna 510 is made up of a metal plate with a thick-
ness of 0.3 mm so as to be 32.5 mm in length and, in order to
reduce a resistance value to achieve high antenna gain and to
minimize a loss, gold plating is given to its surface. The
antenna device 510 is configured so that a width of the con-
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ductor 511 on its one end side is narrower than that of the
conductor 512 on its other end side. The reason for this is that,
by making narrow a width (see FIG. 17) of the conductor 511
of the conductor antenna 510 placed nearer to a grounding
portion (see FIG. 16), portions being parallel to the edge
portion 5505 of the main board 550 serving as the grounding
terminal or to a case-side metal section 11 are decreased and
portions being vertical with respect to the edge portion 5505
and the metal portion 550 are increased, which enables the
conductor antenna 510 to be positioned far from the ground-
ing portion and capacitive coupling components between the
conductor antenna 510 and the grounding terminal are
reduced and, as aresult, a bandwidth providing a gain exceed-
ing a specified level can be widened. This enables a lower
band such as a GSM (900 MHz) band to provide high gain.
Therefore, in order to achieve a high antenna gain in wide
bands such as DCS (1700 MHz), PCS (1800 MHz), and
UMTS (2200 MHz) bands, a width of the conductor 511 on
the one end side needs to be wider than that of the conductor
512 on the other end side of the conductor antenna 510.

The base body 520 is made of a dielectric material or
magnetic material so as to have a cuboid shape and is coupled
between the end portion 511a of the conductor 511 on the one
end side of the conductor antenna 510 and the open end
portion 512a of the conductor 512 on the other end of the
conductor antenna 510, that is, to the end portion 511a of the
conductor 511 facing the conductor 512 and the end portion
512a of the conductor 512 facing the conductor 511, by using
an adhesive, in a manner in which the base body 520 is
sandwiched between the end portions 511a and 5124. More-
over, to achieve this coupling, alternatively, an electrode may
be formed by doing screen printing on a face where the base
body 520 is coupled to the conductor antenna 510 and the
electrode may be coupled to the conductor antenna 510 by
soldering. The base body 520 is made of ceramic, that pro-
vides a low loss in high frequencies, such as alumina, silica,
magnesium, or a like so as to be 5.5 mmx3 mmx2 mm in size.

On one surface of the sub-board 540 are mounted the end
portion 5114 of the conductor 511, the base body 520, and the
power feeding connector 531 on one end side of the conductor
antenna 510 and, on the other surface of the sub-board 540 is
mounted a mounting hardware 632. The power feeding con-
nector 531, as shown in FIG. 14(), is connected to a power
feeding point 541 and a grounding portion 542, both being
printed on the sub-board 540. The power feeding point 541 is
connected to the end portion 511a of the conductor 511 on the
one end side of the conductor antenna 510 through the con-
ductor line 530 and the grounding portion 542 is connected to
the mounting hardware 532 and soldered portion 544 via a
through-hole formed in the sub-board 540. A mounting hole
532a is formed in the mounting hardware 532, which is used
for connection to the ground in a shared manner. Moreover,
alternatively, between the power feeding point 541 and the
conductor antenna 510 may be mounted a matching circuit.

FIG. 15 is a diagram showing a relation between all aver-
age gain and frequency of the antenna device 500 described
above and of the conventional chip antenna. As is apparent
from FIG. 15, all average gain of the antenna device 500 is by
3 dBi higher than that of the chip antenna in the GSM (900
MHz) band, by 2 dBi higher than that of the chip antenna in
the DCS (1700 MHz) and PCS (1800 MHz) bands and by 0.5
dBi higher than that of chip antenna in the UMTS (2200
MHz) band. This shows that satisfactory properties were
obtained in the bands to be used.

Next, other mode of the present invention is described in
which the antenna device 500 having the above configura-
tions is embedded in a multi-band wireless communication
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apparatus. FIG. 16 is a diagram showing an example in which
the above antenna device 500 is applied to a mobile phone
being one of multi-band wireless communication appara-
tuses. In the case 10 of the mobile phone is housed the case-
side metal section 11 being some smaller than the case 10. In
a region corresponding to an upper half shown in FIG. 16 in
the case-side metal section 11 is arranged a main board 550
and in aregion corresponding to alower half shown in FI1G. 16
is arranged a battery 12, and in a region corresponding to an
end portion shown in FIG. 16 is arranged the antenna device
500, in which the main board 550, battery 12, and antenna
device 500 mounted and the case 11 are fastened with a screw
fitted into the mounting hole 5324 of the mounting hardware
532 in a fixed manner. A connector 551 mounted on the main
board 550 is connected to a power-feeding connector 531
mounted on the sub-board 540 of the antenna device 500 via
a power-feeding coaxial cable 13. By configuring as above,
power is fed from a transmitting/receiving circuit (not shown)
mounted on the main board 550 to each of the conductor
antenna 510 and base body 520. Since some distance is kept
between the conductor antenna 510 and base body 520 and
the conductor portions including the edge portion 5505 of the
mail board 550 serving as a grounding terminal, the conduc-
tor antenna 510 and base body 520 operate as a wide-band and
high-gain antenna.

FIG. 17 is a perspective view of a modified example of the
antenna device 100 of the first embodiment and, in FIG. 17,
same reference numbers are assigned to components corre-
sponding to those in the first embodiment and their descrip-
tions are omitted accordingly. The antenna device 600 of the
modified example has no sub-board 540 on which a mounting
hardware 532 is mounted. In the antenna device 600, an end
portion 511a of a conductor 511 on one end side of a conduc-
tor antenna 510 and a base body 520 are mounted directly on
a main board 650 and the conductor 511 on the one end side
of the conductor antenna 510 and a folded-back portion 514
of the conductor 512 on the other end of the conductor
antenna 510 are also mounted directly on the main board 650.
By configuring as above, the same actions and effects as
obtained by the above antenna device 500 can be achieved by
the antenna device 600 of the modified example and, there-
fore, its handling is made easy at a time of assembling the
antenna device 600 and the mobile phone having the antenna
device 600 can maintain its strength even when receiving
external force. Moreover, in the modified example shown in
FIG. 12, by making the sub-board 540 wider enough to house
the entire conductor antenna 510 and by fixing the folded-
back portion 514 to the sub-board 540, the conductor antenna
510 can be secured stably to the sub-board 540. In the case
where the entire conductor antenna 510 is housed totally on
the sub-board 540, by mounting a plurality of pieces of the
mounting hardware 532 for example, on both sides of the
sub-board 540), the antenna device can be stably and reliably
secured in a multi-band wireless communication apparatus.

FIG. 18 is a perspective view of an antenna device of the
sixth embodiment of the present invention, which is similar to
an antenna device used in the sixth embodiment shown in
FIG. 19 that is configured by lengthening a base body 620 and
by printing all portions of conductors 611 and 612 on the base
body 620 as a conductive film. The antenna device 900 of the
sixth embodiment is so configured that its base body is made
longer and a metal conductive film is printed on a surface of
the base body 620 by using a screen printing method, depo-
sition method, or a like and its conductor antenna 910 is
formed so as to be approximately U-shaped. A shape of the
metal conductive film can be selected, as appropriate, from a
line shape, crank shape, meandering shape, helical shape, or
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a like. By configuring as above, the same actions and effects
as obtained by the antenna devices 100 to 600 can be achieved
by the antenna device 900 of the sixth embodiment. Also,
alternately, the antenna device 900 may be constructed by
sticking metal conductive foil of a specified shape to the base
body 920. In the case of application of the antenna device 900
to a mobile phone (operating in the GSM, DCS, PCS, and
UMTS bands), when ceramic being 25 mm to 30 mm in
length, 2 mm to 4 mm in width, 2 mm to 4 mm in height, 5 to
10 in permittivity is used as its base body, the gain, sensitivity,
and bandwidth of the antenna device 900 proved to be the
best.

Next, an antenna device of the sixth embodiment of the
present invention is described by referring to FIGS. 19 and 20.
FIG. 19 is a diagram showing basic configurations of the
antenna device of the sixth embodiment and FIG. 19(a) is a
perspective view of the antenna device mounted on the sub-
board and part of the main board viewed from a board and
FIG. 19(b) is a perspective view of the antenna device
mounted on the sub-board from a rear of part of the main
board. FIG. 20 is a diagram illustrating the antenna device
600 of the sixth embodiment and FIG. 20(a) is its plan view,
FIG. 20(b) is its side view, FIG. 20(c) is its bottom plan view,
FIG. 20(d) is its perspective view. The antenna device 600
includes a conductor antenna 610 and a base body 620, both
of which are mounted on the sub-board 640.

The conductor antenna 610 is configured so as to be
approximately U-shaped in which the conductor antenna 610
is formed so that a plane portion of a conductor 611 on one
end side of the conductor antenna 610 shown in an upper
portion of FIG. 19(a) is vertical with respect to a plane portion
of a conductor 612 on the other end side of the conductor
antenna 610 and a power feeding section 615 is formed in an
end portion 611a ofthe conductor 611 on the one end side and
anend portion 612a of the conductor 612 on the other end side
is formed as an open end terminal. That is, the conductors 611
and 612 are placed far from each other and between the
conductors 611 and 612 is formed band-shaped space 613 and
a folded-back portion 614. The conductor 611 on the one end
side of the conductor antenna 610 is made up of a metal plate
with a thickness 0f'0.3 mm so as to be 32.5 mm in length and,
in order to reduce a resistance value to achieve high antenna
gain and to minimize a loss, gold plating is given to its
surface. More specifically, the conductor 611 is constructed
of'aplate metal made of bronze phosphate so astobe 32.5 mm
in length to form a long-length > -shaped profile and is
mounted (in a stood state) so that the >-shaped concave
portion forms band-shaped space 613 between the conductor
611 and the main surface 640A of the sub-board 640.

The base body 620 is made of a dielectric material so as to
have a cuboid shape and is surface-mounted on an end portion
6404 of the main surface 640 A of the sub-board 640. The base
body 620 is made of ceramic, that provides a low loss in high
frequencies, such as alumina, silica, magnesium, or a like so
as to be 5.5 mmx3 mx2 mm in size.

The base body 620 may be made of not only a dielectric
material but also a magnetic material. In the case of using the
magnetic material, as the magnetic material substance for the
base body 620, Z-type or Y-type hexagonal ferrite called
“planar” or composite materials containing these ferrite
materials, or a like can be used. Preferably, a sintered body of
ferrite is used and, more preferably, Y-type ferrite is
employed. The sintered body of ferrite has a high volume
resistivity and is advantageous in terms of its insulation
effects against a conductor. The use of ferrite having high
volume resistivity makes it unnecessary to provide insulating
coating against the conductor. Y-type ferrite can maintain its
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magnetic permeability in a high-frequency up to 1 GHzand a
magnetic loss is small in a frequency up to 1 GHz. The
sintered body of Y-type ferrite includes not only Y-type ferrite
of'a single phase but also ferrite of other phase such as Z-type
ferrite, W-type ferrite, or a like. The base body 620 made of
the magnetic material, as in the case of using the dielectric
material, can be formed so as to have a cuboid shape and to be
5.5 mmx3 mmx2 mm in size.

The base body 620 is placed between the conductor 611 on
one end side of the conductor antenna 610 and the conductor
612 on the other end side and its side surface 620B is coupled
to the conductor 611 on the one end side of the conductor
antenna 610. That is, on an end portion 640a of the main
surface 640A on the sub-board 640 is surface-mounted the
base body 620 and to its side surface 620B is coupled an end
portion 611a of the conductor 611 on the one end side of the
conductor antenna 610 by using an adhesive. Moreover,
though not shown, alternatively, an electrode may be formed
by screen printing on a coupled face between the side surface
620B of the base body 620 and the end portion 611a of the
conductor 611 on the one end side of the conductor antenna
610 and the electrode may be coupled to the end portion 611a
by a soldering method.

The conductor 612 on the other end side of the conductor
antenna 610 is surface-mounted in a portion which faces the
conductor 611 on a rear surface 640B on the sub-board 640
along a direction of a length of the sub-board 640. More
specifically, the conductor 612 is made up of foil having a
specified width and is formed on the rear surface 640B of the
sub-board along the direction of a length of the sub-board
640. A >-shaped end portion molded-back portion 614)
placed on an opposite side to the end portion 611a, which has
the long-length = -shaped profile, of'the conductor 611 on the
one end side of the conductor antenna 610 is extended up to
the rear surface 640B of the sub-board 640 and is then bent
and, on the bent end portion is formed the conductor 612 on
the other end side of the conductor antenna 610, which causes
the conductor 611 to be electrically connected to the conduc-
tor 612. Moreover, alternatively, the = -shaped end portion
(folded-back portion 614) of the conductor 611 on the one
side of the conductor antenna 610 may be folded on the main
surface 640A, without being extended to the rear surface
6408 side of the sub-board 640, and the folded portion may
be connected to the foil conductor 612 on the other end side
by using a through-hole electrode (not shown) formed in the
sub-board 640. Preferably, either of one end portion or the
other end portion of the conductor antenna 610 is constructed
of'a metal plate made of a metal conductive plate. In this case,
an end portion opposite to the one end portion or to the other
end portion of the conductor antenna 610 may be made of
metal conductive foil such as copper foil as formed on the
sub-board 640 or may be fabricated by printing a metal con-
ductive film on the sub-board 640 by a screen printing method
or deposition method.

Moreover, in the sixth embodiment, the conductor 612 on
the other end side of the conductor antenna 610 is formed by
sticking foil to the rear surface 640B, however, as in the case
of the conductor 611 on the one end side, the conductor 612
may be formed by using a metal plate made of bronze phos-
phate. In this case, the conductor 612 may be formed by
sticking a plane portion of the metal plate on the rear surface
640B. Also, the conductor 612 on the other end side of the
conductor antenna 610 is made up of a metal plate and the
conductor 611 may be formed by combining other materials,
for example, by using a line material (metal conductive line)
or a like. In this case, both the conductors 612 and 611 may be
coupled via a through-hole electrode or may be electrically
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connected via a side face electrode formed on a side face of
the board serving as a folded-back portion.

Thus, in the antenna device 600 of the sixth embodiment,
the end portion 612 of the conductor 612 on the other end side
of the conductor antenna 610 is extended toward a bottom
portion of the base body 620 on the rear surface 640B on the
sub-board 640. As a result, the end portion 612a of the con-
ductor 612 on the other end side is coupled to the bottom
portion of the base body 620 with a gap corresponding to a
thickness of the sub-board 640 interposed between the end
portion 6124 and the bottom portion and the end portion 612«
of the conductor 612 is capacitively coupled to the end por-
tion 611a of the conductor 611 on the one end side.

Moreover, preferably, the conductor 612 on the other end
side is so configured that its width is narrower than that of the
conductor 611 on the one end side. The reason for this is that,
by decreasing portions of a conductor in which a plate-shaped
face is parallel to the edge 6505 of the main board 650 and by
increasing portions of the conductor being vertical with
respect to the edge 6506 and, as a result, an edge of the
conductor 611 existing in a longitudinal direction which is
nearest to the edge 6505 of the main board 650, that is, nearest
to the ground is placed far from the edge 6505 of the main
board 650 and, therefore, effective distance can be kept
between the conductor antenna 610 and the ground, which
causes reduction of a capacitive component between the con-
ductor 610 and the ground, thus enabling gain exceeding a
specified level to be achieved and bandwidth to be widened.
This allows high-gain and wide-band operations of the
antenna device 600 in such a low band as GSM (900 MHz)
band.

The end portion 611a of the conductor 611 on the one end
side of the conductor antenna 610 is connected to a power
feeding line 641 via a conductor line 630. Between the power
feeding line 641 and the conductor line 630 is mounted
impedance matching circuit made up of a chip element 631 or
a like. The main board 650 is made of a glass epoxy resin or
a like and serves as a PCB to be embedded in a mobile phone
being one of multi band type wireless communication appa-
ratuses of the embodiment of the present invention.

By configuring as above, power is fed through the power
feeding line 641 to the conductor antenna 610 from a trans-
mitting/receiving circuit (not shown) mounted on the main
board 650. The antenna device 600 is configured so as to be
small-sized and thin and, therefore, can be mounted on the
sub-board 640 being very small compared with the main
board 650. By configuring as above, some distance can be
kept between the conductor antenna 610 and base body 620
and the conductor portions and the edge portion 6505 of the
main board 650 serving as a grounding terminal and electro-
static capacity between the conductor antenna 610 and the
ground on the main board 660 is reduced, which enables the
conductor antenna 610 and base body 620 to operate as a
wide-band and high-gain antenna. Additionally, the sub-
board 640 may be secured to the case of a mobile phone to be
described by using the mounting hardware 532 shown in
FIGS. 12 to 14.

Moreover, the antenna device 600 and its sub-board 640 are
housed in a lower portion of the case or a like of the mobile
phone to be described later. In the lower portion of the case or
the like is housed a microphone in many cases. In the sixth
embodiment, the microphone 649 is mounted on the sub-
board 640 and the conductor 611 on the one end side is
formed in a stood manner in an end portion placed in a width
direction being opposite to the microphone 649 on the main
surface 640A on the sub-board 640 and the conductor 612 on
the other end side is formed in an end portion placed opposite





US 7,679,569 B2

19

to the microphone 649 in a width direction of the sub-board
640. Thus, by configuring so that the conductor 611 on the
one end side of the conductor antenna 610 and the conductor
612 on the other end side are placed from the microphone 649
as far as possible, electrostatic capacitive components
between the conductors 611 and 612 and the microphone 649
can be reduced, which enables the reduction of influences by
the microphone 649 to the conductor antenna 610. Advanta-
geously, the conductor 612 on the other end side of the con-
ductor antenna 610 is made of metal conductive foil or a metal
conductive film that can provide a freedom of design for a
shape in order to place the conductor apart from the micro-
phone 649 or a like or to bypass an obstacle. Moreover, in the
case of using the sub-board, work of mounting an antenna
device or a microphone is managed according to a method
being different from that used for manufacturing the main
board, thus enabling a rationalization of mobile phone pro-
duction and shortening manufacturing time.

Here, modified examples of the antenna device of the sixth
embodiment of the present invention are described by refer-
ring to FIGS. 21 to 29. FIG. 21 is a diagram illustrating an
antenna device of the first modified example of the antenna
device of the sixth embodiment of the present invention. FIG.
21(a) is its plan view, FIG. 21(d) is its side view, FIG. 21(c) is
its bottom plan view, and FI1G. 21(d) is its perspective view.

In the antenna device 601 of the first modified example, to
the base body 620 is connected one end portion 611 of a
conductor antenna 610 and is formed a conductor pattern 666
which enables the adjustment of a transmitting/receiving fre-
quency. That is, the conductor pattern 666 for adjusting the
transmitting/receiving frequency is formed from an upper
surface of the base body 620 toward one end side and by
performing a machining process such as a process of shaving
part of the conductor pattern 666 for adjusting the transmit-
ting/receiving frequency or alike, it is made possible to adjust
the transmitting/receiving frequency for the antenna device
601, particularly in the GSM band. By changing a size of the
conductor pattern 666 for adjusting the transmitting/receiv-
ing frequency, capacity between the conductor 611 and the
conductor 612 (that is, an end portion 612a of the conductor
612) on the other end side of the conductor antenna 610
mounted on a rear surface 640B on the sub-board 640 can be
increased or decreased, which enables easy adjustment of the
transmitting/receiving frequency.

FIG. 22 is a diagram illustrating an antenna device of the
second modified example of the antenna device of the sixth
embodiment of the present invention. FIG. 22(a) is its plan
view, FI1G. 22(b) is its side view, FIG. 22(c) is its bottom plan
view, and FIG. 22(d) is its perspective view. In the antenna
device 602 of the second modified example, a position is
changed in which the conductor 611 (metal plate) on the one
end side of the conductor antenna 610 mounted on one main
face (surface) of the sub-board 640 is coupled to the conduc-
tor 612 (copper foil) on the other end side of the conductor
antenna 610 mounted on the other main face (rear) of the
sub-board 640. That is, the conductor 612 (copper foil) on the
other end side is formed over all length of the other main face
(rear) of the sub-board 640 in a longitudinal direction, how-
ever, the conductor 611 (metal plate) on the one end portion of
the conductor antenna 610 is formed so as to be shorter than
the conductor 612, more specifically, in a length being
approximately % from the power feeding side on a surface of
the sub-board 640 and a = -shaped end portion is coupled to
the conductor 612 (copper foil) on the rear in a position being
approximately %4 in the longitudinal direction. Thus, accord-
ing to the antenna device 602 ofthe second modified example,
by changing the position in which the conductor 611 (metal
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plate) on the one end side of the conductor antenna 610
mounted on the surface of'the sub-board 640 is coupled to the
conductor 612 on the other end side of the conductor antenna
610 formed on the rear of the sub-board 640, easy adjustment
of the transmitting/receiving frequency is achieved. Alterna-
tively, the conductor 611 on the one end side of the conductor
antenna 610 may be coupled, by folding back the conductor
611 at a mid-point of the length of the sub-board 640 in a
longitudinal direction, to the conductor 612 (copper foil) and
the coupling is achieved sufficiently only if the conductor 611
on the one end side of the conductor antenna 610 is coupled to
the conductor 612 on the other end side at a place where
approximately U-shaped folding-back formed. Additionally,
changing a height of the conductor 612 on the board side,
which extends from a position in which the conductor 611 is
coupled to the conductor 612 in a direction opposite to the
power feeding side, the resonant frequency in the GSM band
can be calibrated.

FIG. 23 is a diagram illustrating an antenna device of the
third modified example of the antenna device of the sixth
embodiment of the present invention and FIG. 23(a) is its plan
view, FI1G. 23(b) is its side view, FIG. 23(c) is its bottom plan
view and FIG. 23(d) is its perspective view. In the antenna
device of the third modified example, approximately halfof'a
conductor 611 (metal plate) on one end side of a conductor
antenna 610 mounted on one main face (surface) of a sub-
board 640 and placed on a folded-back side from a conductor
612 on the other end side of the conductor antenna 610 is
formed so that its plane portion is orthogonal to a main face of
the sub-board 640 and approximately half of the conductor
611 placed on a power feeding side bypasses so that its plane
portion is coupled to an upper face of the base body 620. As
a result, an end portion 611a on the power feeding side faces
in parallel to an end portion 612a of the conductor 612 on the
other side of the conductor antenna 610 with the base body
620 being interposed between the end portion 611a and the
end portion 612a and, therefore, by changing a distance
between surfaces being in parallel to each other, a capacity
between the end portion 611a and end portion 612a can be
increased or decreased. This allows easy adjustment of trans-
mittance/receiving frequencies. Thus, alternatively, the con-
ductor antenna 610 may be so configured to bypass so that
part of the conductor 611 on the one end side of the conductor
antenna 610 runs over an upper surface of the base body 620,
which enables separation of part of the conductor 611 on the
one end of the conductor antenna 610 from a position of the
microphone 649 shown in FIG. 23, thus preventing a decrease
in antenna gain and narrow bands caused by coming-near
between the microphone 649 and conductor antenna 610 and
which also enables the adjustment of the transmitting/receiv-
ing frequencies.

FIG. 24 is a diagram illustrating an antenna device of the
fourth modified example of the antenna device of the sixth
embodiment of the present invention and FIG. 24(a) is its plan
view, FI1G. 24(b) is its side view, FIG. 24(c) is its bottom plan
view and FIG. 24(d) is its perspective view. In the antenna
device of the fourth modified example, the conductor 612 on
the other end side of the conductor antenna 610 is formed so
asto be L-shaped or > -shaped on a rear of the sub-board 640
and, as a result, some distance is kept between an end portion
of the rear of the sub-board 640 in a width direction and the
conductor 612. This causes an increase in length of the con-
ductor 612 on the other end side of the conductor antenna 610
and addition of its inductance and, therefore, the transmitting/
receiving frequency can be easily adjusted.

FIG. 25 is a diagram illustrating an antenna device of the
fifth modified example of the antenna device of the sixth
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embodiment of the present invention and FIG. 25(a) is its plan
view, FI1G. 25(b) is its side view, FIG. 25(¢) is its bottom plan
view and FIG. 25(d) is its perspective view. In the antenna
device of the fifth modified example, the conductor 612 on the
other end side of the conductor antenna 610 is formed so as to
have a width being approximately equal to that of the base
body 620 on the sub-board 640. This causes an increase in
area of the conductor 612 on the other end side of the con-
ductor antenna 610 and addition of'its capacitive component,
which enables easy adjustment of the transmitting/receiving
frequency.

FIG. 26 is a diagram illustrating an antenna device of the
sixth modified example of the antenna device of the sixth
embodiment of the present invention and FIG. 26(a) is its plan
view, FI1G. 26(b) is its side view, FIG. 26(c) is its bottom plan
view and FIG. 26(d) is its perspective view. In the antenna
device of the sixth modified example, power is fed from a rear
face 640B of the sub-board 640 to the conductor 612 of the
conductor antenna 610. The end portion 612a of the conduc-
tor 612 of the conductor antenna 610 is connected through a
power feeding portion 615 to the conductor line 630. In the
configuration as above, power is supplied from a transmitting/
receiving section (not shown) mounted on the main board 650
through the power feeding line 641 and the conductor line 630
to the power feeding portion 615 from which power is then
fed to the conductor antenna 610. Though not shown, an
impedance matching circuit made up of chip elements or a
like is mounted between the power feeding line 641 and the
conductor line 630. Thus, alternatively, power may be fed to
the conductor 612 of the conductor antenna 610 formed on a
rear of the sub board 640. In the antenna device of the fifth
modified example of the sixth embodiment shown in FIG. 25,
the conductor 611 to which the power feeding section is
connected makes up a conductor on one end side of the
conductor antenna 610 and the conductor 612 whose another
end portion forms an open end terminal makes up the con-
ductor on the other end side. However, in the antenna device
of' the sixth modified example shown in FIG. 26, the conduc-
tor 612 to which the power feeding section is connected
makes up the conductor on the one end side and the conductor
611 whose end portion forms an open end terminal makes up
the conductor on the other end side. Therefore, the end por-
tion 6114 of the conductor 611 connected to a side face 620B
of the base body 620 makes up the open end terminal.

FIG. 27 is a diagram illustrating an antenna device of the
seventh modified example of the antenna device of the sixth
embodiment of the present invention. In the antenna device of
the seventh modified example, a conductor antenna 610
includes a conductor 611 on one end side of the conductor
antenna 610, a conductor 612 on the other end side of the
conductor antenna 610, a base body 620, a power feeding
connector 531, an impedance matching circuit 632 made up
of chip elements, and a conductor line 630, all of which are
mounted on a sub-board 640. An end portion 611a on the one
end of the conductor 611 is connected to a power feeding
electrode 615' formed on the base body 620 by a printing
method and makes up a power feeding portion 615. An end
portion 611a of the conductor 611 on the one end side is
connected to a folded-back portion 614 and to the conductor
612 on the other end side via a through hole conductor to the
sub-board 640. The conductor 612 on the other end side of the
conductor antenna 610 is printed, as a conductive film, on a
rear 640B of the sub-board 640 and end portions 612a and
6125 of the conductor 612 on the other end side of the con-
ductor antenna 610 operates as open end terminals. An entire
profile of the electrode of the conductor antenna 610 is
approximately U-shaped, which is formed by the conductor
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611 on the one end side, folded-back portion 614, and con-
ductor 612 on the other end side, with the sub-board 640
being interposed among these components wherein the end
portion 6125 of the conductor 612 on the other end side of the
conductor antenna 610 extends from the folded-back portion
614 slightly up to the outside. That is, the conductors 611 and
612 are placed apart from each other with the sub-board 640
being interposed between the conductors 611 and 612. Also,
the conductor 610, when viewed from the sub-board 640, is
placed, in an arc-shaped form, in a position on a case side in
an upper portion of the sub-board 640 and is connected via a
through-hole 643 passing through a main face 640A of the
sub-board 640 to the conductor 612 on the other end side
formed on a rear 640B and is placed (in a stood manner).
Power is fed from the power feeding connector 631 via a
conductor line on the sub-board 640 and matching circuit 632
to the power feeding section 615 from which power is further
fed to the conductor antenna 610.

FIG. 28 is a diagram illustrating an antenna device of the
eighth modified example of the antenna device of the sixth
embodiment of the present invention (In FIG. 28, since the
configurations are the same as explained in the modified
example 7, same reference numbers as shown in the modified
example 7 are assigned). In the antenna device of the eighth
modified example, a conductor antenna 610 includes a con-
ductor 611 placed on one end side of the conductor antenna
610, a conductor 612 on the other end side, a base body 620,
a power feeding connector 631, an impedance matching cir-
cuit 632 made up of chip elements, and a conductor line 630,
all of which are mounted on a sub-board 640. An end portion
6114 of the conductor 611 on the one end side of the conduc-
tor antenna 610 is connected to a power feeding electrode 615'
printed on the base body 620 and makes up a power feeding
portion 615 through the base body 620. Another end portion
of'the conductor 611 is connected to the folded-back portion
614 and is further connected to the conductor 612 on the other
end side via the through hole formed on the sub-board 640.
On a rear 640B of the sub-board 640 is printed, as a conduc-
tive film, the conductor 612 on the other end side of the
conductor antenna 610 and end portions 612a and 6125 on the
other end side operate as open end terminals. An entire profile
of the electrode of the conductor antenna 610 is approxi-
mately U-shaped, which is formed by the conductor 611,
folded-back portion 614, and conductor 612, with the sub-
board 640 being interposed among these components and the
end portion 61256 of the conductor 612 extends from the
folded-back portion 614 slightly up to the outside. The con-
figurations of the conductor antenna 610 differ from those of
others in that the conductor 611, after being folded toward an
upper face of the board 640 so as to have a crank-shaped
profile at a mid-point of the length of the conductor 611, is
connected to the folded-back portion 614. That is, the con-
ductors 611 and 612 are placed far from each other with the
sub-board 640 being interposed between the conductors 611
and 612 and band-shaped space is formed between the con-
ductors 611 and 612, which also shows an example in which
the profile of this portion can be changed depending on a
shape of surrounding components, case, or a like. Then, as in
the cases described above, the conductor 610, when viewed
from the sub-board 640, is placed (in a stood manner), in an
arc-shaped form, in a position on a case side in an upper
portion of the sub-board 640 and is connected via a through-
hole 643 passing through a main face 640A of the sub-board
640 to the conductor 612 formed on a rear 640B. Power is fed
from the power feeding connector 631 via a conductor line on





US 7,679,569 B2

23

the sub-board 640 and matching circuit 632 to the power
feeding section 615 from which power is further fed to the
conductor antenna 610.

FIG. 29 is a diagram illustrating an antenna device of the
ninth modified example of the antenna device of the sixth
embodiment of the present invention ((In FIG. 29, since the
configurations are the same as explained in the modified
example 7, same reference numbers as shown in the modified
example 7 are assigned). In the antenna device of the ninth
modified example, a conductor antenna 610 includes a con-
ductor 611 on one end side of the conductor antenna 610, a
conductor 612 on the other end side of the conductor antenna
610, a base body 620, a power feeding connector 631, an
impedance matching circuit made up of chip elements, and a
conductor line 630, all of which are mounted on a sub-board
640. An end portion 611a of the conductor 611 on the one end
side of the conductor antenna 610 is connected to a power
feeding electrode 615' formed on the board 620 by a printing
method and makes up a power feeding portion. Another end
portion of the base body 611 is connected to a folded-back
portion 614 and is further connected to the conductor 612 on
the other end side via a through-hole formed on the sub-board
640. On a rear 640B of the sub-board 640 is printed the
conductor 612 on the other end side as a conductive film and
end portions 612a and 6125 on the other end side operate as
open end terminals. An entire profile of the electrode of the
conductor antenna 610 is approximately U-shaped, which is
formed by the conductor 611, folded-back portion 614, and
conductor 612, with the sub-board 640 being interposed
among these components and the end portion 6125 of the
conductor 612 extends from the folded-back portion 614
slightly up to the outside. Configurations of the conductor
antenna 610 differ from others in that a supporting portion
6115 extends from a mid-point of the length of the conductor
611 toward an upper face of the sub-board 640 to support the
conductor 611 and is placed on the sub-board 640 in a stood
manner. That is, the conductors 611 and 612 are placed far
from each other with the sub-board 640 being interposed
between the conductors 611 and 612 and band-shaped space
is formed between the conductors 611 and 612 which shows
an example in which the strength of this portion can be
increased by providing proper supporting members. As in the
cases of others, the conductor 610, when viewed from the
sub-board 640, is placed (in a stood manner), in an arc-shaped
form, in a position on a case side in an upper portion of the
sub-board 640 and is connected via a through-hole 643 pass-
ing through a main face 640A of the sub-board 640 to the
conductor 612 formed on a rear 640B. Power is fed from the
power feeding connector 631 via a conductor line on the
sub-board 640 and matching circuit 632 to the power feeding
section 615 from which power is further fed to the conductor
antenna 610.

In the above configuration, by changing a length of the end
portion 6125, the adjustment of resonant frequencies on a low
band side is made possible. Under conditions that the reso-
nant frequencies match with operations of the conductor 612,
the longer the length of the end portion 6124 is made, the
more radiation efficiency on the low band side is improved.
Also, by configuring the conductor 611 so as to be bendable
in a crank-shaped form toward an upper face of the sub-board
640 at a mid-point of the length of the conductor 611, some
distance between the conductor 611 and a metal portion such
as a microphone can be kept and, therefore, capacitive com-
ponents between the conductor 610 and the metal portion can
be reduced, thereby achieving a wide-band and high-gain
antenna device. Moreover, by configuring the supporting por-
tion 6115 so as to be placed in a stood manner on the sub-
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board 640 at a mid-point of the length of the conductor 611,
the portion to support the conductor 611 is increased, which
can achieve an antenna device with high mechanical strength
and can increase convenience at a time of assembling the
antenna device. Additionally, according to the configuration,
the base body 620 is placed on the sub-board 640 and is
coupled to the conductor 611. Since the sub-board 640 has a
specified permittivity, in the case of a frequency band not
requiring such a permittivity as the base body 620 has or inthe
case of having comparatively large antenna space, the use of
the base body 620 is not necessary and, as a portion equivalent
to the base body, the sub-board 640 or the main board 650 can
be considered as an insulating material, that is, a dielectric
material which enables reduction in component counts lead-
ing to low costs, thus further miniaturization of the antenna
device.

Next, other modes of the present invention in which the
antenna device having the configurations explained above is
embedded in a wireless communication apparatus are
described FIGS. 30 and 31 are diagrams showing examples in
which the antenna device of the sixth embodiment of the
present invention is applied to a mobile phone being one of
wireless communication apparatuses and FIG. 30(a) is a per-
spective view illustrating a main board, battery, antenna
device, or a like in a base in the mobile phone when viewed
from a rear side and FIG. 30(5) is a perspective view illus-
trating a flexible board, antenna device, or a like when viewed
from a keypad side (front side). FIG. 31 is also a diagram
showing an example in which the antenna device of the sixth
embodiment is applied to a mobile phone in which the power
feeding route other than the antenna device, microphone, or a
like in the mobile phone are shown in particular. In a case 10
of'the mobile phone is housed, a metal portion (not shown) on
a case side, which is slightly smaller than the case 10. In the
metal portion on the case side, as shown in FIG. 30(a), a main
board 650 is placed in an upper half area in FIG. 30(a) viewed
from a rear side of the mobile phone and the battery 12 is
placed in a lower half area in FIG. 30(a) and the antenna
device 600 or a like are placed in a lower end in FIG. 30(a). As
shown in FIG. 31, power is fed from a power feeding port 659
mounted in a central portion on one end side of the main board
650 through a power feeding line 641 and conductor line 630
to a power feeding section 615 (see FIG. 19). Also, as shown
in FIG. 30(b), a flexible board 651 for a number button of a
mobile phone is placed in upper and lower areas in FIG. 30(b)
viewed from a keypad side of the mobile phone and the
antenna device 600, microphone 649 (see FIG. 31) or a like
are placed in a lower end in FIG. 30(b) (see FIG. 31). By
configuring as above, distance between the conductor
antenna 610 and base body 620 and metal portions such as a
battery 12, microphone 649, flexible board 651, or a like is
kept physically and electrically (for example, no dielectric
exists between the conductor antenna and the ground) and,
therefore, capacitive components between the conductor
antenna 610 and a ground of the flexible board 651 or a like
are reduced, thereby making the conductor antenna 610 and
base body 620 be a wide-band and high-gain antenna. That is,
according to the embodiment, by placing the antenna device
600 far from the metal portions existing near to the antenna
including the flexible board 651, battery 12, microphone 649,
or a like, the high-gain of the antenna device is obtained.

Next, an antenna device of the seventh embodiment of the
present invention is described by FIGS. 32 to 38. FIG. 32 is a
diagram showing basic configurations of the antenna device
of the seventh embodiment of the present invention and is a
perspective view in which the antenna device mounted on the
board and part of the board are seen from a surface of the
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board. FIG. 33(a) is a perspective view of the antenna device
shown in FIG. 32 seen from a front side. FIG. 33(b) is a
diagram of the antenna device of the first modified example of
the seventh embodiment in which a position of a folded-back
portion of the conductor 710 shown in FIGS. 32 and 32(a) is
changed so as to be reversed to each other, which is seen from
a rear side of the board.

In the antenna device 700 shown in FIG. 32 and FIGS.
33(a) and 33(b), a pattern of the conductor antenna is not
formed on a rear of a board and the configuration for power
feeding differs from the antenna device 600 of the sixth
embodiment. That is, the antenna device 700 has a conductor
antenna 710, base body 720, and conductor line 730, all of
which are mounted on a tip portion 755 on a main face
(surface) of a main board 750. The conductor antenna 710 is
formed so as to be approximately U-shaped in a folded-back
portion so that a plane portion of the conductor 711 on one
end side in an upper portion in FIG. 32 is approximately
orthogonal to a plane portion of the conductor 712 on the
other end side in a lower portion in FIG. 32 and, in the
conductor 711 on the one end side is mounted a power feeding
section 715 and an end portion 712a of the conductor 712 on
the other end side operates as an open end terminal. That is,
the conductors 711 and 712 are placed far from each other,
and between the conductors 711 and 712 is formed band-
shaped space.

The conductor 711 on one end side of the conductor
antenna 710 and the conductor 712 on the other end side are
fabricated by a metal plate (metal conductive plate) and, in
order to decrease a resistance, to achieve high gain, and to
reduce a loss, gold plating is given to their surfaces. More
specifically, the conductor antenna 710 is constructed of a
metal plate made of bronze phosphate so as to be approxi-
mately U-shaped and an approximately central portion of the
conductor 711 on one end side of the conductor antenna 710
is coupled to an upper face of the base body 720 and an
approximately central portion of the conductor 712 on the
other end side is coupled to a side face of the base body 720
and is mounted in a tip portion 755 of the main face (surface)
750 on the main-board 750. An approximately central portion
7115 of the conductor 711 on the one end side is placed on an
upper face of the base body 720 and an approximately central
portion 7125 of the conductor 712 is coupled to a side face of
the base body 720 by an adhesive. Moreover, though not
shown, alternatively, by printing an electrode on a coupled
face of the base body 720 by screen printing, the electrode
may be coupled to the conductor antenna 710 by means of
soldering (that is, approximately central portion between an
approximately central portion of the conductor 711 on the one
side and an approximately central portion of the conductor
712 on the other end side).

The base body 720 is made of a dielectric material and
formed so as to have a cuboid shape and is surface-mounted in
a central portion of the tip portion 755 of the main face
(surface) 750A of the main board 750 in a width direction.
The base body 720 is made of ceramic, that provides a low
lose in high frequencies, such as alumina, silica, magnesium,
or a like and is configured so as to be 5.5 mmx3 mmx2 mm in
size. Thus, the base body 720 is made of at least either of a
dielectric material or magnetic material and is formed to have
a cuboid shape and is coupled to an approximately central
portion 7115 of the conductor 711 on the one end side of the
conductor antenna 710 and to a central portion 7125 of the
conductor 712 on the other end side of the conductor antenna
710, that is, to the central portions 71156 and central portion
712a of the conductors 711 and 712 both facing each other.
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Thus, according to the antenna device of the embodiment, the
conductor 712 on the other end side of the conductor antenna
710 is capacitively coupled to the central portion 7115 on the
one end side of the conductor 711 with the base body 720
being interposed between the conductors 711 and 712.

The approximately central portion 7115 on the one end
side of the conductor antenna 710 is connected through a
conductor line 730 to a power feeding line 741 (see FIG. 38).
Between the power feeding line 741 and conductor line 730 is
mounted an impedance matching circuit (not shown) made up
of'a chip element or a like. The main board 750 is made of a
glass epoxy resin or a like and serves as a PCB to be embed-
ded in a mobile phone being one of the multi-band wireless
communication apparatuses of the embodiment of the present
invention described later.

FIG. 38 is a diagram illustrating an entire main board 750
of' a mobile phone on which the antenna device 700 of the
seventh embodiment is mounted. Power is fed from a trans-
mitting/receiving circuit (not shown) mounted on the main
board 750 through the power feeding line 741 to the conduc-
tor antenna 710 placed far from the transmitting/receiving
circuit. The antenna device 700 is configured to be small-
sized and to be three-dimensional with respect to a board
surface and, therefore, can be made thin in a direction of the
board surface and can be placed on a side far from a tip portion
755 of the main face (surface) 750A of the main board 760
and far from a ground of the main board 750. By configuring
as above, some distance can be kept between the conductor
antenna 710 and base body 720 (see FIGS. 34, 35, and 36) and
the ground of the main board 750 and, therefore, capacitive
components between the conductor antenna 710 and the main
board 750 is reduced, which can make the conductor antenna
710 and base body 720 be a wide-band and high-gain antenna.

Moreover, a corner of the tip portion 755 of the main face
(surface) 750A of the main board 750 is chamfered in a
manner to match with a shape of a lower portion of a case of
a mobile phone into which the antenna device 700 is embed-
ded and, therefore, corresponding extended portions 712A
and 712B of both ends of the conductor 712 on the other side
of the conductor antenna 710 are bent so that the conductor
712 can match with the shape.

Now, the second modified examples of the seventh
embodiment of the present invention are described by refer-
ring to FIGS. 34 to 35. FIG. 34(a) shows the antenna device of
the second modified example of the seventh embodiment of
the present invention and is a perspective view of the antenna
device seen from a front side. Moreover, F1G. 34(b) shows the
antenna device of FIG. 8 and is a perspective view in which a
position of a folded-back portion of the conductor 710 shown
in FIG. 34(a) is changed so as to be reversed to each other,
which is seen from a rear side.

In the modified examples shown in FIGS. 32 and 33, as
described above, the plane portion of the conductor 711 on
one end side of the conductor antenna 710 in an upper portion
in FIGS. 32 and 33 is approximately orthogonal to the plane
of the conductor 712 on the other end side of the conductor
antenna 710, however, in the antenna devices 700 of the
second and third modified examples, as shown in FIGS. 34(a)
and 34(b), a plane portion of the conductor 711 facing the
conductor 712 on the one end side is parallel to a plane portion
of'the conductor 712 on the other end side with the base body
720 interposed between the conductors 711 and 712. That is,
the conductor antenna 710 is configured so as to be approxi-
mately U-shaped and the plane portion of the conductor 711
on the one end side is parallel to the plane portion of the
conductor 712 with the base body 720 being interposed
between the conductors 711 and 712 and in the conductor 711
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on the one end side is formed the power feeding section 715
and the end portion 712a of the conductor 712 on the other
end side operates as an open end terminal. As a result, the
conductors 711 and 712 are placed far from each other and
between the conductors 711 and 712 is formed band-shaped
space 713. Both the conductor 711 on one end side of the
conductor antenna 710 and the conductor 712 on the other end
side are fabricated by a metal plate (metal conductive plate)
and, in order to decrease a resistance, to achieve high gain,
and to reduce a loss, gold plating is given to their surfaces.
More specifically, the conductor antenna 710 is constructed
of a metal plate made of bronze phosphate being 0.3 mm in
thickness so as to be approximately U-shaped and an approxi-
mately central portion of the conductor 711 on one end side of
the conductor antenna 710 is coupled to a side face 720 on the
other side and an approximately central portion of the con-
ductor 712 on the other end side is coupled to a another side
face 720B facing the side face 720A of the base body 720 and
is placed on a tip portion 755 of the main face (surface) 750A
of the main board 750. The approximately central portion
7115 of the conductor 711 on the one end side is coupled to a
side face 720A of the base body 720 on the other end side by
using an adhesive and the approximately central portion is
coupled to a side face 720B of the base body 720 by using the
adhesive. Moreover, though not shown, as an alternate way,
by printing an electrode on a coupled face of the base body
720 by screen printing, the electrode may be coupled to the
conductor antenna 710 by means of soldering (that is,
approximately central portion between an approximately
central portion of the conductor 711 on the one side and an
approximately central portion of the conductor 712 on the
other end side).

Furthermore, as in the case shown in FIGS. 32 and 38, the
conductor antenna 710 is connected to the power feeding line
741 through the conductor line 730. By configuring as above,
power is fed from a transmitting/receiving circuit (not shown)
mounted in the main board 750 through the power feeding
line 741 to the conductor antenna 710. Though not shown,
between the power feeding line 741 and the conductor line
730 is an impedance matching circuit made up of a chip
element or a like.

FIG. 35(a) shows the antenna device of the fourth modified
example of the seventh embodiment, which is a perspective
view of the antenna device seen from a front side. FIG. 35(a)
is a perspective view in which a position of a folded-back
portion of the conductor 710 shown in FIG. 35(a) is changed
so as to be reversed to each other, which is seen from a rear
side.

In the antenna device 700 of the fourth and fifth modified
example, as in the case ofthe antenna device in the second and
third modified examples, the plane portion of the conductor
711 on the one end side of the conductor antenna 710 facing
the conductor 720 is parallel to the plane of the conductor 712
on the other end side with the base body 720 being interposed
between the two plane portions and, additionally, to the base
body 720 is connected the conductor 711 on the one end side
of the conductor antenna 710, which provides a conductor
pattern 766 enabling the adjustment of transmitting/receiving
frequency. That is, a conductor pattern 766 for adjusting the
transmitting/receiving frequency is formed from an upper
surface of the base body 720 toward one end side and by
performing a machining process such as a process of shaving
part of the conductor pattern 766 for adjusting the transmit-
ting/receiving frequency or alike, it is made possible to adjust
the transmitting/receiving frequency for the antenna device
710, particularly in the GSM band. Thus, according to the
antenna device of the fourth and fifth modified example, by
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changing a size ofthe conductor antenna 766 for adjusting the
transmitting/receiving frequency, capacitive components
between the conductor antenna 710 and the conductor 712 on
the other end side can be increased or decreased, thereby
easily adjusting the transmitting/receiving frequency.

FIG. 36 is a diagram showing conceptual configurations of
an antenna according to the seventh embodiment of the
present invention in which each portion is expressed by
numerals (1)to (5). InFIG. 36, a reference number 720 shows
abase body and 715 shows a central power feeding portion. In
FIG. 36, the number (1) shows, as a parameter, a length of a
bent portion of an extended portion 712A of the conductor
712 on the other end side, the number (2) shows a length ofa
bent portion of an extended portion 712B of the conductor
712 onthe other end side, the number (3) shows alength ofthe
conductor 711 on one end side, the number (4) shows, as a
parameter, a width of the conductor 711 on the one end side,
and the number (5) shows a position of a folded-back portion
of the conductive antenna 710 formed so as to be approxi-
mately U-shaped.

FIG. 37 is a graph in which a result from the measurement
of how resonant frequency changes when each parameter
(dimension of each component) shown in FIG. 36 is changed
is plotted. FIG. 37(a) shows how the resonant frequency in a
low band has changed by changing the dimension of the
numbers (1), (2), (4), and (5) and FIG. 37(b) shows how the
resonant frequency in a high band has changed by changing
the dimension of the numbers (1), (3), (4), and (5). It was
confirmed from the graph shown in FIG. 37 that, in the
antenna device of the embodiment, when a length of a bent
portion of the extended portion 7125 of the conductor 712 on
the other end side shown as (1) is made longer, the resonant
frequency shifts toward a lower level both in the low and high
bands. However, a change in a resonant frequency by adjust-
ing the length is somewhat slow and, therefore, this can be
used for fine adjustment. It was also confirmed from the graph
shown in FIG. 37 that, in the antenna device of the embodi-
ment, when a length of a bent portion of an extended portion
7125 of the conductor 712 on the other end side shown as (2)
is made longer, the resonant frequency shifts toward a lower
level both in a low band. Therefore, this can be used as the
method of adjusting the transmitting/receiving frequency in
the GSM band. It was also confirmed from the graph shown in
FIG. 37 that, in the antenna device of the embodiment, when
a length of the conductor 711 on one end side shown as (3) is
made longer, the resonant frequency shifts toward a lower
level on the higher band side and, therefore, this can be used
as the method of adjusting the transmitting/receiving fre-
quency in the DCS/PCS/UMTS bands. It was further con-
firmed from the graph shown in FIG. 37 that, in the antenna
device of the embodiment, when a width of the conductor 711
on the one end side shown as (4) is made wider, the resonant
frequency shifts toward a lower level in the low band, how-
ever, on the contrary, the resonant frequency shifts toward a
higher level in the high band. Therefore, this can be used as
the method of adjusting the transmitting/receiving frequency
in the GSM and UMTS bands. It was still further confirmed
that, when a position of a folded-back portion of the conduc-
tive antenna 710 formed so as to be approximately U-shaped
shown as (5) is made further, the resonant frequency shifts
toward a lower level in both the low and high bands. There-
fore, this can be used as the method of adjusting the transmit-
ting/receiving frequency in the GSM and UMTS bands.

FIG. 38 is a diagram illustrating an entire main board of a
mobile phone on which the antenna device of the seventh
embodiment is mounted. In a central portion of the main
board 750 is mounted the power feeding port 759 from which
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power is fed through the power feeding line 741 and conduc-
tor line 730 to the conductor antenna 710 and the base body
720. Moreover, alternatively, power may be fed by connect-
ing a connector mounted on the main board 750 to a power
feeding connector (not shown) mounted on the tip portion 755
of the main board 750 through a coaxial cable for power
feeding.

Next, an antenna device of the eighth embodiment of the
present invention is described by referring to FIGS. 39 to 41.
FIG. 39 is a diagram showing basic configurations of the
antenna device of the eighth embodiment of the present
invention and FIG. 39(a) is a perspective view of the first
modified example, FIG. 39(5) is a perspective view of the
second modified example, and FIG. 39(c) is a perspective
view of the third modified example seen from a rear of a
board. FIG. 40 is a diagram showing configurations of an
antenna device of the first modified example and F1G. 40(a) is
its plan view, FIG. 40(5) is its side view, FIG. 40(c) is its
bottom plan view, and FIG. 40(d) is its perspective view;

The antenna device 800 of the eighth embodiment is the
same as the antenna device 700 of the seventh embodiment in
that power is fed from a central portion of the board, however,
differs from that in that a conductor pattern made of a metal
conductive foil is formed on a rear of the board and in that a
plane portion of'a conductor 811 on one end side faces a plane
portion of a conductor 812 made of metal conductive foil on
the other side with a base body made of a dielectric material
and the board being interposed between the plane portion on
the one end side and the plane portion on the other end side.
That is, the antenna device 800 has a conductor 810, a base
body 820, and a conductor line 830 (not shown), all of which
are mounted on a tip portion of a main face (surface) of the
main board. The conductor antenna 810 is configured so as to
be approximately U-shaped and so that a plane portion of the
conductor 811 on one end side of the conductor antenna 810
in an upper portion in FIG. 39 is in parallel to a plane portion
of the conductor 812 facing the conductor 811 on the other
end side in a lower portion in FIG. 39. A central portion 8115
of the conductor 811 on the one end side of the conductor
antenna 810 is coupled to an upper face of the conductor 820
and is connected through a folded-portion 814 to the conduc-
tor 812 on the other end side. The conductor 812 on the other
end side is made of metal conductive foil on a rear of a tip
portion 855 on the board. A power feeding section 815 is
connected to the conductor 811 on the one end side and anend
portion of the conductor 812 on the other end side operates as
an open end terminal. That is, the conductors 811 and 812 are
placed far from each other and band-shaped space 813 is
interposed between the conductors 811 and 812. Thereby, the
band-shaped space 813 is formed. The conductor 811 on one
end side of the conductor antenna 810 is constructed of a
metal plate (metal conductive plate) made of, for example,
bronze phosphate with a thickness 0f 0.3 mm and, in order to
reduce a resistance value to obtain a high antenna gain and to
minimize a loss, gold plating or silver plating is given on a
surface of the conductor 811.

The conductor 812 on the other end side of the conductor
antenna 810 is mounted on a rear of the tip portion 855 of the
board and more specifically the conductor 812 is made of
copper foil having a specified width which extends along a
chamfered outer edge on a rear of the tip portion 855 of the
board. Moreover, in the eighth embodiment of the present
invention, the conductor 812 on the other end side of the
conductor antenna 810 is made of copper foil, however, alter-
natively, may be constructed of a metal plate made of bronze
phosphate as in the case of the conductor 811 on the one end
side ofthe conductor antenna 810. In this case, a plane portion
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of the metal plate may be adhered to a rear of the tip portion
855 ofthe board. Alternatively, the conductor 812 on the other
end side of the conductor antenna 810 is made up of a metal
plate and the conductor 811 on the one end side is made of
other material such as a line material (metal conductive line)
or a like. Preferably, at least either of the conductor on the one
end side or on the other end side of the conductor antenna 810
is constructed of a metal plate (metal conductive line). More-
over, in that case, to be used as another conductor on the one
end side or on the other end side of the conductor antenna,
metal conductive foil mounted on the board as employed in
the above embodiment such as copper foil may be printed or
a metal conductive film may be formed on a surface of the
board by screen printing, deposition, or a like.

Thus, according to the antenna device 800 of the eighth
embodiment, on a rear of the tip portion 855 of the board, a
central portion 8125 of the conductor 812 on the other end
side of the conductor antenna 810 extends over a bottom face
portion of the base body 820 and, as a result, the central
portion 8124 of the conductor 812 on the other end side is
coupled to a bottom face of the base body 820 with a distance
corresponding to a thickness of the tip portion 855 of the
board being interposed between the central portion 812 and
the bottom face of the base body 820 and is capacitively
coupled to a central portion 8115 of the conductor 811 on the
one end side with the base body 820 interposed between the
central portion 8125 and the central portion 8114.

In the modified example of the eighth embodiment, as
shown in FIG. 39(b), a conductor pattern 866 to be used for
adjusting capacitive coupling to the conductor 811 on the
other end side of the conductor antenna 810 is formed on the
base body 820. That is, over a side face through a bottom face
of'the conductor 820, the conductor pattern 866 for adjusting
capacitive coupling is formed and, by performing a machin-
ing process such as a process of shaving part of the conductor
pattern 866, a degree of the capacitive coupling to the con-
ductor 811 can be changed, which enables the adjustment of
transmitting/receiving frequency in the GSM band in the
antenna device 800.

Alternatively, by forming a through hole (not shown) on
the tip portion 855 on the main board 850 and using the
through hole, the conductor 812 (foil or a like) on the other
end side on the rear of the main board 850 may be connected
to the conductor 812 (foil or a like) on the one end side and the
conductor 811 (metal plate) on the other side.

FIG. 41 shows results of measurement of an antenna radia-
tion pattern (gain directivity) obtained when power is fed
from an end portion of the board on which the antenna is
mounted and when power is fed from a central portion of the
board on which the antenna is mounted. FIG. 41(a) shows the
antenna radiation pattern observed when power was fed from
the end portion of the antenna-mounted board FIG. 41(b)
shows the antenna radiation pattern observed when power is
fed from the central portion of the antenna-mounted board.
Numeric values of 5, -5, =15, =25, and -35 represent gains
[dBi] and numeric values of 0, 30, 60, . . ., 330 represent
azimuth angles. The measurement was made at frequencies of
1.91 GHz. As shown in FIGS. 41(a) and 41(b), it was con-
firmed that, when power is fed from the central portion of the
antenna-mounted board, the antenna radiation pattern (gain
directivity) shows a characteristic of being a uniform circle,
which can provide uniform directivity, that is, an excellent
gain.

FIG. 42 is a diagram showing configurations of an antenna
device of the ninth embodiment of the present invention. The
antenna device 1000 of the ninth embodiment, as shown in
FIGS. 42(a) and 42(b), is so configured that an conductor
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antenna 1010 is mounted with a plastic supporting body (car-
rier) being interposed. The plastic supporting body 1030 is
made of a resin such as a plastic formed in a manner to
correspond to a shape of a case of a mobile phone on which
the antenna device 1000 is mounted. The conductor antenna
1010 is made of a metal conductive plate, metal conductive
line, metal conductive film, or metal conductive foil. When
the metal conductive plate or metal conductive line is used for
the conductor antenna 1010, as shown in FIG. 42(c), a base
body 1020 is fixed on a sub-board 1040 and the plastic sup-
porting body 1030 is directly stuck thereto using an adhesive
or after inserting a boss into the board to be secured, the metal
conductive plate or metal conductive line machined in
advance so as to match with a surface shape of the plastic
supporting body is affixed thereon. The connection to a pat-
tern electrode of the base body 1020 is achieved by directly
soldering an end portion of the conductor antenna 1010 to a
pattern electrode on a surface of the base body 1020. When
the metal conductive film or metal conductive foil is used for
the conductive antenna 1010, as shown in FIG. 42(d), the base
body 1020 is fixed on the sub-board 1040 and the plastic
supporting body 1030 formed in advance by affixing the
metal conductive film or metal conductive foil to a surface of
the plastic supporting body 1030 is directly stuck by using the
adhesive thereto or the plastic supporting body 1030 is
secured by inserting a boss into the board. The connection to
a pattern electrode of the base body 1020 is achieved by
directly soldering an end portion of the metal conductive film
or metal conductive foil formed on a surface of the plastic
supporting body 1030 to a pattern electrode on a surface of the
base body 1020. The conductor antenna 1010 may have a
line-shaped portion, crank-shaped portion, meanderingly-
shaped portion, or helically shaped portion in a manner to
correspond to a shape of the plastic supporting body 1030 and
can be of approximately U-shaped as a whole. By configuring
the conductor antenna 1010 so as to be supported by the
plastic supporting body 1030, it is made possible to increase
its shock resistance and/or drop resistance without decreasing
a gain and sensitivity. Additionally, by coating the conductor
antenna 1010 and plastic supporting body 1030 with aresinto
integrate and solidify both, further increased shock resistance
and/or drop resistance can be obtained.

As described above, according to the antenna device of the
above embodiments, it is made possible to achieve a space-
saving embedded-type antenna circuit and which is capable
of operating in wide bands (for example, quad band) includ-
ing the GSM band, DCS/PCS bands, and UMTS band and of
achieving excellent gain in each band and maintaining non-
directivity of vertically polarized waves. Moreover, each of
the antenna devices of the embodiments has a structural char-
acteristic in which the antenna device is configured to be
small-sized and can provide a degree of freedom of design by
adding the base body made of a dielectric or a magnetic
substance being an insulating material to the conductor
antenna constructed of, for example, a metal plate being
approximately U-shaped. Furthermore, according to the
antenna device of the embodiment, simply by adding the base
body made of one piece of a dielectric substance or one piece
of'a magnetic substance to one piece of the conductor antenna
made of a metal plate, the antenna device can operate in a
plurality of bands and it is not necessary to attach an antenna
in every different band. Unlike the known dielectric chip on
which a radiation pattern is formed, according to the embodi-
ments of the present invention, attachment of the radiation
electrode to ceramic dielectric or ceramic magnetic substance
is not required and, therefore, manufacturing processes can
be reduced, thus achieving cost-reduction.
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Also, the base body made of the dielectric or magnetic
substance is added not between the radiation electrode and
grounding conductor but at a position in which electric field
strength increases between conductor antenna electrodes
(that is, over an end portion being a tip side on one end side of
the conductor antenna having a folded-back portion and
being approximately U-shaped and an end portion being near
to the power feeding section on the other end side) and,
therefore, an electromagnetic distance between the one end
and the other end of the conductor antenna becomes short to
adegree to which electrostatic coupling occurs, which allows
a resonant point to be easily obtained and, therefore, the
antenna can be miniaturized by a wavelength shortening
effect of the dielectric or magnetic material being the insu-
lating material. Therefore, the small-sized antenna device is
allowed to operate in wide bands. Also, in the conductor
antenna having an approximately U-shaped profile is so con-
figured as to be vertical with respect to grounding conductors
or to have more portions being vertical with respect to the
grounding conductors which reduces electrostatic capacity
between grounding conductors, thereby achieving improved
radiation efficiency and operations in a wide band. By con-
figuring the antenna device so that the antenna is placed far
from a ground, microphone, speaker, or alike, a mirror-image
current of opposite phase that cancels a resonant current
occurring in the conductor portion in the antenna can be
reduced, which can improve radiation efficiency and an S/N
(signal-to-noise) ratio. The antenna devices of the embodi-
ments have a functional characteristic in which a bandwidth
being two-fold larger than that of the antenna made of only the
dielectric base body is ensured, thereby improving antenna
gain. By adding the base body made of the dielectric or
magnetic substance to the antenna device, effects by shorten-
ing a wavelength can be obtained, which enables miniatur-
ization of the entire antenna device.

Particularly, by using the ceramic dielectric to increase
permittivity, influences induced by other bands can be mini-
mized and the fluctuation of directivity and degradation in
VSWR can be prevented. Also, by increasing permittivity to
miniaturize the ceramic dielectric, effective electrostatic
capacity between the approximately U-shaped conductor
antenna and grounding terminals can be decreased and radia-
tion efficiency can be improved and operations in a wide band
(in a multi-band) is made possible. Effective distance is put
between the approximately U-shaped conductive antenna and
noise source and, therefore, an S/N ratio is improved. Mount-
ing of the approximately U-shaped conductor antenna with a
sufficient thickness and width serves to improve the radiation
efficiency of radio waves. By changing a length of the
approximately U-shaped conductor antenna, permittivity of
the ceramic dielectric and a position of placement of the
antenna device, a plurality of resonant frequencies can be
controlled, which enables operations in wider bands (in a
multi-band). Even if not the metal plate but the line material
is used as the material for the approximately U-shaped
antenna, the same effect can be obtained, however, the use of
the metal plate allows the manufacturing of the antenna
device with a comparatively large degree of freedom of
designing the shape of the antenna device with its strength
being maintained and its production at low costs.

Additionally, the antenna device of the present invention
can be widely applied not only to a mobile phone but also
various multi-band wireless communication apparatuses
including a GPS (Global Positioning System), wireless LAN,
or a like.
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It is apparent that the present invention is not limited to the
above embodiments but may be changed and modified with-
out departing from the scope and spirit of the invention.

What is claimed is:

1. An antenna devices comprising:

an approximately U-shaped conductor antenna, on one

end-side of which a power feeding portion is provided
and on an other end-side of which an end portion is
provided as an open end terminal; and

a base body comprising an insulating material;

wherein one end of said conductor antenna and an other

end of said conductor antenna are placed so as to come
near to each other with said base body interposed
between said one end of said conductor and said other
end of said conductor antenna,

wherein said base body is coupled to one of said one

end-side of said conductor and said other end-side of
said conductor antenna, and

wherein said approximately U-shaped conductor antenna

is formed so that said both ends of said conductor
antenna are electro-static capacitively coupled to each
other.

2. The antenna device according to claim 1, wherein said
base body is mounted between conductors comprising said
approximately U-shaped conductor antenna, said both con-
ductors being opposite to each other and wherein a space is
defined in a partial portion between said both conductors.

3. The antenna device according to claim 1, wherein said
base body is placed between in a portion near to said end
portion on one end-side of said conductor antenna and in a
portion near to said end portion on said other end-side of said
conductor antenna.

4. The antenna device according to claim 1, wherein said
base body is placed between in a portion near to a central
portion on said one end-side of said conductor antenna and in
a portion near to a central portion on said other end-side of
said conductor antenna.

5. The antenna device according to claim 1, wherein said
conductor antenna comprises a conductor pattern comprising
one of a metal conductive foil and a metal conductive film
placed on said base body.

6. The antenna device according to claim 1, wherein said
conductor antenna comprises a plate-shaped conductor, and

wherein a plane portion of said conductor on said one

end-side of said conductor antenna, which is opposite to
said other end-side, is approximately orthogonal to a
plane portion of said conductor on said other end-side of
said conductor antenna.

7. The antenna device according to claim 1, wherein, to
said base body is connected a portion on said one end of said
conductor antenna and a conductor pattern that enables
adjustment of transmitting and receiving frequencies.

8. A multi-band type wireless communication into which
the antenna device stated in claim 1, is embedded.

9. The antenna device according to claim 1, wherein only
one said approximately U-shaped conductor antenna is pro-
vided.

10. The antenna device according to claim 1, wherein said
approximately U-shaped conductor antenna is disposed so
that said power feed portion and said end portion are placed so
as to come near to each other.

11. An antenna devices comprising:

an approximately U-shaped conductor antenna, on one

end-side of which a power feeding portion is provided

15

20

25

30

35

40

45

50

55

60

65

34

and on an other end-side of which an end portion is
provided as an open end terminal;

a base body comprising an insulating material; and

a board on which said base body and said conductor

antenna are mounted,

wherein one end of said conductor antenna and an other

end of said conductor antenna are placed so as to come
near to each other with said base body interposed
between said one end of said conductor and said other
end of said conductor antenna,

wherein said base body is coupled to one of said one end of

said conductor and said other end of said conductor
antenna, and

wherein said approximately U-shaped conductor antenna

is formed so that said both ends of said conductor
antenna are electro-static capacitively coupled to each
other.

12. The antenna device according to claim 11, wherein said
base body and one of one portion on one end-side of said
conductor antenna one portion on the other end-side of said
conductor antenna are mounted on a main face of said board
and another portion on one of one end-side of said conductor
antenna and another portion on the other end of said conduc-
tor antenna is formed on a rear of said main face of said board.

13. The antenna device according to claim 12, wherein a
conductor on said one end-side of said conductor antenna and
another conductor on said other end-side of said conductor
are coupled to each other in a place near to an approximately
U-shaped folded-back portion via one of a through-hole and
a side electrode formed on said board.

14. The antenna device according to claim 11, wherein
planes on said one end-side and on said other end-side of said
conductor antenna, both end-sides being opposite to each
other, are configured to be approximately vertical to one
another.

15. The antenna device according to claim 11, wherein a
portion on other end-side of said conductor antenna is con-
figured as one of an L-shaped route and a “ > shaped route
on a rear of said board.

16. The antenna device according to claim 11, wherein
only one said approximately U-shaped conductor antenna is
provided.

17. The antenna device according to claim 11, wherein a
folded-back portion of said approximately U-shaped conduc-
tor antenna is folded in a thickness direction of said board.

18. The antenna device according to claim 16, wherein said
approximately U-shaped conductor antenna is disposed at the
side of a side plane of said board.

19. The antenna device according to claim 16, further com-
prising a sub-board between said base body and said approxi-
mately U-shaped conductor antenna.

20. The antenna device according to claim 11, wherein a
mounting hardware configured to attach said antenna device
to an apparatus into which said antenna device is embedded is
attached to said board.

21. The antenna device according to claim 11, wherein
each of a portion on one end-side of said approximately
U-shaped conductor antenna and a folded-back portion is
coupled to said board.

22. An antenna device, comprising:

an approximately U-shaped conductor antenna, in an

approximately central portion on one end-side of which
a power feeding portion is provided and on an other
end-side of which an end portion is provided as an open
terminal;
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a base body comprising an insulating material; and

a board on which said base body and said conductor

antenna are mounted,

wherein one end of said conductor antenna and an other

end of said conductor antenna are placed so as to come
near to each other with said base body interposed
between said one end of said conductor and said other
end of said conductor antenna,

wherein said base body is coupled to one of said one

end-side of said conductor and said other end-side of
said conductor antenna, and

wherein said approximately U-shaped conductor antenna

is formed so that said both ends of said conductor
antenna are electro-static capacitively coupled to each
other.

23. The antenna device according to claim 22, wherein said
conductor antenna and said base body are mounted on a main
face of said board.

24. The antenna device according to claim 22, wherein
portions on at least one of said one end-side and on said other
end-side of said conductor antenna comprise at least one of a
metal conductive plate and metal conductive line.

20
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25. The antenna device according to claim 22, wherein a
portion on one said end-side of said conductor antenna is
coupled to an upper face of said base body and a portion on
said other end-side of said conductor antenna is coupled to a
side face of said base body.

26. The antenna device according to claim 22, wherein a
portion on said one end of said conductor antenna is coupled
to a side face of said base body and a portion on said other
end-side of said conductor antenna is coupled to another side
facing the side face of said conductor antenna.

27. The antenna device according to claim 22, wherein a
portion on said one side of said conductor antenna is coupled
to an upper face of said base body and a portion on said other
side of said conductor antenna is coupled to a rear of said
board.

28. The antenna device according to claim 22, wherein a
folded-back portion of said approximately U-shaped conduc-
tor antenna is folded in a thickness direction of said board.

29. The antenna device according to claim 22, wherein said
approximately U-shaped conductor antenna is disposed sepa-
rately from said base body.

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

An antenna structure includes a radiation conductor made of
a metal plate that is supported by legs provided upright on a
surface of a dielectric substrate and is spaced apart from the
surface. The radiation conductor is circularly shaped such
that the contour of the radiation conductor conforms to the
outer periphery of the dielectric substrate and such that the
radiation conductor includes an open portion. One of the legs
functions as a feeding terminal and the other functions as a
grounding terminal, whereby the radiation conductor oper-
ates as a dipole antenna. The radiation conductor has slots for
adjusting impedance. Impedance can be adjusted by chang-
ing the length of the slots.
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ANTENNA STRUCTURE HAVING STABLE
PROPERTIES AND HEADSET

CLAIM OF PRIORITY

This application claims benefit of the Japanese Patent
Application No. 2006-268875 filed on Sep. 29, 2006, which
is hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an antenna structure pro-
vided in a headset and suitable for receiving a near-field-
communication signal, and to a headset having the antenna
structure.

2. Description of the Related Art

A currently available wireless headset device receives
sound data, music data, or the like, sent from a sound device
such as a portable telephone using near-field communication,
with an antenna in the headset fitted to the ears, and plays back
the received data with speakers in the headset. As an example
of an antenna of a headset, Japanese Unexamined Patent
Application Publication No. 2002-111352 discloses a dipole
antenna in which a pair of conductor patterns each having a
feeding terminal at one end is provided along the outer
periphery of an arch-shaped dielectric substrate.

FIGS. 6A and 6B are a plan view and a back view of a
known substrate having an inverted F-shaped pattern antenna,
respectively. In a headset to be worn on the ears, a dielectric
substrate 100 has a substantially circular shape conforming to
the shape of a speaker-containing unit. A surface to be pro-
vided with an antenna (FIG. 6A) and the back surface (FIG.
6B) are covered with copper foil sheets 101a and 1015,
respectively, for disposing circuit components. The copper
foil sheet 101a covering the surface to be provided with the
antenna of the dielectric substrate 100 is partially removed
over a certain width to provide a region 102 for accommodat-
ing an inverted F-shaped antenna, and an inverted F-shaped
conductor pattern 103 is formed thereon. A feeding portion
104 of the conductor pattern 103 is connected to a feeding line
(not shown), and a grounding portion 105 is connected to a
part of the copper foil sheet 1014 that functions as a ground.
Similarly, the copper foil sheet 1015 covering the back sur-
face of the dielectric substrate 100 is partially removed over a
portion overlapping the region 102 to provide a region 106 for
accommodating the inverted F-shaped antenna. As described
above, in the case of a pattern antenna provided on a dielectric
substrate, the copper foil sheets 101a and 1015 are partially
removed from both surfaces of the dielectric substrate 100 to
provide a region for accommodating the antenna.

However, because the copper foil sheets 101a and 1015
need to be partially removed to provide the regions 102 and
106 for accommodating the pattern antenna, the circuit com-
ponents cannot be disposed on the regions 102 and 106.
Therefore, the substrate needs to be enlarged to compensate
for the regions 102 and 106.

Further, when the headset is fitted to human ears, because
the copper foil sheets are removed from the regions for
accommodating the pattern antenna, nothing shields the
antenna electromagnetically from a human body in these
regions. Therefore, antenna properties change when the
antenna is located near a human body or the like situations.

SUMMARY OF THE INVENTION

The present invention provides an antenna structure in
which a compact substrate is realized by providing a desired
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pattern for mounting circuit components over the entire sur-
face of the substrate, and that realizes stable antenna proper-
ties that are negligibly aftfected by a human body. The present
invention also provides a headset having the antenna struc-
ture.

An aspect of the present invention provides an antenna
structure for a speaker-containing unit to be fitted to an ear.
The antenna structure includes a circuit substrate having a
first principal surface and a second principal surface, a radia-
tion conductor made of a flat metal plate and disposed at a
position spaced apart from the first principal surface of the
circuit substrate, a first leg for supporting the radiation con-
ductor above the first principal surface and for serving as a
feeding terminal, and a grounding conductor provided on one
of or each of the first and the second principal surfaces in a
region facing the radiation conductor. The radiation conduc-
tor serves as a dipole antenna.

In this structure, because the radiation conductor made of a
flat metal plate, disposed at a position spaced apart from the
first principal surface of the circuit substrate, constitutes a
dipole antenna, the copper foil sheets need not to be removed
from the surfaces of the circuit substrate near the radiation
conductor. Therefore, the copper foil sheets can be provided
over the regions of the circuit substrate overlapping the radia-
tion conductor. Accordingly, a disadvantage in that an area for
mounting the circuit components becomes small in order to
provide regions for accommodating an antenna is overcome,
and a compact substrate can be achieved.

Further, because the grounding conductor provided on one
of or each of the first and the second principal surfaces in a
region facing the radiation conductor shields the antenna
from the head of a human body, influence from a human body
can be reduced.

In the above antenna structure according to the present
invention, the radiation conductor preferably has a substan-
tially circular shape with an open portion.

This shape allows the radiation conductor to be disposed
along the periphery of the circuit substrate when the circuit
substrate has a circular shape conforming to the shape of the
ears.

In the above antenna structure according to the present
invention, the radiation conductor preferably has at least one
slot for adjusting impedance.

This structure allows the antenna to work as a dipole
antenna that is capable of adjusting impedance only by
adjusting the size of the slot, not by changing the feeding
position, thereby simplifying adjustment of impedance.

In the above antenna structure according to the present
invention, a second leg serving as a grounding terminal and
the first leg together preferably support the radiation conduc-
tor above the first principal surface. The at least one slot
preferably includes a first slot and a second slot having pre-
determined dimensions, the first slot being defined by a first
extending portion that extends from an inner periphery of the
radiation conductor and connects to the first leg and by a first
slot-defining piece that extends from the first extending por-
tion in an opposite direction to an open end of the radiation
conductor, and the second slot being defined by a second
extending portion that extends from the inner periphery ofthe
radiation conductor and connects to the second leg and by a
second slot-defining piece that extends from the second
extending portion in the opposite direction to the open end.

This structure uses the first extending portion for connect-
ing to the first leg that serves as the feeding terminal and the
second extending portion for connecting to the second leg that
serves as the grounding terminal to define the first and the
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second slots. Thus, impedance can be adjusted without
changing the main portion of the radiation conductor.

Another aspect of the present invention provides a headset
that includes a pair of left and right speaker-containing units
to be fitted to left and right ears, respectively. At least one of
the left and right speaker-containing units includes the
antenna structure as described above.

Another aspect of the present invention provides a headset
that includes a pair of left and right speaker-containing units
to be fitted to left and right ears, respectively. Each of the left
and right speaker-containing units includes the antenna struc-
ture as described above.

According to the present invention, an antenna structure
and a headset are provided, in which a compact substrate is
realized by providing a desired pattern for mounting circuit
components over the entire surface of the substrate, and in
which stable antenna properties that are negligibly affected
by a human body are realized.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A to 1C are a plan view, a side view, and a perspec-
tive view of an antenna according to a first embodiment,
respectively, in which the plan view is viewed from a surface
to be provided with the antenna;

FIGS. 2A to 2C are schematic diagrams of a radiation
conductor, in which FIGS. 2B and 2C show open ends of a
circular portion in different lengths;

FIG. 3 is a diagram showing a headset according to a
second embodiment;

FIG. 4 is a diagram showing the headset according to the
second embodiment in a worn state;

FIGS. 5A to 5C are diagrams showing a headset according
to a comparative example in which the antenna is provided
only on one side; and

FIGS. 6A and 6B are a plan view and a back view of a
known substrate having an inverted F-shaped pattern antenna,
respectively.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of the present invention will now be
described in detail with reference to the accompanying draw-
ings.

First Embodiment

FIGS. 1A to 1C illustrate an antenna structure according to
a first embodiment of the invention. FIG. 1A is a plan view
seen from the side of a surface on which an antenna is pro-
vided, and FIGS. 1B and 1C are a side view and a perspective
view, respectively, of the antenna structure.

An antenna structure 1 according to the first embodiment
will be described as a structure mounted on a unit included in
hook-type hands-free ear-phones, an example of a headset
wearable on human ears. The antenna structure 1 according to
the invention is not limited to such an antenna for hook-type
hands-free ear-phones but can be applied to other radio com-
munication apparatuses.

A dielectric substrate 2 of the antenna structure 1 consti-
tutes a circuit board of a unit having a first principal surface
and a second principal surface and has a substantially circular
shape conforming to the shape of the unit in plan view. A
surface (the first principal surface) on which an antenna is to
be provided and a back surface (the second principal surface)
of the dielectric substrate 2 are entirely covered with copper
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foil sheets 3 and 4 serving as a ground and having a predeter-
mined pattern, respectively. The dielectric substrate 2 is pro-
vided with a radiation conductor made of a metal plate dis-
posed at a predetermined height from the first principal
surface. Examples of a metal material constituting the radia-
tion conductor 5 include a copper plate, an iron plate, and the
like that are surface-treated. The radiation conductor 5 is
supported by a first leg 6 and a second leg 7 provided upright
at two positions on the first principal surface, thereby being
provided apart from the first principal surface at a predeter-
mined height. The first leg 6 serves as a feeding terminal and
is connected to a feeding line, which is not shown. The second
leg 7 serves as a grounding terminal and is connected to
ground.

The radiation conductor 5 includes a circular portion 11
having a circular shape with the same outside diameter as that
of the dielectric substrate 2 having a circular shape. The
circular portion 11 is partially open and is thus C-shaped. The
outside diameter of the circular portion 11 is set to about A/2.
On the inner periphery of the circular portion 11, extending
portions 12 and 13 having a predetermined width extend from
a pair of opposite positions toward the inner region of the
circular portion 11. With reference to a vertical line passing
through the center of the circular portion 11 relative to a
horizontal line passing through the centers of the circular
portion 11 and an open portion R in the plan view of FIG. 1A,
the extending portions 12 and 13 are positioned across from
the open portion R relative to the intersections of the vertical
line and the circular portion 11 (the left side in FIG. 1A) at a
predetermined distance from the intersections. The first and
second legs 6 and 7 are connected to the underside of the
respective tips of the extending portions 12 and 13.

The extending portion 12 is integrally provided with a
slot-defining piece 15 that defines a slot 14 between the slot-
defining piece 15 and the inner periphery of the circular
portion 11. The slot-defining piece 15 extends such that the
slot 14 is provided across from the open portion R relative to
the vertical line (on the left side in FIG. 1A). Likewise, the
other extending portion 13 is integrally provided with a slot-
defining piece 17 that defines a slot 16 between the slot-
defining piece 17 and the inner periphery of the circular
portion 11. The slot-defining piece 17 extends such that the
slot 16 is provided across from the open portion R relative to
the vertical line (on the left side in FIG. 1A). It is also possible
to provide a slot in the circular portion 11 itself so as to adjust
impedance. However, it is easier to adjust the width of the
extending portions 12 and 13 or the length of the slot-defining
pieces 15 and 17 than to adjust the size of the circular portion
11, which is a principal part of the radiation conductor 5.

Since the first embodiment employs a structure in which
the radiation conductor 5 made of a metal plate is provided
apart from the first principal surface, the copper foil sheet 3 (a
grounding surface and/or a predetermined pattern) can be
provided on the first principal surface in a region facing the
underside of the radiation conductor 5 (11 to 13, 15, and 17),
whereas a pattern antenna of the related art is structured such
that a conductor pattern (antenna element) and a grounding
pattern are printed on a single surface of a dielectric substrate.
Also, the copper foil sheet 4 (a grounding surface and/or a
predetermined pattern) can be provided on the second prin-
cipal surface of the dielectric substrate 2 in a region overlap-
ping the radiation conductor 5 (11 to 13, 15, and 17). The first
and second legs 6 and 7 supporting the radiation conductor 5
desirably have a length that allows circuit components to be
mounted on the first principal surface below the radiation
conductor 5.
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The antenna structure 1 configured as above has a basic
structure of a dipole antenna in which a metal plate shaped in
accordance with the contour of a substrate is provided above
the substrate. The antenna structure 1 basically operates
omnidirectionally, i.e., performs radiation in all directions,
the same as in the case of the dipole antenna, thus having
stable antenna properties.

In the case of the dipole antenna, however, adjustment of
impedance is difficult because the feeding position needs to
be changed. In the antenna structure 1 of the first embodi-
ment, since the circular portion 11 with the open portion R has
on the inner periphery thereof the extending portions 12 and
13 and the slots 14 and 16 defined by the slot-defining pieces
15 and 17, impedance can be adjusted only by changing the
size of the slots 14 and 16 without changing the feeding
position. In other words, impedance can be adjusted by sim-
ply adjusting the length of the slots 14 and 16, whereby the
adjustment of impedance is much more simplified than in the
case of changing the feeding position.

FIGS. 2A to 2C schematically show a case where the length
of the circular portion 11 of the radiation conductor 5 is
changed at the open portion R. FIG. 2A is a schematic plan
view of the radiation conductor 5 shown in FIGS. 1A to 1C,
having the same antenna function as that shown in FIGS. 1A
to 1C. In order to ensure an antenna outside diameter of A/2
enabling function as a dipole antenna, the length of elonga-
tions Q1 and Q2, shown in FIG. 2A, needs to be increased as
the distance between the circular portion 11 and the first
principal surface becomes smaller. Referring to FIG. 2B,
when the antenna outside diameter of A/2 is ensured without
providing the elongations Q1 and Q2 at the open portion R of
the circular portion 11, two parallel lines can be spaced apart
with a sufficient distance therebetween so that radiation
waves of the two lines do not neutralize each other. In con-
trast, referring to FIG. 2C, when the height at which the
circular portion 11 is provided is decreased and the elonga-
tions Q1 and Q2 are provided at the open portion R of the
circular portion 11, the two parallel lines are elongated and
positioned closer to each other. This makes radiation waves of
the two lines neutralize each other, resulting in an antenna
incapable of appropriate radiation.

Although the antenna structure 1 according to the first
embodiment for use in a headset can be made thinner by
providing the elongations Q1 and Q2 at the open portion R of
the circular portion 11, the height of the antenna structure 1
needs to be maintained to an extent that a desired radiation
performance can be obtained.

As described above, in the first embodiment, the radiation
conductor 5 made of a metal plate is supported by the legs 6
and 7 standing upright on the first principal surface of the
dielectric substrate 2 so as to be provided apart from the first
principal surface. Moreover, the radiation conductor 5 is
shaped such that the contour of the radiation conductor 5
conforms to the outer periphery of the dielectric substrate 2.
Furthermore, the leg 6 functions as a feeding terminal and the
leg 7 functions as a grounding terminal. Accordingly, the
antenna structure 1 basically operates as a dipole antenna,
thereby achieving omnidirectional radiation, in which radia-
tion is emitted in all directions, and consequently achieving
stable antenna properties.

Further, according to the first embodiment, there is no need
to remove a region of the copper foil sheet 3 between the first
principal surface and the radiation conductor 5 and a region of
the copper foil sheet 4 overlapping the radiation conductor 5
on the second principal surface. This enables provision of
circuit components on these regions of the copper foil sheets
3 and 4, whereby the dielectric substrate 2 can be made
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smaller due to these regions. Furthermore, since the copper
foil sheets 3 and 4 are not removed from the regions overlap-
ping the radiation conductor 5, the copper foil sheets 3 and 4
function as shields against electromagnetic waves from the
regions overlapping the radiation conductor 5 when a headset
including the antenna structure 1 is worn on the ears. There-
fore, the influence of the human body can be blocked and thus
stable antenna properties can be achieved.

Since the antenna structure 1 in the above description is
included in a headset, the antenna structure 1 has a circular
shape conforming to the shape of a headset unit to be worn on
the ears. However, the antenna structure 1 can also be
U-shaped, V-shaped, or the like. As prevention against influ-
ence of the human body when the headset is worn, the copper
foil sheet need not necessarily be provided on both substrate
surfaces but may be provided on either of the substrate sur-
faces in a region overlapping the radiation conductor 5.

Second Embodiment

A headset according to a second embodiment is an example
including the antenna structure 1 according to the first
embodiment for use in a headset. As shown in FIG. 3, a
headset 20 of the second embodiment has a shape that fits the
head and includes a band 21 having elasticity and left and
right speaker-containing units 22 and 23 attached to both ends
of'the band 21. The units 22 and 23 have a circular shape, for
example, that fits the shape of the ear.

In the second embodiment, the left and right units 22 and
23 individually perform near-field radio communication and
audio playback. The left and right units 22 and 23 have left
and right antennas 24 and 25, respectively, for enabling indi-
vidual reception by the units 22 and 23. The antennas 24 and
25 have the same configuration as that of the antenna structure
1 of the first embodiment for use in a headset. That is, the
radiation conductor 5 is provided apart from the first principal
surface of the substrate 2 and the copper foil sheets 3 and/or
4 are provided between the radiation conductor 5 and the head
as a shield.

The units 22 and 23 each contain a radio communication
module having a near-field radio communication function for
performing near-field radio communication with an external
apparatus and a speaker for performing electro-acoustic con-
version of audio data demodulated by the radio communica-
tion module and performing audio output of the converted
data. The radio communication module employs Bluetooth
(registered trademark) as a near-field radio communication
protocol but may also employ other near-field radio commu-
nication protocols.

FIG. 4 schematically shows a state in which the headset 20
according to the second embodiment is worn on the head. The
antennas 24 and 25 included in the left and right units 22 and
23, respectively, each operate as an omnidirectional dipole
antenna and perform radiation in all directions. When a
human head 26 is positioned to the right of the left antenna 24,
radiation gain toward the right side, which is greatly attenu-
ated by the influence of the human head 26, is covered by the
right antenna 25. Likewise, radiation gain of the right antenna
25 toward the left side, which is attenuated by the influence of
the human head 26, is covered by the left antenna 24. There-
fore, sufficient radiation gain can be obtained in all directions.

Radiation is also emitted from one of the antennas 24 and
25 toward the other. Therefore, when there is no obstacle
between the antennas 24 and 25, the radiation emitted from
the left and right antennas 24 and 25 is combined, thus
degrading performance. As shown in FIG. 4, the human head
26 is located between the left and right antennas 24 and 25 in
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the second embodiment, whereby the antennas 24 and 25 can
be sufficiently isolated from each other.

FIGS. 5A to 5C show a comparative example of a headset
including an antenna only on one side. As shown in FIG. 5B,
a sufficient radiation gain is obtained in all directions when
the headset is not worn. As shown in FIG. 5C, however,
radiation gain toward one side (left in FIG. 5C) is greatly
attenuated by the human head when the headset is worn.
Therefore, when a sound device that transmits a radio signal
is positioned on the left, receiver sensitivity considerably
decreases and data reception may become impossible.

According to the second embodiment, the headset contain-
ing speakers in the left and right units 22 and 23 has the
antennas 24 and 25, the same ones as those in the first embodi-
ment. Therefore, the same advantages as in the first embodi-
ment can be achieved. Further, the left and right units 22 and
23 respectively include the antennas 24 and 25 functioning as
dipole antennas, whereby desirable audio communication
can be performed in all directions.

In the headset 20 of the second embodiment, since the left
and right speaker-containing units 22 and 23 respectively
include the antennas 24 and 25, diversity reception can be
implemented by using the two antennas 24 and 25. In this
case, either of the antennas 24 and 25 having a higher recep-
tion-field intensity may be selected or, when the reception-
field intensities are low, signals received by the left and right
antennas 24 and 25 may be synthesized.

Although the above description concerns a configuration
including the antennas 24 and 25 in the left and right units 22
and 23, respectively, another configuration including a single
antenna in either of the units 22 and 23 is also possible if
diversity reception is not to be implemented.

What is claimed is:

1. An antenna structure for a speaker-containing unit to be
fitted to an ear, the antenna structure comprising:

a circuit substrate having a first principal surface and a

second principal surface;

a radiation conductor made of a flat metal plate and dis-
posed at a position spaced apart from the first principal
surface of the circuit substrate, the radiation conductor
being provided along a periphery of the circuit substrate
with an open portion along the periphery, the radiation
conductor having an outer shape substantially same as
an outer shape the circuit substrate;

a first leg and a second leg for supporting the radiation
conductor above the first principal surface, the first leg
serving as a feeding terminal, the second leg serving as
a grounding terminal; and
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a grounding conductor provided on one of or each of the
first and the second principal surfaces in a region facing
the radiation conductor, wherein the radiation conductor
serves as a dipole antenna,

wherein the radiation conductor has at least one slot for
adjusting impedance, and

wherein said at least one slot comprises a first slot and a
second slot having predetermined dimensions, the first
slot being defined by a first extending portion that
extends from an inner periphery of the radiation conduc-
tor and connects to the first leg and by a first slot-defining
piece that extends from the first extending portion in an
opposite direction to the open portion of the radiation
conductor, the second slot being defined by a second
extending portion that extends from the inner periphery
of'the radiation conductor and connects to the second leg
and by a second slot-defining piece that extends from the
second extending portion in the opposite direction to the
open portion.

2. The antenna structure according to claim 1, wherein the
radiation conductor has a substantially circular shape so as to
have a C-shape with the open portion.

3. A headset comprising a pair of left and right speaker-
containing units to be fitted to left and right ears, respectively,
wherein at least one of the left and right speaker-containing
units includes the antenna structure according to claim 1.

4. The headset according to claim 3, wherein the headset
communicates with an external apparatus using near-field
communication.

5. The headset according to claim 3, wherein the antenna
structure of said at least one of the left and right speaker-
containing units performs diversity reception.

6. A headset comprising a pair of left and right speaker-
containing units to be fitted to left and right ears, respectively,
wherein each of the left and right speaker-containing units
includes the antenna structure according to claim 1.

7. The headset according to claim 6, wherein the headset
communicates with an external apparatus using near-field
communication.

8. The headset according to claim 6, wherein the antenna
structures of the left and right speaker-containing units per-
form diversity reception.

9. The antenna structure according to claim 1, wherein the
circuit substrate is a dielectric substrate having the first and
second principal surface.
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cally, to an internal multiband antenna for use e.g. in a por-
table telecommunication device, such as a mobile phone. In
particularly the invention relates to an antenna module for a
mobile terminal including a non-resonant antenna element,
two resonant antenna elements each covering at least any one
of a first, second, third or fourth frequency band, said two
resonant elements are substantially in the same plane and
define a planar surface wherein the two resonant elements are
each positioned at a corner of the planar surface and the
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nar surface.

22 Claims, 8 Drawing Sheets

106
X

{(6=90,4=0)





US 7,683,839 B2

Sheet 1 of 8

Mar. 23,2010

U.S. Patent

S)INJJID UOYS

SHNOAD LOYS

(0=¢'06
X

o)

9

el "Old

0l






U.S. Patent Mar. 23, 2010 Sheet 2 of 8 US 7,683,839 B2

Sigma-30-06 & Sgrma praio

S (dB)

~181 ™ 511, simﬁlated (l}:wer GéM) S ’
-1 $§22, simulated (upper GSM & LIMTS) | T, :‘ :
90} %~ 33, simulated (upper GSM & UMTS) | bl I |
-~ S14, measured Lo ; :
-22H o 522, measured :.l A P 4
2 Q- §33, measured . i }i ‘
6.7 09 11 13 15 17 19 21 23 .25
Frequency (GHz) \
FIG. 2a 200a
Sigma-30-05 & Sigma pedo
0 . .
— 821, sim.
~ - 831, sim.

—BH .-~ 832, sim.

— 521, meas.
== S$31, meas. :
[1<== 832, meas. |7

j

S (dB)

~4 i i . : 3 . i
8.7 09 11 13 16 17 19 21 23 25
FIG. 2b Frequency (GHz)





U.S. Patent Mar. 23, 2010 Sheet 3 of 8 US 7,683,839 B2

aedonna TIGEMS P @B M2

e SNt e e
T TOERGNT f Y b

Woeoesiseesni g

¥
By %
< ,g
i
i

‘ RN HAEES :
iz, 3a B

Thets i

i, 3

Fodanng 3 {UMTS div






U.S. Patent Mar. 23, 2010 Sheet 4 of 8 US 7,683,839 B2

FiGs. 4b





US 7,683,839 B2

Sheet 5 of 8

Mar. 23,2010

U.S. Patent

qs "olid
€ES 9 2es - -
- LIS o
~
4 Y
¢ A
e ) \
I S \
“ ‘\ < .,4.
4 ’.
) HON
"\ 4
N -
N\ :
5
N
S
zie3

| ELSBIES - - ||

2iS® 1S —
€ES VS -~ ]

eg "Old
(zHD) Aouanbaiy
GZ €2 L2 61 L1t S €1 VI 60 h.mmn
v T TS [ezswass - -

L2~






U.S. Patent Mar. 23, 2010 Sheet 6 of 8 US 7,683,839 B2

Ardenna 1 {GEM), = 995 Ml

Antonns






U.S. Patent Mar. 23, 2010 Sheet 7 of 8 US 7,683,839 B2

700
™S RX GSM1800,
GSM1900 and 2 GSM850 and E-GSM900
UMTS
s { ‘
FIG. 7a 9
AN )
| ' TR
| 1
| | |
| | | |
EENNT o NE N caINNAN l TX GSM1800,
| ngrrr 102 i 707 | GSM1900 and
' | ¥ UMTS

ATTA

slil]

‘ I[ H i]l ‘ 1IHHHIHVI/HIII

FIG. 7b





U.S. Patent Mar. 23, 2010 Sheet 8 of 8 US 7,683,839 B2

—) ——
wdg— g X
6 o $B[5(3.0) S dBESE@Jg

T
-+
S

|

-3

.

28 L LS

&
b

wy i
o

e

Eo

&

Ly

s

@

£

By foe
&

B3

P

.

08 085 03 85% 1 168 LY W15 L2 L

FIG- Sa Frequency {GHz)

Port 3 is advantageously GSM 850/200 (with
setles resonant matching circui)

FIG. 8c

FIG. 8b





US 7,683,839 B2

1
MULTIBAND ANTENNA ARRANGEMENT

TECHNICAL FIELD OF THE INVENTION

The invention relates to a radio antenna and, more specifi-
cally, to an internal multiband antenna for use e.g. in a por-
table telecommunication device, such as a mobile phone.

BACKGROUND OF THE INVENTION

Current wireless communication systems utilize several
different radio communication standards and operate at many
different frequency bands. In this fractured service environ-
ment, terminals operating in multiple systems and frequency
bands offer a better service coverage than single-band and
single-system terminals. One example of a multiband com-
munication terminal is a mobile phone operating for example
at four GSM bands, namely GSMS850 (824-894 MHz),
GSM900 (880-960 MHz), GSM1800 (1710-1880 MHz),
GSM1900 (1850-1990 MHz) and further at the UMTS band
(1920-2170 MHz).

Compact multiband antenna configurations with good per-
formance are needed to realize multiband mobile terminals
and/or base stations. Current mobile terminals typically have
one multiband antenna and one feed for the GSM bands and
another antenna and feed for UMTS. At the same time as the
space for the antennas in the mobile terminal is becoming
very limited, there is a need to fit more and more antennas
inside the terminal, for example to implement mobile antenna
diversity.

Antenna diversity can be and is used to improve the per-
formance of radio devices in a multipath propagation envi-
ronment. In antenna diversity, two or more antennas operat-
ing at the same frequency band are used to receive the same
information over independently fading radio channels. When
the signal of one channel fades, the receiver can rely on the
other antenna(s) to offer a higher signal level. Alternatively, it
is also possible to combine two or more signals in such a way
that interference caused by other transmitting devices
reduces. The price for improved performance is, however,
increased complexity. Generally, diversity can provide, for
example, better call quality, improved data rates, and
increased network capacity without the use of extra frequency
spectrum. Diversity can also provide longer battery life or
duration. When implemented in mobile terminals, the ben-
efits of antenna diversity can be utilized without investments
in the network infrastructure. In mobile terminals, the use of
multiple antennas for one system can also reduce the effect of
the user on the antenna performance.

However, some problems relate also to sizes of antennas.
One of the main problems of small antennas is small opera-
tion bandwidth. The bandwidth is interrelated with efficiency
and antenna size so that one of the mentioned characteristics
can only be improved (antenna size decreased) at the expense
of others. For example, if a larger antenna bandwidth is
needed for a new communication system or forimplementing
anew antenna function, such as diversity, the simplest way to
do this is to increase the antenna size or to trade off some of
the total efficiency. However, in small portable radio equip-
ment neither one of the mentioned methods is desirable.
Usually, they are accepted only in compelling circumstances.

Fortunately, there are known methods, such as, introducing
multiple resonances with resonant matching circuits and
parasitic elements, which can be used to increase the opera-
tion bandwidth up to a certain limit without degrading the
efficiency. However, these methods typically increase the
complexity of the antenna.
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Furthermore, the performance of a small antenna in a rela-
tively small terminal depends also on the location and orien-
tation of the antenna(s) as well as the size and shape of the
terminal. Finding suitable locations for the antenna in the
terminal can be at least as important for the performance as
the actual antenna structure.

To design compact and efficient internal handset antennas
that operate e.g. at four GSM bands (GSM850/900/1800/
1900) and the UMTS band is very challenging. The problem
becomes even more difficult, if multiple antennas operating at
a given frequency band, such as diversity antennas, have to be
included in a mobile terminal. If total antenna size cannot be
increased when a new antenna or operation band is added, the
sizes of the existing antennas must then be decreased, which
leads without exception to degradation of the performances of
the existing antennas.

Further problems arise when two antennas operating at the
same frequency range are placed close to each other because
they tend to couple to each other. In diversity and MIMO
(Multiple Input Multiple Output) applications, mutual cou-
pling decreases the efficiency of the coupled antennas reduc-
ing the improvement from that, which would be possible with
perfectly isolated antennas, which can be designed more
independently. Furthermore, mutual coupling complicates
antenna design as it causes modifications made to one
antenna to affect also the others. Large isolation between
antennas operating at different bands is also useful because it
can allow simplitying the RF front end. However, it can be
very challenging to design antennas that have e.g. over 10 dB
isolation in the limited space allowed for internal antennas of
modern mobile terminals.

In addition low correlation between antenna signals is a
prerequisite for the improvement of the radio link perfor-
mance with diversity or MIMO. Generally, it is not obvious
that low correlation can be achieved in the small space
allowed for the internal antennas of modern mobile terminals.
In current mobile phones, various components such as a cam-
era, speaker or both have often been located at least partly
between the internal antenna element and its ground plane.
These additional components can degrade the antenna per-
formance. Thus it would be desirable to find antenna solu-
tions that would enable the integration of other components in
their proximity with minimal degradation of antenna perfor-
mance.

Furthermore, the hand of a user can also be problematic for
antenna performance, because it typically degrades the per-
formance of mobile phone antennas at the frequency ranges in
question (0.8 GHz-2.2 GHz). The effect is very strong when
the hand is at least partly on top of the antenna, and unfortu-
nately it is very common that the user often holds the phone so
that the forefinger is on top of the antenna element near the top
of the phone. It would be desirable to find antenna configu-
rations in which internal antennas are placed so that the effect
of the user’s head, hand, or other body parts have a minimal
influence on their performance.

Relating to the problems mentioned above, it is known that
the bandwidth of a small antenna can be increased using
resonant matching circuits and parasitic elements. Moreover,
it is known that generally increasing the distance between
antennas increases isolation between them. In addition, it is
well accepted that the isolation depends on the relative ori-
entation of the antennas.

However, according to the inventors’ experience, when
additional antennas are added between two antennas to be
isolated, whether the isolation increases or decreases depends
on the type of the additional antenna as well as its relative
orientation to the antennas to be isolated. Hence, it is not
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obvious that merely locating any antenna or resonator
between two antennas automatically increases isolation
between them; it may also do the opposite.

SUMMARY OF THE INVENTION

The object of the invention is to provide a compact internal
multiband mobile terminal antenna arrangement operating
efficiently at all the commonly used cellular communication
system bands and further enabling antenna diversity (and
MIMO) and simple RF front end solutions. An additional
object of the invention is that the compact internal multiband
mobile terminal antenna arrangement has a sufficiently low
envelope correlation (say pe<0.7) between antenna signals
for good diversity performance and sufficiently large isola-
tion of about 10 dB or more.

The object of the invention is fulfilled, for example, with an
antenna for a mobile terminal comprising a non-resonant
antenna element, two resonant antenna elements each cover-
ing at least any one of a first, second, third or fourth frequency
band, said two resonant elements are substantially in the same
plane and define a planar surface wherein the two resonant
elements are each positioned at a corner of the planar surface
and the non-resonant element is positioned along an edge of
the planar surface.

The following abbreviations are used in this document:

CDMA Code division multiple access

GPS Global positioning system

GSM Global system for mobile communications

IFA Inverted F-antenna

MIMO Multiple input multiple output

PIFA Planar inverted-F antenna

PWB Printed wiring board

RX Receive

TX Transmit

UMTS Universal mobile telecommunication system

WCDMA Wideband CDMA

An exemplary embodiment of the invention relates to an
antenna for a mobile terminal comprising a general ground
element, one first separate lower band antenna covering the
GSM850/900 frequencies and two second dual-resonant
shorted patch antennas covering the GSM1800/1900/UMTS
frequencies, wherein each of said antennas comprise a leg
portion containing a feed arrangement for feeding the antenna
against the ground element.

According to an advantageous embodiment of the present
invention both of the two second antennas are adapted to
cover the GSM1800, GSM1900, and UMTS {frequencies.
According to this embodiment of the invention the first of'said
two second antennas can be used as a main (GSM/UMTS)
antenna and the second of said two second antennas as a
diversity antenna. Alternatively, according to this embodi-
ment the first of said two second antennas can be used as a
main GSM antenna and UMTS diversity antenna, and the
second of said two second antennas can be used as a main
UMTS antenna and GSM diversity antenna.

In addition, if diversity is not needed, the first of said two
second antennas can be used as a separate TX antenna and the
second of said two second antennas is used as a RX antenna
for GSM1800/1900/UMTS according to an embodiment of
the present invention. Because said two second antennas
(covering GSM1800/1900/UMTS) cover both TX and RX
bands, it is also possible to use the antennas for TX and RX
diversity as well as for MIMO. Furthermore in the case of
separate TX and RX antenna application, it is possible to
make the antennas considerably smaller because consider-
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ably smaller bandwidths will suffice (e.g. it will be enough to
have 280 MHz+365 MHz instead of 2x460 MHz).

Still according to an advantageous embodiment of the
present invention the first separate lower band antenna and the
first of said two second dual-resonant antennas can be adapted
to cover the four GSM bands (GSM850/900/1800/1900) and
the second of said two second dual-resonant antennas a sepa-
rate UMTS antenna. This case also allows a considerable size
reduction of two second dual-resonant antennas because of
smaller bandwidth requirements. Because of suitable input
impedances and large isolation between the first lower band
antenna and two second dual-resonant antennas, it is possible
to directly combine the separate feeds into one feed port to
make the antenna module compatible with currently used RF
front ends. Only minor adjustments in the antenna geometry
are needed to re-optimize the performance.

Furthermore, by inserting short sections of transmission
line between the feeds of the first lower band antenna and at
least one of the two second antennas so that the first lower
band antenna has optimally high impedance at GSM1800/
1900/UMTS bands and said at least one of the two second
antennas has optimally high impedance at GSM850/900
bands, the isolation between the ports can be maximized and
no optimization is needed after combining the ports.

In addition, the two second antennas can be implemented
according to a first embodiment of the present invention by
two second dual-resonant coplanar shorted patch antennas.
Still, the two second dual-resonant shorted patch antennas
can be implemented according to a second embodiment of the
present invention by two second dual-resonant stacked
shorted patch antennas.

According to a further advantageous embodiment of the
present invention the first separate lower band antenna is a
T-shaped lower band element. The purpose of the T-shaped
lower band element is to excite the longitudinally dipole-like
resonant mode of the ground element. The folded T-shaped
element itselfis non-resonant, but is resonated with a separate
matching circuit that provides a suitable parallel inductance
and transforms the impedance.

The matching circuit is here realized as a short-circuited
section of microstrip line. However, it could also be realized
(at least partly) with any other known microwave technology,
such as lumped components. According to an embodiment of
the invention the matching circuit is located in the center area
between the two second dual-resonant shorted patch anten-
nas. It could as well be located closer to one of said two
second dual-resonant shorted patch antennas or even on the
opposite side of the ground plane, which would free the center
area for some other purpose.

Because the first lower band antenna is implemented (ac-
cording to an embodiment) with a separate feed, a multireso-
nant matching circuit can be easily added and optimized.
However, the feed of the first lower band antenna can be
combined with one of the upper band elements so that it is
compatible with currently used front end solutions. It should
also be possible to design a multiband matching circuit to the
first lower band antenna so that it would operate also at
GSM1800/1900 bands and perhaps even at the UMTS band,
if necessary.

According to an embodiment of the present invention the
two second antennas are advantageously positioned essen-
tially symmetrically at the ground element corners. Further-
more the antennas are advantageously positioned as far away
from each other as a form of the general ground element
allows. In addition the antennas are advantageously posi-
tioned as far away from each other as a metal chassis of the
mobile terminal allows. Still the first separate lower band
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antenna can be arranged to extend at least partly outside the
general ground element or printed circuit board (PWB), or
alternatively to locate totally on top of the general ground
element or printed circuit board (PWB).

The present invention offers remarkable advantages over
known prior art operating efficiently at all the commonly used
cellular communication system bands. Further it for example
enables the construction of a compact quad-band GSM and
UMTS antenna that includes a tripleband diversity antenna.
Alternatively it enables the separation of RX and TX func-
tions of GSM1800/1900/UMTS into separate antennas,
which can help simplify the RF front end. The separated TX
and RX antennas have as good isolation as possible.

Current mobile terminals typically have only one multi-
band antenna and one feed for the GSM bands and another
antenna and feed for UMTS. The isolation between the TX
and RX bands is achieved using switches and filters. Separat-
ing the TX and RX functions into separate antennas as in the
present invention could provide some of the necessary isola-
tion between the TX and RX bands and enable the use of a
simpler and less costly filtering solution in the RF front end.

Further the antenna module according to the invention has
sufficiently low envelope correlation (pe<0.7) for good diver-
sity performance, and sufficiently large isolation of about 10
dB or more between the signals of the two GSM1800/1900/
UMTS antennas can be achieved simultaneously. Moreover
diversity antenna has wide bandwidth covering GSM1800/
1900 and UMTS bands; 1710 MHz-2170 MHz and good
efficiency.

In addition adding the lower-GSM band element does not
considerably increase coupling (decrease isolation) between
the antennas. The separation of lower (850/900) and upper
(1800/1900) GSM bands into different antennas allows inde-
pendent optimization of the antennas making it easier e.g. to
make the elements for both bands dual-resonant or multireso-
nant (and more wide-band). Owing to large isolation between
lower and upper GSM bands, separate feeds can be easily
combined if required by the RF front end architecture.

All antennas are located in a fairly small volume and can be
positioned e.g. near the top of a monoblock phone so that they
are not likely to be covered by the user’s hand. All antennas
can be integrated into one antenna module, which simplifies
manufacturing (assembly) of terminals. Because all antennas
are located close to each other, the transmitters and receivers
can also be placed close to each other (integrated) and thus
long and lossy RF lines are avoided. Additionally a mobile
terminal has only alimited number of good antenna locations,
whereupon a compact antenna module with so many antennas
saves antenna locations for other, e.g. complementary (or
non-cellular) radio antennas.

The invention relates to an antenna for a communication
device comprising a non-resonant antenna element, two reso-
nant antenna elements each covering at least any one of a first,
second, third or fourth frequency band, said two resonant
elements are substantially in the same plane and define a
planar surface wherein the two resonant elements are each
positioned at a corner of the planar surface and the non-
resonant element is positioned along an edge of the planar
surface, and further to an antenna module comprising said
antenna.

The invention further relates to an antenna module com-
prising a non-resonant antenna element, two resonant
antenna elements covering at least any one of a first, second,
third or fourth frequency band, said two resonant elements are
substantially in the same plane and define a planar surface and
said two resonant elements are each positioned at a corner of
the planar surface and the non-resonant element is positioned
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along an edge of the planar surface, wherein the antenna
module couples to a printed circuit board comprising a
ground plane and a matching circuit and the non-resonant
element, matching circuit and ground plane form a third
resonant element covering a fifth frequency range, and further
to a mobile terminal comprising said antenna module.
In addition the invention further relates to a method of
operating a mobile terminal for a mobile communication
network, the mobile terminal having an antenna module and
a general ground element, the antenna module comprising a
one first separate lower band antenna covering the GSM850/
900 frequencies and two second dual-resonant shorted patch
antennas covering the GSM1800/1900/UMTS frequencies,
wherein each of said antennas comprise a leg portion contain-
ing a feed arrangement for feeding the antenna against the
ground element, wherein the method comprises the steps of:
the first separate lower band antenna is used for the
GSM850/900 frequencies, and

at least one of the two second dual-resonant shorted patch
antennas is used for the GSM1800/1900/UMTS fre-
quencies.

BRIEF DESCRIPTION OF THE DRAWINGS

Next the invention will be described in greater detail with
reference to exemplary embodiments in accordance with the
accompanying drawings, in which

FIGS. 1a & 15 illustrate a first exemplary arrangement for
an antenna module according to an advantageous embodi-
ment of the invention,

FIGS. 2a-2¢ illustrate simulated and measured frequency
responses of S-parameters for the first exemplary arrange-
ment for an antenna module in free space,

FIGS. 3a-3c illustrate examples of simulated 3-D radiation
patterns showing total realized gain (dBi) and polarization
ellipses for the first exemplary arrangement for an antenna
module in free space,

FIGS. 4a & 4b illustrate a second exemplary arrangement
for an antenna module according to an advantageous embodi-
ment of the invention,

FIGS. 5a & 5b illustrate frequency responses of S-param-
eters for the second exemplary arrangement for an antenna
module,

FIGS. 6a-6¢ illustrate examples of simulated 3-D radiation
patterns showing total realized gain (dBi) and polarization
ellipses for the second exemplary arrangement for an antenna
module,

FIGS. 7a & 7b illustrate geometry of a modified first exem-
plary antenna module according to an advantageous embodi-
ment of the invention, and

FIGS. 8a-8c illustrate simulated frequency responses of
S-parameters for the modified first exemplary antenna mod-
ule in free space.

DETAILED DESCRIPTION

FIGS. 1a & 15 illustrate a first exemplary arrangement for
an antenna module 100 according to an advantageous
embodiment of the invention, where the antenna module 100
consists of a separate lower band antenna 102, which is
advantageously designed for the GSM850 (824-894 MHz)
and E-GSM900 bands. In addition, the antenna module 100
comprises two dual-resonant coplanar shorted patch antennas
104, 106. The two dual-resonant coplanar shorted patch
antennas 104, 106 are advantageously located symmetrically
at the corners of the ground element 110.
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In alternative embodiments the dual resonant coplanar
shorted patch antennas may be any antenna element, for
example it could be a resonant or non-resonant antenna ele-
ment. A non-resonant antenna element may be made resonant
with the use of a matching circuit and coupled to a ground
plane structure. The use of a dual resonant antenna element is
a preferred embodiment as this will allow operation at mul-
tiple frequency bands.

The two dual-resonant coplanar shorted patch antennas
104, 106 both cover advantageously the GSM1800,
GSM1900, and UMTS frequencies. They could also be used
e.g. so that for example antenna 104 is the main (GSM/
UMTS) antenna and antenna 106 is the diversity antenna.
Alternatively, antenna 104 could be used as the main GSM
antenna and UMTS diversity antenna, whereas antenna 106 is
used as the main UMTS antenna and GSM diversity antenna.
If diversity is not needed, antennas 104, 106 could be used as
separate TX and RX antennas. In that case, their sizes can be
decreased because the required operation bandwidths are
smaller.

The lower band antenna 102 comprises advantageously a
T-shaped element, which in this implementation extends
partly outside the printed circuit board (PWB), and a separate
matching circuit 108 that provides a suitable parallel induc-
tance for resonating the antenna and transforms the input
impedance level. Alternatively the T-shaped element can also
be located totally on top of the PWB. The matching circuit
108 is here realized as a short-circuited section of microstrip
line. However, it could also be realized (at least partly) with
any other known microwave technology, such as lumped
components. In this embodiment, the matching circuit 108 is
located in the center area between the two antennas 104, 106.
It could as well be located closer to e.g. antenna 104 or even
on the opposite side of the ground element 110, which would
free the center area for some other purpose, such as a camera
or speaker. Because the lower GSM-band antenna 102 is
implemented with a separate feed 112, a multiresonant
matching circuit can be easily added and optimized. The feed
112 of'the antenna 102 can be combined with one 114, 116 of
the upper band antennas 104, 106 so that it is compatible with
currently used front end solutions.

In this embodiment the largest dimensions of the antenna
module 100 are 40 mmx29.4 mmx8.2 mm (WxLxH). It occu-
pies a total volume of 9.6 cm® (open space between the two
dual-resonant coplanar shorted patch antennas 104, 106 has
not been subtracted). It may still be possible to make the two
dual-resonant coplanar shorted patch antennas 104, 106 more
compact and to increase the open space between them. The
antenna module 100 in FIGS. 1a & 15 is attached to a 40
mmx115.2 mmx0.2 mm (WxLxH) ground element 110. The
top part of the antenna extends 4 mm outside the ground
element 110. The total length of the phone model is 119.2
mm. The antennas 102, 104, 106 and the ground element 110
were photoetched from 0.2 mm-thick sheet of tin bronze.

FIGS. 2a & 2b illustrate simulated and measured fre-
quency responses of S-parameters for the first exemplary
arrangement of an antenna module 100 (described in FIGS.
la & 1b) according to the embodied invention in free space.
Especially a graph 200a in FIG. 2a illustrates simulated and
measured reflection coefficients (S,,, S,,, S;;) and a graph
2005 in FIG. 25 simulated and measured couplings (S5, S5,
S;,) between antennas. Markers on S, | curve are at 824, 960,
1710, and 2170 MHz, and markers on S,, & S;; curve are at
1710 and 2170 MHz. The simulations can be performed, for
example, with some commercially available Method of
Moments (MoM) based full-wave electromagnetic simulator.
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A graphs 200a and 2005 have x-axes denoting frequency in
GHz units and y-axes denoting magnitudes of S parameters in
dB units.

The measured and simulated results agree well enough to
prove the functionality of the antenna concept. The measured
center frequencies of two dual-resonant coplanar shorted
patch antennas are slightly too low, but they can be easily
corrected by shortening the strips so that at leasta 6 dB return
loss is obtained over the upper GSM and UMTS frequencies.

Also the simulated and measured couplings between the
antennas (a chart 2005 in FIG. 2b) show the same features.
Despite the slight detuning of the upper band, the 10 dB
isolation suggested by the simulated result can be obtained
also in the measurements.

FIG. 2¢ illustrates a Smith’s diagram for the corresponding
curves illustrated in chart 200q in FIG. 2a.

FIGS. 3a-3c illustrate examples of simulated three dimen-
sional (3-D) radiation patterns showing total realized gain
(dBi) and polarization ellipses for the first exemplary arrange-
ment of an antenna module 100 (described in FIGS. 1a & 15)
according to the embodied invention in free space, especially
for the first lower band antenna 102 (denoted in FIG. 3a as an
Antenna 1) at 915 MHz and for the two dual-resonant copla-
nar shorted patch antennas 104, 106 (denoted in FIGS. 36 &
3¢ as an Antenna 2 and an Antenna 3, respectively) at 2110
MHz.

The plots show the total realized gain (G, +G, ) and
polarization ellipses in different directions. The arrows in the
polarization ellipses indicate the handedness of the polariza-
tion. As expected, at 915 MHz the free space radiation pattern
of the prototype resembles that of a half-wave dipole, which
indicates that the radiation mainly comes from the longitudi-
nally half-wave dipole-like resonant currents of the ground
plane. The patterns of the two dual-resonant coplanar shorted
patch antennas 104, 106 (FIGS. 35 & 3¢) show that the
decorrelation between the antenna signals is mainly due to the
different polarizations of the antennas in different directions.
The main beams point to slightly different directions, but the
effect of this is assumed smaller than that of the different
polarizations.

In the FIGS. 3a-3¢, x-axes denote ¢ in degree units and
y-axes denote 0 in degree units in the standard spherical
coordinate system used for antennas. The orientation of the
antenna is given by the coordinate axes in FIGS. 1a & 15,
where x-axes point to the direction 6=90° and ¢=0°, y-axes
point the direction 8=90° and $=90°, and z-axes point to the
direction 8=0° and ¢=0° in the standard spherical coordinate
system.

FIGS. 4a & 4b illustrate a second exemplary arrangement
for an antenna module 400 according to an advantageous
embodiment of the invention, where the antenna module 400
also consists of a separate lower band antenna 402, which is
advantageously designed for the GSM850 (824-894 MHz)
and E-GSM900 bands. In addition, the antenna module 400
comprises two dual-resonant stacked shorted patch antennas
404, 406. The two dual-resonant stacked shorted patch anten-
nas 404, 406 are advantageously located symmetrically at the
corners of the ground element 410.

The two dual-resonant stacked shorted patch antennas 404,
406 both cover advantageously the GSM1800, GSM1900,
and UMTS frequencies. They could also be used e.g. so that
for example antenna 404 is the main (GSM/UMTS) antenna
and antenna 406 is the diversity antenna. Alternatively,
antenna 404 could be used as the main GSM antenna and
UMTS diversity antenna, whereas antenna 406 is used as the
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main UMTS antenna and GSM diversity antenna. If diversity
is not needed, they antennas 406, 406 could be used as sepa-
rate Tx and Rx antennas.

The purpose of the lower band antenna 402 is to excite the
longitudinally dipole-like resonant mode of the ground plane
410. The lower band antenna 402 itself is non-resonant. It is
resonated with a separate matching circuit 408, which pro-
vides a suitable parallel inductance and transforms the imped-
ance. The matching circuit 408 is here realized as a short-
circuited section of microstrip line, but it could be realized
also with any other known microwave technology, such as
lumped components. In this embodiment, the matching cir-
cuit 408 is located in the center area between the two dual-
resonant stacked shorted patch antennas 404, 406. The match-
ing circuit 408 could as well be located closer to e.g. antenna
404 or even on the opposite side of the ground element 410,
which would free the center area for some other purpose, such
as a camera. It should also be possible to design a multiband
matching circuit to the first lower band antenna 402 so that it
would operate also at GSM1800/1900 bands and perhaps
even at the UMTS band, if necessary. In this embodiment the
largest dimensions of the antenna module are 40 mmx21.5
mmx8 mm (WxLxH). The upper and lower strips of the two
dual-resonant stacked shorted patch antennas 404, 406 are
only 3 mm wide. Excluding the matching circuit 410, the
antenna module occupies a volume of less than 2.8 cm®. The
volume of one antenna of the two dual-resonant stacked
shorted patch antennas 404, 406 is slightly less than 0.8 cm®.
Adding a second of the two dual-resonant stacked shorted
patch antennas 404, 406 (diversity antenna) can be estimated
to increase the total antenna volume by 38%. The antennas are
attached to a 40 mmx115 mm (WxL) ground plane 410.
Because the first lower band antenna 402 is not on top of the
ground-plane 410, it increases the total length of the phone
model to 118.5 mm.

FIGS. 5a & 5b illustrate simulated frequency responses of
S-parameters for the second exemplary arrangement of an
antenna module 400 (described in FIGS. 4a & 4b) according
to the embodied invention. Markers on S,, curve are at 824,
960, 2400, and 2500 MHz, and markers on S,, & S,; curve
are at 1710 and 2170 MHz. The simulations can be per-
formed, for example, with some commercially available
Method of Moments (MoM) based full-wave electromag-
netic simulator. A graph in FIG. 5a has x-axis denoting fre-
quency in GHz units and y-axis denoting magnitudes of S
parameters in dB units.

The first lower band antenna covers the GSM850 and
E-GSM900 bands with L,,,, =6 dB. When the ground ele-
ment length is reduced, the size of the first lower band antenna
must be increased to obtain the same bandwidth. The first
lower band antenna has a resonance also near 2.45 GHz,
which is quite poorly matched (L,,,, =3 dB) in the presented
embodiment. However, by optimizing the design, it should be
possible to obtain L,_,,Z6 dB over the Bluetooth (WLAN)
band. The two dual-resonant stacked shorted patch antennas
cover the GSM1800, GSM1900 and UMTS bands with
L,.,.Z6 dB. The minimum isolation between these two dual-
resonant stacked shorted patch antennas is around 12 dB.

FIGS. 6a-6¢ illustrate examples of simulated three dimen-
sional (3-D) radiation patterns showing total realized gain
(dBi) and polarization ellipses for the second exemplary
arrangement for an antenna module 400 (described in FIGS.
4a & 4b) according to the embodied invention, especially for
the first lower band antenna 402 (denoted in FIG. 6a as an
Antenna 1) at 915 MHz and for the two dual-resonant stacked
shorted patch-antennas 404, 406 (denoted in FIGS. 65 & 6¢ as
an Antenna 2 and an Antenna 3, respectively) at 2110 MHz.
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The plots show the total realized gain (G, +G, ) and
polarization ellipses in different directions. In the FIGS.
6a-6¢ x-axes denote ¢ in degree units and y-axes denote 0 in
degree units in the standard spherical coordinate system used
for antennas. The orientation of the antenna is given by the
coordinate axes in FIGS. 4a & 4b, where x-axes point to the
direction 8=90° and ¢=0°, y-axes point the direction 6=90°
and ¢=90°, and z-axes point to the direction 6=0° and ¢=0° in
the standard spherical coordinate system.

FIGS. 7a & 7b illustrate geometry of a modified first exem-
plary antenna module 700 according to an advantageous
embodiment of the invention.

The modified first exemplary antenna module 700 illus-
trated in FIGS. 7a & 75 is re-designed for the application of
separate TX and RX antennas. In this embodiment the
antenna module size is decreased to 28.2 mmx40 mmx5 mm
(lengthxwidthxheight). The ground element dimensions are
115 mmx40 mm (lengthxwidth). In this embodiment, the
T-shaped top part of the antenna does not extend outside the
PWB. To compensate for the decrease of bandwidth, the
lower band element is made dual-resonant with a series-
resonant [.C-circuit connected in series with the original
antenna feed (see FIG. 8¢).

Antenna feed 703 is for GSM850/900 TX & RX; feed 702
is for GSM1800/1900/UMTS RX; and feed 701 is for
GSM1800/1900/UMTS TX.

FIGS. 8a-8c illustrate simulated frequency responses of
S-parameters for the modified first exemplary antenna mod-
ule (described in FIGS. 7a & 7b) in free space. Especially
FIG. 8a illustrates reflection coefficients and couplings
between antenna elements, FIG. 85 reflection coefficients of
the antennas on the Smith chart, and FIG. 8¢ a matching
circuit for the lower GSM band (port 3).

In this embodiment the impedance bandwidth at the lower
GSM band is slightly smaller than required. However, based
on the Smith chart of FIG. 86 the matching circuit is not
optimally tuned, but it is clearly possible to increase the
bandwidth so that it covers GSM850/900 bands with at least
6 dB return loss. The desired 6 dB match is achieved at the
upper GSM and UMTS bands.

In any of the embodiments outlined above it may be pos-
sible that any of these antennas may be frequency tunable so
as to cover different frequency bands dependent upon the
mode of operation of the mobile communication device.

The invention has been explained above with reference to
the aforementioned embodiments, and several advantages of
the invention have been demonstrated. It is clear that the
invention is not only restricted to these embodiments, but
comprises all possible embodiments within the spirit and
scope of the inventive thought and the following patent
claims. Each feature disclosed in the description, and (where
appropriate) the claims and drawings may be provided inde-
pendently or in any appropriate combination. Especially it
should be clear for the skilled person that a mobile terminal,
such as a mobile phone, can comprise at least one of the
embodiments of the antenna module described in the follow-
ing patent claims.

The invention claimed is:

1. An apparatus comprising:

a ground plane having a longitudinally dipole-like resonant

mode;

a first antenna configured to excite the dipole-like resonant
mode of the ground plane and to feed against the ground
plane;

a second antenna configured to feed against the ground
plane; and

athird antenna configured to feed against the ground plane,
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where the second antenna and the third antenna are each
configured to cover at least one of a first, second, third or
fourth frequency band;

wherein said second antenna and said third antenna are
substantially in the same plane and define a planar sur-
face,

the second antenna is positioned at a first corner of the
planar surface, said first corner defining a first edge,

the third antenna is positioned at a second corner of the
planar surface, said second corner defining a second
edge, and

the first antenna extends from the first edge to the second
edge of the planar surface.

2. An apparatus according to claim 1, wherein the first
antenna is positioned so that it is adjacent to the second
antenna and the third antenna.

3. An apparatus according to claim 2, further comprising a
matching circuit coupled to the first antenna and the ground
plane coupled to the antenna wherein the first antenna, the
matching circuit and the ground plane form a resonant ele-
ment covering a fifth frequency range.

4. An apparatus comprising the antenna of claim 1.

5. An apparatus comprising:

a first antenna configured to excite a dipole-like resonant
mode of a ground plane and to feed against the ground
element;

a second antenna configured to feed against the ground
element; and

a third antenna configured to feed against the ground ele-
ment,

where the second antenna and the third antenna are each
configured to cover at least one of a first, second, third or
fourth frequency band;

wherein the second antenna and the third antenna are sub-
stantially in the same plane and define a planar surface,

the second antenna is positioned at a first corner of the
planar surface, said first corner defining a first edge,

the third antenna is positioned at a second corner of the
planar surface, said second corner defining a second
edge, and

the first antenna extends from the first edge to the second
edge of the planar surface,

the apparatus is configured to be coupled to a printed circuit
board comprising the ground plane and a matching cir-
cuit,

the first antenna, said matching circuit and the ground
plane form a third resonant element covering a fifth
frequency range, and

the first antenna extends partly outside a perimeter defined
by the ground plane.

6. An apparatus according to claim 5, wherein the first

antenna is positioned along an axis configured to be parallel to
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an edge of the printed circuit board when the apparatus and
printed circuit board are coupled.

7. An apparatus according to claim 5, comprising a support
structure wherein the first antenna and the second antenna and
the third antenna are located on a surface of said support
structure.

8. An apparatus according to claim 5, wherein the first
antenna and the second antenna and the third antenna form a
substantially U shaped pattern.

9. An apparatus according to claim 5, wherein the second
antenna and the third antenna are dual-resonant antennas.

10. An apparatus according to claim 5, wherein the second
antenna is a main antenna and the third antenna is a diversity
antenna.

11. An apparatus according to claim 5, wherein the second
antenna is a separate TX antenna and the third antenna is a
separate RX antenna.

12. An apparatus according to claim 5, wherein the third
resonant element and the second antenna cover the first, sec-
ond and fifth frequency bands and the third antenna covers the
third and fourth frequency bands.

13. An apparatus according to claim 12, wherein the first,
second and fifth frequency bands are GSM frequency bands
and the third and fourth frequency bands are WCDMA fre-
quency bands.

14. An apparatus according to claim 5, wherein a feed of
the third resonant element is combined with a feed of at least
one of the second antenna and the third antenna.

15. An apparatus according to claim 5, wherein the second
antenna and the third antenna are implemented by two reso-
nant stacked antennas.

16. An apparatus according to claim 5, wherein the first
antenna is a T-shaped antenna.

17. An apparatus according to claim 5, wherein the second
antenna and the third antenna are positioned symmetrically
and coincide with corners defined by the ground plane.

18. An apparatus according to claim 5, further comprising
a tuning circuit configured to allow tuning any one of the
second antenna and the third antenna to operate at only one of
the first, second, third of fourth frequency bands.

19. An apparatus according to claim 5, wherein the match-
ing circuit is realized as a short-circuited section of microstrip
line.

20. An apparatus according to claim 5, wherein the match-
ing circuit is located between the second antenna and the third
antenna.

21. An apparatus according to claim 5, wherein the match-
ing circuit is located on the opposite side of the ground plane
than the second antenna and the third antenna.

22. A mobile terminal comprising the apparatus of claim 5.

#* #* #* #* #*
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INTEGRATED BROADBAND ANTENNA
DEVICE WITH WIDE BAND FUNCTION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to an integrated broadband antenna
device, and more particularly to a broadband antenna device
which integrates various kinds of antennas to obtain a wider
bandwidth.

2. Description of the Prior Art

The personal mobile communication technology has
shown its immense potential and commercial value in the
wireless communication industry. During its developing pro-
cess, various systems adopting different techniques and chan-
nels have appeared, and they are applied to different geo-
graphic areas and markets. However, these differences bring
much inconvenience to the manufacturers and customers, and
the worst of all, these systems also use different frequencies
such as GSM850, DCS1800 and UMTS.

Engineers in this field are trying their best to design a
broadband integrated products in order to provide more con-
venience to users. However, the antenna is the key part when
designing the mobile communication products, it is the start-
ing point as well as the ending point of the wireless commu-
nication and its characteristics directly influence the trans-
mission quality of the wireless signals. Therefore, the antenna
device should meet the following requirements:

1. Frequency and Bandwidth

2. Radiating efficiency and radiating pattern of the antenna

Since the design trend of electronic products towards light-
ness, thinness, shortness and smallness, the sizes of the anten-
nas for communication products are becoming smaller and
smaller. A Planar Inverted-F Antenna (referred to “PIFA-
“hereinafter) that operates as a Y4 wavelength and can greatly
decrease the size is extensively used as an inner-hidden
antenna. A conventional PIFA shown in U.S. Pat. No. 5,764,
190 can operate at a single frequency. In order to operate at
multiple frequencies, PIFA defines an L-shaped slot or
U-shaped groove on its radiation metal sheet to obtain mul-
tiple operational frequencies.

FIG. 1 shows another conventional antenna having mul-
tiple operational frequencies. The antenna device comprises a
first radiation portion A, a second radiation portion B and a
ground portion C. The first radiation portion A and the second
radiation portion B extend respectively from both opposite
sides of the same end of the ground portion C. The first
radiation portion A comprises a first conductive patch Al
parallel to the ground portion C and a first connection portion
A2 connected with the first conductive patch Al and the
ground portion C. The second radiation portion B comprises
a second conductive patch B1 parallel to the ground portion C
and a second connection portion B2 connected with the sec-
ond conductive patch B1 and the ground portion C. The first
conductive patch Al and the second conductive patch Bl
extend in the same direction from the first connection portion
A2 and the second connection portion B2 respectively.

However, even the above-mentioned antennas can operate
at multiple frequencies, they have the some disadvantages
stated below. The first conductive patch Al and the second
conductive patch B1 are closely disposed, so the bandwidths
for both low frequency and high frequency are not enough to
cover various system frequency bands. Further, both feeding
wire and the feeding point are close to the first connection
portion A2, and such an arrangement is a conventional
inverted-F antenna device which has a limited bandwidth and
can not achieve a wider bandwidth.
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The invention solves the above-mentioned problems by
providing an integrated broadband antenna device. The
antenna device integrates both characteristics and structures
of various antennas including a monopole antenna, an
inverted-F antenna and a parasitic antenna to produce a wide
band and broadband functions simultaneously. Therefore, the
antenna device according to the present invention not only has
an innovative structure, but also greatly enlarges the fre-
quency range to cover various system frequency bands. Obvi-
ously, the high application value is self-evident.

SUMMARY OF THE INVENTION

The primary object of the invention is to provide an inte-
grated broadband antenna device with wide band function,
which can realize broadband function at high frequency by
integrating the structures of various antennas to achieve the
desired bandwidth (1575~2500 MHz). Therefore, the
requirements for the system bandwidths of GPS, DCS, PCS,
UMTS, Wi-Fi can be met.

Another object of the invention is to provide an integrated
broadband antenna device with wide band function, which
can realize broadband function at low frequency by integrat-
ing the structures of various antennas to achieve the desired
bandwidth (824~960 MHz). Therefore, the requirements for
the system bandwidths of AMPS and GSM can be met.

To fulfill the above-mentioned objects, the broadband
antenna device according to this invention has the following
characteristics. The antenna device substantially comprises a
ground plate, a feeding wire, a first metal radiator, a second
metal radiator, a ground metal radiator and a parasitic metal
radiator. The ground plate is connected with the negative
signal wire of the feeding wire and the first metal radiator that
horizontally suspends above the ground plate connected with
the positive one for the purpose of transmitting electric sig-
nals. Additionally, the first metal radiator forms a monopole
antenna device to produce a first high frequency mode. The
second metal radiator includes a first end and a second end.
The first end is adjacent to the first metal radiator with a
clearance therebetween. The first metal radiator is coupled
and feeds the electric signals to the second metal radiator, and
the second end of the second metal radiator is connected with
the ground metal radiator, and thus electrical grounding is
realized. The first and second metal radiator and the ground
metal radiator form an inverted-F antenna device to produce
a low frequency mode. Referring to the inverted-F antenna,
the signals are fed to by the first end of the second metal
radiator which is one end away from the ground end. In this
structure, the current distribution on the surface of this
antenna device is more even to effectively enlarge the band-
width, moreover, and the better impedance matching can be
obtained by adequate adjustment of the clearance between the
first and the second metal radiator. Furthermore, the parasitic
metal radiator and the ground metal radiator constitute a
parasitic antenna device which can produce a second high
frequency mode. The second high frequency mode and the
first high frequency mode constitute a broadband mode which
greatly enlarges the high frequency bandwidth.

The first metal radiator according to this invention can not
only form a monopole antenna, but also has the function of
signal feeding of the inverted-F antenna. Furthermore, the
parasitic antenna device and the inverted-F antenna device
share the ground metal radiator, thus it is obvious that the
integrated antenna device which integrates the structures of
various kinds of antennas has many excellent characteristics.
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Other objects, functions and advantages of the invention
will become more apparent from the following detailed
description of the preferred embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view showing a prior broadband
antenna,

FIG. 2 is a perspective view showing an antenna device
according to a first embodiment of the present invention;

FIG. 3 is a plot showing the measurement result of the
return loss of the antenna device shown in FIG. 2;

FIG. 4 is a perspective view showing an antenna device
according to a second embodiment of the present invention;

FIG. 5 is a perspective view showing an antenna device
according to a third embodiment of the present invention;

FIG. 6 is a perspective view showing an antenna device
according to a fourth embodiment of the present invention;
and

FIG. 7 is a perspective view showing an antenna device
according to a fifth embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIG 2 shows the first preferred embodiment of an inte-
grated broadband antenna device with wide band function.
The antenna device comprises a ground plate 21, a feeding
wire 22, a first metal radiator 23, a second metal radiator 24,
a ground metal radiator 25 and a parasitic metal radiator 26.
The feeding wire 22 comprises a positive signal wire 221 and
a negative signal wire 222 electrically connected with the
ground plate 21. The first metal radiator 23 includes a radiat-
ing arm 231 and a feeding metal sheet 232. The radiating arm
231 is provided on one side of the ground plate 21 and hori-
zontally suspends above ground plate 21. Therefore, the radi-
ating arm 231 is not in contact with the ground plate 21. The
radiating arm 231 further has a side wing 233, and the para-
sitic metal radiator 26 is substantially an inverted [.-shaped
structure. The feeding metal sheet 232 is perpendicular to the
ground plate 21 with one end thereof connected with the
radiating arm 231 and the other end thereof connected with
the positive signal wire 221 of the feeding wire 22 for trans-
mitting electric signals. The first metal radiator 23 forms a
monopole antenna for producing a first high frequency mode.
The second metal radiator 24 horizontally suspends above the
ground plate 21 and includes a second end 242 and a first end
241 which is adjacent to the radiating arm 231 of the first
metal radiator 23 with a clearance therebetween. The second
end 242 extends in a direction that is away from the radiating
arm 231, and the first end 241 and the radiating arm 242 are
substantially on the same surface. The ground metal radiator
25 is vertical to the ground plate 21 with one end thereof
connected with the ground plate 21 and the other end thereof
connected with the second end 242 of the second metal radia-
tor 24. According to the invention, the electric signals are
coupled to and fed to the first end 241 of the second metal
radiator 24 via the radiating arm 231 of the first metal radiator
23, and then the second metal radiator 24 as well as the ground
metal radiator 25 form an inverted-F antenna device to pro-
duce a low frequency mode. In additional, the parasitic metal
radiator 26 horizontally suspends above the ground plate 21,
and one end thereof'is connected with the ground metal radia-
tor 25 and the second end 242 of the second metal radiator 24
and the other end thereof extends in a direction that is away
from the ground metal radiator 25. The parasitic metal radia-
tor 26 and the ground metal radiator 25 constitute a parasitic
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antenna device which produces a second high frequency
mode. The second high frequency mode as well as the first
high frequency mode constitute a wide band mode.

FIG. 3 plots the measurement result of the return loss of the
integrated broadband antenna device with wide band func-
tion. As shown in the plot, the antenna device produces three
operational modes, in which the low frequency mode 31
satisfies the requirements of both AMPS (824~894 MHz) and
GSM (880~960 MHz), a wide band mode which is consti-
tuted by the first high frequency mode 32 and the second high
frequency 33 can meet the requirements of GPS (1575 MHz),
DCS (1710~1880 MHz), PCS (1850~1990 MHz), UMTS
(1920~2170 MHz), Wi-Fi (2400~2500 MHz). The antenna
device has excellent characteristics.

FIG. 4 shows the second preferred embodiment of the
integrated broadband antenna device with wide band func-
tion. The antenna device comprises a ground plate 41, a
feeding wire 42, a first metal radiator 43, a second metal
radiator 44, a first and second ground metal radiators 45A and
45B and a parasitic metal radiator 46. The feeding wire 42
comprises a positive signal wire 421 and a negative signal
wire 422 that is electrically connected with the ground plate
41. The first metal radiator 43 includes a radiating arm 431
and a feeding metal sheet 432, the radiating arm 431 is dis-
posed on one side of the ground plate 41 and horizontally
suspends above the ground plate 41. A clearance is formed
between the radiating arm 431 and the ground plate 41. The
feeding metal sheet 432 is perpendicular to the ground plate
41 with one end thereof connected with the radiating arm 431
and the other end thereof connected with the positive signal
wire 421 of the feeding wire 42 for transmitting electric
signals. The first metal radiator 43 forms a monopole antenna
device to produce a first high frequency mode. The second
metal radiator 44 which horizontally suspends above the
ground plate 41 includes a second end 442 and a first end 441
which is adjacent to the radiating arm 431 of the first metal
radiator 43 with a clearance therebetween. The second end
442 extends in a direction that is away from the radiating arm
431. The first end 441 and the radiating arm 431 are on
different levels and the former is farther away from the
ground plate 41 than the latter. Each of the two ground metal
radiators 45A and 458 is vertical to the ground plate 41 with
one end thereof connected with the ground plate 41 and the
other end of second ground metal radiator 45B connected
with the parasitic metal radiator 46 and the other end of first
ground metal radiator 45A connected with the second end
442 of the second metal radiator 44 respectively. The two
ground metal radiators 45A and 45B have a clearance ther-
ebetween. In additional, the parasitic metal radiator 46 hori-
zontally suspends above the ground plate 41, and one end
thereof is connected with the ground metal radiator 45, and
the other end thereof extends in a direction that is away from
the ground metal radiator 45. According to the invention, the
electric signals are coupled to and fed to the first end 441 of
the second metal radiator 44 by the radiating arm 431 of the
first metal radiator 43. Therefore, the second metal radiator
44, along with the ground metal radiator 45, forms an
inverted-F antenna device to produce a low frequency mode.
The parasitic metal radiator 46 and the ground metal radiator
45 constitute a parasitic antenna device which produces a
second high frequency mode. The second high frequency
mode along with the first high frequency mode constitutes a
wide band mode. In the same time, the two ground metal
radiators according to this invention could be integrated as a
single ground metal radiator, and the above-mentioned two
antennas, the inverted-F antenna device and the parasitic
antenna share the ground metal radiator 45. Therefore, not
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only the manufacturing process of the antenna is simplified
but also the size of the antenna is decreased.

FIG 5 shows the third preferred embodiment of the inte-
grated broadband antenna device with wide band function.
The antenna device comprises a ground plate 51, a feeding
wire 52, a first metal radiator 53, a second metal radiator 54,
a ground metal radiator 55 and a parasitic metal radiator 56.
The feeding wire 52 comprises a positive signal wire 521 and
a negative signal wire 522 that is electrically connected with
the ground plate 51. The first metal radiator 53 includes a
radiating arm 531 and a feeding metal sheet 532, the radiating
arm 531 is located on one side of the ground plate 51 and
horizontally suspends above the ground plate 51. In fact, a
clearance is formed between the radiating arm 531 and the
ground plate 51. The radiating arm 531 also has a side wing
533 and the parasitic metal radiator is substantially inverted
L-shaped as a whole. The feeding metal sheet 532 is perpen-
dicular to the ground plate 51 with one end thereof connected
with the radiating arm 531 and the other end thereof con-
nected with the positive signal wire 521 of the feeding wire 52
for transmitting electric signals. The first metal radiator 53
forms a monopole antenna to produce a first high frequency
mode. The second metal radiator 54 which horizontally sus-
pends above the ground plate 51 includes a second end 542
and a first end 541 which is adjacent to the radiating arm 531
of the first metal radiator 53 with a clearance therebetween.
The second end 542 extends in a direction that is away from
the radiating arm 531, the first end 541 and the radiating arm
542 are on different levels and the former is farther away from
the ground plate 51 than the latter. The ground metal radiator
55 is vertical to the ground plate 51 with one end thereof
connected with the ground plate 51 and the other end thereof
connected with the second end 54 of the second metal radiator
542. According to the invention, the electric signals are
coupled to and fed to the first end 541 of the second metal
radiator 54 by the radiating arm 531 of'the first metal radiator
53. Therefore, the second metal radiator 54 along with the
ground metal radiator 55 forms an inverted-F antenna for
producing a low frequency mode. In additional, the parasitic
metal radiator 56 horizontally suspends above the ground
plate 51, and one end thereof is connected with the ground
metal radiator 55 and the second end 542 of the second metal
radiator 54 respectively, and the other end thereof extends in
a direction that is away from the ground metal radiator 55.
The parasitic metal radiator 56 and the ground metal radiator
55 constitute a parasitic antenna device which can produce a
second high frequency mode. The second high frequency
mode along with the first high frequency mode simulta-
neously constitutes a wide band mode.

FIG. 6 shows the fourth preferred embodiment of the inte-
grated broadband antenna device with wide band function.
The antenna device comprises a ground plate 61, a feeding
wire 62, a first metal radiator 63, a second metal radiator 64,
a ground metal radiator 65 and a parasitic metal radiator 66.
The feeding wire 62 comprises a positive signal wire 621 and
a negative signal wire 622 that is electrically connected with
the ground plate 61. The first metal radiator 63 includes a
radiating arm 631 and a feeding metal sheet 632, the radiating
arm 631 is located on one side of the ground plate 61 and
horizontally suspends above the ground plate 61. In fact, a
clearance is formed between the radiating arm 631 and the
ground plate 61. The feeding metal sheet 632 is perpendicular
to the ground plate 61 with one end thereof connected with the
radiating arm 631 and the other end thereof connected with
the positive signal wire 621 of the feeding wire 62 for trans-
mitting electric signals. The first metal radiator 63 forms a
monopole antenna device to produce a first high frequency
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mode. The second metal radiator 64 which horizontally sus-
pends above the ground plate 61 includes a second end 642
and a first end 641 which is adjacent to the radiating arm 631
of the first metal radiator 63 with a clearance therebetween.
The second end 642 extends in a direction that is away from
the radiating arm 631. The first end 641 and the second end
642 of the second metal radiator 64 are on different levels and
the former is farther away from the ground plate 61 than the
latter. The second metal radiator 64 is substantially of a cyl-
inder shape. The ground metal radiator 65 is vertical to the
ground plate 61 with one end thereof connected with the
ground plate 61 and the other end thereof connected with the
second end 642 of the second metal radiator 64. According to
the invention, the electric signals are coupled to and fed to the
first end 641 of the second metal radiator 64 by the radiating
arm 631 of the first metal radiator 63. Therefore, the second
metal radiator 64 along with the ground metal radiator 65
forms an inverted-F antenna for producing a low frequency
mode. In additional, the parasitic metal radiator 66 horizon-
tally suspends above the ground plate 61, and one end thereof
is respectively connected with the ground metal radiator 65
and the second end 642 of the second metal radiator 64, and
the other end thereof extends in a direction that is away from
the ground metal radiator 65. The parasitic metal radiator 66
and the second metal radiator 64 form an obtuse angle ther-
ebetween. The parasitic metal radiator 66 and the ground
metal radiator 65 constitute a parasitic antenna device which
can produce a second high frequency mode. The second high
frequency along with the first high frequency mode consti-
tutes a wide band mode.

FIG 7 shows the fifth preferred embodiment of the inte-
grated broadband antenna device with wide band function.
The antenna device comprises a ground plate 71, a feeding
wire 72, a first metal radiator 73, a second metal radiator 74,
a ground metal radiator 75 and a parasitic metal radiator 76.
The feeding wire 72 comprises a positive signal wire 721 and
a negative signal wire 722 that is electrically connected with
the ground plate 71. The first metal radiator 73 includes a
radiating arm 731 and a feeding metal sheet 732. The radiat-
ing arm 731 is located on one side of the ground plate 71 and
horizontally suspends above the ground plate 71. In fact, a
clearance is formed between the radiating arm 731 and the
ground plate 71. The radiating arm 731 further has a side wing
733 and the radiating arm 731 is inverted-L shape as a whole.
The feeding metal sheet 732 is perpendicular to the ground
plate 71 with one end thereof connected with the radiating
arm 731 and the other end thereof connected with the positive
signal wire 721 of the feeding wire 72 for transmitting electric
signals. The first metal radiator 73 forms a monopole antenna
device to produce a first high frequency mode. The second
metal radiator 74 which horizontally suspends above the
ground plate 71 includes a second end 742 and a first end 741
which is adjacent to the radiating arm 731 of the first metal
radiator 73 with a clearance therebetween. The second end
742 extends in a direction that is away from the radiating arm
731. The first end 741 and the radiating arm 742 are on
different levels, and the former is farther away from the
ground plate 71 than the latter and also wider than the second
end 742. The ground metal radiator 75 is vertical to the
ground plate 71 with one end thereof connected with the
ground plate 71 and the other end thereof connected with the
second end 742 of the second metal radiator 74. According to
the invention, the electric signals are coupled to and fed to the
first end 741 of the second metal radiator 74 by the radiating
arm 731 of the first metal radiator 73. Therefore, the second
metal radiator 74 along with the ground metal radiator 75
forms an inverted-F antenna device for producing a low fre-
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quency mode. In additional, the parasitic metal radiator 76
horizontally suspends above the ground plate 71, and one end
thereofis connected respectively with the ground metal radia-
tor 75 and the second end 742 of the second metal radiator 74,
and the other end thereof extends in a direction that is away
from the ground metal radiator 75. The parasitic metal radia-
tor 76 is provided with a side wing 761 on the second end
thereof, and therefore the radiating arm is of an inverted-L
shape as a whole. The parasitic metal radiator 76 and the
ground metal radiator 75 constitute a parasitic antenna which
can produce a second high frequency mode. The second high
frequency mode along with the first high frequency mode
constitutes a wide band mode.

The description and drawings are only for illustrating pre-
ferred 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, scope
and characteristic of this invention shall also fall within the
scope of the appended claims of the present invention.

What is claimed is:

1. An antenna device comprising:

a ground plate;

a feeding wire including a positive signal wire and a nega-
tive signal wire electrically connected with the ground
plate;

a first metal radiator including a radiating arm and a feed-
ing metal sheet, the radiating arm provided on one side
of the ground plate and horizontally suspending above
the ground plate, the feeding metal sheet vertically
arranged with respect to the ground plate with one end
thereof being vertically connected to the radiating arm
and the other end thereof connected with the positive
signal wire of the feeding wire and the ground plate;

a second metal radiator horizontally suspending above the
ground plate including a first end and a second end, the
first end being adjacent to the radiating arm with a clear-
ance formed therebetween, the second end extending
away from the radiating arm of the first metal radiator;

a ground metal radiator vertically arranged with respect to
the ground plate with one end thereof connected with the
ground plate and the other end thereof connected with
the second end of the second metal radiator; and
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a parasitic metal radiator horizontally suspending above
the ground plate, one end thereof connected with the
ground metal radiator and the other end thereof extend-
ing away from the ground metal radiator;

wherein the first metal radiator has a side wing and is
substantially of an [-shape;

wherein the radiating arm of the first metal radiator and the
first end of the second metal radiator are not on the same
level, and the first end of the second metal radiator is
farther away from the ground plate than the radiating
arm of the first metal radiator;

wherein the parasitic metal radiator and the second metal
radiator form an obtuse angle therebetween;

wherein the parasitic metal radiator has a side wing and is
substantially of an [-shape;

wherein the first end of the second metal radiator is less
than the second end of the second metal radiator;

wherein a first end and a second end of the radiating arm are
extended horizontally on different levels;

wherein the ground metal radiator comprises a first ground
metal radiator and a second ground metal radiator and
having a clearance therebetween and one end of the first
and the second ground metal radiators is vertically con-
nected to the ground plate, the other end of the second
ground metal radiator connected with the parasitic metal
radiator and the other end of the first ground metal radia-
tor connected with the second end of the second metal
radiator respectively;

wherein the parasitic metal radiator and the ground metal
radiator constitute a parasitic antenna device which pro-
duces a second high frequency mode, and the second
high frequency mode as well as the first high frequency
mode constitute a wide band mode;

a length of areas of the second metal radiator and the
parasitic metal radiator is ten times larger than that of
widths of the second metal radiator and the parasitic
metal radiator.

2. The antenna device according to claim 1, wherein the

40 second metal radiator is substantially in the form of a cylinder

shape.
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Disclosed is an antenna device arranged inside a display
module of an electronic device with a conductive portion. The
antenna device includes an antenna element with a ground
plane and a signal feeding end for transceiving a wireless
signal, an antenna signal feeding line coupled to the signal
feeding end of the antenna element for feeding the wireless
signal transceived by the antenna element. At least one
mounting element for fixing the antenna element onto the
casing and forcing the ground plane of the antenna electri-
cally contacting with the conductive portion of the casing, so
that the conductive porting serves as an extended ground for
the ground plane of the antenna element.
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ANTENNA DEVICE WITH GROUND PLANE
COUPLED TO CONDUCTIVE PORTION OF
AN ELECTRONIC DEVICE

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application is a continuation-in-part of Ser. No.
11/651,981 filed on Jan. 11, 2007, now abandoned entitled
“Antenna Device with Antenna Element Coupled to Anti-
EMI Plate of an Electronic Device”.

FIELD OF THE INVENTION

The present invention relates to an antenna device used in
wireless technology, and in particular to an antenna element
with a ground plane coupled to a conductive plate or conduc-
tive portion of an electronic device.

BACKGROUND OF THE INVENTION

With the burgeoning of the wireless technologies nowa-
days, antenna devices for transceiving wireless signals have
been widely utilized in electronic devices such as portable
personal computers, cell phones, personal digital assistants
and digital televisions capitalizing wireless transceiving.
Hence the enhancement of the stability and the radiation
efficiency of the antenna devices has become one of the most
important aspects considering wireless technologies. The
inventors, therefore, take a portable personal computer as an
example to illustrate relative art.

With reference to the drawings and in particular to FIG. 1,
which is an assembled perspective view of an electronic
device provided with a conventional antenna element therein,
the electronic device 100 includes a display module 1, a pivot
mechanism 2 and a main body 3, wherein the display module
1 is integrated with the main body 3 by the pivot mechanism
2.

Please refer to FIG. 2 that is an exploded perspective view
of FIG. 1. As shown in the figure, the display module 1
includes a display module casing 11, a display module screen
12 and an EMI (electromagnetic interference) shielding plate
or a conductive portion 13, wherein the conductive portion 13
is a thin metal plate arranged on an inner surface of the display
module casing 11 for shielding the display module 1 from
possible electromagnetic interferences. The main body 3
includes a main body casing 31 and an antenna transceiving
module 32, which is provided with an antenna signal feeding
line connecting end 321 and an antenna transceiving module
ground connecting end 322, wherein the antenna transceiving
module 32 is arranged inside the main body casing 31.

An antenna device 4, which is electrically connected to the
antenna module 32 by a coaxial cable 5, is also arranged at a
predetermined position of the display module 1 for transceiv-
ing a wireless signal, wherein the coaxial cable 5 includes an
antenna signal feeding line 51 and a ground connecting line
52.

With reference to FIG. 3, which is a perspective view of the
connection of the antenna device 4 and the coaxial cable 5
with the antenna signal feeding line 51 and the ground con-
necting line 52, one end of the antenna signal feeding line 51
is connected to a signal feeding end 41 of the antenna device
4, while the other end of the antenna signal feeding line 51 is
connected to the antenna signal feeding line connecting end
321. On the other hand, one end of the ground connecting line
52 is connected to a ground connecting end 42 of the antenna
device 4, while the other end of the ground connecting line 52
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is connected to the antenna transceiving module ground con-
necting end 322 of the antenna transceiving module 32.

SUMMARY OF THE INVENTION

The antenna device of the electronic device of conventional
use is coupled to the ground of the antenna transceiving
module through the ground connecting line of the antenna
device. Such ground is an analog ground and is not connected
to the system ground. Since the area of the ground the antenna
device connected to may have influence on the ability of the
antenna device to prevent electromagnetic interferences, the
relatively small ground of the antenna transceiving module
may affect the prevention of the antenna device to electro-
magnetic interferences, and consequently affect the trans-
ceiving of the wireless signal of the antenna device.

In addition, since the length of the ground connecting line
of conventional use is relatively longer, affections to the abil-
ity of the antenna device to prevent electromagnetic interfer-
ences is unavoidable.

The primary object of the present invention, therefore, is to
provide an antenna element with a ground plane coupled to a
conductive portion of the electronic device in order to provide
a ground with a larger area to the antenna element.

The other object of the present invention is to provide an
antenna element with a ground plane coupled to a conductive
portion of the electronic device with a shorter ground con-
necting line.

The other object of the present invention is to provide an
antenna element directly coupled to a conductive portion of
the electronic device.

To realize the above objects, the present invention includes
an antenna element with a ground plane and a signal feeding
end for transceiving a wireless signal, an antenna signal feed-
ing line coupled to the signal feeding end of the antenna
element for feeding the wireless signal transceived by the
antenna element. At least one mounting element for fixing the
antenna element onto the casing and forcing the ground plane
of the antenna electrically contacting with the conductive
portion of the casing, so that the conductive porting serves as
an extended ground for the ground plane of the antenna ele-
ment.

In comparison with the conventional technologies, the
present invention provides the antenna device with a larger
ground through the connecting of the antenna device to the
conductive portion of the electronic device through a shorter
ground connecting line, hence enhances the stability and the
quality of the transceiving of the wireless signal of the
antenna device.

These and other objects, features and advantages of the
invention will be apparent to those skilled in the art, from a
reading of the following brief description of the drawings, the
detailed description of the preferred embodiment, and the
appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The structure and the technical means adopted by the
present invention to achieve the above and other objects can
be best understood by referring to the following detailed
description of the preferred embodiments and the accompa-
nying drawings, wherein

FIG. 1 is an assembled perspective view of an electronic
device provided with a conventional antenna device therein;

FIG. 2 is an exploded perspective view of FIG. 1;
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FIG. 3 is a perspective view of a connection of an antenna
element and a coaxial cable with an antenna signal feeding
line and a ground connecting line of conventional use;

FIG. 4 is an exploded perspective view of an electronic
device with an antenna element coupled to an conductive
portion in accordance with a first embodiment of the present
invention;

FIG. 5 is a perspective view of a connection of an antenna
element, an antenna signal feeding line and a ground connect-
ing line in accordance with a first embodiment of the present
invention;

FIG. 6 is an exploded perspective view of the connection of
an antenna element, an antenna signal feeding line and a
ground connecting line in accordance with the first embodi-
ment of the present invention;

FIG. 7 is across-sectional view taken along line 7-7 of FI1G.
5;

FIG. 8 s a perspective view of the connection of an antenna
element, an antenna signal feeding line and a ground connect-
ing line in accordance with a second embodiment of the
present invention; and

FIG. 9 is an exploded perspective view of the connection of
an antenna element, an antenna signal feeding line and a
ground connecting line in accordance with the second
embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

With reference to the drawing of FIG. 4, which is an
exploded perspective view of an electronic device with an
antenna device coupled to a conductive portion in accordance
with a preferred embodiment of the present invention, an
electronic device 100a includes a display module 1a, a pivot
mechanism 2¢ and a main body 3a, wherein the display
module 1a is pivotally mounted with the main body 3a by the
pivot mechanism 2a; hence the display module 1a is rotatably
operable around the pivot mechanism 2a to cover the main
body 3a or to be lift up.

As shown in the figure, the display module 1qa includes a
display module casing 11a, a display module screen 12a and
a conductive portion 13a, wherein the conductive portion 13«
includes a conductive portion ground end 131a coupled to a
ground end of the display module 1a. The main body 3a
includes a main body casing 31a and an antenna transceiving
module 32a, wherein the antenna transceiving module 324 is
arranged inside the main body casing 31a. The antenna trans-
ceiving module 324 includes an antenna signal feeding line
connecting end 321a and an antenna transceiving module
ground end 322a.

Moreover, an antenna element 6 for transceiving a wireless
signal is arranged at a predetermined position of the display
module 1a. In the preferred embodiment of the present inven-
tion, the antenna element 6 is a flat typed PIFA antenna having
a signal feeding section 61, a connection section 62, and a
ground plane 63. The signal feeding section 61 and the
ground plane 63 are coupled to an antenna signal feeding line
51a and a ground connecting line 52a of a coaxial cable 5a
respectively.

FIG. 5 is a perspective view of the connection of the
antenna element 6, the antenna signal feeding line 51« and the
ground connecting line 52a in accordance with a first embodi-
ment of the present invention. FIG. 6 is an exploded perspec-
tive view of the connection of the antenna element 6, the
antenna signal feeding line 51a and the ground connecting
line 52a in accordance with the first embodiment of the
present invention. FIG. 7 is a cross-sectional view taken along
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line 7-7 of FIG. 5. As shown in FIGS. 4 to 7, one end of the
antenna signal feeding line 51a is connected to a signal feed-
ing end 614 formed on the signal feeding section 61, while the
other end of the antenna signal feeding line 51a is connected
to the antenna signal feeding line connecting end 3214 of the
antenna transceiving module 32a. On the other hand, one end
of the ground connecting line 52a is connected to a ground
end 63a formed on the ground plane 63, while the other end of
the ground connecting line 524 is connected to the conductive
portion ground 131« of the conductive portion 13a.

The wireless signal received by the antenna element 6 is
conducted to the antenna transceiving module 32a through
the antenna signal feeding line 51a, and the wireless signal is
processed by the antenna transceiving module 32q and is
transferred to the electronic device 100a. On the contrary,
data-to-be-transmitted are conducted to the antenna trans-
ceiving module 324 and processed by the antenna transceiv-
ing module 32a. The data is then transmitted by the antenna
element 6 through the conducting of the antenna signal feed-
ing line 51a.

For fixing the antenna element 6 at a selected position
adjacent to the conductive portion 13a, a pair of outward
fixing parts 7a, 7b are formed on an inner side of the display
module casing 11a. So, the antenna element 6 may be fixed on
the inner side of the display module casing 11a by screwing a
pair of mounting elements 7¢, 7d such as screws onto the
fixing parts 7a, 7b of the display module casing 11a respec-
tively. Besides, the ground plane 63 of the antenna element 6
is provided with a downward extended section 635 which is
arranged to directly contact with the conductive portion 13a.
So, the downward extended section 635 of the ground plane
63 is forced to electrically contact with the conductive portion
134 of the display module casing 11a. In this arrangement, the
conductive portion 13a of the display module casing 11a
serves as an extended ground for the ground plane 63 of the
antenna element 6. Preferably, the downward extended sec-
tion 635 of the ground plane 63 is soldered to the conductive
portion 13a by solder 8, as shown in FIG. 7.

Since the antenna element 6 is coupled to a larger ground
area through a simple contact structure, the enhancement of
the stability of the transceiving of the wireless signal of the
antenna element and the ability of the antenna element to
prevent interferences is predictable.

In addition, the distance from the antenna element 6 to the
ground is effectively shortened through the connection of the
antenna element 6 to the conductive portion 13a. As a conse-
quence, the ability of the antenna element 6 to tolerate inter-
ferences and the speed of the antenna element 6 to exclude
noises are enhanced.

In the preferred embodiment of the present invention, the
electronic device 1004 is a portable personal computer (i.e. a
notebook), and the conductive portion 13a, which is generally
made of aluminum or tin foil, is a plate with the ability to
prevent electromagnetic interferences. The utilization of any
other element with the same/similar function as the conduc-
tive portion 13a, however, is to be adapted in accordance with
different fields of application.

The conductive portion 13a of the previous embodiment
serves as an anti-EMI plate for the electronic device 100aq.
Alternatively, the conductive portion 13a may be a metal
plate forming a partial portion of the casing 11a for purpose of
enhancing the structure strength or serving as the casing 11a.

FIG. 8 is a perspective view of the connection of the
antenna element 7, the antenna signal feeding line 51a and the
ground connecting line 52¢ in accordance with a second
embodiment of the present invention. FIG. 9 is an exploded
perspective view of the connection of the antenna element 7,
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the antenna signal feeding line 51 a and the ground connect-
ing line 52a in accordance with the second embodiment of the
present invention. In this embodiment, the antenna element 7
is a low-profile typed PIFA antenna having a signal feeding
section 71, a connection section 72, and a ground plane 735.
The signal feeding section 71 and the ground plane 73 are
coupled to an antenna signal feeding line 51a¢ and a ground
connecting line 524 of a coaxial cable 5 respectively.

For fixing the antenna element 7 at a selected position
adjacent to the conductive portion 13a, a pair of outward
fixing parts 7a, 7b are formed on an inner side of the display
module casing 11a. So, the antenna element 7 may be fixed on
the inner side of the display module casing 11a by screwing a
pair of mounting elements 7¢, 7d such as screws onto the
fixing parts 7a, 7b of the display module casing 11a respec-
tively. Besides, the ground plane 73 of the antenna element 7
is provided with a downward extended section 735 which is
arranged to directly contact with the conductive portion 13a.
So, the downward extended section 735 of the ground plane
73 is forced to electrically contact with the conductive portion
13a of the display module casing 11a. The conductive portion
13a of the display module casing 11a serves as an extended
ground for the ground plane 73 of the antenna element 7.

While the invention has been described in connection with
what is presently considered to the most practical and pre-
ferred embodiments, it is to be understood that the invention
is not to be limited to the disclosed embodiments, but on the
contrary, is intended to cover various modifications and
equivalent arrangement included within the spirit and scope
of the appended claims.

What is claimed is:
1. An antenna device arranged inside a casing of an elec-
tronic device, comprising:
a display module screen;
a conductive portion arranged on an inner surface of the
casing;
an antenna element with a ground plane and a signal feed-
ing section for transceiving a wireless signal;
an antenna signal feeding line coupled to the signal feeding
end of the antenna element for feeding the wireless
signal transceived by the antenna element to the elec-
tronic device; and
at least one mounting element for fixing the antenna ele-
ment onto the casing and forcing the ground plane of the
antenna element electrically into electrical contact with
the conductive portion of the casing, so that the conduc-
tive porting serves as an extended ground for the ground
plane of the antenna element, wherein at least a portion
of'the ground plane of the antenna element is arranged in
a gap separating the conductive portion and the display
module screen such that said portion of the ground plane
is sandwiched between a surface of the conductive por-
tion and a facing surface of the display module screen.
2. The antenna device as claimed in claim 1, wherein the
conductive portion is a thin plate made of an electro-conduc-
tive material mounted on the inner surface of the casing.
3. The antenna device as claimed in claim 1, wherein the
conductive portion is an anti-EMI plate of the electronic
device.
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4. The antenna device as claimed in claim 1, wherein the
conductive portion is made of metal plate and forms at least a
portion of the casing.

5. The antenna device as claimed in claim 1, wherein the
conductive portion is connected to a ground end of the elec-
tronic device.

6. The antenna device as claimed in claim 1, wherein the
mounting element comprises at least one screw.

7. The electronic device as claimed in claim 1, wherein the
casing and display module screen are mounted together to
form a display module, and the electronic device is a portable
computer with the display module mounted on the portable
computer via a pivot mechanism so that the display module is
rotatably operable around the pivot mechanism, and the con-
ductive portion is arranged inside the display module.

8. The electronic device as claimed in claim 1, wherein the
antenna element is a planner typed PIFA antenna.

9. The electronic device as claimed in claim 1, wherein the
antenna element is a low-profile typed PIFA antenna.

10. An antenna device arranged inside a casing of an elec-
tronic device, comprising:

a display module screen;

a conductive portion arranged on an inner surface of the

casing;

an antenna element with a ground plane and a signal feed-

ing section for transceiving a wireless signal; and

an antenna signal feeding line coupled to the signal feeding

end of the antenna element for feeding the wireless
signal transceived by the antenna element to the elec-
tronic device;

wherein the ground plane of the antenna element directly

contacts with the conductive portion of the casing, so
that the conductive porting serves as an extended ground
forthe ground plane of the antenna element, and wherein
at least a portion of the ground plane of the antenna
element is arranged in a gap separating the conductive
portion and the display module screen such that said
portion of the ground plane is sandwiched between a
surface of the conductive portion and a facing surface of
the display module screen.

11. The antenna device as claimed in claim 10, wherein the
conductive portion is a thin plate made of an electro-conduc-
tive material mounted on the inner surface of the casing.

12. The antenna device as claimed in claim 10, wherein the
conductive portion is an anti-EMI plate of the electronic
device.

13. The antenna device as claimed in claim 10, wherein the
conductive portion is made of metal plate and forms at least a
portion of the casing.

14. The antenna device as claimed in claim 10, wherein the
conductive portion is connected to a ground end of the elec-
tronic device.

15. The electronic device as claimed in claim 10, wherein
the casing and display module screen are mounted together to
form a display module, and the electronic device is a portable
computer with the display module mounted on the portable
computer via a pivot mechanism so that the display module is
rotatably operable around the pivot mechanism, and the con-
ductive portion is arranged inside the display module.

#* #* #* #* #*
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HIGH-DIRECTIONAL WIDE-BANDWIDTH
ANTENNA

FIELD OF THE INVENTION

The present invention is related to an antenna, and more
particularly to a high-directional wide-bandwidth antenna for
using in a radio-frequency identification (RFID) tag.

BACKGROUND OF THE INVENTION

A Radio-frequency identification (RFID) tag is composed
of a RFID IC and an antenna, wherein the RFID IC can be
used to store information such as the product type, location,
and date. To read/write information from/into the RFID IC, it
is necessary to perform read/write operation to the RFID IC in
a contactless manner. Because RFID tag can be used to trans-
mit data in a wireless fashion, it has been widely employed in
avariety of fields, such as door access control, ticket vending,
antitheft application, logistic management, and pet identifi-
cation.

Referring to FIG. 1, a conventional antenna for RFID tag is
shown. The antenna 1 for using in a RFID tag includes a loop
element 11 and a radiating body 12, wherein an annular path
is formed between a first feeding point 111 and a second
feeding point 112 of the loop element 11. The loop element 11
has an outer side A coupled with the radiating body 12. The
radiating body 12 extends outwardly from the side A and bent
several times for receiving or transmitting radio waves. The
RFID IC (not shown) is connected to the first feeding point
111 and the second feeding point 112. Energy can be trans-
ferred to the antenna 1 through the first feeding point 111 and
the second feeding point 112. Also, the radio signals received
by the antenna 1 can be transferred to the RFID IC through the
first feeding point 111 and the second feeding point 112.

The first feeding point 111 and the second feeding point
112 will generate an equivalent inductive reactance therebe-
tween, and the RFID IC will function as a capacitive element.
When the RFID IC is connected to the first feeding point 111
and the second feeding point 112, a conjugate-matching com-
pensating effect is generated. Therefore, the RFID IC can
effectively transfer the energy to the loop element 11, and thus
the loop element 11 can transfer the energy to the radiating
body 12 by coupling.

However, the conventional antenna 1 for using in a RFID
tag can be used at a single resonant frequency. Therefore, the
bandwidth of antenna is small and thus the antenna can be
used at a single frequency only. Moreover, the conventional
antenna is a non-array type antenna, and its directionality is
quite low. This would result in a short reading distance for
RFID tag. Therefore, how to develop a high-directional wide-
bandwidth antenna for using in a RFID tag is an urgent task.

SUMMARY OF THE INVENTION

The present invention provides a high-directional wide-
bandwidth antenna for RFID tag, wherein the antenna
employs two resonant frequencies so that the bandwidth of
the antenna can be employed for multi-frequency RFID tag.
The frequency bandwidth of the antenna according to the
invention can be ranged from 862 MHz to 1006 MHz. Also,
the antenna according to the present invention is an array type
antenna, so that it has a high directionality and the reading
distance of the RFID tag is lengthened.

The present invention is accomplished by a high-direc-
tional wide-bandwidth antenna for using in a RFID tag. The
inventive antenna comprises a first element composed of a
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conductor and having one end serving as a first feeding point,
wherein the electricity of the first feeding point is equivalent
to an inductive reactance; a first radiating body having one
end connected with the first element and the other end being
a coupling surface; a second radiating body having one end
serving as a second feeding point, wherein the second radi-
ating body extends to the coupling surface of the first radiat-
ing body through the second feeding point so that energy can
be transferred between the first radiating body and the second
radiating body through the coupling surface; a third radiating
body having one end connected with the first radiating body
and the first element and the other end extending outwardly;
and a fourth radiating body having one end connected with
the first radiating body, the third radiating body and the first
element and the other end extending outwardly, wherein the
first radiating body and the second radiating body attain a first
resonant frequency, and the third radiating body and the
fourth radiating body attain a second radiating frequency.

Now the foregoing and other features and advantages of the
present invention will be best understood through the follow-
ing descriptions with reference to the accompanying draw-
ings, wherein:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view showing a conventional antenna for
using in a RFID tag;

FIG. 2 is a plan view showing a high-directional wide-
bandwidth antenna for using in a RFID tag according to a
preferred embodiment of the present invention;

FIG. 3 is a characteristic plot showing the impedance ver-
sus frequency relationship of the high-directional wide-band-
width antenna according to the present invention;

FIG. 4 is a frequency response diagram of the high-direc-
tional wide-bandwidth antenna according to the present
invention; and

FIG. 5 is a plan view showing a high-directional wide-
bandwidth antenna for using in a RFID tag according to
another preferred embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Several preferred embodiments embodying the features
and advantages of the present invention will be expounded in
following paragraphs of descriptions. It is to be realized that
the present invention is allowed to have various modification
in different respects, all of which are without departing from
the scope of the present invention, and the description herein
and the drawings are to be taken as illustrative in nature, but
not to be taken as limitative.

Referring to FIG. 2, a high-directional wide-bandwidth
antenna for using in a RFID tag according to the present
invention is shown. The inventive high-directional wide-
bandwidth antenna 2 comprises a first element 21, a first
radiating body 22, a second radiating body 23, a third radiat-
ing body 24, and a fourth radiating body 25, wherein the first
element 21 is essentially composed of a conductor and having
one end serving as a first feeding point 211. In the present
embodiment, the length of the first element 21 is shorter than
one-quarter wavelength of the first element 21, so that the
electricity of the first feeding point 211 is equivalent to an
inductive reactance. One end of the first radiating body 22 is
connected to the first element 21, and the other end of the first
radiating body 22 is a coupling surface 22A. One end of the
second radiating body 23 serves as a second feeding point
231, and the second radiating body 23 can be extended to the
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coupling surface 22A of the first radiating body 22 through
the second feeding point 231. Therefore, energy can be trans-
ferred between the first radiating body 22 and the second
radiating body 23 through the coupling surface 22A. One end
of'the third radiating body 24 is connected to the first radiating
body 22 and the first element 21; the other end of the third
radiating body 24 extends outwardly in a direction being
perpendicular to the extending direction of the first radiating
body 22. One end of the fourth radiating body 25 is connected
to the first radiating body 22, the third radiating body 24 and
the first element 21; the other end of the fourth radiating body
25 extends outwardly in a direction being perpendicular to the
extending direction of the first radiating body 22.

Referring to FIG. 2, the first radiating body 22 and the
second radiating body 23 attain a first resonant frequency fl,
wherein the length of the first radiating body 22 and the length
of the second radiating body 23 are one-quarter of the wave-
length of the first resonant frequency f1. In addition, the third
radiating body 24 and the fourth radiating body 25 attain a
second resonant frequency f2, wherein the length of the third
radiating body 24 and the length of the fourth radiating body
25 are one-quarter of the wavelength of the second resonant
frequency f2. In alternative embodiments, the first resonant
frequency {1 is substantially smaller than the second resonant
frequency 2. In addition, the length of the first element 21 is
substantially shorter than one-quarter of the wavelength of
the frequency of the first element 21, wherein the frequency of
the first element 21 is located between the first resonant
frequency f1 and the second resonant frequency 2.

In the present embodiment, the first resonant frequency f1
and the second resonant frequency f2 can be, but not limited
to, 890 MHz and 990 MHz, respectively, and the length of the
first element 21 is shorter than one-quarter of the wavelength
of the frequency of the first element 21, for example, 940
MHz, wherein the frequency of the first element 21 (940
MHz) is located between the first resonant frequency f1 and
the second resonant frequency f2. Those of skilled in the art
will appreciate that, the electricity of the joint B that connects
the first radiating body 22, the third radiating body 24, the
fourth radiating body 25, and the first element 21 is a short
circuit. Also, the electricity of the outer side of the first radi-
ating body 22, the second radiating body 23, the third radiat-
ing body 24, and the fourth radiating body 25 is an open
circuit. Therefore, the current of the first radiating body 22,
the third radiating body 24 and the fourth radiating body 25
will be separated with each other by a phase difference of 90°.
Also, a spatial difference of 90° will exist between the current
of'the first radiating body 22, the third radiating body 24 and
the fourth radiating body 25, and the gap d will be one-quarter
of the wavelength of the first resonant frequency f1 or one-
quarter of the wavelength of the second resonant frequency
2. Therefore, the high-directional wide-bandwidth antenna 2
can provide a focusing effect.

Certainly, in order to reduce the area of the high-directional
wide-bandwidth antenna 2, the outwardly-extending ends of
the third radiating body 24 and the fourth radiating body 25
can be curved-shaped. In alternative embodiments, the area of
the third radiating body 24 and the fourth radiating body 25
can be enlarged to increase the amount of radiation for the
third radiating body 24 and the fourth radiating body 25.
Besides, as shown in FIG. 5, the high-directional wide-band-
width antenna 2 can include a fifth radiating body 26 to
achieve a better radiating effect, wherein one end of the fifth
radiating body 26 is connected to the first radiating body 22,
the third radiating body 24, the fourth radiating body 25, and
the first element 21; the other end of the fifth radiating body
26 extends outwardly in a direction being perpendicular to the
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extending direction of the third radiating body 24 and the
extending direction of the fourth radiating body 25. The fifth
radiating body 26 attains the first resonant frequency {1, and
thus the length of the fifth radiating body 26 is one-quarter of
the wavelength of the first resonant frequency f1. In addition,
the outwardly-extending end of the fifth radiating body 26 can
be curved-shaped and/or has a radiating surface being larger
than the width of the inner periphery.

Referring to FIG. 3, the impedance versus frequency rela-
tionship of the high-directional wide-bandwidth antenna
according to the present invention is shown. As shown in FIG.
3, the equivalent impedance of the antenna 2 includes a resis-
tance R and a reactance X, and a peak value for the resistance
R is generated at each resonant frequency. The change of the
resistance R and the reactance X is relatively low between the
first resonant frequency f1 and the second resonant frequency
2. This is similar to the conjugate impedance of the RFID IC.
Hence, the high-directional wide-bandwidth antenna 2 can
provide a conjugate-matching compensating effect for the
RFID IC.

Referring to FIG. 4, a frequency response diagram of the
high-directional wide-bandwidth antenna according to the
present invention is shown. As shown in FIG. 4, since the
high-directional wide-bandwidth antenna 2 can provide a
conjugate-matching compensating eftect for the RFID IC
between the first resonant frequency f1 and the second reso-
nant frequency 2, the frequency range available to the high-
directional wide-bandwidth antenna 2 will be located
between the first resonant frequency f1 and the second reso-
nant frequency f2. In the present embodiment, the first reso-
nant frequency fl1 and the second resonant frequency f2 are
890 MHz and 990 MHz, respectively, whereas the frequency
range available to the high-directional wide-bandwidth
antenna 2 is 862-1006 MHz. It should be noted that the
frequency range available to the high-directional wide-band-
width antenna 2 is approximate to the frequency band ranged
between the first resonant frequency f1 and the second reso-
nant frequency 2.

In conclusion, the high-directional wide-bandwidth
antenna according to the present invention accommodates
two resonant frequencies, thereby broadening the bandwidth
and allowing the antenna to be applicable to multi-frequency
RFID tag. The frequency band ofthe antenna according to the
present invention can be, for example, 860-1006 MHz. In
addition, the antenna is an array-type antenna and thus the
antenna has a high directionality. This would lengthen the
reading distance for the RFID tag.

Those of skilled in the art will recognize that these and
other modifications can be made within the spirit and scope of
the present invention as further defined in the appended
claims.

What is claimed is:
1. A high-directional wide-bandwidth antenna for using in
a RFID tag, comprising:

a first element comprising a conductor and having one end
serving as a first feeding point, wherein an electricity of
the first feeding point is equivalent to an inductive reac-
tance;

a first radiating body having one end connected to the first
element and the other end being a coupling surface;

a second radiating body having one end serving as a second
feeding point, wherein the second radiating body
extends to the coupling surface of the first radiating body
through the second feeding point, such that energy is
transferred between the first radiating body and the sec-
ond radiating body through the coupling surface;
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athird radiating body having one end connected to the first
radiating body and the first element, and the other end
extending outwardly; and
a fourth radiating body having one end connected to the
first radiating body, the third radiating body and the first
element, and the other end extending outwardly;

wherein the first radiating body and the second radiating
body attain a first resonant frequency, and the third radi-
ating body and the fourth radiating body attain a second
resonant frequency.

2. The high-directional wide-bandwidth antenna according
to claim 1, further comprising a fifth radiating body having
one end connected to the first radiating body, the third radi-
ating body, the fourth radiating body and the first element, and
the other end extending outwardly.

3. The high-directional wide-bandwidth antenna according
to claim 2, wherein the fifth radiating body attains the first
resonant frequency.

4. The high-directional wide-bandwidth antenna according
to claim 2, wherein the length of the fifth radiating body is
substantially one-quarter of the wavelength of the first reso-
nant frequency.

5. The high-directional wide-bandwidth antenna according
to claim 2, wherein an extending direction of the fifth radiat-
ing body is substantially perpendicular to an extending direc-
tion of the third radiating body and an extending direction of
the fourth radiating body.

6. The high-directional wide-bandwidth antenna according
to claim 2, wherein the fifth radiating body has a curved-
shaped outwardly-extending end and/or a radiating surface
being larger than the width of an inner periphery.

7. The high-directional wide-bandwidth antenna according
to claim 1, wherein the length of the first radiating body and
the length of the second radiating body are one-quarter of the
wavelength of the first resonant frequency.

8. The high-directional wide-bandwidth antenna according
to claim 1, wherein the length of the third radiating body and
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the length of the fourth radiating body are one-quarter of the
wavelength of the second resonant frequency.

9. The high-directional wide-bandwidth antenna according
to claim 1, wherein an extending direction of the first radiat-
ing body is substantially perpendicular to an extending direc-
tion of the third radiating body and an extending direction of
the fourth radiating body.

10. The high-directional wide-bandwidth antenna accord-
ing to claim 1, wherein each of the third radiating body and
the fourth radiating body has a curved-shaped outwardly-
extending end and/or a radiating surface being larger than the
width of an inner periphery.

11. The high-directional wide-bandwidth antenna accord-
ing to claim 1, wherein the first resonant frequency is smaller
than the second resonant frequency.

12. The high-directional wide-bandwidth antenna accord-
ing to claim 1, wherein the first resonant frequency is sub-
stantially 890 MHz.

13. The high-directional wide-bandwidth antenna accord-
ing to claim 1, wherein the second resonant frequency is
substantially 990 MHz.

14. The high-directional wide-bandwidth antenna accord-
ing to claim 1, wherein the length of the first element is shorter
than one-quarter of a frequency of the first element, and the
frequency of the first element is located between the first
resonant frequency and the second resonant frequency.

15. The high-directional wide-bandwidth antenna accord-
ing to claim 14, wherein the frequency of the first element is
between the first resonant frequency and the second resonant
frequency.

16. The high-directional wide-bandwidth antenna accord-
ing to claim 14, wherein a gap between the first radiating body
and the third radiating body and the fourth radiating body is
substantially one-quarter of the wavelength of the first reso-
nant frequency or one-quarter of the wavelength of the second
resonant frequency.
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COMMUNICATION DEVICE AND AN
ANTENNA THEREFOR

The present invention relates to a communications device,
such as a cellular telephone, and to an antenna for use in the
communication device.

PIFAs (Planar Inverted-F Antennas) have become popular
with manufacturers of cellular telephones because they
exhibit a low SAR performance and they are installed above
the phone circuitry within the space formed by the housing
parts. Consequently they do protrude from the housing as was
the case when helical antennas were used. Normally the elec-
trical connections from the PIFA to the printed circuit board
(PCB) containing the phone circuitry comprise a shorting tab
and one or more feed tabs. A pressure connection is normally
made either at the PCB or the interface with the antenna top
plate.

Patent Specification WO 01/37369 discloses an antenna
made from sheet metal or flex film having two folded, per-
pendicular legs constituting a grounding (or shorting) ele-
ment and a feeding element. The other ends ofthe legs are free
and are folded-back to provide U-shaped contact areas. In use
the U-shaped contact areas are juxtaposed with contact points
provided on the high contact pressure. This Specification also
discloses the provision of an impedance matching element
extending between the legs.

It has been shown, Kevin Boyle, “Radiating and Balanced
Mode Analysis of PIFA Shorting Pins”, IEEE AP-S Interna-
tional Symposium and USNC/URSI National Radio Science
Meeting, San Antonio, Tex., 16-21 June, Vol.4, pp. 508-511,
that there are significant common and differential mode cur-
rents in the feed and shorting pins of conventional PIFAs. This
puts demands on the quality of the pressure connections of the
feed and shorting pins, and also leads to loss in any nearby
supporting structures

Further, it has been shown by K. R. Boyle, “Differentially
Slotted and Differentially Filled PIFAs”, Electronics Letters
Vol. 39, No. 1, pp. 9-10, January 2003 that the gap between
the feed and shorting pins can be filled to form part of a
bandwidth broadening resonant circuit. This tends to increase
the circulating currents in the feed and shorting pins. The
remainder of the resonant circuit, that is, a discrete capacitor,
is placed on the PCB (or module). Hence the interface
between the feed and shorting pins and the PCB becomes
even more critical.

An object of the present invention is to make the interface
between the feed and shorting pins and the PCB less critical.

According to a first aspect of the present invention there is
provided a communications device comprising a rf circuit and
an antenna, wherein the rf circuit includes coupling means for
connecting the rf circuit to the antenna, the coupling means
comprising an electrically conductive, self supporting mem-
ber having at least one feed pillar and a shorting pillar, the
pillars being substantially permanently connected to respec-
tive contact points of the rf circuit, and an antenna interface
forming a pressure connection with the antenna.

According to a second aspect of the present invention there
is provided a rf module comprising a supporting member
having rf circuit components thereon and coupling means for
connecting an rf output to an antenna, the coupling means
comprising an electrically conductive, self supporting mem-
ber having at least one feed pillar and a shorting pillar, the
pillars being substantially permanently connected to respec-
tive contact points of the rf circuit, and an antenna interface
for coupling to the antenna.

According to a third aspect of the present invention there is
provided an antenna comprising a signal propagating and/or
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receiving element having at least one rf feed termination and
a shorting termination, and an electrically conductive, self
supporting element having at least one feed pillar and a short-
ing pillar to be substantially permanently connected to
respective contact points of an rf circuit, and an antenna
interface providing a pressure connection with the at least one
rf feed termination and the shorting termination.

The self supporting member functions to move the antenna
interface such that all of the critical areas are part of the PCB
or module. The self supporting member including the feed
and shorting pillars is a relatively small component that is part
of'the rf circuit and is therefore well controlled. An advantage
of the member being a self supporting component is that it
does not suffer from losses associated with supporting struc-
tures. The substantially permanent connection of the pillars to
the respective contact points of the rf circuit may be effected
by directly soldering. This has the advantage that the solder-
ing can be well controlled and be repeatable thus avoiding
problems due to poor connections in combination with high
currents. The antenna interfaces to this self supporting com-
ponent at a point where differential mode currents are no
longer present.

The present invention will now be described, by way of
example, with reference to the accompanying drawings,
wherein:

FIG.1isasketch ofa cellular telephone having a dual band
antenna connected by the self supporting component to rf
circuitry on a PCB,

FIG. 2 is a perspective view of the self supporting compo-
nent for use with a dual band antenna, and

FIG. 3 is a diagram showing one embodiment of effecting
an electrical connection between the antenna and the self
supporting component.

In the drawing the same reference numerals have been used
to indicate corresponding features.

Referring to FIG. 1, a dual standard, say GSM and DCS,
cellular telephone 10 comprises a housing 12 which contains
a printed circuit board 14 carrying rf, AF and other compo-
nents, including a programmed microcontroller, required for
the operation of the telephone 10. In the interests of brevity
and clarity the mentioned other components are not shown as
they are not required for an understanding of the present
invention.

A dual band PIFA 16 is carried on the PCB 14 using a self
supporting, electrically conductive feed component 18 and
three mounting posts 20. In another non-illustrated embodi-
ment the PIFA is supported by the back cover of the telephone
10 and abuts the feed component 18.

Referring to FIG. 2, the component 18 may be entirely
metallic, for example copper, or a metalized insulating mate-
rial, for example plastics or ceramic. In the illustrated dual
feed example, the component 18 comprises a middle, short-
ing or ground pillar 22 and outer feed pillars 24, 26 for GSM
and DCS signals, respectively. In the event of the cellular
telephone being a single standard telephone only one feed
pillar is required.

The free ends of the pillars 22, 24, 26 are secured, for
example soldered, to respective contact pads (not shown) on
the part of the PCB 14 having rf components. Soldering
allows standard, accurate pick and place techniques to be
used. In turn this allows much more accurate and repeatable
fabrication of the resonant structure.

The upper surface of the component 18 comprises an
antenna interface 28. Contact with the antenna 16 is by a
pressure connection. FIG. 3 shows an example of the antenna
having a plurality of spring contacts 30 resiliently pressing
against the antenna interface 28. The large available area of
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the interface 28 and the lack of differential mode currents at
this point improve the quality of this interface. Also interfac-
ing at this point improves the repeatability of the antenna
impedance which improves the consistency in the rf perfor-
mance parameters.

In a variation of the illustrated embodiment the gap(s) 32,
34 between the feed pillars 24, 26 and the shorting pillar 22
may be filled to form part of a bandwidth broadening resonant
circuit. The remainder of the resonant circuit, for example a
discrete capacitor, is placed on the PCB 14. Hence the inter-
face between the feed and shorting pillars and the PCB
becomes even more critical. If required one or more resonat-
ing capacitors, for example a capacitor 36 (FIG. 2), may be
embedded in the metalized insulating material, for example
ceramic, of the component 18.

In the present specification and claims the word “a” or “an”
preceding an element does not exclude the presence of a
plurality of such elements. Further, the word “comprising”
does not exclude the presence of other elements or steps than
those listed.

From reading the present disclosure, other modifications
will be apparent to persons skilled in the art. Such modifica-
tions may involve other features which are already known in
the design, manufacture and use of communication devices
and component parts therefore and which may be used
instead of or in addition to features already described herein.
Although claims have been formulated in this application to
particular combinations of features, it should be understood
that the scope of the disclosure of the present application also
includes any novel feature or any novel combination of fea-
tures disclosed herein either explicitly or implicitly or any
generalization thereof, whether or not it relates to the same
invention as presently claimed in any claim and whether or
not it mitigates any or all of the same technical problems as
does the present invention. The applicants hereby give notice
that new claims may be formulated to such features and/or
combinations of such features during the prosecution of the
present application or of any further application derived
therefrom.

The invention claimed is:

1. A communications device comprising a RF circuit and
an antenna connected by a self supporting member providing
support for the antenna, the self supporting member having at
least one feed pillar and a shorting pillar, the pillars being
substantially permanently connected to respective contact
points of the RF circuit and extending from the RF circuit to
an antenna interface of the self supporting member, the
antenna connected to the antenna interface by a pressure
connection; wherein the antenna comprises a dual band, dual
feed antenna, characterised in that the self supporting mem-
ber has two feed pillars disposed one on either side of the
shorting pillar.

2. A device as claimed in claim 1, characterised in that the
self supporting member is metallic.

3. A device as claimed in claim 1, characterised in that the
self supporting member comprises a metallised insulating
material.

4. A device as claimed in claim 1, characterised in that the
self supporting member comprises a metallised insulating
material having at least one embedded capacitor.

5. A device as claimed in claim 1 characterised in that the
antenna is a PIFA.

6. A device as claimed in claim 1, wherein the antenna
interface is located to minimize differential mode currents.
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7. A device as claimed in claim 1, wherein an area between
the at least one feed pillar and the shorting pillar is adapted to
accommodate at least part of a bandwidth broadening reso-
nant circuit.

8. A RF module comprising a supporting member having
RF circuit components thereon and a connector to connect an
RF output to an antenna, the connector comprising an elec-
trically conductive, self supporting member having at least
one feed pillar and a shorting pillar providing support, the
pillars being substantially permanently connected to respec-
tive contact points of the RF circuit components and extend-
ing from the contact points to an antenna interface of the self
supporting member, the antenna interface adapted for cou-
pling to the antenna by a pressure connection; wherein the
antenna comprises a dual band, dual feed antenna, character-
ised in that the self supporting member has two feed pillars
disposed one on either side of the shorting pillar.

9. A module as claimed in claim 8, characterised in that the
self supporting member is metallic.

10. A module as claimed in claim 8, characterised in that
the self supporting member comprises a metallised insulating
material.

11. A module as claimed in claim 8, characterised in that
the self supporting member comprises a metallised insulating
material having at least one embedded capacitor.

12. An antenna comprising a signal propagating and/or
receiving element having at least one RF feed termination and
a shorting termination, and an electrically conductive, self
supporting member having

an antenna interface,

at least one feed pillar, and

a shorting pillar extending from the antenna interface, the

pillars adapted to be substantially permanently con-
nected to respective contact points of an RF circuit, and
the antenna interface providing a pressure connection
with the at least one RF feed termination and the shorting
termination;

wherein the antenna comprises a dual band, dual feed

antenna, characterised in that the self supporting mem-
ber has two feed pillars disposed one on either side of the
shorting pillar.

13. A device as claimed in claim 1, wherein the antenna is
further supported by mounting posts disposed between the
antenna and the RF circuit around the antenna periphery.

14. A device as claimed in claim 1, further comprising a
housing and wherein the antenna is supported by the housing.

15. A device as claimed in claim 1, wherein the antenna
includes a plurality of spring contacts to form the pressure
connection with the antenna interface.

16. A device as claimed in claim 15, wherein the antenna
interface is located to minimize differential mode currents.

17. A device as claimed in claim 16, wherein an area
between the at least one feed pillar and the shorting pillar
contains part of a bandwidth broadening resonant circuit, a
remaining portion of the bandwidth broadening resonant cir-
cuit residing on a circuit board that contains the RF circuit.

18. An antenna as claimed in claim 12, wherein the antenna
includes at least one spring contact to form the pressure
connection with the antenna interface.

19. An antenna as claimed in claim 18, wherein the pres-
sure connection is located to minimize differential mode cur-
rents.
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TUNABLE ANTENNAS FOR HANDHELD
DEVICES

BACKGROUND

This invention can relate to antennas, and more particu-
larly, to compact tunable antennas used in wireless handheld
electronic devices.

Wireless handheld devices, such as cellular telephones,
contain antennas. As integrated circuit technology advances,
handheld devices are shrinking in size. Small antennas are
therefore needed.

A typical antenna for a handheld device is formed from a
metal radiating element. The radiating element may be fab-
ricated by patterning a metal layer on a circuit board substrate
or may be formed from a sheet of thin metal using a foil
stamping process. These techniques can be used to produce
antennas that fit within the tight confines of a compact hand-
held device.

Modern handheld electronic devices often need to function
over a number of different communications bands. For
example, quad-band cellular telephones that use the popular
global system for mobile (GSM) communications standard
need to operate at four different frequencies (850 MHz, 900
MHz, 1800 MHz, and 1900 MHz).

Although multi-band operation is desirable, it is difficult to
design a compact antenna that functions satisfactorily over a
wide frequency range. This is because small antennas tend to
operate over narrow frequency ranges due to the small dimen-
sions of their radiating elements.

Antennas with tunable capacitive loading have been devel-
oped in an attempt to address the need for compact multi-band
antennas. By varying the amount of capacitive loading that is
applied to the radiating element, the resonant frequency of the
antenna can be adjusted. This allows an antenna with a rela-
tively narrow frequency range to be tuned sufficiently to cover
more than one band.

The adjustable capacitive loading that is placed on this type
of antenna leads to unwanted power loss. As a result, capaci-
tively-tuned antennas tend to exhibit less-than-optimal effi-
ciencies.

It would be desirable to be able to provide ways in which to
improve the performance of tunable antennas for handheld
electronic devices.

SUMMARY

In accordance with the present invention, tunable multiport
antennas are provided. Handheld devices that use the tunable
multiport antennas and methods for calibrating and using the
tunable multiport antennas are also provided.

A tunable multiport antenna can have a ground terminal
and multiple feed terminals. Each feed terminal can be used
with the ground terminal to form a separate antenna port. By
selecting which antenna port is active at a given time, the
antenna’s operating frequencies can be tuned.

Tunable multiport antennas contain radiating elements.
The radiating elements may be formed, for example, by a foil
stamping process or by patterning a conductive layer on a
substrate such as a printed circuit board or flex circuit. Each
radiating element can resonate at a fundamental frequency
range. The dimensions of the radiating element may be cho-
sen to align the antenna’s fundamental operating frequency
range with at least one communications band. If desired, the
radiating element may also be used at one or more harmonic
frequency ranges.
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The radiating element can be coupled to a printed circuit
board on which electronic components for a handheld elec-
tronic device are mounted. The printed circuit board can
contain conductive traces that connect the components to the
ground and feed terminals of the antenna. Electrical connect-
ing structures, such as springs and spring-loaded pins, can be
used to electrically connect the conductive traces on the
printed circuit board to the ground and feeds of the radiating
element.

Handheld electronic devices can contain radio-frequency
transceivers and switching circuitry. The radio-frequency
transceivers can have input-output paths that are used to trans-
mit and receive signals associated with different communi-
cations bands. The switching circuitry can selectively con-
nects the input-output paths to the ports of the antenna.
During operation of a handheld electronic device, control
circuitry on the device can direct the switching circuitry to
activate a desired one of the antenna ports. By selecting which
antenna port is active, the control circuitry can tune the
antenna so that one or more of the antenna’s operating fre-
quency ranges aligns with one or more desired communica-
tions bands.

Because the antenna can be tuned, it is not necessary to
enlarge the dimensions of the radiating element to broaden
the bandwidth of the radiating element’s resonant frequen-
cies. This allows the antenna to be implemented with a small
footprint. The use of multiple feeds in the radiating element
permits tuning without the use of adjustable capacitive load-
ing, which reduces reactive antenna losses and enhances
antenna efficiency.

Further features of the invention, its nature and various
advantages will be more apparent from the accompanying
drawings and the following detailed description of the pre-
ferred embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of an illustrative circuit board
to which a multi-port antenna is mounted in accordance with
the present invention.

FIG. 2 is a graph in which the return loss of the antenna of
FIG. 1 has been plotted as a function of frequency in accor-
dance with the present invention.

FIG. 3 is a schematic diagram of an illustrative handheld
device containing a tunable antenna in accordance with the
present invention.

FIGS. 4-14 are diagrams of illustrative antenna radiating
elements having multiple feeds that can be selected for tuning
in accordance with the present invention.

FIG. 15 is a side view of an illustrative printed circuit board
showing how vias can be used to connect the upper and lower
surfaces of the printed circuit board to form a ground plane for
an antenna of the type show in FIG. 1 in accordance with the
present invention.

FIG. 16 is a perspective view of an illustrative portion of a
circuit board assembly showing how a radiating element with
an integral spring may be used to make contact between to a
pad on a printed circuit board of the type shown in FIG. 15 in
accordance with the present invention.

FIG. 17 is a cross-sectional side view of an illustrative
spring-loaded pin that may be used to connect an antenna’s
radiating element to a circuit board in accordance with the
present invention.

FIG. 18 is a cross-sectional side view showing use of an
illustrative spring-loaded pin that is soldered to a radiating
element to make contact with a printed circuit board in accor-
dance with the present invention.
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FIG. 19 is a cross-sectional side view showing use of an
illustrative spring-loaded pin that is soldered to a printed
circuit board to make contact with an antenna’s radiating
element in accordance with the present invention.

FIG. 20 is a cross-sectional side view showing use of an
illustrative spring to make contact between a radiating ele-
ment and a printed circuit board in accordance with the
present invention.

FIG. 21 is a cross-sectional side view showing use of an
illustrative spring that is attached to a printed circuit board to
make contact with a post of a radiating element formed from
flexible circuit board material in accordance with the present
invention.

FIGS. 22 and 23 are cross-sectional side views showing use
of an illustrative floating spring-loaded pin to make contact
between a radiating element and a printed circuit board in
accordance with the present invention.

FIG. 24 is a circuit diagram showing how illustrative
switches may be used to selectively connect a radio-fre-
quency (RF) transceiver integrated circuit operating in two
frequency bands to two different antenna feeds in accordance
with the present invention.

FIG. 25 is a graph showing the return loss of an illustrative
radiating element versus frequency as the circuitry of FIG. 24
selects between each of two different antenna feeds on the
radiating element in accordance with the present invention.

FIG. 26 is a circuit diagram showing how illustrative
switches may be used to selectively connect a radio-fre-
quency (RF) transceiver integrated circuit operating in three
frequency bands to two different antenna feeds in accordance
with the present invention.

FIG. 27 is a graph showing the return loss of an illustrative
radiating element versus frequency as the circuitry of FIG. 26
selects between each of two different antenna feeds on the
radiating element in accordance with the present invention.

FIG. 28 is a circuit diagram showing how illustrative
switches and a passive antenna duplexer may be used to
selectively connect a radio-frequency (RF) transceiver inte-
grated circuit operating in three frequency bands to two dif-
ferent antenna feeds in accordance with the present invention.

FIG. 29 is a graph showing the return loss of an illustrative
radiating element versus frequency as the circuitry of FIG. 28
selects between each of two different antenna feeds on the
radiating element in accordance with the present invention.

FIG. 30 is a circuit diagram showing how illustrative
switches and a passive antenna diplexer may be used to selec-
tively connect a radio-frequency (RF) transceiver integrated
circuit operating in three frequency bands to two different
antenna feeds in accordance with the present invention.

FIG. 31 is a graph showing the return loss of an illustrative
radiating element versus frequency as the circuitry of FIG. 30
selects between each of two different antenna feeds on the
radiating element in accordance with the present invention.

FIG. 32 is a diagram showing how transmitting and receiv-
ing subbands may be coupled to an antenna feed using an
illustrative switch in accordance with the present invention.

FIG. 33 is a diagram showing how transmitting and receiv-
ing subbands may be coupled to an antenna feed using an
illustrative duplexer in accordance with the present invention.

FIG. 34 is a diagram showing how an illustrative RF trans-
ceiver integrated circuit with five bands can be selectively
connected to two different antenna feeds using switching
circuitry made up of two switches in accordance with the
present invention.

FIG. 35 is a diagram showing the return loss of an illustra-
tive radiating element versus frequency as the circuitry of
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FIG. 34 selects between each of the two different antenna
feeds in accordance with the present invention.

FIG. 36 is a diagram showing how an illustrative RF trans-
ceiver integrated circuit with four bands can be selectively
connected to two different antenna feeds using two diplexers
in accordance with the present invention.

FIG. 37 is a diagram showing the return loss of an illustra-
tive radiating element versus frequency as the switching cir-
cuitry of FIG. 36 selects between each of the two different
antenna feeds in accordance with the present invention.

FIG. 38 is a diagram showing how an illustrative RF trans-
ceiver integrated circuit with five bands can be selectively
connected to three different antenna feeds using two diplexers
and a duplexer in accordance with the present invention.

FIG. 39 is a diagram showing the return loss of an illustra-
tive radiating element versus frequency as the switching cir-
cuitry of FIG. 38 selects between each of the three different
antenna feeds in accordance with the present invention.

FIG. 40 is a diagram of illustrative handheld electronic
device circuitry including control circuitry that transmits and
receives data, an RF module containing an RF transceiver
integrated circuit and switching circuitry, and an antenna
module having a multi-feed radiating element in accordance
with the present invention.

FIG. 41 is a diagram showing how an illustrative tester can
be used to calibrate a circuit board containing a multi-feed
antenna in accordance with the present invention.

FIG. 42 is a cross-sectional side view of an illustrative RF
switch connector for an RF module when the RF module is in
normal operation in accordance with the present invention.

FIG. 43 is a cross-sectional side view of an illustrative RF
switch connector for an RF module when the RF module is
being calibrated using a test probe in accordance with the
present invention.

FIG. 44 is a flow chart of illustrative steps involved in
calibrating and using a handheld electronic device having a
multi-feed antenna in accordance with the present invention.

DETAILED DESCRIPTION

The present invention can relate to tunable antennas for
portable electronic devices, such as handheld electronic
devices. The invention can also relate to portable devices that
contain tunable antennas and to methods for testing and using
such devices and antennas.

A tunable antenna in accordance with the invention can
have a radiating element with multiple antenna feeds and a
ground. The radiating element may be formed using any
suitable antenna structure such as a patch antenna structure, a
planar inverted-F antenna structure, a helical antenna struc-
ture, etc.

The portable electronic devices may be small portable
computers such as those sometimes referred to as
ultraportables. With one particularly suitable arrangement,
the portable electronic devices are handheld electronic
devices. The use of handheld devices is generally described
herein as an example.

The handheld devices may be, for example, cellular tele-
phones, media players with wireless communications capa-
bilities, handheld computers (also sometimes called personal
digital assistants), remote controllers, and handheld gaming
devices. The handheld devices of the invention may also be
hybrid devices that combine the functionality of multiple
conventional devices. Examples of hybrid handheld devices
include a cellular telephone that includes media player func-
tionality, a gaming device that includes a wireless communi-
cations capability, a cellular telephone that includes games
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and email functions, and a handheld device that receives
email, supports mobile telephone calls, and supports web
browsing. These are merely illustrative examples. Any suit-
able device may include a tunable multi-feed antenna, if
desired.

Ilustrative antenna and control circuitry 10 that may be
used in a handheld device in accordance with the invention is
shown in FIG. 1. Circuitry 10 caninclude control circuitry 28.
Control circuitry 28 may include one or more integrated
circuits such as microprocessors, microcontrollers, digital
signal processors, field programmable gate arrays, power
amplifiers, and application-specific integrated circuits. Con-
trol circuitry 28 may also include passive RF components
such as duplexers, diplexers, and filters.

Control circuitry 28 may be mounted to one or more
printed circuit boards 30 or other suitable mounting struc-
tures. Circuit board 30 may be, for example, a dual-sided
circuit board containing patterned conductive traces.

Control circuitry 28 can send and receive RF signals. The
RF signals may be provided to an antenna module. The
antenna module can contain a radiating element 12. Radiating
element 12 may be formed from a highly-conductive mate-
rial, such as copper, gold, alloys containing copper and other
metals, high-conductivity non-metallic conductors (e.g.,
high-conductivity organic-based materials, high-conductiv-
ity superconductors, highly-conductive liquids), etc. In the
example of FIG. 1, the radiating element 12 can have a thin
planar profile, which facilitates placement of the radiating
element 12 within a handheld device. The use of a radiating
element with a planar structure is, however, merely illustra-
tive. The radiating element 12 may be formed in any suitable
shape.

In the FIG. 1 example, slot 14 can be formed in radiating
element 12, which increases the effective length of the radi-
ating element 12, while maintaining a compact footprint.
Radiating element 12 may be formed using any suitable
manufacturing technique. With one suitable arrangement, the
so-called foil stamping method can be used to form radiating
element 12. With foil stamping techniques, a foil stamping
machine is used to generate numerous radiating elements
from a thin copper foil. Another suitable technique for form-
ing radiating element can involve printing or etching the
antenna pattern onto a fixed or flexible substrate. Flexible
substrates that may be used during these patterning processes
include so-called flex circuits (e.g., circuits formed from met-
als such as copper that are layered on top of flexible substrates
such as polyimide). If desired, other techniques may be used
to form radiating elements 12.

The radiating element 12 can have a ground signal terminal
and two or more corresponding positive signal terminals. The
positive signal terminals can be called antenna feeds. In the
example of FIG. 1, radiating element 12 can have three elon-
gated portions 16, 18, and 20. Elongated portion 16 may serve
as ground. Elongated portion 18 may serve as a first feed.
Elongated portion 20 may serve as a second feed. In general,
there may be any suitable number of feeds in the antenna (e.g.,
two feeds, three feeds, four feeds, more than four feeds, etc.).

Control circuitry 28 may include input-output terminals,
such as ground input-output terminal 32 and positive input-
output terminals 34 and 36. Conductive paths such as paths
22, 24, and 26 may be used to electrically connect the input-
output terminals of control circuitry 28 to radiating element
12. Paths 22, 24, and 26 may be patterned conductive traces
(e.g., metal traces) formed on printed circuit board 30. Paths
24 and 26 may be used to electrically connect positive input-
output terminals 34 and 36 to elongated portions 18 and 20,
respectively. A path such as path 22 may be used to connect
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the ground input-output terminal 32 to the ground portion 16
of radiating element 12. If desired, the upper and lower por-
tions of printed circuit board 30 may also be connected to
ground. The elongated portions 16, 18, and 20 may be sol-
dered or otherwise electrically connected to paths 22, 24, and
26.

Inthe example of FIG. 1, the elongated portions 16, 18, and
20 are shown as being formed as an integral portion of radi-
ating element 12 and paths 22, 24, and 26 are shown as being
formed from circuit board traces. This is merely one suitable
arrangement for connecting the ground and feeds of the radi-
ating element 12 to the circuitry of the handheld device. Other
suitable arrangement include contact arrangements based on
external spring-loaded pins and spring connectors. Regard-
less of the particular type of arrangement that is used to
convey signals into and out of the radiating element, the
radiating element structure that is associated with ground is
commonly referred to as the antenna’s and radiating
element’s ground pin, ground terminal, or ground and the
radiating element structure that is associated with positive
antenna signals is commonly referred to as the antenna’s and
radiating element’s feed pin, feed terminal, or feed.

The antenna formed from radiating element 14 has a reso-
nant frequency f, at which it can transmit and receive signals.
The operating frequency range surrounding f; is sometimes
referred to as the fundamental band or fundamental operating
frequency range of the antenna. If, as an example, {;, is at 850
MHz, the antenna’s fundamental frequency range can be used
to cover a 850 MHz communications band. Antennas also
generally resonate at higher frequencies that are harmonics of
f,. With this type of arrangement, an antenna can cover two or
more bands. For example, an antenna may be designed to
cover both the 850 MHz band (using the antenna’s fundamen-
tal frequency range centered on f;)) and the 1800 MHz band
(using a harmonic frequency range).

The bandwidth associated with an antenna’s operating fre-
quency is influenced by the geometry of the radiating element
12. Antennas that are compact tend to have narrow band-
widths. Unless the bandwidth of the antenna is widened (e.g.,
by increasing its physical size), the antenna will not be able to
cover nearby bands without tuning.

As an example, consider the GSM cellular telephone stan-
dard, which uses bands at 850 MHz, 900 MHz, 1800 MHz,
and 1900 MHz. These bands may have bandwidths of about
70-80 MHz (for the 850 MHz and 900 MHz bands), 170 MHz
(for the 1800 MHz band), and 140 MHz (for the 1900 MHz
band). Each band may contain two associated subbands for
transmitting and receiving data. For example, in the 850 MHz
band, a subband that extends from 824 to 849 MHz may be
used for transmitting data from a cellular telephone to a base
station and a subband that extends from 869 to 894 MHz may
be used for receiving data from a base station. The 850 MHz
and 1900 MHz bands may be used in countries such as the
United States. The 900 MHz and 1800 MHz may be used in
countries such as the European countries.

A compact antenna that is designed to cover the 850 MHz
band may have a harmonic that allows it to simultaneously
cover a higher band (e.g., 1900 MHz), but a compact antenna
that has a narrow bandwidth will not be able to cover both the
850 MHz and 900 MHz bands unless it is tuned.

In accordance with the present invention, control circuitry
28 may be used to select between different feeds to tune the
antenna formed from radiating element 12. When, for
example, signals are transmitted or received using ground
terminal 32 and input-output terminal 34, the antenna covers
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one band. When signals are transmitted on received using
ground terminal 32 and input-output terminal 36, the antenna
covers a different band.

Each feed (and its associated ground) may serve as an
antenna port. An antenna such as an antenna formed from
radiating element 12 of FIG. 1 therefore can have multiple
ports and can be tuned by proper port selection. The control
circuitry 28 can be used to determine which port is used.
When access to a particular band is desired, the control cir-
cuitry 28 ensures that the proper port is active. By using
multiple ports, a compact antenna with potentially narrow
resonances can be tuned to cover all bands of interest.

A graph containing an illustrative plot of return loss versus
frequency for a tunable multi-port antenna in accordance with
the present invention is shown in FIG. 2. Return loss is at a
minimum at the antenna’s fundamental operating frequency
range. No harmonic frequency ranges are shown in FIG. 2.

When signals are transmitted and received through a first
antenna port (i.e., ground terminal 32, path 22, and radiating
element extension 16 and positive input-output terminal 34,
path 24, and radiating element extension 18), the antenna
covers the frequency range centered at frequency £, as shown
by the solid line in FIG. 2 When signals are transmitted and
received through a second antenna port (i.e., ground terminal
32, path 22, and radiating element extension 16 and positive
input-output terminal 36, path 26, and radiating element
extension 20), the antenna covers the frequency range cen-
tered at frequency f,, as shown by the dashed line in FIG. 2.
This allows the control circuitry 28 to tune the antenna as
needed. When it is desired to send or receive data in the £,
range, the control circuitry 28 uses the first port. When the
second port is used, the antenna’s response is tuned to higher
frequencies, so that the antenna covers a range of frequencies
centered at f,.

By using intelligent port selection, the coverage of an
antenna can be extended to cover all frequency bands of
interest. Because compact radiating elements tend to have
small sizes, an antenna that is tuned by selecting a desired
antenna port can be made more compact than would other-
wise be possible, while still ensuring that all desired bands are
covered. Moreover, tuning through the use of port selection
can be more efficient than antenna tuning through adjustable
capacitive loading schemes. Such capacitive loading schemes
introduce reactive losses, which reduce antenna efficiency.
An antenna with multiple feeds need not be tuned using
variable capacitive loading because tuning can be performed
through proper port selection.

A schematic diagram of an illustrative handheld electronic
device 38 containing a tunable multi-port antenna is shown in
FIG. 3. Handheld device 38 may be a mobile telephone, a
mobile telephone with media player capabilities, a handheld
computer, a game player, a combination of such devices, or
any other suitable portable electronic device.

As shown in FIG. 3, handheld device 38 may include
storage 40. Storage 40 may include one or more different
types of storage such as hard disk drive storage, nonvolatile
memory (e.g., FLASH or electrically-programmable-read-
only memory), volatile memory (e.g., battery-based static or
dynamic random-access-memory), etc.

Processing circuitry 42 may be used to control the opera-
tion of device 38. Processing circuitry 42 may be based on a
processor such as a microprocessor and other suitable inte-
grated circuits.

Input-output devices 44 may allow data to be supplied to
device 38 and may allow data to be provided from device 38
to external devices. Input-output devices can include user
input-output devices 46 such as buttons, touch screens, joy-
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sticks, click wheels, scrolling wheels, touch pads, key pads,
keyboards, microphones, cameras, etc. A user can control the
operation of device 38 by supplying commands through user
input devices 46. Display and audio devices 48 may include
liquid-crystal display (LCD) screens, light-emitting diodes
(LEDs), and other components that present visual informa-
tion and status data. Display and audio devices 48 may also
include audio equipment such as speakers and other devices
for creating sound. Display and audio devices 48 may contain
audio-video interface equipment such as jacks for external
headphones and monitors.

Wireless communications devices 50 may include commu-
nications circuitry such as RF transceiver circuitry formed
from one or more integrated circuits, power amplifier cir-
cuitry, passive RF components, antennas such as the multi-
port antenna of FIG. 1, and other circuitry for generating RF
wireless signals. Wireless signals can also be sent using light
(e.g., using infrared communications).

The device 38 can communicate with external devices such
as accessories 52 and computing equipment 54, as shown by
paths 56. Paths 56 may include wired and wireless paths.
Accessories 52 may include headphones (e.g., a wireless
cellular headset or audio headphones) and audio-video equip-
ment (e.g., wireless speakers, a game controller, or other
equipment that receives and plays audio and video content).
Computing equipment 54 may be a server from which songs,
videos, or other media are downloaded over a cellular tele-
phone link or other wireless link. Computing equipment 54
may also be a local host (e.g., a user’s own personal com-
puter), from which the user obtains a wireless download of
music or other media files.

As described in connection with FIG. 1, the multiport
antenna used in the handheld device can be formed from any
suitable radiating element 12. An example of a radiating
element 12 that is formed from a rectangular patch antenna
structure is shown in FIG. 4. The antenna structure of FIG. 4
and the other radiating element structures are preferably
about one quarter of a wavelength in size (e.g., several centi-
meters for most cellular telephone wavelengths).

The radiating element 12 of FIG. 4 may have a ground
terminal 16, a first feed 18, a second feed 20, and potentially
more feeds (shown by dotted feed structure 21). In general,
any radiating element 12 may have more than two feeds, but
only the radiating element 12 of FIG. 4 shows the additional
feeds to avoid over-complicating the drawings.

Different fundamental resonant frequencies are associated
with each of the different antenna ports and are influenced by
the geometry of the radiating element 12. As shown in FIG. 4,
when feed 18 is used, there is an inductive path in the antenna
between feed 18 and ground 16. This path is shown schemati-
cally by dotted line 60. When feed 20 is used, there is a
different inductive path in the antenna, shown by dotted line
58. Inductances L, and L, are associated with paths 60 and 58,
respectively. The inductance L, is generally larger than the
inductance L, so the port formed using feed 20 resonates at
a higher frequency (e.g., frequency f, of FIG. 2) than the port
formed using feed 18 (e.g., frequency f, of FIG. 2).

An illustrative radiating element 12 that is formed from a
rectangular patch antenna structure containing a slot 14 is
shown in FIG. 5. Because of the presence of slot 14, the
antenna of FIG. 5 will exhibit harmonics that are shifted with
respect to the harmonics of the patch antenna structure of
FIG. 4. This allows the antenna designer to place harmonics at
desired communications bands.

If desired, antenna ports may be formed on the shorter side
of a rectangular patch. An illustrative structure of the type
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shown in FIG. 1 in which feeds have been placed on the
shorter size of the rectangular patch is shown in FIG. 6.

Another illustrative radiating element 12 is shown in FIG.
7. With the arrangement of FIG. 7, the rectangular patch
structure has a cut-away portion 68. The cut-away portion 68
may be formed to accommodate a cellular telephone camera,
a button, a microphone, speaker, or other component of the
handheld device. Ports may be formed on the long side of the
element 12 (e.g., using ground 16 and feeds 18 and 20) or on
the short side of element 12 (e.g., using ground 16 and feeds
18a and 20q). As shown in FIG. 8, the cut-away portion 68
need not be formed in the center of the radiating element 12.

FIG. 9 shows how the sides of a radiating element may be
bent downwards. Portions of the radiating element 12 such as
portions 70 and 72 may be formed during a foil stamping
process or by using a flex circuit. Portions 70 and 72 may
serve as a fixed source of capacitive loading. Using bent-
down portions in this type of arrangement tends to decrease
the footprint of the radiating element for a given operating
frequency. If desired, other forms of capacitive loading may
be used with radiating element. Capacitive loading can be
used with the patch antenna structure of FIG. 7 (as shown in
the example of FIG. 9) or with any other suitable radiating
element structure.

If desired, a radiating element 12 may be formed from a
flex circuit or other flexible substrate. In the example of FIG.
10, radiating element 12 is formed from a conductive element
62 that is formed in a serpentine pattern on flex circuit sub-
strate 64. After the serpentine pattern is formed on substrate
64, the substrate 64 is curled to form the cylindrical shape of
FIG. 10. The cylindrical antenna of FIG. 10 has a ground 16
and two feeds 18 and 20.

In the illustrative arrangement of FIG. 11, radiating ele-
ment 12 is formed from a patch antenna having a serpentine
slot 14. In general, one or more slots of any suitable shape
may be formed in the radiating element 12.

FIG. 12 shows an illustrative arrangement for a radiating
element 12 that is based on an L-shaped planar antenna
arrangement. The radiating element 12 of FIG. 12 has a
ground 16 and feeds 18 and 20.

In FIG. 13, the ground terminal 16 is formed using a sepa-
rate conductor from the conductive element that contains
feeds 18 and 20.

FIG. 14 shows an illustrative radiating element 12 that is
formed from a separate ground element 16 and serpentine
element 66. Feeds 18 and 20 are formed at different locations
in the serpentine element 66.

The radiating element structures show in FIGS. 1 and 4-14
are merely illustrative. In general, any suitable radiating ele-
ment structures with multiple feeds may be used.

As shown in FIG. 15, a printed circuit board such as printed
circuit board 30 of FIG. 1 may have an upper surface of
conductive material 74 and a lower surface of conductive
material 76 separated by an insulating printed circuit board
layer 78. The upper and lower conductive surfaces may con-
tain a patterned metal such as copper. The lower surface may
be relatively unpatterned and may be used to form a ground
plane. Ground wires on the upper surface may be connected
to the lower surface ground plane using conductive vias 80.
‘When mounting the radiating element 12 to the printed circuit
board 30, the patterned conductors on the upper surface of
printed circuit board 30 may be used to form electrical contact
with the radiating element.

Electrical contact may be made using any suitable electri-
cal connecting structures. In the example of FIG. 16, an
elongated portion of radiating element 12 (e.g., a ground or
feed element of the type shown in F1G. 1) is shown as forming

20

25

30

35

40

45

50

55

60

65

10

a spring 82. When the antenna is mounted in proximity to the
circuit board, the spring portion 82 presses against a conduc-
tive trace 84 on the upper surface 74 of circuit board 30. This
forms an electrical contact between trace 84 (which is con-
nected to control circuitry 28 of FIG. 1) and the radiating
element 12.

If desired, spring-loaded pins may be used to make elec-
trical contact between a radiating element 12 and circuit
board 30. One commonly-available spring-loaded pin is the
so-called pogo pin. A cross-sectional side view of a spring-
loaded pin 86 is shown in FIG. 17. Pin 86 has a reciprocating
member 88 with a head portion 90 that reciprocates within a
hollow cylindrical pin housing 98. A spring 92 bears against
the inner surface 94 of pin housing 98 and the upper surface
96 ofhead 90. When member 88 is withdrawn within housing
98, spring 92 is compressed and biases reciprocating member
88 in direction 100. This drives the tip 102 of member 88
against a conductive element such as a portion of a circuit
board or a radiating element.

FIG. 18 shows an arrangement in which a spring-loaded
pin 86 has been soldered to a radiating element 12 with solder
104. The tip 102 of the pin presses against a conductor on the
surface of circuit board 30.

Inthe arrangement of FIG. 19, the spring-loaded pin 86 has
been soldered to a circuit board 30 and is pressing upward
against the radiating element 12, so that the tip 102 of recip-
rocating member 88 makes electrical contact with the radiat-
ing element.

FIG. 20 shows an arrangement in which a spring 108 has
been soldered to a circuit board 30 with solder 106. A portion
112 of radiating element 12 has been bent downward. The
portion 112 of radiating element 12 may be formed during a
metal foil stamping process (as an example). As shown in
FIG. 20, spring 108 is compressed and bears against the
portion 112, thereby forming electrical contact between radi-
ating element 12 and circuit board 30.

The arrangement of FIG. 21 is similar to the arrangement
of FIG. 20, but involves forming an electrical connection to a
radiating element 12 that is fabricated from a flex circuit. The
radiating element 12 has a post 110. As shown in FIG. 21, a
spring 108 that has been soldered to circuit board 30 with
solder 106 bears against post 110 to form electrical contact.

The pins and springs of FIGS. 18, 19, 20, and 21 need not
be soldered to the circuit board or radiating element 12.
Arrangements in which the connecting electrical structure is
not soldered are said to be floating. FIGS. 22 and 23 show
floating pin arrangements in which pin 86 forms an electrical
connection between radiating element 12 and circuit board
30. Inthe arrangement of FI1G. 22, the tip 102 of pin 86 presses
against the radiating element 12. In the arrangement of FIG.
23, the tip 102 of pin 86 presses downward against a conduc-
tor on circuit board 30.

Any suitable circuit architecture may be used to intercon-
nect the control circuitry 28 with the feeds of the antenna and
radiating element 12.

Consider, as an example, the arrangement of FIG. 24. As
shown in FIG. 24, an RF transceiver integrated circuit 114 is
connected to ground 16. RF transceiver integrated circuit 114
is also connected to two antenna feeds 18 and 20 using input-
output data paths 115 and switching circuitry formed from
switches 116. Switches 116 may be formed from PIN diodes,
high-speed field-effect transistors (FETs), or any other suit-
able switch components. The switches for each feed are
complementary and work in tandem. The state of each switch
is the inverse of the other. When switch SW1 is on, switch
SW2 is off and a first antenna port is active while a second
antenna port is inactive. When switch SW1 is off, switch SW2
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is on and the first antenna port is inactive while the second
antenna port is active. Using this type of arrangement ensures
that only one feed is active at a time. Feed1 is active and feed2
is inactive when switch SW1 is on and switch SW2 is off.
Feed2 is active and feed1 is inactive when switch SW2 is on
and switch SW1 is off.

The graph of FIG. 25 shows the frequency response of the
radiating element 12 in two conditions. The solid line shows
the return loss of the radiating element at its fundamental
operating frequency range when the first port is active. In this
configuration, the antenna is tuned so that it operates at the
frequency £,. The dashed line in FIG. 25 shows the return loss
of'the radiating element when the second port is active. In this
configuration, the antenna is tuned so that it operates at fre-
quency f,.

Inthe arrangement of FIG. 26, switch SW1 may handle two
different bands (f, and f,), whereas switch SW2 may handle
frequency band f.. Switch SW1 has three states. In its first
state, input-output signal path 118 is connected to feedl and
the antenna operates at frequency £, as shown in FIG. 27. In
its second state, input-output signal path 120 is connected to
feedl and the antenna operates in band f,. As described in
connection with FIG. 24, switch SW2 is off whenever switch
SW1 is on. When it is desired to tune the antenna, the control
circuitry 28 places switch SW1 in a third state in which lines
118 and 120 are disconnected from feed1 (i.e., switch SW1is
off). When switch SW1 is turned off, switch SW2 is turned
on, so the antenna operates at shifted fundamental frequency
. (FI1G. 27).

As shown in FIGS. 28 and 29, passive RF components such
as duplexers and diplexers may be used to couple RF trans-
ceiver 114 to the antenna feeds. A duplexer can be used to
combine or separate RF signals that are in adjacent bands
(e.g., 850 MHz and 900 MHz). A diplexer can be used to
combine or separate RF signals that are in distant bands (e.g.,
850 MHz and 1800 MHz).

As shown in FIG. 28, duplexer 122 may be coupled
between data paths 118 and 120 and switch SW1. Switch
SW2 is coupled between data path 126 and feed2. When it is
desired to use feedl, switch SW1 is turned on and switch
SW2 is turned off. This tunes the antenna so that it operates
according to the solid line of FIG. 29. In this state, RF trans-
ceiver 114 can use paths 118 and 120 to transmit and receive
in either frequency band £, or frequency band f,, because the
radiating element 12 of the antenna is designed to have a
sufficiently large bandwidth in its fundamental operating fre-
quency range to handle the adjacent bands f, and f,. When it
is desired to tune the antenna by using feed2, switch SW1 is
turned off and switch SW2 is turned on. In this state, path 126
is connected to feed2 and transceiver 114 can transmit and
receive signals using band f_, as shown by the dotted line in
FIG. 29.

In the arrangement of FIG. 30, a diplexer 124 is used in
place of a duplexer. The radiating element 12 in this scenario
is designed to have a harmonic at f,. Because a diplexer 124
is being used, the signals associated with paths 118 and 120
must be more widely separated than in the duplexer arrange-
ment of FIG. 28. As shown by the solid line in FIG. 31, when
feed1 is switched into use by turning on SW1 and turning off
SW2, transceiver 114 can use paths 118 and 120 to transmit
and receive in either fundamental frequency band f, or har-
monic frequency band f,. When it is desired to tune the
antenna by using feed2, switch SW1 is turned off and switch
SW2 is turned on. In this state, path 126 is connected to feed2
and transceiver 114 can transmit and receive signals using
band f_, as shown by the dotted line in FIG. 31.
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The bands used in GSM communications each have two
subbands, one of which contains channels for transmitting
data and the other of which contains channels for receiving
data. As shown in FIG. 32, a switch 116 can be used to connect
an appropriate transmit or receive data path to its associated
feed 128. Paths 1184 and 1185 are connected to the RF
transceiver. In GSM communications, signals are either trans-
mitted or are received. Simultaneous transmission and recep-
tion is not permitted. When the RF transceiver has data to
transmit, switch 116 connects the transmit line 118a to feed
128. In receive mode, the switch 116 is directed to connect
feed 128 to path 11856. When it is desired to inactivate the feed
128, switch 116 may be turned off. In the example of FIG. 32,
paths 118a and 1185 are labeled 850T (850 MHz transmit)
and 850R (850 MHz receive). The same principal applies to
all GSM bands. The input-output data paths connected to the
RF transmitter 114 in FIGS. 24, 26, 28, and 30 are shown as
single bidirectional paths rather than as separate transmit and
receive paths to avoid over-complicating the drawings.

An arrangement in which a duplexer 122 may be used to
couple an RF transceiver to a feed 128 is shown in FIG. 33.
When incoming data is received on feed 128 or when outgo-
ing data is being transmitted, switch 116 is on. Switch 116 is
off when it is desired to tune the antenna by using a different
feed. Duplexer 122 is frequency sensitive. Incoming data
(e.g., on the 850R subband) is routed to line 1185 by the
passive RF components in duplexer 122. When outgoing data
is transmitted on line 1184, duplexer 122 routes those signals
to line 128 via switch 116.

When architectures of the type shown in FIGS. 24, 26, 28,
and 30 are used for GSM-type communications, an active
subband switching arrangement of the type shown in FIG. 32
or a passive subband routing arrangement of the type shown
in FIG. 33 may be used. In either case, switching circuitry 116
is used to ensure that the appropriate antenna feed is active.

In some communications protocols such as those based on
code division multiple access (CDMA) technology, signals
can be transmitted and received simultaneously. There is
therefore no need for a switch to actively switch between
transmit and receive bands. Examples of communications
schemes that use CDMA technology include CDMA cellular
telephone communications and 3G data communications
over the 2170 MHz band (commonly referred to as UMTS or
Universal Mobile Telecommunications System). With
CDMA-based arrangements, a duplexer arrangement of the
type shown in FIG. 33 may be used to separate transmitting
and receiving frequencies from each other.

Some handheld devices need to cover many bands. An
example of an arrangement that may be used to cover five
bands (e.g., the four GSM bands plus the UMTS band) using
a two port antenna is shown in FIG. 34. A graph showing the
placement of each of the bands is shown in FIG. 35. The
antenna is designed to have a fundamental operating fre-
quency range 128 at about 850-900 MHz and a harmonic
operating frequency range 130 at about 1800-1900. When
switch SW1 is on and switch SW2 is off, feed1 is active and
the antenna’s response is as shown by the solid line in FIG. 35.
The antenna is designed to have a relatively broad bandwidth
at its fundamental and harmonic operating frequencies. As a
result, the antenna covers both the 850 MHz and 900 MHz
GSM bands in the fundamental operating frequency range
128 and covers both the 1800 MHz and 1900 MHz GSM
bands using the harmonic operating frequency range 130.
When switch SW2 is on and switch SW1 is off, feed 2 is active
and the antenna is tuned. This shifts the harmonic operating
frequency range 130 to a higher frequency, so that it covers
the UMTS band at 2170 MHz.
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An example of an arrangement that may be used to cover
four bands (e.g., the four GSM bands) using a two port
antenna is shown in FIG. 36. Diplexers 124 are used to couple
RF transceiver 114 to switching circuitry 116. One diplexer
124 handles the 850 MHz and 1800 MHz bands while the
other diplexer 124 handles the 900 MHz and 1900 MHz
bands. A graph showing the placement of each of the bands is
shown in FIG. 37. The antenna is designed to have a funda-
mental operating frequency range 128 at about 850 MHz and
a harmonic operating frequency range 130 at about 1800.
When switch SW1 is on and switch SW2 is off, feed1 is active
and the antenna’s response is as shown by the solid line in
FIG. 37. The antenna has a narrow bandwidth that covers a
single band at each resonant frequency.

As shown by the solid line in FIG. 37, when feed1 is used,
the antenna can cover both the 850 MHz and 1800 MHz
bands. When it is desired to tune the antenna, switches 116 are
adjusted so that feed2 is used. This shifts both the fundamen-
tal operating range 128 and the harmonic operating frequency
range 130 to higher frequencies, so as to cover the 900 MHz
and 1900 MHz bands, respectively, as shown by the dashed
line in FIG. 37.

An example of an arrangement that may be used to cover
five bands (e.g., the four GSM bands and the UMTS band)
using a three port antenna is shown in FIG. 38. Diplexers 124
are used to couple RF transceiver 114 to switching circuitry
116. One diplexer 124 handles the 850 MHz and 1800 MHz
bands while the other diplexer 124 handles the 900 MHz and
1900 MHz bands. The placement of each of the bands is
shown in the graph of FIG. 39. When feedl is used, the
antenna is has a fundamental operating frequency range 128
at about 850 MHz and a harmonic operating frequency range
130 at about 1800 MHz. When switch SW1 is onand switches
SW2 and SW3 are off, feedl is active and the antenna’s
response is as shown by the solid line in FIG. 39.

As shown by the solid line in FIG. 39, when feed1 is used,
the antenna covers both the 850 MHz and 1800 MHz bands.
Due to the relatively narrow bandwidth of the antenna, adja-
cent bands are not covered without tuning. When it is desired
to tune the antenna to cover the 900 MHz and 1900 MHz
bands, switches 116 are adjusted so that feed2 is used. This
shifts both the fundamental operating range 128 and the har-
monic operating frequency range 130 to higher frequencies,
s0 as to cover the 900 MHz and 1900 MHz bands, respec-
tively, as shown by the dashed line in FIG. 39.

When it is desired to tune the antenna to cover the 2170
MHz band, switches 116 are adjusted so that feed3 is
switched into use. As a result, the fundamental operating
range 128 and the harmonic operating frequency range 130
are shifted to higher frequencies. With this antenna tuning
configuration, the harmonic operating frequency range 130
covers the 2170 MHz band, as shown by the dot-and-dashed
line in FIG. 39.

FIG. 40 shows details of an arrangement of the type
described in F1G. 34 in which five bands are covered (e.g., the
four GSM bands and the UMTS band) using two antenna
ports.

Processing circuitry 42 can generate data to be transmitted
and can provide this data to RF module 132 in wireless
communications circuitry 50 using a path such as path 140.
Data that is received by the handheld device may be routed
from RF module 132 to processing circuitry 42 via path 142.
Transceiver 114 can be coupled to radiating element 12 in
antenna module 134 via feedl, feed2, and ground. Switching
circuitry 116 can be used to regulate which antenna port is
active. Switch SW1 can be used to select a desired GSM
signal path to connect to feedl when feedl is active and is
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used to disconnect feedl from the RF transmitter when feed1
is inactive. Switch SW2, which is on when switch SW1 is
inactive, can used to seletively activate feed2. Switch SW2
can receive transmitted signals from RF transceiver 114 and
can deliver received signals to RF transceiver 114 through
duplexer 122, which can handle the transmit and receive
subbands for a 2170 MHz UMTS band.

A power amplifier integrated circuit 136 may be used to
boost outgoing signal levels. Power amplifier integrated cir-
cut 136 contains power amplifiers 138. The power amplifiers
may be provided as separate integrated circuits if desired.

A testing arrangement that may be used to calibrate an RF
module 132 during the process of manufacturing a handheld
device 38 is shown in FIG. 41. During testing, tester 144 can
apply power and control signals to processing circuitry 42
using a path such as path 147. The control signals may direct
the processing circuitry 42 to transmit signals to antenna
module 134. Each feed can be calibrated in turn. Tester 144
has a cable and test probe that can be connected to either RF
switch connector 152 (when the cable and probe are in the
position indicated by line 148) or RF switch connector 156
(when the cable and probe are in the position indicated by line
150). During testing, the probe taps into the signals that would
otherwise be transmitted over antenna module 134.

RF switch connectors 152 and 156 have two operating
conditions. A cross-section of an illustrative RF switch con-
nector 166 is shown in FIGS. 42 and 43. When no test probe
is inserted, as shown in FIG. 42, input 160 is connected to
output 162 via conductor 164. When the tip of a test probe 168
is inserted into switch connector 166, conductor 164 is
pressed downwards, which opens the circuit between conduc-
tor 164 and output 162 and electrically connects input 160 to
the test probe 168.

RF switch connector 152 may be used to tap into signals
that would normally pass from data path 154 to feedl,
whereas RF switch connector 156 may be used to tap into
signals that would normally pass from data path 158 to feed2.
During calibration, tester 144 measures the signal strenth
received on each feed for a variety of output power settings.
Using curve fitting techniques, tester 144 determines which
calibration settings should be stored in the circuitry 10. The
calibration settings are loaded into non-volatile memory 40
such as flash memory over a path such as path 146. Later,
during normal operation, processing circuitry 42 uses the
stored calibration settings to make calibrating adjustments to
the output signal levels of the RF module 132.

Iustrative steps involved in testing and fabricating hand-
held devices with tunable multi-port antennas are shown in
FIG. 44.

At step 170, a circuit board assembly containing the RF
moudule 132 and antenna module 134 can be fabricated.

At step 172, tester 144 of FIG. 41 may send control signals
to processing circuitry 42 via path 147. The control signals
direct the processing circuitry 42 to use transceiver 114 and
switching circuitry 116 to transmit suitable test signals to the
antenna on feeds 18 and 20. Each feed is excercised sepa-
rately. To ensure accurate measurements, test signals may be
transmitted using several different power settings while tester
144 gathers associated test measurements.

At step 174, the tester 144 can process the test measure-
ments (e.g., using curve-fitting routines) and generates cor-
responding calibration settings. The calibration settings indi-
cate what adjustments need to be made by RF module 132
during normal operation to ensure that the transmitted RF
power levels are accurate.

The tester 144 can store the calibration information in
memory 40 at step 176. With one suitable arrangement, the
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calibration information is stored in a non-volatile memory
such as a flash memory to ensure that the calibration infor-
mation will be retained in the event of a loss of power by the
handheld electronic device 38.

During steps 178 and 180, the handheld electronic device
38 may be used by a user to place cellular telephone calls, to
upload or download data over a 3G link, or to otherwise
wirelessly transmit and receive data.

During step 178, the processing circuitry 42 (FIG. 41)
retrieves the calibration settings data from memory 40 and
uses the retrieved calibration settings to adjust the power
output of the handheld device so that the output power is
calibrated. The processing circuitry 42 calibrates each port
separately, so the output power is accurate regardless of
which antenna port is being used.

During step 180, the user can transmit and receive data
using the antenna. The processing circuitry 42 tunes the
antenna as needed by selecting an appropriate antenna feed
using switching circuitry 116.

The foregoing is merely illustrative of the principles of this
invention and various modifications can be made by those
skilled in the art without departing from the scope and spirit of
the invention.

What is claimed is:

1. A tunable multipart handheld electronic device patch
antenna, comprising:

a ground terminal;

a substantially planar radiating element located above the
ground terminal that is electrically connected to the
ground terminal; and

at least first and second antenna feeds, wherein the first
antenna feed is electrically connected to the radiating
element at a first location, wherein the second antenna
feed is electrically connected to the radiating element at
a second location that is different from the first location,
wherein the first antenna feed and the ground terminal
form a first antenna port through which antenna signals
are transmitted and received, and wherein the second
antenna feed and the ground terminal form a second
antenna port through which antenna signals are trans-
mitted and received.

2. The tunable multiport handheld electronic device patch
antenna defined in claim 1 wherein the substantially planar
radiating element and ground terminal form a planar-in-
verted-F antenna (PIFA) structure and wherein the first and
second antenna feeds form feeds for the PIFA structure.

3. The tunable multiport handheld electronic device patch
antenna defined in claim 2 wherein the radiating element
comprises a metal antenna structure without adjustable
capacitive loading.

4. The tunable multiport handheld electronic device patch
antenna defined in claim 2 wherein the radiating element
comprises first, second, and third integral elongated portions,
wherein the first elongated portion forms the ground terminal,
wherein the second elongated portion forms the first feed, and
wherein the third elongated portion forms the second feed.

5. The tunable multiport handheld electronic device patch
antenna defined in claim 2 wherein the radiating element
comprises metal and is configured to operate at a frequency
range associated with a first cellular telephone band when the
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first antenna port is used and is configured to operate at a
frequency range associated with a second cellular telephone
band that is different from the first cellular telephone band
when the second antenna port is used.

6. The tunable multiport handheld electronic device patch
antenna defined in claim 5 wherein selecting between the first
port and second port occurs without the use of adjustable
capacitive loading, and wherein the first and second cellular
telephone bands are selected from the group consisting of an
850 MHz band, a 900 MHz band, an 1800 MHz band, a 1900
MHz band, and a 2170 MHz band.

7. Tunable multiport antenna circuitry comprising:

a substantially planar radiating element;

a circuit board having a ground conductive path and first

and second antenna feed conductive paths;

a ground electrical connecting structure that connects the
ground conductive path to the radiating element and
serves as a ground terminal for the radiating element;

a first feed electrical connecting structure that electrically
connects the first feed conductive path on the circuit
board to the radiating element at a first location and
serves as a first feed terminal for the radiating element,
wherein the first feed terminal and the ground terminal
form a first antenna port through which antenna signals
are transmitted and received; and

a second feed electrical connecting structure that electri-
cally connects the second feed conductive path on the
circuit board to the radiating element at a second loca-
tion distinct from the first location and serves as a second
feed terminal for the radiating element, wherein the sec-
ond feed terminal and the second ground terminal form
a second antenna port through which antenna signals are
transmitted and received.

8. The tunable multiport circuitry defined in claim 7
wherein at least one of the ground electrical connecting struc-
ture, the first feed electrical connecting structure, and the
second feed electrical connecting structure comprises a
spring-loaded pin.

9. The tunable multiport circuitry defined in claim 7
wherein at least one of the ground electrical connecting struc-
ture, the first feed electrical connecting structure, and the
second feed electrical connecting structure comprises a piece
of' bent conductor that serves as a spring.

10. The tunable multiport circuitry defined in claim 7
wherein at least one of the ground electrical connecting struc-
ture, the first feed electrical connecting structure, and the
second feed electrical connecting structure comprises a piece
of bent conductor formed as an integral part of the radiating
element that serves as a spring and that is soldered to one of
the conductive paths on the circuit board.

11. The tunable multiport circuitry defined in claim 7
wherein the circuit board has a third feed conductive path, the
circuitry further comprising:

a third feed electrical connecting structure that electrically
connects the third feed conductive path on the circuit
board to the radiating element at a third location distinct
from the first and second locations and that serves as a
third feed terminal for the radiating element.
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