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the capacitively-loaded magnetic dipole radiator includes a
tunable electric field bridge. For example, the capacitively-
loaded magnetic dipole radiator may comprise a quasi loop
with a tunable electric field bridge interposed between the

quasi loop first and second ends. The electric field bridge may
be an element such as a ferroelectric (FE) tunable capacitor or
a microelectromechanical system (MEMS) capacitor, to
name a couple of examples. In certain embodiments, the
capacitively-loaded magnetic dipole radiator includes a quasi
loop with a loop perimeter. The effective electrical length of
the radiator is changed by adjusting the perimeter using an
element such as a MEMS switch, or a semiconductor switch.
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Aloop antenna providing a reception performance equivalent
to a patch antenna receiving a circularly polarized wave,
simple in configuration, and kept low in cost, which forms a
loop element and a parasitic element provided independently
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antenna element and sends or receives a circularly polarized
wave by this antenna element, provides a metal plate parallel
with or having a slight inclination with respect to the dielec-
tric board, and sets this metal plate separated from the dielec-
tric board by exactly a predetermined distance.
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patch conductor (14) and a ground conductor (18) formed on
both surfaces thereof. A step (16) is formed on the lower
surface of the dielectric substrate, which makes a spacing
between the patch conductor and the ground conductor non-
uniform in a direction of length of the patch conductor. By
making nonuniform the spacing between the patch conductor
and the ground conductor in the direction of length of the
patch conductor, radiation efficiency and antenna gain are
changed in that direction, resulting in asymmetrical directiv-
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FIG. 5 E-PLANE RADIATION PATTERN
OF PATCH ANTENNA OF EMBODIEMNT

FIG.6
E-PLANE RADIATION PATTERN OF

CONVENTIONAL PATCH ANTENNA
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1
PATCH ANTENNA

TECHNICAL FIELD

The present invention relates to a patch antenna. More
specifically, the present invention relates to a patch antenna
that has a ground conductor and a patch conductor formed on
respective main surfaces of a dielectric substrate and pos-
sesses asymmetric directivity, which is used for cellular tele-
phones.

PRIOR ART

In a cellular telephone, since it is used close to the head of
a person, there is a decrease in antenna gain under the influ-
ence of the head. Thus, in order to reduce the influence of
coupling with the human body, it is contemplated to make
directivity asymmetrical between the direction of the human
body (head) and the other directions.

One example of patch antenna with asymmetrical directiv-
ity is disclosed in Japanese Patent Laying-open No. 8-186437
[HO1Q 21/28, GO1S 7/03, HO1Q 13/08, 21/06] (patent docu-
ment 1) and Japanese Patent Laying-open No. 10-270932
[H10Q 13/08, 19/10] (patent document 2).

The prior art of patent document 1 is provided with a
high-frequency phased-array antenna on a low-frequency
patch antenna. By achieving wide-range directivity with the
low-frequency patch antenna and achieving directivity for a
predetermined direction with the high-frequency phased-ar-
ray antenna, it is possible to design or set arbitrary directivity.

The prior art of patent document 2 is provided with a
passive element mounted at a position with a specific spacing
from a patch antenna element, two of which are the same in
shape and size. The passive element plays a role as reflector
and reflects an antenna pattern in an arbitrary direction to
obtain asymmetrical directivity.

In the prior art of patent document 1, not only its structure
becomes complicated but also its size is too large to be used at
relatively low frequencies on which cellular telephones oper-
ate, for example. Also, in the prior art of patent document 2,
it is necessary to leave a distance of about 2 wavelength
between the two patches, and if calculated with a frequency
for cellular telephone, 2 GHz, for example, the distance is as
long as about 7.5 cm. Therefore, as with the prior art of patent
document 1, it is difficult to apply this prior art to small
devices such as cellular telephones due to the limited built-in
place.

SUMMARY OF THE INVENTION

Therefore, it is a primary object of the present invention to
provide a novel patch antenna.

It is another object of the present invention to provide a
patch antenna that has asymmetrical directivity and also can
be reduced in size.

The present invention is a patch antenna including a dielec-
tric substrate, a ground conductor formed on one main surface
of the dielectric substrate, and a patch conductor formed on
the other main surface of the dielectric substrate, wherein
radiation efficiency is changed in a direction of wavelength-
dependent length of the patch conductor.

By changing the radiation efficiency in the direction of
wavelength-dependent length of the patch conductor, an
antenna directional characteristic in that direction is altered,
which makes it possible to achieve asymmetrical directivity.

According to the present invention, the asymmetrical
directivity can be achieved just by changing the radiation
efficiency, which allows downsizing without having to use
any phased-array antenna or reflecting passive element of
prior arts.
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In one embodiment, for changing the radiation efficiency, a
spacing between the patch conductor and the ground conduc-
tor is made nonuniform in the direction of wavelength-depen-
dent length.

Additionally, in another embodiment, for making nonuni-
form the spacing between the patch conductor and the ground
conductor, thickness of the dielectric substrate is changed in
the direction of wavelength-dependent length ofthe dielectric
substrate.

Moreover, in still another embodiment, for changing the
radiation efficiency, a dielectric constant is changed in the
direction of wavelength-dependent length.

Besides, by loading a dielectric on the patch conductor, it is
possible to decrease the length of the patch conductor of the
antenna in the direction of wavelength-dependent length and
thus obtain the compact patch antenna in its entirety.

In making it built into a cellular telephone, this patch
antenna is arranged in such a manner that the length of the
above mentioned patch conductor in the direction of wave-
length-dependent length is in parallel with the direction of
thickness of the housing of the cellular telephone, and that a
side with higher radiation efficiency is faced opposite to a side
making contact with the head of a person. By doing this, it is
possible to effectively lessen a decrease in antenna gain
resulting from coupling with the person’s head.

The above described objects and other objects, features,
aspects and advantages of the present invention will become
more apparent from the following detailed description of the
present invention when taken in conjunction with the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1isaperspective view showing a patch antenna of one
embodiment of the present invention;

FIG. 2 is a side view of the patch antenna of FIG. 1 embodi-
ment;

FIG. 3 is a graph showing changes in radiation efficiency
measured at an experiment with FIG. 1 embodiment;

FIG. 4 is an illustrative view showing changes in antenna
gain calculated with FIG. 1 embodiment;

FIG. 5 is an illustrative view showing an E-plane radiation
pattern obtained with FIG. 1 embodiment;

FIG. 6 is an illustrative view showing an E-plane radiation
pattern of a conventional patch antenna;

FIG. 7 is an illustrative view showing a modified example
of FIG. 1 embodiment;

FIG. 8 is an illustrative view showing another modified
example of FIG. 1 embodiment;

FIG. 9 is an illustrative view showing still another modified
example of FIG. 1 embodiment;

FIG. 10 is an illustrative view showing another embodi-
ment of the present invention;

FIG. 11 is a perspective view showing a patch antenna of
still another embodiment of the present invention;

FIG. 12 is a side view of the patch antenna of FIG. 11
embodiment;

FIG. 13 is a perspective view showing a patch antenna of
yet another embodiment of the present invention;

FIG. 14 is a side view of the patch antenna of FIG. 13
embodiment; and

FIG. 15 is an illustrative view showing one example of
portable information terminal with the patch antenna of the
present invention built-in.

BEST MODE FOR PRACTICING THE
INVENTION

A patch antenna 10 of the embodiment shown in FIG. 1 and
FIG. 2 includes a substrate 12 formed of a dielectric. In this
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embodiment, the dielectric substrate 12 is alumina, and its
dielectric constant (er) is 9.7, for example. However, other
ceramic dielectrics may be used for the dielectric substrate
12, and also any dielectrics other than ceramic dielectrics may
be employed. The dimensions of the patch antenna 10 are
about 50 mm widex60 mm longx4 mm thick in its entirety.
However, this size is just one example and may vary depend-
ing on the dielectric constant and the frequency.

A patch conductor 14 having a width of 10 mm and made
of'a metal such as copper is formed on an upper main surface
of'the dielectric substrate 12 at a center in a width direction of
the substrate. Also, a length of the patch conductor 14 is
determined by a wavelength (frequency) used with this
antenna. Since the patch antenna 10 of this embodiment is to
be used for cellular telephones with a frequency band of 2
GHz, the patch conductor 14 is assumed to be 25 mm long.
Such length depending on the wavelength may be called
wavelength-dependent length.

In addition, a step 16 is formed on a lower main surface of
the dielectric substrate 12, as can be seen well from FIG. 2, in
particular. In this embodiment, assuming that the length of the
dielectric substrate 12 in the above mentioned wavelength-
dependent direction is 60 mm, the step 16 is formed at a
position of 40 mm from a left end of the dielectric substrate
12. However, the position of the step 16 is just one example
and may be changed as appropriate within a range of the
length of the patch conductor 14, that is, under the patch
conductor 14.

Moreover, formed on the whole lower main surface of the
dielectric substrate 12 having the above stated step 16 is a
ground conductor 18 made of a metal such as copper as with
the patch conductor 14.

Furthermore, a connector 20 is provided on the lower main
surface of the dielectric 12. An outer conductor 20a of the
connector 20 is connected to the ground conductor 18, and an
inner conductor 206 thereof is passed through the ground
conductor 18 and the dielectric substrate 12 to the upper main
surface of the dielectric substrate 12, and connected with the
patch conductor 14.

By forming the step 16 on the dielectric substrate 12 as
stated above, a spacing between the patch conductor 14 and
the ground conductor 18 becomes nonuniform between a
range of 22.5 mm on the left side of the patch conductor 14
and a range of 2.5 mm on the right side of the same in the
direction of length. More specifically, a spacing G1 between
the patch conductor 14 and the ground conductor 18 is 4 mm
on the left side, whereas a spacing G2 between the patch
conductor 14 and the ground conductor 18 is 1 mm on the
right side. That is, in this embodiment, the thickness of the
dielectric substrate 12 is nonuniform in the direction of the
wavelength-dependent length of the patch conductor 14.

When the thickness of the substrate is discontinuous or
nonuniform, it can be seen that the radiation efficiency varies
depending on the thickness of the substrate according to an
experimental result shown in FIG. 3. In FIG. 3, a solid line
shows changes in radiation efficiency (er) in the air with a
dielectric constant of 1, a dotted line shows changes in radia-
tion efficiency in the case of this embodiment using an alu-
mina substrate with a dielectric constant of 9.7, and a dashed
line shows changes in radiation efficiency in the case of using
a substrate with a dielectric constant of 37. In this manner, by
changing the radiation efficiency in the direction of wave-
length-dependent length, an antenna gain becomes asym-
metrical as shown in FIG. 4, which thus make it possible to
achieve asymmetrical directivity as shown in FIG. 5. For
reference’s sake, FIG. 6 represents a conventional patch
antenna’s directivity. However, this directivity of FIG. 6 is
symmetrical.

In the embodiment shown in FIG. 1 and FIG. 2, the dielec-
tric substrate thickness (the spacing between the patch con-
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ductor and the ground conductor) is kept at 1 mm on the right
side of the step 16 so that the thickness becomes nonuniform
in the direction of wavelength-dependent length. Alterna-
tively, as with an embodiment shown in FIG. 7, the substrate
thickness may be reduced only at one part in the direction of
length. More specifically, in the FIG. 7 embodiment, the
substrate thickness G2 between the step 16 and a step 17 is
made smaller than the substrate thickness G1 at the remaining
area. In this embodiment, G1=4 mm and G2=1 mm. The
result of the experiment has revealed that the radiation char-
acteristic in the direction of length of the patch antenna 10
exhibits left-right asymmetry in the FIG. 7 embodiment as
well. Therefore, the patch antenna 10 of the FIG. 7 embodi-
ment has also asymmetrical directivity.

Moreover, in both of the above mentioned two embodi-
ments, the thickness of the ground conductor 18 is increased
at the thinner part of the patch antenna so that the patch
antenna has a uniform thickness of 4 mm, for example, in its
entirety. Alternatively, as shown in FIG. 8 and FIG. 9, the
thickness of the conductor 18 may be uniform regardless of
the thickness of the dielectric substrate 12. This would obvi-
ously save material for the conductor, but bring about a drop
in mechanical strength.

Furthermore, in the above stated embodiments, the thick-
ness of the dielectric substrate 12, that is the spacing between
the patch conductor 14 and the ground conductor 18 is non-
uniform or discontinuous in order to make the radiation char-
acteristic nonuniform. Alternatively, as with the FIG. 10
embodiment, the dielectric constant may be nonuniform or
discontinuous in the direction of length.

More specifically, in the patch antenna 10 shown in FIG.
10, the dielectric constant of the dielectric substrate 12 is
made discontinuous at a position corresponding to the step in
the above mentioned embodiments. For example, a left
dielectric substrate 121 is formed of alumina, for example,
and its dielectric constant is 9.7, for example, and a right
dielectric substrate 122 is formed of high-dielectric ceramic,
for example, and its dielectric constant is 37, for example. In
this manner, by changing the dielectric constant of the dielec-
tric substrate 12 in the direction of wavelength-dependent
length of the patch conductor 14, the radiation characteristic
in that direction can be also made nonuniform, and thus it is
possible to realize asymmetrical directivity.

Besides, in the above mentioned embodiments, asym-
metrical directivity is achieved within an E-plane of the patch
antenna. However, the present invention can be also used for
realization of asymmetrical directivity within an H-plane.

In the above described embodiments, by forming the
dielectric substrate 12 from a material with a high relative
dielectric constant, the above stated antenna size can be fur-
ther reduced. More specifically, a material with a relative
dielectric constant of 100 or more may be used for that. FIG.
11 and FIG. 12 show still another embodiment of the present
invention in which the size is reduced by means of such a high
relative dielectric constant.

In the embodiment shown in FIG. 11 and FIG. 12, the
dielectric substrate 12 made of a dielectric material with a
relative dielectric constant of 100 or more is employed, and
the size of the dielectric substrate 12 is 7x12 mm, for
example.

In addition, as a matter of course, the radiation efficiency of
the patch antenna 10 is changed in the direction of antenna
length (the direction of wavelength-dependent length of the
patch conductor 14) in the embodiment shown in FIG. 111
and FIG. 12 as well. More specifically, in this embodiment,
the step 16 is formed on the dielectric substrate 12.

For further size reduction, the patch antenna 10 of an
embodiment shown in FIG. 13 and FIG. 14 is proposed.

In the embodiment shown in FIG. 13 and FIG. 14, the
dielectric substrate 12 is formed by using a material with a
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relative dielectric constant of 100 or more and its size is 10x5
mm, for example. Also, the patch conductor 14 of the same
size is formed on the dielectric substrate 12. Loaded on the
patch conductor 14 is a dielectric sheet or plate 22 made of the
same material as or similar material (with a high relative
dielectric constant) to that of the dielectric substrate 12. The
size of the loaded dielectric 22 is the same as that of the
dielectric substrate 22, 10x5 mm, for example. The remaining
area is the same as that of the patch antenna 10 of the embodi-
ment shown in FIG. 11 and FIG. 12.

In addition, as a matter of course, the radiation efficiency of
the patch antenna 10 is also changed in the direction of
antenna length (the direction of wavelength-dependent length
of the patch conductor 14) in the embodiment shown in FIG.
13 and FIG. 14. More specifically, in this embodiment as well,
the step 16 is formed on the dielectric substrate 12.

The patch antenna 10 can be built into a cellular telephone
if its length is about 10 mm as with the embodiment shown in
FIG. 11 and FIG. 12 and the embodiment shown in FIG. 13
and FIG. 14.

FIG. 15 shows a state of the patch antenna 10 of the above
mentioned embodiments that is built into a cellular telephone.
The cellular telephone 100 includes a housing 102. A display
104 made of an LCD panel, for example, is formed on one
side of the housing 102, that is, on the side coming close to or
making contact with the head of a person (not illustrated). A
keyboard 106 is arranged on the same side below the display
104. Thus, the user can operate the keyboard 106 to send or
receive e-mail while watching the display 104.

Meanwhile, the housing 102 has a built-in substrate 108 on
which a required electronic circuit 110 (including a computer
chip, a memory device, etc., for example) is mounted. The
patch antenna 10 is preferably attached to the substrate 108
and, although not shown, connected to the electronic circuit
110 via a lead. However, since it is well known how to connect
an antenna with a cellular telephone, a more detailed descrip-
tion on that is omitted here. The patch antenna 10 is arranged
in such a manner that the direction of its length (the direction
of wavelength-dependent length of the patch conductor 14)
matches the direction of thickness of the housing 102. Thus,
the housing 102 of the cellular telephone 100 of this embodi-
ment is at least 10 mm or more in thickness. In addition, if the
patch antenna 10 is further reduced in size, it is possible to
decrease the thickness of the housing 102 of the cellular
telephone 100 accordingly.

In making a call or receiving a call on the cellular telephone
100 of this embodiment, as being commonly well known, a
person has a conversation with a speaker (not shown) pro-
vided in the vicinity of the display 104, on his/her ear. Thus,
the patch antenna 10 is coupled with the human body on the
side thereof having the display 104, that is, the side thereof
making contact with the head of a person.

Accordingly, in an embodiment of FIG. 15, the patch
antenna 10 is arranged in such a manner that the side of the
patch antenna 10 with higher radiation efficiency, that is, the
side with a larger radiation pattern is faced opposite to the side
making contact with the person’s head. By doing this, the
antenna characteristic of the cellular telephone 10 can be less
affected by the coupling with the human body.

Besides, in the embodiment of FIG. 15, the patch antenna
10 is arranged at an upper part inside the housing 102 of the
cellular telephone 100. Nevertheless, the arrangement posi-
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tion of the patch antenna 10 may be an arbitrary one. For
example, a lower end inside the housing 102 is easily con-
ceivable for that.

Moreover, in the embodiment of FI1G. 15, the housing 102
of'the cellular telephone 100 is of straight type. Alternatively,
it may be a foldable or collapsible housing, rotatable housing,
or slidable housing. In this case as well, the antenna may be
stored at an arbitrary possible place.

Although the present invention has been described and
illustrated in detail, it is clearly understood that the same is by
way of illustration and example only and is not to be taken by
way of limitation, the spirit and scope of the present invention
being limited only by the terms of the appended claims.

What is claimed is:

1. A patch antenna, which comprises:

a dielectric substrate having a first surface and a second
surface situated opposite the first surface, and further
having a first thickness and a second thickness situated
adjacent the first thickness, and an abrupt step in thick-
ness situated between the first thickness and the second
thickness, the first thickness being different from the
second thickness;

a patch conductor situated in proximity to the first surface
of the dielectric substrate, the patch conductor having a
first end and a second end situated opposite the first end,
and further having a center situated equidistantly
between the first end and the second end; and

a ground conductor situated in proximity to the second
surface of the dielectric substrate, whereby the dielectric
substrate is interposed between the patch conductor and
the ground conductor;

wherein the abrupt step in thickness is situated in align-
ment with the patch conductor between the first end and
the second end of the patch conductor and offset from
and in non-alignment with the center of the patch con-
ductor;

and wherein the patch antenna exhibits a radiation pattern
which is asymmetric along the length of the antenna due
to the abrupt step in thickness of the dielectric substrate.

2. A patch antenna according to claim 1, wherein a spacing
between said patch conductor and said ground conductor is
made non-uniform in a direction of wavelength-dependent
length of said patch conductor.

3. A patch antenna according to claim 1, wherein a dielec-
tric constant of the dielectric substrate is changed in a direc-
tion of wavelength-dependent length of said patch conductor.

4. A patch antenna according to claim 1, wherein a dielec-
tric is loaded on said patch conductor.

5. A cellular telephone with a patch antenna built-in
according to claim 1, wherein

said cellular telephone includes a housing having a thick-
ness, and said patch antenna is arranged in such a man-
ner that a direction of wavelength-dependent length of
said patch conductor matches the direction of thickness
of said housing, and that a side thereof with higher
radiation efficiency is faced opposite to a side of said
housing making contact with a head of a person.

6. A patch antenna according to claim 1, wherein said

dielectric substrate is a single dielectric substrate having a
uniform dielectric constant.

#* #* #* #* #*
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Aloop antenna providing a reception performance equivalent
to a patch antenna receiving a circularly polarized wave,
simple in configuration, and kept low in cost, which forms a
loop element and a parasitic element provided independently
of this loop element on the same dielectric board to form an
antenna element and sends or receives a circularly polarized
wave by this antenna element, provides a metal plate parallel
with or having a slight inclination with respect to the dielec-
tric board, and sets this metal plate separated from the dielec-
tric board by exactly a predetermined distance.
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1
LOOP ANTENNA

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority from, and incorporates by
reference the entire disclosures of, Japanese Patent Applica-
tion (1) No. 2005-095516, filed on Mar. 29, 2005 and (2) No.
2006-029953, filed on Feb. 7, 2006.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a loop antenna, more par-
ticularly relates to a loop antenna able to obtain a reception
performance of a circularly polarized wave equivalent to that
of a patch antenna, by a simple configuration. The loop
antenna of the present invention can be applied to an antenna
system provided with an electronic apparatus connected with
this antenna by a cable and to a vehicle mounting an antenna
system able to obtain a reception performance of a circularly
polarized wave equivalent to that of a patch antenna by
installing this antenna system at a dielectric part of the
vehicle.

2. Description of the Related Art

In the past, automobiles and other vehicles (moving bod-
ies) have been equipped with antennas enabling the reception
of radio waves even during movement. In general, the radio
waves received by a vehicle have principally been the
medium waves (MW) for AM radio and the very high fre-
quency (VHF) or ultrahigh frequency (UHF) waves for FM
radio or television.

However, in recent years, in addition to antennas receiving
these radio waves, antennas for global positioning systems
(GPS), antennas for receiving satellite waves of satellite digi-
tal broadcasts or their reradiated waves (gap filler waves),
antennas for receiving waves for conversation over car
phones, mobile phones, etc., and other antennas have become
increasingly required for vehicles. Further, antennas for send-
ing and receiving radio waves to and from parts of intelligent
traffic systems (ITS) such as electronic toll collectors (auto-
matic toll systems) for automatically collecting tolls on high-
ways and toll roads and radio wave beacons of vehicle infor-
mation communication systems (VICS) providing road
traffic information have become necessary. Therefore, recent
vehicles have had to mount antennas for receiving and send-
ing a large number of types of radio waves (media).

Among the radio waves sent from and received by these
moving bodies, the GPS waves, satellite digital broadcast
waves, and electronic toll collector waves are a circularly
polarized wave. Further, for conventional a circularly polar-
ized wave antennas, patch antennas have usually been used.
Among these patch antennas, ones comprised of ceramic or
other dielectric boards on one surface of which planar ground
conductors are laid and on the other surface of which radiat-
ing conductors are laid have often been employed. As this
type of patch antenna, a low profile patch antenna for moving
bodies used on the roofs of automobile and other moving
bodies, that is, a low profile moving body use patch antennas,
has been employed (for example, see Japanese Patent Publi-
cation (A) No. 2002-135045, FIG. 1 and FIG. 3).

However, the patch antenna disclosed in Japanese Patent
Publication (A) No. 2002-135045 etc. is comprised of two
types of dielectric boards superposed over each other and is
formed with power parts passing through the boards, so there
were the problems that the structure was complicated and the
cost was high. As a result, the antenna system connecting a
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patch antenna disclosed in Japanese Patent Publication (A)
No. 2002-135045 to an electronic apparatus by cables also
became high in cost. Further, a vehicle mounting a patch
antenna disclosed in Japanese Patent Publication (A) No.
2002-135045 etc. suffered from the problem of poor appear-
ance due to the use of the patch antenna provided on the roof.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a loop
antenna providing a reception performance equivalent to a
patch antenna receiving a circularly polarized wave, requiring
use of only a single dielectric board, and able to be kept down
in cost.

To achieve this object, the loop antenna of the present
invention is a loop antenna having an antenna element com-
prised of a loop element and parasitic element provided inde-
pendent of the loop element and transmitting or receiving a
circularly polarized wave, wherein the antenna element is
formed on a single surface, and a conductor surface parallel
with or having a slight inclination from the surface is pro-
vided near the surface.

Such a loop antenna can be configured as follows:

1) The conductor surface is comprised of wire conductors

arranged in a mesh.

2) The antenna element is formed on one surface of a
dielectric board or at a certain layer of a member forming
a dielectric board, while the conductor surface is formed
on the other surface of this dielectric board or at another
layer than that certain layer of the member forming the
dielectric board. The dielectric board in this case may be
made a dielectric member provided in a vehicle.

3) The antenna element and conductor surface may be
provided on different dielectric boards. In this case, the
conductor surface may be made a conductor forming
part of the chassis of the vehicle, a conductor forming
part of equipment provided in the vehicle, or a conductor
attached to the vehicle. On the other hand, part of the
member forming the conductor surface may be extended
in the direction of the dielectric member forming the
antenna element and this extended part used to support
the dielectric member.

4) The conductor pattern of the antenna element is formed
on a dielectric board, while the same board is formed
with a circuit connecting to the loop element of the
antenna element. In this case, the circuit may also be
arranged inside the loop of the loop element. Further,
outside of the circuit, two loop elements with different
loop diameters may be formed doubly without overlap.

5) A power part formed on a surface separate from the
surface where the antenna element is provided, a con-
ducting means connecting the antenna element and the
power part, a mesh ground pattern formed on the surface
of the dielectric where the power part is provided, and a
driven circuit part provided to contact the power part are
provided. In this case, the dielectric may be a dielectric
member forming part of a vehicle.

Further, the loop antenna of the present invention may be
applied to an antenna system provided with an electronic
apparatus connected to the loop antenna by a cable. This
antenna system is an antenna system comprised of a loop
antenna having an antenna element comprised of a loop ele-
ment and a parasitic element provided independently of the
loop element and sending or receiving a circularly polarized
wave, an electronic apparatus processing a signal sent or
received by the loop antenna, and a cable connecting the loop
antenna and the electronic apparatus, wherein the antenna
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element is formed on one surface and a conductor surface
parallel to that surface or having a slight inclination is pro-
vided near that surface.

Further, the loop antenna of the present invention can be
applied to a vehicle mounting an antenna system providing a
loop antenna at a dielectric part of the vehicle so as to obtain
a reception performance of a circularly polarized wave
equivalent to that of a patch antenna. That is, the present
invention provides a vehicle equipped with an antenna system
comprised of a loop antenna having an antenna element com-
prised of a loop element and a parasitic element provided
independently of the loop element and sending and receiving
a circularly polarized wave, an electronic apparatus for pro-
cessing a signal sent or received by the loop antenna, and a
cable connecting the loop antenna and electronic apparatus,
wherein the antenna element is formed at a dielectric member
of'the vehicle and a conductor surface parallel to that antenna
or having a slight inclination is provided near the antenna
element.

As explained above, according to the loop antenna of the
present invention, there are the effects that a circularly polar-
ized wave antenna requiring use of only a single dielectric
board, able to be kept down in cost, and providing a reception
performance equivalent to a patch antenna, an antenna system
using that antenna, and a vehicle mounting this antenna sys-
tem can be realized.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example, and
not limitation, in the figures of the accompanying drawings in
which like references indicate similar elements. Note that the
following figures are not necessarily drawn to scale. In the
figures,

FIG. 1A is a sectional view showing the configuration of a
conventional patch antenna;

FIG. 1B is a sectional view of the configuration of an
embodiment of the loop antenna of the present invention;

FIG. 1C is a plan view showing the shape and size of an
antenna element of the patch antenna of FIG. 1A;

FIG. 1D is a plan view showing the shape and size of an
antenna element of the loop antenna of the present invention;

FIG. 2A is a perspective view showing an example of
arrangement of the antenna element of the loop antenna
shown in FIG. 1B and a low noise amplifier on a dielectric
board;

FIG. 2B is a perspective view showing an example of a
pattern on a back surface of the dielectric board shown in FI1G.
2A,;

FIG. 2C is a perspective view showing another example of
a pattern on a back surface of the dielectric board shown in
FIG. 2A;

FIG. 3A is a perspective view showing another example of
the antenna element of the loop antenna shown in FIG. 2A and
a ground pattern on the bottom surface of the dielectric board
of a low noise amplifier;

FIG. 3B is a perspective view of the dielectric board shown
in FIG. 3A as seen from the back surface;

FIG. 3C and FIG. 3D are perspective views of other
examples of patterns on the back surface of the dielectric
board shown in FIG. 3B;

FIG. 3E is a side sectional view of an embodiment where
the antenna element is formed on a film;

FIG. 3F is a side sectional view showing a modification of
the embodiment where the antenna element is formed on a
film;
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FIG. 3G is a side sectional view showing an embodiment
where the antenna element is buried in a dielectric board;

FIG. 4A is a perspective view showing the positional rela-
tionship between the dielectric board shown in FIG. 1B and a
metal plate;

FIG. 4B is a perspective view showing an embodiment
where the metal plate of FIG. 4A is replaced by a metal
housing of an electronic apparatus;

FIG. 51is a perspective view showing an embodiment where
the metal plate shown in FIG. 4A is replaced by a dielectric
board provided with a ground pattern;

FIG. 6A is a side view of an example of fastening the
dielectric board shown in FIG. 4A and a metal plate by
L-shaped fastenings;

FIG. 6B is a side view of an example of fastening the
dielectric board shown in FIG. 4B and a metal housing of an
electronic apparatus by L.-shaped fastenings;

FIG. 6C is a perspective view showing the configuration of
an [-shaped fastening used in FIGS. 6A and 6B;

FIG. 6D is a perspective view showing an embodiment of
a gate-type fastening;

FIG. 6E is a side view showing the state of using the
gate-type fastening of FIG. 6D to fasten the dielectric board
shown in FIG. 5A to a metal plate or a dielectric;

FIG. 6F is a perspective view of a metal plate showing an
embodiment of forming attachments at the metal plate itself;

FIG. 7A is a sectional view of principal parts of an auto-
mobile showing an example of providing a dielectric board on
which the loop antenna of the present invention is set above
part of the frame inside an automobile instrument panel;

FIG. 7B is a perspective view showing the configuration of
an example of a bracket in the case of attaching a dielectric
board on which the loop antenna of the present invention is
provided at the position shown by the broken line in FIG. 7A;

FIG. 7C is a sectional view of principal parts of an auto-
mobile showing an example of providing a dielectric board on
which the loop antenna of the present invention is set on top
of'a metal housing of an electronic apparatus provided inside
an automobile instrument panel;

FIG. 8 is a view of another embodiment of the arrangement
of the antenna element of the loop antenna of the present
invention and a low noise amplifier on a dielectric board;

FIG. 9 is a view of a modification of the arrangement of the
antenna element of the loop antenna of the present invention
and the low noise amplifier on the dielectric board shown in
FIG. 8 and shows the arrangement of two types of antenna
elements of a loop antenna and a low noise amplifier on a
dielectric board;

FIG. 10A is a perspective view showing an embodiment
where a dielectric board on which the loop antenna of the
present invention is provided is provided with a loop antenna
separate from the other antenna on so as to form an integrated
antenna,

FIG. 10B is a view of the circuit configuration in the case of
connecting the integrated antenna shown in FIG. 10A to a
receiver and transmitter;

FIG. 11A is a partial perspective view of an embodiment in
which the loop antenna of the present invention is provided on
an automobile front windshield;

FIG. 11B is a partial sectional view of a part of a front
windshield of FIG. 11A at which the loop antenna is pro-
vided;

FIG. 12A is a perspective view showing an embodiment of
connection with a connector in the case of forming the loop
antenna of the present invention in an automobile front wind-
shield;
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FIG. 12B is a perspective view showing another embodi-
ment of connection with a connector in the case of forming
the loop antenna of the present invention in an automobile
front windshield;

FIG. 12C is a sectional view showing the configuration of
the connector of FIG. 12B;

FIG. 13 A is a plan view showing the internal configuration
of the connector of FIG. 12A;

FIG. 13B is a side view of the connector of FIG. 13A; and

FIG. 14 is a partial perspective view of an automobile
showing an embodiment of providing the loop antenna of the
present invention at the plastic body of an automobile.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Below, the attached drawings will be used to explain
embodiments of the loop antenna of the present invention
based on specific embodiments.

First, the loop antenna of the present invention will be
explained compared with a conventional patch antenna. FIG.
1A shows the structure of a conventional patch antenna 25.
The patch antenna 25 is, in general, as shown in FIG. 1A,
comprised of a dielectric board 27 on the top surface of which
an antenna pattern (patch element) 28 is provided and on the
bottom surface of which a ground pattern 29 is provided. The
dielectric board 27 is comprised of a ceramic member with a
high relative dielectric constant. In this example of a patch
antenna 25, an amplifier 30 is provided under the ground
pattern 29 of the dielectric board 27. The amplifier 30 is
comprised of a dielectric board 31 on one surface of which a
ground pattern 32 is formed and on the other surface of which
an amplifier circuit pattern 33 is formed. The amplifier 30 is
arranged with the ground pattern 32 superposed over the
ground pattern 29 of the patch antenna 25.

Further, when a power use coaxial cable 22 is connected to
the amplifier 30 side of the patch antenna 25, a power pin 8
connected to the patch element 28 is provided passing
through the amplifier 30 and dielectric board 27. The other
end of the power pin 8 connected to the patch element 28 at
one end is soldered at the amplifier circuit pattern 33 of the
amplifier 30. In this case, the coaxial cable 22 is connected at
its center conductor 22a to the amplifier circuit pattern 33 by
soldering, while is connected at its external conductor 225 to
the ground pattern 34 on the amplifier circuit pattern 33 by
soldering. Usually, this patch antenna 25 is accommodated in
a plastic housing.

The patch element 28 is designed to be able to receive a
circularly polarized wave sent from a GPS satellite. When the
wavelength of the reception frequency is A, as shown in FIG.
1C, it is provided with a A/2-sided square antenna element.
When the patch element 28 receives a relatively low fre-
quency like a wave from a GPS satellite, a high dielectric
constant board may be used to reduce the size.

As opposed to this, the loop antenna 10 of the present
invention able to receive a circularly polarized wave is
accommodated in a dome-shaped plastic container 16. The
dome-shaped container 16 is provided inside it with a ring-
shaped holding projection 17 parallel to the floor. The dielec-
tric board 11 is placed on the holding projection 17. The
dielectric board 11 is provided on its front surface with the
antenna element 12 and a low noise amplifier (LNA) 13
connected to this antenna element 12. The low noise amplifier
13 has a coaxial cable 22 provided with a center conductor
22a and an external conductor 225 connected to it. On the
other hand, the dielectric board 11 is provided on its back
surface at the opposite side from the low noise amplifier 13
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with a ground pattern 14. This ground pattern 14 is for
example a mat pattern and is provided on the dielectric board
11 at the part under the low noise amplifier 13.

Further, the dome-shaped container has a metal plate 15
laid at its floor. The metal plate 15 is separated from the
antenna element 12 by exactly a predetermined distance. By
providing this metal plate 15, the metal plate 15 acts as a
reflector and improves the reception performance with
respect to waves arriving from the side directions of the dome.
In the loop antenna 10 of this embodiment, the antenna ele-
ment 12 is designed to receive a circularly polarized wave
sent from a GPS satellite and, as shown in FIG. 1D, is com-
prised of a A/4-sided square loop element 12A. Further, near
this square loop element 12A, a parasitic element 12B not
contacting the loop element 12A is provided.

The loop antenna 10 of this embodiment, being configured
in the above way, can be made smaller in the antenna element
12 compared with the conventional patch antenna 25
explained with reference to FIG. 1A and FIG. 1C, so can be
made smaller in size.

FIG. 2A shows an example of the arrangement of the
antenna element 12 (loop element 12A and parasitic element
12B) of the loop antenna 10 shown in FIG. 1B and the low
noise amplifier 13 on the dielectric board 11. One of the loop
element 12A provided on one surface of the dielectric board
11 is connected to the low noise amplifier 13, while the other
end passes through the dielectric board 11 and is connected to
the ground pattern 14 provided on the other surface of the
dielectric board 11 (bottom surface). The dielectric board 11
can be made a transparent glass plate.

The ground pattern 14, in this embodiment, is provided at
a region of about half of the bottom surface of the dielectric
board 11 (low noise amplifier 13 side). However, the ground
pattern 14 may also be provided extended to the part directly
under the antenna element 12.

Further, the ground pattern 14 is usually a mat pattern, but
a mesh conductor 14A of the pattern shown in FIG. 2B or a
mesh conductor 14B of the pattern shown in FIG. 2C may also
be used instead of the ground pattern 14. The mesh should
have a pitch of A/10 or so. The distance between the metal
plate 15 and the antenna element 12 in the thickness direction
of the dielectric board 11 is ideally A/4.

Note that the ground pattern 14 provided at the bottom
surface of the dielectric board 11 shown in FIG. 2A, as shown
in FIG. 3A, may also be provided at the entire bottom surface
of the dielectric board 11. In this case, the ground pattern 14
extended to directly under the antenna element 12 also serves
as the metal plate 15 shown in FIG. 1B. The ground pattern 14
provided at the entire bottom surface of the dielectric board
11 may also be made the mat pattern shown in FIG. 3B.
Further, it may also be made the mesh conductor 14 A of the
pattern shown in FIG. 3C or mesh conductor 14B of the
pattern shown in FIG. 3D.

Further, the antenna element 12, as shown in FIG. 3E, may
be attached to a dielectric board 11 as a film loop antenna 10A
comprised of a sheet-like transparent film 21 on which an
antenna element 12 is formed. Instead of this film loop
antenna 10A, as shown in FIG. 3F, it is also possible to use a
film loop antenna 10B comprised of a sheet-like transparent
film 21 formed with a ground pattern 26 on the surface on
which the antenna element 12 is not formed.

Further, the antenna element 12, as shown in FIG. 3G, may
be formed embedded in the dielectric board 11. In this case,
the antenna element 12 and the low noise amplifier 13 should
be connected by a via 24. Further, the ground pattern 14 may
be formed by a transparent member and may be formed by a
transparent member on a transparent sheet.
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Note that in the case of the embodiment of FIG. 3F, the
dielectric board 11 and the ground pattern 14 become close in
distance, so if the ground pattern 14 is provided only under the
low noise amplifier 13 as shown in FIG. 1B, the loop antenna
is improved in performance in some cases.

FIG. 4A shows the positional relationship between the
dielectric board 11 and metal plate 15 shown in FIG. 1B. In
this embodiment, the mesh conductor 14B is provided as the
ground pattern at the region of about half of the bottom
surface of the dielectric board 11 (low noise amplifier 13
side). Further, there is a predetermined distance H between
the dielectric board 11 and the metal plate 15.

FIG. 4B shows an embodiment where the metal plate 15 of
FIG. 4A is replaced by a metal housing 2 of an electronic
apparatus 1. The electronic apparatus 1 is for example a car
navigation system or audio system mounted in the automo-
bile. In this case as well, a predetermined distance H is pro-
vided between the metal housing 2 of the electronic apparatus
1 and the dielectric board 11. Note that instead of the metal
plate 15 shown in FIG. 5 and F1G. 3 A, it is also possible to use
a dielectric board 18 of the same size as the metal plate 15
over the entire surface of which the ground pattern 19 is
provided.

FIG. 6 A shows an example of a method of separating the
dielectric board 11 and metal plate 15 shown in FIG. 4A by
exactly a predetermined distance H. To separate the dielectric
board 11 and the metal plate 15 by exactly a predetermined
distance H, it is sufficient to fasten the two ends of the dielec-
tric board 11 over the dielectric board 11 separated from the
dielectric board 11 by exactly a predetermined distance H
using the L-shaped attachments 3 shown in FIG. 6C.

FIG. 6B shows an example of fastening the dielectric board
11 above the metal housing 2 of the electronic apparatus 1
shown in FIG. 4B by the L-shaped attachments 3. These
L-shaped attachments 3 may be made of metal or plastic.
Further, the L-shaped attachments 3 and the dielectric board
11, metal plate 15, or metal housing 2 of the electronic appa-
ratus 1 may be joined by screws or an adhesive.

Further, rather than fastening L-shaped attachments 3 on
the metal plate 15, as shown in FIG. 6F, parts of the metal
plate 15 may be cut and bent upward to the dielectric board 11
side in shapes similar to the above-mentioned [.-shaped
attachments 3 so as to form extended parts 15E and these
extended part 15E used to support the dielectric board 11.

On the other hand, the dielectric board 11 and metal plate
15 or the dielectric board 11 and metal housing 2 of the
electronic apparatus 1 may be connected using a gate-type
attachment 4 shown in FIG. 6D. FIG. 6E shows the state of
using the gate-type attachment 4 to fasten the dielectric board
11 on the metal housing 2 of the electronic apparatus 1 shown
in FIG. 4B. The gate-type attachment 4 in the case may be
made of plastic or metal.

FIG. 7A shows an embodiment where the dielectric board
11 provided with the loop antenna 10 of the present invention
is placed above the part of the chassis frame 7 inside the
instrument panel of the automobile 5. Since the chassis frame
7 is metal, this chassis frame 7 can be used instead of the
above-mentioned metal plate 15. Further, it is possible to
fasten a metal bracket 9 shown in FIG. 78 at a position shown
by the broken line at the side face of the metal chassis frame
7 and place the dielectric board 11 provided with the loop
antenna 10 of the present invention over this.

FIG. 7C shows an embodiment where the dielectric board
11 provided with the loop antenna 10 of the present invention
is placed above the metal housing of the electronic apparatus
1 provided at the instrument panel of the automobile 5 etc. In
this way, in the present invention, when providing the loop
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antenna 10 inside the instrument panel of the automobile 5, it
is possible to use a metal member inside the instrument panel
instead of the metal plate 15 shown in FIG. 1B.

FIG. 8 shows another embodiment of provision of the
antenna element 12 (loop element 12A and parasitic element
12B) of the loop antenna 10 of the present invention and the
low noise amplifier 13 on the dielectric board 11. In the
above-mentioned embodiments, the low noise amplifier 13
was provided outside the loop of the loop element 12A of the
loop antenna 10. On the other hand, in this embodiment, the
low noise amplifier 13 is provided inside the loop element
12A of the loop antenna 10. Even if providing the low noise
amplifier 13 inside the loop of the loop element 12A of the
loop antenna 10, there is no effect on the reception perfor-
mance of the loop antenna 10, the dielectric board 11 can be
made smaller in size, and in turn the loop antenna 10 can be
made smaller in size. In this case, the ground pattern can be
made the same rectangular shape as the low noise amplifier 13
(same shape and same size).

FIG. 9 shows a modification of the provision of the antenna
element 12 (loop element 12A and parasitic element 12B) of
the loop antenna 10 of the present invention and the low noise
amplifier 13 on the dielectric board 11 shown in FIG. 8. In the
embodiment shown in FIG. 8, only one type of loop antenna
10 was provided on the dielectric board 11, but in this
embodiment, in addition to the loop antenna 10, another loop
antenna 40 is provided on the dielectric board 11.

The antenna element 42 of the loop antenna 40, like the
loop antenna 10, is provided with a loop element 42A and a
parasitic element 42B, but the low noise amplifier 13 is used
in common with the loop antenna 10. The loop antenna 40 is
for receiving a circularly polarized wave of a frequency lower
than the loop antenna 10. Note that in this embodiment, the
parasitic element 12B is positioned differently from FIG. 8,
but even if the parasitic element is provided at a position
rotated 180 degrees about the center of the loop of the loop
antenna, the function is the same. Further, by using the low
noise amplifier 13 in common for the loop antennas 10 and
40, it is possible to reduce the cost and make the antenna
smaller. In this case, the ground pattern can be made the same
rectangular shape as the low noise amplifier 13 (same shape
and same size).

FIG.10A shows an embodiment where the dielectric board
11 provided with the loop antenna 10 of the present invention
is provided with a loop antenna 50 separate from the other
antenna (monopole antenna) 20 so as to form an integrated
antenna 100 on the dielectric board 11. The loop antenna 10
receives waves from a GPS satellite and, in the same way as
the above-mentioned embodiment, is provided with an
antenna element 12 comprised of a loop element 12A and
parasitic element 12B and a low noise amplifier 13. Further,
the output of the low noise amplifier 13 is input to a combiner/
distributor 70. The monopole antenna 20 is a VICS antenna
and is directly connected to the combiner/distributor 70. Fur-
ther, the loop antenna 50 is an electronic toll collector antenna
and is provided with an antenna element 52 comprised of a
loop element 52A and parasitic element 52B. One end of the
loop element 52A is connected to the ground pattern 14B
provided at the bottom surface of the dielectric board 11,
while the other end is directly connected to the combiner/
distributor 70.

FIG. 10B shows the circuit configuration in the case of
connecting the integrated antenna 100 shown in FIG. 10A to
the receiver/transmitter 80. The wave received by the GPS
loop antenna 10 is amplified by the low noise amplifier 13,
then input to the combiner/distributor 70, passed through a
filter 71, then combined. The wave received by the VICS





US 7,408,524 B2

9

monopole antenna 20 is input to the combiner/distributor 70,
passed through a filter 72, then combined. The wave received
by the electronic toll collector loop antenna 50 is input to the
combiner/distributor 70, passed through the filter 73, then
combined.

The signal combined at the combiner/distributor 70 of the
integrated antenna 100 is led by the coaxial cable 22 to the
combiner/distributor 80 housed in the receiver/transmitter 60.
The combined signal is distributed at the combiner/distribu-
tor 80, passed through the filters 81, 82, and 83, and input to
the GPS receiver 84, VICS receiver 85, and electronic toll
collector receiver 86 for processing. As the receiver/transmit-
ter 60, for example, there is a navigation system.

FIG. 11 A shows an example where the loop antenna 10 of
the present invention is attached to the front windshield 90 of
the automobile 5. The loop antenna 10 is kept from interfering
with the field of vision of the driver by being provided at the
bottom of the front windshield 90. The loop antenna 10
includes the loop element 12A and the parasitic element 12B.
The mesh ground pattern (mesh wire) 44 is provided further
inward toward the passenger compartment than these ele-
ments.

FIG. 11B shows a cross-section of the location of the front
windshield 90 shown in FIG. 11A where the loop antenna 10
is provided. The front windshield 90 is comprised of lami-
nated glass including outside glass 91, a resin sheet 92, and
inside glass 93. The antenna element and the parasitic ele-
ments 12A, 12B are formed in the intermediate resin sheet 92.
Further, the mesh wire 44 is formed at the inside of the inside
glass 93 (inside the compartment). The antenna element 12A
formed at the resin sheet 92 is led out by wires 35 to the
passenger compartment side of the inside glass 93 and con-
nected to a connector 95 at connection terminals 96 and 97.

FIG. 12A shows an embodiment of connection of the front
windshield 90 of the automobile provided with the loop
antenna 10 of the present invention and the connector 95. The
front windshield 90 of this embodiment is comprised of lami-
nated glass including outside glass 91, a resin sheet 92, and
inside glass 93. The ends in the lateral direction are formed
with step differences 94. The loop antenna 10 of the present
invention is embedded in part of the resin sheet 92 in advance
at the stage of production of the front windshield 90. The two
ends ofthe loop element 12A are led out by wires 35 to a step
difference 94 of the front windshield 90. Further, the wires 35
are bent to the inside glass 93 side at the step difference 94 and
are connected to the connection terminals 36 and 37 provided
at the surface of the passenger compartment side of the inside
glass 93.

The resin sheet 92 has transparency to secure visibility.
Note that it is also possible not to provide the resin sheet 92
and to just provide the antenna elements 12A and 12B
between the outside glass 91 and inside glass 92. Further,
around the loop antenna 10 (surface at passenger compart-
ment side of inside glass 93), as illustrated, metal mesh wire
44 is provided instead of the metal plate. When using a trans-
parent conductor as the metal plate, it is possible to use a mat
pattern, but if using a usual metal, with a mat pattern, the
driver would not be able to see through it, so mesh wire 44 is
used instead of the metal plate to improve the visibility
through the glass. Further, the mesh wire 44 may be formed
by a transparent conductor so as to further improve the vis-
ibility.

The connector 95 for connecting with the connection ter-
minals 36 and 37 provided at the inside compartment side of
the inside glass 93 is provided with a plastic housing provided
with connection terminals 96, 97 having springiness. Inside
the connector 95, as shown in FIGS. 13A and 13B, the dielec-
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tric board 11 is housed. Above this dielectric board 11 is the
low noise amplifier 13. The coaxial cable 22 is connected to
the low noise amplifier 13, while the connection terminals 96,
97 with springiness are connected by through holes 23 to the
low noise amplifier 13. Further, this connector 95 is attached
by two-sided adhesive tape, adhesive, or other means to the
front windshield 90 so that the connection terminals 96, 97
are connected to the connection terminals 36, 37 on the inside
glass 93.

FIG. 12B shows another embodiment of connection with
the connector 95 when forming the loop antenna 10 of the
present invention at the front windshield 90 of an automobile.
The front windshield 90 of this embodiment is also comprised
of'a laminate of outside glass 91, a resin sheet 92, and inside
glass 93. Its lateral direction ends are formed with step dif-
ferences 94. The loop antenna 10 of the present invention is
embedded in advance in part of the resin layer 92 at the stage
of production of the front windshield 90. The two ends of the
loop element 12A are led out by wires 35 to a step difference
94 of the front windshield 90. Further, the wires 35 are bent at
the step difference 94 to the inside glass 93 side and are
connected to connection projections 38, 39 provided at the
inside compartment side of the inside glass 93. Further,
around the loop antenna 10, as illustrated, the metal mesh
wire 44 is provided.

The connector 95 connecting to the connection projections
38, 39 provided at the inside compartment side of the inside
glass 93 is provided with a plastic housing provided with
connection terminals 98, 99 having springiness. The structure
of the connector 95 is the same as the structure shown in
FIGS. 13A and 13B except for the structure of the connection
terminals 98, 99 having springiness. The connection termi-
nals 98, 99, as shown in FIG. 12C, are both comprised of two
springs facing each other. The connection projections 38, 39
are designed to be inserted between these springs while push-
ing them apart. The connector 95 may be attached to the front
windshield 90 by a method the same as in the embodiment of
FIG. 13 A using two-sided adhesive tape, an adhesive, or other
means.

Note that if providing a monopole antenna or another loop
antenna adjoining a loop antenna 10 of the embodiment
explained with respect to FIG. 12A, 12B as shown in FIG.
10A, an integrated antenna can be formed at the front wind-
shield 90.

Further, the loop antenna 10 of the present invention, as
shown in FIG. 14, may also be attached to a plastic body panel
51 of a vehicle in addition to a dielectric member of the
automobile 5 such as glass (front windshield 90).

Although only some exemplary embodiments of this
invention have been described in detail above, those skilled in
the art will readily appreciated that many modifications are
possible in the exemplary embodiments without materially
departing from the novel teachings and advantages of this
invention. Accordingly, all such modifications are intended to
be included within the scope of this invention.

What is claimed is:

1. A loop antenna for sending or receiving a circularly
polarized wave, provided with:

an antenna element comprised of a loop element formed on

a single surface and a parasitic element provided inde-
pendent of the loop element on the same surface and

a conductor surface parallel with or having a slight incli-

nation from said surface provided near said surface,
wherein said antenna element is formed on one surface of
a dielectric board or at a certain layer of a member
forming a dielectric board, while the conductor surface
is formed on the other surface of this dielectric board or
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at another layer than that certain layer of the member
forming the dielectric board.

2. A loop antenna as set forth in claim 1, wherein said
conductor surface is comprised of wire conductors arranged
in a mesh.

3. A loop antenna as set forth in claim 1, wherein said
dielectric board is a dielectric member provided in a vehicle.

4. A loop antenna as set forth in claim 1, wherein said
antenna element and said conductor surface are provided on
different dielectric boards.

5. A loop antenna as set forth in claim 3, wherein said
conductor surface is a conductor forming part of the chassis of
the vehicle, a conductor forming part of equipment provided
in the vehicle, or a conductor attached to the vehicle.

6. A loop antenna as set forth in claim 3, wherein part of the
member forming said conductor surface is extended in the
direction of the dielectric member forming the antenna ele-
ment and this extended part used to support the dielectric
member.

7. A loop antenna as set forth in claim 1, provided with:

power part formed on a surface separate from the surface

where the antenna element is provided,

a conducting part connecting the antenna element and said

power part,

a mesh ground pattern formed on the surface of the dielec-

tric where the power part is provided, and

a driven circuit part provided to contact the power part.

8. A loop antenna as set forth in claim 7, wherein said
dielectric is a dielectric member forming part of a vehicle.

9. A loop antenna as set forth in claim 1, wherein the
distance between said conductor surface and said antenna
element is A/4 or more.

10. A loop antenna for sending or receiving a circularly
polarized wave, provided with:

an antenna element comprised of a loop element formed on

a single surface and a parasitic element provided inde-
pendent of the loop element on the same surface and
a conductor surface parallel with or having a slight incli-
nation from said surface provided near said surface,

wherein the conductor pattern of the antenna element is
formed on said dielectric board, while the same board is
formed with a circuit connecting to the loop element of
said antenna element.

11. A loop antenna as set forth in claim 10, wherein said
circuit is arranged inside the loop of said loop element.

12. A loop antenna as set forth in claim 11, wherein, outside
of'the circuit, two loop elements with different loop diameters
are formed doubly without overlap.

13. A loop antenna for sending or receiving a circularly
polarized wave, provided with:
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an antenna element comprised of a loop element formed on
a single surface and a parasitic element provided inde-
pendent of the loop element on the same surface and

a conductor surface parallel with or having a slight incli-
nation from said surface provided near said surface,

wherein said conductor surface is comprised of wire con-
ductors arranged in a mesh, and

wherein the wire conductors arranged in the mesh has a
pitch of A/10.

14. An antenna system comprised of:

a loop antenna having an antenna element comprised of a
loop element and a parasitic element provided indepen-
dently of said loop element on the same surface and
sending or receiving a circularly polarized wave,

an electronic apparatus processing a signal sent or received
by the loop antenna,

a cable connecting the loop antenna and said electronic
apparatus, and

a conductor surface parallel with or having a slight incli-
nation from said loop antenna provided near said loop
antennas,

wherein said antenna element is formed on one surface of
a dielectric board or at a certain layer of a member
forming a dielectric board, while the conductor surface
is formed on the other surface of this dielectric board or
at another layer than that certain layer of the member
forming the dielectric board.

15. An antenna system as set forth in claim 14, wherein said
conductor surface is a conductor surface provided in said
electronic apparatus.

16. A vehicle equipped with an antenna system comprised
of'a loop antenna having

an antenna element comprised of a loop element and a
parasitic element provided independently of said loop
element on the same surface and sending and receiving
a circularly polarized wave,

an electronic apparatus for processing a signal sent or
received by the loop antenna,

a cable connecting the loop antenna and electronic appa-
ratus, and

a conductor surface parallel with or having a slight incli-
nation from said loop antenna provided near said loop
antenna,

wherein said antenna element is formed on one surface of
a dielectric board or at a certain layer of a member
forming a dielectric board, while the conductor surface
is formed on the other surface of this dielectric board or
at another layer than that certain layer of the member
forming the dielectric board.

#* #* #* #* #*
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embodiment of the invention comprises an antenna including
a distributed strip, integrated with a battery mounted on the
distributed strip.

24 Claims, 13 Drawing Sheets
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ANTENNA WITH DISTRIBUTED STRIP AND
INTEGRATED ELECTRONIC COMPONENTS

RELATED APPLICATIONS

This application is a continuation in part of U.S. applica-
tion Ser. No. 11/243,860 filed on Oct. 5, 2005 now U.S. Pat.
No. 7,345,647, Titled: “Antenna Structure with Distributed
Strip”.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

The United States Government has certain rights in this
invention pursuant to Department of Energy Contract No.
DE-AC04-94A1.85000 with Sandia Corporation.

FIELD OF THE INVENTION

The present invention relates to the design and construction
of antennas that can be used to receive and/or transmit radio
frequency signals. The present invention additionally relates
to compact antennas having a distributed strip structure. The
present invention further relates to compact antennas having
a distributed strip and integrated electronic components, such
as a battery.

BACKGROUND OF THE INVENTION

Wireless communication systems operating at radio fre-
quencies and having antennas, are demanding ever smaller
form factors, as for example, in the field of radio frequency
identification (RFID). RFID allows users to identify, locate,
track and exchange information with remote assets. Typically
in RFID applications a wireless communication device con-
taining data, and including an antenna and a microchip and/or
a surface acoustic wave (SAW) device, is attached to the item
to be identified or tracked while a “host” reads and/or writes
information to the device through the use of radio frequency
communication. Applications for this technology are rapidly
expanding across a range of economic sectors that include
manufacturing, retail, medical care, agriculture, transporta-
tion and environmental stewardship. In all these applications,
compact low-profile RFID devices are highly valued, making
reduced antenna size an area of great interest and endeavor.

Device size is an issue in wireless systems. Small devices
are more easily sorted, transported and/or used. Typically, a
compact or low-profile wireless device is more desirable, and
sells at a higher price than an equivalent but larger device
would. Unfortunately there are components that are found
within all portable wireless devices that are not easily minia-
turized, for example, batteries and antennas.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and form part of the specification, illustrate several embodi-
ments of the present invention and, together with the descrip-
tion, serve to explain the principles of the invention. The
drawings provided herein are not drawn to scale.

FIG. 1A is a schematic perspective view of an embodiment
of an antenna according to the present invention.

FIG. 1B is an enlarged schematic view of the radiating
element of the antenna in FIG. 1A.

FIGS. 2A through 2C are schematic perspective views of
embodiments of antennas according to the present invention.
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FIG. 3 is a schematic illustration of another embodiment of
an antenna according to the present invention.

FIGS. 4A and 4B are schematic illustrations of additional
folded line configurations as can be used in antennas accord-
ing to the present invention.

FIGS. 5 and 6 are schematic perspective views of embodi-
ments of antennas produced on planar dielectric substrates,
according to the present invention.

FIGS. 7 and 8 are schematic illustrations of embodiments
of radiating elements as can be used in antennas according to
the present invention.

FIG. 9A is a schematic cross-sectional illustration of an
embodiment of an antenna comprising a distributed strip and
integrated electronic components according to the present
invention.

FIG. 9B is a schematic cross-sectional illustration of
another embodiment of an antenna comprising a distributed
strip and an integrated battery according to the present inven-
tion.

FIGS. 10A and 10B are schematic cross-sectional illustra-
tions of further embodiments of antennas comprising a dis-
tributed strip and integrated electronic components, accord-
ing to the present invention.

FIGS. 11A and 11B are schematic illustrations of the front
side and the back side of another embodiment of an antenna
comprising a distributed strip and integrated electronic com-
ponents, according to the present invention.

FIG. 12 is a schematic cross-sectional illustration of
another embodiment of an antenna comprising a distributed
strip and integrated battery, according to the present inven-
tion.

DETAILED DESCRIPTION OF THE INVENTION

Inthe design of antennas to be incorporated into hand-held,
portable or small devices to be affixed to objects such as in
radio frequency identification (RFID) the small form factor of
the devices can require the antenna to fit within a space that
can be much less than a quarter of the operating wavelength of
the device. For example, for devices operating in the wave-
length range of A=3 m to 0.15 cm (equivalent to an opera-
tional frequency range of 100 MHz to 200 GHz) the length of
a 4} (monopole) antenna would lie between 75 cm and 0.04
cm, and the length of a Y%A (dipole) antenna would lie
between 150 cm and 0.08 cm. As can readily be seen, Y4A and
V5h antenna lengths are often much larger than the physical
size of the device into which the antenna must fit. In an
exemplary application such as an RFID device, functional
limits on the size of an individual device can require an
antenna to be very small, often less than 0.1\ in overall
length.

The present invention provides antennas that can be
designed to fit within the small form factors (less than Y4\)
often required of wireless systems, by incorporating a con-
ductor arranged in a distributed strip configuration with a
conductor arranged in a folded line configuration in the radi-
ating element of the antenna. The present invention does not
require the use of coplanar waveguide and/or a microstrip
feeds to the antenna. Many advantages of the present inven-
tion will become apparent in the exemplary embodiments
presented herein. The following described embodiments
present several variations of the invention and therefore serve
to illustrate, but not limit, the scope of the invention.

FIG. 1A is a schematic perspective view of an embodiment
of'an antenna 100 according to the present invention. Antenna
100 comprises an electrical conductor 102 arranged in a
folded line configuration 104 (e.g. a meander line) and an
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electrical conductor 106 arranged in a distributed strip con-
figuration 108, and an electrical conductor 110 arranged as a
ground plane 114. The electrical conductor 102 of the folded
line configuration 104 is electrically connected to the electri-
cal conductor 106 of the distributed strip configuration 108,
for example at the connection 112. The radiating element 120
of the antenna 100 comprises the folded line configuration
104 and the distributed strip configuration 108. The radiating
element 120 comprises at least two electrically connected
conductors, having different line widths. The ground conduc-
tor 110 has no direct connection to either of the conductors
106 and 102, and is spaced from conductors 106 and 102 by
a gap 118. The gap 118 can have a width as small as practi-
cally achievable in manufacturing the antenna, while the
upper limit on the width of the gap is set by the requirement
that the ground conductor 110 be electrically coupled, i.e.
capacitively and/or inductively, but not directly connected to,
the radiating element comprising conductors 102 and 106 of
the antenna 100.

In the example embodiment, the electrical conductors 102,
106 and 110 are illustrated as comprising electrically conduc-
tive sheets or foils in free space, arranged to lie within a single
plane. A signal feed 122 interconnecting the electronics 124
of'asystem to the antenna can be made at a location within the
gap 118. In other embodiments as described below, the signal
feed 122 can be interconnected to the radiating element 120 at
virtually any other location along the conductors 106 and/or
102. The location of the signal feed 122 can be determined by
convenience, for example by the relative orientation of the
radiating element 120, to the location of the electronics 124 of
a system. In this embodiment, the radiating element has a
length 140, the ground a length of 150 and for convenience,
the radiating element and the ground plane are illustrated as
having equal widths.

FIG. 1B is a enlarged scale schematic illustration of the
radiating element 120 of the antenna 100 as shown in FIG.
1A. In this embodiment, the folded line configuration 104 has
a width 130 and comprises two turns (N=2) of the conductor
102, wherein the conductor has a width 126 and adjacent legs
of the turns are spaced by the distance 128. The number of
turns is two for illustrative purposes only. Other embodiments
can have many turns, for example N=11, eleven turns, as
described below. The folded line configuration 104 comprises
a conductor 102, for example a wire, metal trace or foil, that
is repeatedly folded, in this example, in a two dimensional
plane. The folding of the conductor 102 into a folded line
configuration primarily adds inductive loading to the radiat-
ing element, and reduces the antenna’s physical size in com-
parison with a conventional resonant dipole antenna. The
folding of the conductor 102 maintains a long “running
length”, or electrical length, of the conductor within a com-
pact area.

In FIG. 1B the distributed strip configuration 108 has a
width 134, length 136, and comprises a conductor 106 having
awidth 132. The distributed strip configuration 108 primarily
adds capacitance to the antenna, and can eliminate the need
for impedance matching components (such as capacitors,
inductors and resistors) for matching the impedance of the
electronics of a system to the impedance of an antenna, and as
illustrated in an exemplary application below, the distributed
strip configuration 108 allows for realizing the antenna in a
small form factor (<'4A) while maintaining manufacturable
dimensions within the layout and construction of an antenna.
The width 132 of conductor 106 in the distributed strip con-
figuration is greater than the width 126 of the conductor 102
of the folded line configuration. In other embodiments, the
width 132 is at least ten times greater than the width 126. In
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still other embodiments, the width of the conductor 106 can
equal the full width 134 of the distributed strip configuration
108 (for example, the distributed strip configuration would
have no gap or slot intruding the conductor 106). The width
134 of the distributed strip configuration 108 can, for conve-
nience, be set equal to the width 130 of the folded line con-
figuration 104 (as shown in FIG. 1B). The distributed strip can
comprise any geometrical shape of convenience, for example
atriangle, circle, trapezoid or ellipse. In this embodiment the
folded line configuration 104, distributed strip configuration
108 and the ground configuration 114 are arranged to be
coplanar and aligned along the length of the antenna.

Within the folded line configuration 104, the width 126 of
the of the conductor 102, the spacing 128 between adjacent
legs, the overall width of the folded line configuration 130,
and layout of the folded line configuration (i.e. meander pat-
tern as shown, serpentine, spiral and helical patterns are also
possible) in combination with the layout of the distributed
strip configuration determines the antenna’s resonant fre-
quency and performance characteristics. In other embodi-
ments, it can be desired to encapsulate the antenna within a
dielectric medium (not shown) for reasons such as environ-
mental protection or to create a form factor suitable to a next
assembly. Suitable encapsulants can include polymers,
glasses, ceramics, glass-ceramics and composite materials.

FIGS. 2A, 2B and 2C are schematic perspective views of
other embodiments of antennas according to the present
invention, wherein alternate arrangements of the ground con-
ductor 210 relative to the radiating element 220 of an antenna
200 are illustrated.

FIG. 2A illustrates an embodiment where the conductor
210 comprising the ground 214 is not located along the same
axis 216 as the radiating element 220. The ground conductor
210 is spaced from the radiating element 220 by a gap 218 (as
described above). The gap need not be uniform as illustrated
in FIG. 2A, but could for example, be tapered from end to end.
In FIG. 2A, a signal feed 222 can be located along the con-
ductor 202 within the folded line configuration 204. [.ocating
the signal feed within the folded line configuration can be
convenient depending on the relative orientation of the radi-
ating element 220 with respect to a systems electronics 224.
In other applications, locating the signal feed within the dis-
tributed strip configuration 208 has been found to facilitate
“fine tuning” of an antenna, by allowing access for trimming
the length of the conductor 202 within the folded line con-
figuration.

FIG. 2B illustrates an embodiment where the ground con-
ductor 210, configured as a ground plane 214, lies within a
plane spaced by a distance 218 from the plane containing the
radiating element 220, as can occur for example, in an appli-
cation where the radiating element 220 and the ground con-
ductor 210 lie on separate boards within a system, or are
disposed on separate portions or surfaces of a case or housing.
In this embodiment, the ground plane configuration 214 is
substantially parallel to the plane containing the folded line
204 and distributed strip 208 configurations. This arrange-
ment can occur for example, where a board or housing upon
which one of the conductors (202, 206, 210) is disposed
comprises a curvature or shape causing deviations from the
geometrically ideal, infinitely parallel condition. Such devia-
tions can be accommodated for in the design of the layout of
the antenna and are of no significance to the present invention.

The edge of the ground plane configuration can addition-
ally be spaced by a distance, or gap 228, from the edge of the
radiating element 220. The gap 228 can be used to prevent
portions of the ground plane configuration 214 from overlay-
ing portions of the radiating element 220. If for example, a
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substantial portion of the ground plane configuration 214
were to overlay the radiating element 220, the electrical
length of the radiating element as measured along its primary
axis would effectively be reduced, and this would need to be
compensated for in the design of the antenna. As defined and
used herein the ground conductor 210 is said to be laterally
separated from the conductors 202 and 206 comprising the
radiating element, wherein the ground conductor 210 does
not substantially overlay either of the conductors 206 or 202.
This definition applies equally well in embodiments where
conductors are arranged to lie within a common plane as for
example, in FIGS. 1A, 2A, 3, 4A, 5,7 and 8, as well as those
embodiments where conductors are arranged to lie within
more than one plane as for example, in FIGS. 2B, 2C and 6.

FIG. 2C illustrates an embodiment where the ground con-
ductor 210, configured as a ground plane 214, lies within a
plane spaced by a distance 218, and arranged at an angle a.,
from the plane containing the radiating element 220, as can
occur for example, in an application where it is desired to
have the radiating element 220 stand out and away from a
surface of the system within which the antenna is housed. The
angle o can be ninety degrees for example, where it is desired
to maximize the height of the radiating element above a
system board.

FIG. 3 is a schematic illustration of another embodiment of
an antenna 300 according to the present invention. Antenna
300 comprises a radiating element 320, having a folded line
configuration 304 wherein conductor 302 is arranged in a
spiral configuration, a distributed strip configuration 308 hav-
ing conductor 306, and a ground comprising a conductor 310
spaced from conductors 306 and 302 by a gap 318. FIG. 3
serves to illustrate an embodiment where the layout of the
ground conductor 310 intrudes into the layout of the radiating
element 320, while not directly contacting the conductors 306
or 302.

FIGS. 4A and 4B are schematic illustrations of folded line
configurations as can be found in antennas according to the
present invention. In FIG. 4A antenna 400 comprises a radi-
ating element 420 having conductor 402 arranged in a ser-
pentine folded line configuration 404, electrically connected
to a distributed strip configuration 408 comprising conductor
406. Ground conductor 410 is not directly connected to either
of the conductors 402 or 406, comprising the radiating ele-
ment 420.

FIG. 4B illustrates another embodiment of a folded line
configuration 404 comprising conductor 402 arranged in a
spiral configuration. Examples of folded line configurations
include conductors arranged as meander lines, loops, serpen-
tine lines, spirals (round or square), and helixes as can be
formed of vertically interconnected conductor portions on
multiple layers of a printed wiring board.

FIG. 5 is a schematic perspective illustration of an embodi-
ment of an antenna 500 according to the present invention, as
constructed on a dielectric substrate, for example a printed
wiring board 550. In this embodiment the conductors 502,
506, and 510, arranged respectively as folded line 504, dis-
tributed strip 508 and ground plane 514 configurations, are
disposed on a surface of the printed wiring board 550. A
signal feed 522 to the antenna can be provided by an electrical
via through the printed wiring board 550, disposed within the
gap 518 between the ground plane configuration and the
distributed strip configuration. This would allow for example,
placing electrical components (not shown) on the opposed
side of the printed wiring board 550.

Examples of materials that dielectric substrate 550 can
comprise include but are not limited to: ceramics and glasses,
such as alumina, beryllium oxide, silicon nitride, aluminum
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nitride, titanium nitride, titanium carbide, silicon carbide,
diamond and diamond like substrates, glass-ceramic compos-
ite, low temperature co-fired ceramic multilayered material or
high-temperature co-fired ceramic multilayered material;
polymers such as a plastic, glass-polymer composite, a resin
material, a fiber-reinforced composite, a printed wiring board
composition, epoxy-glass composite, epoxy-polyimide com-
posite, polyamide, fluoropolymer, polyether ether ketone or
polydimethylsiloxane; and insulated metal substrates such as
a glass-coated metal.

FIG. 6 is a schematic perspective illustration of an antenna
600 according to the present invention, constructed on a
dielectric substrate, for example a printed wiring board 650.
In this embodiment the conductors 602 and 606 are arranged
respectively as folded line 604, and distributed strip 608
configurations, and are disposed on one side 651 of the
printed wiring board 650, while a conductor 610 arranged as
a ground plane configuration 614 is disposed on the opposed
side 652 of the board. The ground plane configuration 614 is
positioned relative to the radiating element 620 of the antenna
(e.g. with a lateral spacing 618), so that portions of the folded
line 604 and distributed strip 608 configurations do not sub-
stantially overlay the ground plane configuration 614. A sub-
stantial amount of overlay is one that would degrade the
electrical performance of the antenna by an amount unaccept-
able to the requirements of the system. In this example, the
gap 618 is maintained between the edge of the radiated ele-
ment 620 and the ground plane configuration 614. A signal
feed 622 to the antenna can be provided within the gap 618
between the ground plane configuration 622 and the distrib-
uted strip configuration 608.

FIG.7 is a schematic illustration of another embodiment of
an antenna 700, according to the present invention. In this
embodiment, the radiating element 720 of antenna 700 com-
prises multiple distributed strip configurations 704 and 712,
interconnected with multiple folded line configurations, 708
and 716, and arranged to lie along an axis 730. A ground
configuration not shown, could be provided for example, on
the same surface (or an opposed surface) of a dielectric upon
which the conductors 702, 706, 710 and 714 reside. Multiple
folded line configurations that are not necessarily identical, as
well as multiple distributed strip configurations that are not
necessarily identical (i.e. differing conductor widths and/or
lengths, configuration widths and/or lengths) can be used
where it is desired to broaden the bandwidth of the antenna.
Electrical connection to the radiating element 720 can be
made at any point along the conductors 702, 706,710 and 714
and can be determined, by convenience and proximity to the
electronics of a system. In other embodiments, an electrical
connection can be made to the antenna along an edge of the
conductor 702, to allow fine tuning of the antenna’s electrical
performance by trimming the length of the electrical conduc-
tor 714.

FIG. 8 is a schematic illustration of another embodiment of
an antenna 800 according to the present invention. Antenna
800 comprises two radiating elements 820a and 8205, spaced
apart by the gap 818 and arranged along an axis 812. An
antenna feed 822 can be located within the gap 818. The gap
canrange in size from as small as manufacturing permits with
the upper end on the gap size being established by the require-
ment that the radiating elements be electrically connected
(i.e. capacitively and/or inductively). Each radiating element
comprises a conductor, 806a and 8065, arranged in a distrib-
uted strip configuration 808a and 8085, and a conductor 802a
and 8025 arranged in a folded line configuration 804a and
8045. It is not necessary that the two radiating elements 820a
and 8205 be symmetrical, nor is it necessary that the two
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radiating elements be oriented so as to have their respective
distributed strip configurations 808a and 8084, to be adjacent.
In some applications, orienting the two radiating elements
820q and 8206 as shown in FIG. 8 (adjacent distributed strip
configurations) can allow for fine tuning of the antenna’s
resonant frequency by trimming the length of the conductors
802a and 8025 in the folded line configurations, 804a and
8045.

In an exemplary application, an antenna was produced in
accordance with the present invention and as schematically
illustrated in FIG. 6. A radiating element was formed as an
etched copper pattern on one side of an epoxy-glass printed
wiring board and a ground plane formed as an etched copper
pattern on the opposed side of the board. The antenna was
designed to resonate at 433 MHz and be matched to an imped-
ance of 50 ohms. This frequency (433 MHz) is heavily used
for short-range wireless devices and RFID systems and pro-
vides an effective demonstration of this invention at a wave-
length where significant size reductions are desired. Model-
ing the characteristics of the antenna versus the layout, i.e the
physical, parameters of the antenna, was accomplished by a
numerical method known as the “method of moments” that is
embodied in commercially available software. Using the
method of moments methodology, the layout parameters of
an antenna as listed in Table [, were determined to provide the
desired resonant frequency and impedance.

TABLE 1

Antenna Physical Dimensions (433 MHz, 50 Ohm Impedance)
Printed Wiring Board Thickness 0.5 mm
Width of antenna 25 mm
Folded Line Configuration Meander
Number of Turns in Folded Line Configuration 11
Width of Conductor in Folded Line Configuration 0.25 mm
Spacing Between Adjacent Conductor Legs in 0.5 mm
Folded Line Configuration
Length of Capacitive Strip Configuration 10.75 mm
Length of Ground Plane 98.5 mm
Total Length of Radiating Element 2.71cm

(0.039 wavelengths)

The thickness of the printed wiring board, i.e dielectric
substrate, has little impact on the performance of the antenna,
and was selected as a matter of convenience for the present
application. The width and length of the antenna were estab-
lished by the physical constraints of the system within which
the antenna was required to fit. The width of the folded line
configuration, the capacitive strip configuration and the
ground configuration were set to equal the width of the
antenna. The parameters that were adjustable in the model of
the antenna were the number of turns in the folded line con-
figuration, the width of the conductor within the folded line
configuration, the spacing between adjacent conductor legs in
the folded line configuration and the length of the capacitive
strip configuration. As can be seen in Table I, the overall form
factor for the antenna is very compact, for example, the length
of the radiating element is 0.039A, and the width of the
antenna is 25 mm, while the width of the conductor in the
folded line configuration is 0.25 mm and the spacing between
adjacent legs in the folded line configuration is 0.5 mm, which
are easily manufactured in a printed wiring board technology.

The present invention additionally provides antennas hav-
ing a distributed strip and integrated electronic components
mounted on or in close proximity to the distributed strip,
which allows for additional size and space savings without
significantly degrading the performance of the antenna.
Embodiments of the invention include antennas having a
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distributed strip, integrated with batteries mounted on or in
close proximity to the distributed strip.

FIG. 9A is a schematic cross-sectional illustration of a first
embodiment of an antenna 900a with a distributed strip and
integrated electronic components according to the present
invention. Antenna 900a comprises a radiating element 902
disposed on a first surface 908a of a dielectric substrate 908,
and electronic components 916 disposed on an opposed sur-
face 9085 of the substrate. Dielectric substrate 908 can be, for
example, a printed wiring board as may be incorporated
within a wireless device. The radiating element 902 com-
prises conductor 904 arranged in a folded line configuration,
electrically connected to the conductor 906, arranged in a
distributed strip configuration. A signal to drive the radiating
element 902 can be provided by a circuit 910 electrically
connected to the radiating element. A ground 912 can be
provided in proximity to the radiating element, for example,
within the wireless device, to allow electrical coupling (i.e.
inductive or capacitive coupling) of the ground to the radiat-
ing element, but not in direct connection to the radiating
element 902. Ground 912 could be for example, located on a
second printed wiring within the wireless device. By mount-
ing electronic components substantially within the outer
extents 914 (i.e. the width and length extents) of the conduc-
tor 906 arranged in a distributed strip configuration, the elec-
trical performance of the antenna 900a is not significantly
degraded, and the layout of the antenna 900a can be designed
to satisfy the performance requirements of a device incorpo-
rating the antenna 900a. This is also the case where an elec-
tronic component may “overhang” a portion of the extents of
the distributed strip configuration.

Mounting of electronic components 916 substantially
within the area defined by the outer extents 914 of the con-
ductor 906 arranged in a distributed strip configuration pro-
vides for reducing the overall size of the antenna 900a,
including the electronic components 916. Electronic compo-
nents 916 can include optical and electrical components
including resistors, capacitors, inductors, transistors, diodes,
integrated circuits, SAW devices, filters, resonators, a second
radiating element, a power supply and, power generating and
conditioning components such as batteries, electromagnetic
induction pads (e.g. as used in wireless charging configura-
tions) and solar cells. Electronic components 916 can be
mounted to a surface of the printed wiring board 908, for
example including mounting directly on top of a conductor
(i.e.906) disposed on a surface of the printed wiring board, by
any number of methods including the use of adhesives, sol-
ders, tapes (i.e. adhesive backed or double sided) and encap-
sulation and over molding (discussed below). Where compo-
nents 916 include a second radiating element, the second
radiating element (i.e. antenna) can be incorporated with or
without a distributed strip, and can be designed to operate at
a frequency substantially equal to or differing from the radi-
ating element 902.

Examples of materials that dielectric substrate 908 can
comprise include but are not limited to: ceramics and glasses,
such as alumina, beryllium oxide, silicon nitride, aluminum
nitride, titanium nitride, titanium carbide, silicon carbide,
diamond and diamond like substrates, glass-ceramic compos-
ite, low temperature co-fired ceramic multilayered material or
high-temperature co-fired ceramic multilayered material,
polymers such as a plastic, glass-polymer composite, a resin
material, a fiber-reinforced composite, a printed wiring board
composition, epoxy-glass composite, epoxy-polyimide com-
posite, polyamide, fluoropolymer, polyether ether ketone or
polydimethylsiloxane, textiles and, insulated metal substrates
such as a glass-coated metal. Electronic components 916 can
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be mounted to the dielectric substrate by mounting methods
including adhesives, double sided adhesive tapes, solders,
through-hole mounting, surface mount techniques and other
mounts commonly employed in electronic circuit assembly.

FIG. 9B is a schematic cross sectional illustration of
another embodiment of an antenna 90056 with a distributed
strip and integrated electronic components. Antenna 9005
comprises a battery 920 mounted on top of the distributed
strip configuration 906, for example, by an adhesive layer 918
and electronic components 916 mounted on the opposed side
9085 of the dielectric substrate 908. The battery 920 and the
electronic components 916 are each mounted substantially
within the extents of the distributed strip configuration 906.
Within the context of the present disclosure, mounting of
electronic components on a surface of a dielectric substrate,
includes the case where an electrical conductor may be dis-
posed between the electrical components and the surface of
the substrate. The battery 920 can be electrically intercon-
nected to the electronic components and/or the signal genera-
tion circuit 910 by electrical conductors (not shown).

FIG. 10A is a cross-sectional illustration of another
embodiment of an antenna 1000 with a distributed strip and
integrated electronic components, according to the present
invention. Antenna 1000 includes a radiating element 1002,
comprising conductor 1004 arranged in a folded line configu-
ration, electrically connected to conductor 1006 arranged in a
distributed strip configuration and, a ground conductor 1012
(e.g. a ground plane) laterally separated from the radiating
element 1002, wherein the electrical conductors are disposed
a surface 1008a of the dielectric substrate 1008. The ground
conductor 1012 is electrically coupled to (i.e. capacitively
and/or inductively) but not directly connected to the conduc-
tors comprising the radiating element 1002. Electronic com-
ponents 1016 and battery 1020 are mounted on the opposed
surface 10085 of the dielectric substrate. In this arrangement,
acompact antenna 1000 including conductors 1012, 1006 and
1004 can be fabricated on one surface of a dielectric substrate
(e.g. a printed wiring board) and electronic components 1016
and a battery 1020 as may comprise a wireless device, can be
mounted on the opposed surface of the substrate, providing a
reduction in the overall size of the wireless device.

The electronic components 1016 are mounted substan-
tially within the area defined by the extents 1018 of the
ground conductor 1012 (i.e. the ground plane) and a battery
1020 for powering the electronic components 1016 is
mounted substantially within the extents 1014 of the distrib-
uted strip conductor 1006. By mounting electronic compo-
nents 1016 substantially within the extents 1018 of the ground
conductor 1012, and the battery 1020 substantially within the
extents 1014 of the distributed strip conductor 1006, the per-
formance of the antenna 1000 is not significantly degraded,
i.e. perturbations in the antennas performance due to the
presence of the components and battery can be accommo-
dated for in the design of the antenna.

The antenna 1000 and integrated electronic components
1016 and battery 1020 can be produced in a compact form. In
this exemplary embodiment, the battery 1020 and electronics
1016 are mounted on the same side 10085 of the dielectric
substrate 1008. In other embodiments, batteries and elec-
tronic components can both be mounted on opposed surfaces
of the dielectric substrate as an application may require, and
alternatively, can be mounted on top of and, substantially
within the extents of, the conductors comprising the ground
plane 1012 and the distributed strip configuration 1006 (for
example, as shown in FIG. 9B). Additionally, a battery could
be mounted within the extents of the ground plane and, elec-
tronic components mounted within the extents of the distrib-
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uted strip, as an application might require. The battery 1020,
electronic components 1016, signal generating circuit 1010,
ground plane 1012 and radiating element 1002 can be inter-
connected by conductors 1022 fabricated on the surface of or
within the interior of the dielectric substrate, e.g. a printed
wiring board.

FIG. 10B illustrates that all or part of the antenna 1000 can
be encapsulated in a dielectric medium 1040 (as described
above) for example to provide environmental protection of
the components, facilitate fitting the antenna 1000 into a next
assembly (not shown) and adhering (e.g. mounting) elec-
tronic components including batteries to the printed wiring
board 1008. In some applications, it may be desired to mount
an electronic component, such as a battery, to the printed
wiring board by a mechanical clamping mechanism. The
ground conductor 1012 and the radiating element 1002 can be
disposed on the same surface of substrate 1008 (as illustrated)
or alternatively the ground conductor and the radiating ele-
ment can be disposed on opposite surfaces of the substrate,
having no effect on the practice of the invention. More than
one radiating element could be disposed on the substrate, for
example, to produce an antenna functioning over a broader
bandwidth, or for example, to produce an antenna operating at
multiple resonant frequencies.

FIGS. 11A and 11B are schematic illustrations of the front
and back respectively, of another embodiment of an antenna
1100 with a distributed strip and integrated electronic com-
ponents, according to the present invention. In this example,
antenna 1100 was designed to fit within the housing of a
compact wireless transceiving device operating at 433 MHz.
The dimensions of the housing constrained the width of the
antenna, “W”, to 50 mm and the length of the radiating
element, “Lr”, to 46 mm. Antenna 1100 was produced on a
0.25 mm thick epoxy-glass printing wiring board 1102 com-
prising patterned copper conductors on both the front surface
11024 and back surface 11025 of the board. A ground plane
1104, and radiating element 1106, comprising conductor
1108 arranged in a distributed strip configuration and con-
ductor 1110 arranged in a folded line configuration, were
patterned on the front surface 1002a of the board.

In order to design the layout of antenna 1100 within the
device size constraints, the approach mounts the transceiver
electronics 1112 opposite the ground plane 1104, and within
the area defined by the extents 1124 of the ground plane.
Furthermore, the design mounts batteries 1114a¢ and 11145
for powering the wireless device, opposite and within the area
defined by the extents 1128 of the distributed strip conductor
1108. Interconnection pads 1130 and wiring 1131 were pat-
terned on the back surface 11025 ofthe board, to interconnect
the batteries 1114a-b, transceiver electronics 1112 and radi-
ating element 1106. A via feed 1134 located in a gap between
the ground plane 1104 and distributed strip conductor 1108,
was utilized to connect the radiating element 1106 to the
transceiver electronics 1112.

The dimensions of the batteries 1114a-b (20 mmx30
mmx2 mm thick) and narrow width “W” of the antenna
required the length, “L.ds”, of the distributed strip configura-
tion to be at least 30 mm. Additionally, the number of turns
and the line width and spacing in the folded line configuration
1110 were chosen so that the antenna resonated at 433 MHz.
This problem is sufficiently constrained so that dimensions
for the layout of the antenna could be determined interac-
tively with an electromagnetic simulator, using the “method
of moments” technique. For less constrained problems, opti-
mization routines now included in commercial electromag-
netic simulators prove useful and can allow the designer to
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achieve a desired tradeoff between the relevant parameters
such as, antenna gain, bandwidth, and size.

With the constraints described above, the dimensions of the
antenna 1100 are listed in Table 2, as determined by the
method of moments technique. In the present example line
widths and spacings, as well as the gap between the folded
line configuration and the distributed strip, have equal values
for convenience in the layout, but this is not necessary to the
practice of the invention.

TABLE 2

Antenna Layout Dimensions (433 MHz, 50 Ohm Impedance)

Printed Wiring Board Thickness 0.25 mm

Width of antenna (W) 50 mm
Folded Line Configuration Meander
Number of Turns in Folded Line Configuration 5
Width of Conductor in Folded Line Configuration 0.8 mm
Spacing Between Adjacent Conductor Legs in 0.8 mm
Folded Line Configuration
Length of Capacitive Strip Configuration (L) 30 mm
Total Length of Radiating Element (L,) 46 mm
0.07n)
Lateral Spacing Between Ground Plane and 0.83 mm
Radiating Element (L)
Length of Ground Plane (L,) 39 mm
Total Length of Antenna (Radiating 86 mm
Element + Ground Plane) 0.120)

Experimental measurements, listed in Table 3, indicate that
the presence of the batteries 1114a-b, mounted opposite the
distributed strip conductor 1108 have an insignificant effect
on the performance of the antenna. Other experiments have
shown that the batteries 1114a-b, can in the alternative, be
mounted on top of the distributed strip 1108. The arrangement
shown in FIGS. 11A and 11B was chosen to facilitate the
integration of the electronics 1112, with the batteries 1114a-
b, and the antenna.

TABLE 3

Comparison of Antenna Performance, With and Without the Presence of
Batteries Mounted Opposite the Distributed Strip Conductor

Batteries in Place Batteries Removed

Bandwidth (MHz) 15.7 16.1
Bandwidth (%) 3.7 3.8
Quality Factor, Q 18.9 18.6
Gain (dB) -1.0 -0.7
Efficiency (%) 40 46

The batteries 1114a-b in the above exemplary application
were chosen for their low profile and small form factor, and
can be selected from commercially available batteries includ-
ing lithium ion, lithium manganese dioxide, nickel-cadmium
in various form factors including prismatic (rectangular), thin
prismatic, thin-film, cylindrical cells and coin cells. In addi-
tion, solar cells, or electromagnetic induction pads could be
utilized.

In some applications it can be desirable to incorporate
radio frequency (RF) chokes or filters in the wiring, e.g. 1131,
to prevent RF energy from the antenna, from entering or being
dissipated within the batteries 1114a-b or other electronic
components, e.g. 1112. Conventional means can be used to
achieve this goal including the use of RF choking components
such as inductors, ferrite chips, and ferrite beads, on power
and signal lines. Additional approaches to suppress electro-
magnetic coupling include the use of a bandstop component
such as a stub, filter, resonant cavity, frequency selective
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surface, electromagnetic bandgap structure, a defected
ground plane, and the use of shielding layers within a printed
wiring board.

FIG. 12 is a schematic cross section view of another
embodiment of an antenna 1200 comprising a distributed
strip and integrated electronic components, according to the
present invention. Antenna 1200 comprises a printed wiring
board 1208 (i.e. a dielectric substrate) having a ground con-
ductor 1212 (i.e. a ground plane) and a conductor 1204 pat-
terned in a folded line configuration disposed on one side
1208a of the printed wiring board 1208. A battery 1228 is
mounted on the printed wiring board 1208 by for example, an
adhesive layer 1220. The battery 1228 comprises two poles
(e.g. can be metallic foils) 1206 and 1214 separated by an
electrolyte medium 1222. In this configuration, one of the
poles 1206 is utilized as the distributed strip conductor within
the radiating element 1202 of the antenna 1200. Pole 1206 is
electrically connected to the conductor 1204 and signal gen-
erating circuit 1210, which can be contained within the elec-
tronics 1216, for driving the radiating element 1202. Both
poles of the battery 1228 can be electrically connected 1232
to electronics 1216 thereby providing power to the electronics
1216 and signal generating circuit 1210. An RF choke or filter
1224 can be incorporated on one or more of the electrical
interconnections as needed by an application, to prevent
undesired coupling of energy radiated from the antenna, to for
example, the electronics 1216.

The configuration shown in FIG. 12 can be useful, for
example, in applications where the battery 1228 comprises a
planar form factor having planar pole conductors. The elec-
tronics 1216 can be mounted on the opposed side 12085 of the
printed wiring board 1208 and substantially within the
extents 1218 of the ground plane conductor 1212. Additional
electronic components can be mounted on the printed wiring
board 1208, for example, on the surface 12085 and substan-
tially within the extents 1234 of the pole 1206 of the battery
1228 being utilized as the distributed strip portion of the
radiating element 1202. In an alternative embodiment, the
battery can be mounted on the printed wiring board 1208 on
a surface opposite the ground plane, for example, 12085. As
described above, mounting of electronics 1216 (e.g. electrical
components) above or below the ground plane conductor
1212 or alternatively, above or below the pole 1206 compris-
ing a distributed strip, is purely a matter of choice driven by
the needs of a particular application.

The embodiments shown in FIGS. 9A through 12 illustrate
exemplary configurations comprising radiating elements in
proximity to ground conductors that can include ground
planes. The present invention as well anticipates the use of
radiating elements that can be arranged in a plurality of con-
figurations, for example, as illustrated in FIGS. 1A through 8,
including for example in FIG. 8, a configuration for an
antenna commonly referred to as a dipole configuration.

The above described exemplary embodiments present sev-
eral variants of the invention but do not limit the scope of the
invention. Those skilled in the art will appreciate that the
present invention can be implemented in other equivalent
ways. The actual scope of the invention is intended to be
defined in the following claims.

What is claimed is:
1. An antenna comprising:

a dielectric substrate having a first surface and an opposed
second surface;

a first radiating element comprising,
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a first electrical conductor having a first width disposed
on the first surface of the dielectric substrate, the first
electrical conductor arranged in a folded line configu-
ration; and,

a second electrical conductor having a second width
disposed on a surface of the dielectric substrate, the
second width of the second electrical conductor
greater than the first width of the first electrical con-
ductor, the second electrical conductor electrically
connected to the first electrical conductor, the second
electrical conductor laterally separated from the first
electrical conductor, the second electrical conductor
arranged in a distributed strip configuration, the dis-
tributed strip configuration having outer extents; and,

one or more electronic components mounted on at least one

surface of the dielectric substrate, substantially within
the outer extents of the distributed strip configuration.

2. The antenna of claim 1 wherein the one or more elec-
tronic components are selected from the group consisting ofa
battery, a resistor, a capacitor, an inductor, a transistor, a
diode, an integrated circuit, a filter, a resonator, a solar cell, an
electromagnetic induction pad and, a second radiating ele-
ment.

3. The antenna of claim 2 wherein the first radiating ele-
ment is operatively arranged to have a first resonant frequency
and the second radiating element is operatively arranged to
have a second resonant frequency.

4. The antenna of claim 3 wherein the first resonant fre-
quency is equal to the second resonant frequency.

5. The antenna of claim 3 wherein the first resonant fre-
quency is not equal to the second resonant frequency.

6. The antenna of claim 2 wherein the battery comprises
one or more batteries selected from the group consisting of a
lithium-ion battery, a nickel-cadmium battery, a prismatic
battery, a thin-film battery, a cylindrical cell battery and a coin
cell battery.

7. The antenna of claim 1 wherein the one or more elec-
tronic components are mounted on the at least one surface of
the dielectric substrate by one or more mounts selected from
the group consisting of an adhesive, a tape, asolder, an encap-
sulant, an over-mold and a clamp.

8. The antenna of claim 1 wherein the one or more elec-
tronic components are operatively arranged to provide an
electrical signal to the radiating element of the antenna.

9. The antenna of claim 8 wherein the electrical signal
comprises a frequency within the range from about 100 MHz
to about 200 GHz.

10. The antenna of claim 1 wherein at least a portion of the
antenna is encapsulated in a dielectric medium.

11. The antenna of claim 10 wherein the dielectric medium
comprises one or more dielectric mediums selected from the
group consisting of a polymer, a glass, a ceramic, a glass-
ceramic and a composite material.

12. The antenna of claim 1 wherein the dielectric substrate
comprises one or more dielectric substrates selected from the
group consisting of a ceramic, a glass-ceramic, a low tem-
perature co-fired ceramic, a polymer, a glass-polymer com-
posite, a resin material, a fiber-reinforced composite, a
printed wiring board composition, an epoxy-glass composite,
an epoxy-polyimide composite, a polyamide, a fluoropoly-
mer, a polyether ether ketone, a polydimethylsiloxane, a tex-
tile and, an insulated metal substrate.

13. The antenna of claim 1 wherein the folded line con-
figuration comprises one or more conductors arranged in a
pattern selected from the group consisting of a spiral, a ser-
pentine, a meander, and a helix.
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14. The antenna of claim 1 wherein the first radiating
element comprises a resonant wavelength of A and, the first
radiating element comprises a length =%\,

15. The antenna of claim 14 wherein the length of the first
radiating element is =4h.

16. The antenna of claim 1 wherein the second width of the
second electrical conductor is at least ten times greater than
the first width of the first electrical conductor.

17. The antenna of claim 1 further comprising a ground
conductor, the ground conductor laterally separated from and
electrically coupled to, the radiating element comprising the
first conductor and the second conductor.

18. The antenna of claim 17 wherein the ground conductor
is disposed on at least one surface of the dielectric substrate.

19. The antenna of claim 18 wherein, the ground conductor
comprises a ground plane configuration having outer extents
and, further comprising one or more electrical components
mounted on one or more surfaces of the dielectric substrate,
substantially within the outer extents of the ground plane.

20. The antenna of claim 1 wherein the one or more elec-
tronic components comprises a battery and, the second elec-
trical conductor comprises a pole of the battery.

21. The antenna of claim 1 comprising at least one radiating
element configured as a dipole.

22. An antenna comprising:

aprinted wiring board having a first surface and an opposed
second surface;

a first radiating element disposed on the first surface of the
printed wiring board, the first radiating element com-
prising,

a first electrical conductor having a first width, the first
electrical conductor arranged in a folded line configu-
ration; and,

a second electrical conductor having a second width, the
second width of the second electrical conductor
greater than the first width of the first electrical con-
ductor, the second electrical conductor electrically
connected to the first electrical conductor, the second
electrical conductor arranged in a distributed strip
configuration, the distributed strip configuration hav-
ing first outer extents;

a ground conductor disposed on the first surface of the
printed wiring board, the ground conductor laterally
separated from the first and second electrical conduc-
tors, the ground conductor arranged in a ground plane
configuration, the ground plane configuration having
second outer extents;

at least one battery mounted on the second surface of the
dielectric substrate, substantially within the first outer
extents of the distributed strip configuration; and,

at least one electronic component mounted on the second
surface of the dielectric substrate, substantially within
the second outer extents of the ground plane configura-
tion.

23. An antenna comprising:

aprinted wiring board having a first surface and an opposed
second surface;

a first radiating element disposed on the first surface of the
printed wiring board, the first radiating element com-
prising,

a first electrical conductor having a first width, the first
electrical conductor arranged in a folded line configu-
ration; and,

a second electrical conductor having a second width, the
second width of the second electrical conductor
greater than the first width of the first electrical con-
ductor, the second electrical conductor electrically
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connected to the first electrical conductor, the second a battery mounted on the first surface of the dielectric
electrical conductor arranged in a distributed strip substrate, a pole of the battery comprising the second
configuration, the distributed strip configuration hav- electrical conductor.
ing first outer extents; 24. The antenna of claim 23 comprising at least one elec-
a ground conductor disposed on the first surface of the 5 tronic component mounted on a surface of the printed wiring
printed wiring board, the ground conductor laterally board, substantially within one or more extents selected from
separated from the first and second electrical conduc- the group consisting of the first outer extents and, the second
tors, the ground conductor arranged in a ground plane outer extents.

configuration, the ground plane configuration having
second outer extents; and, k% & %
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Convex Cubical antenna Structure
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Co-linear Antenna Structure
(0°<$<180°, 6=90° symmetrically)

FIG. 1 (PRIOR ART)

Co-linear Antenna Structure
(0°<¢<180°, 6=90° symmetrically)

FIG. 2(PRIOR ART)
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Vertically Coplanar Antenna Structure
(0°<¢<180°, 0°<0<90° symmetrically)

FIG. 3(PRIOR ART)

Vertically Coplanar Antenna Structure
(0°<$<180°, 0°<B<90° symmetrically)

FIG. 4(PRIOR ART)
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Vertically Coplanar Antenna Structure
(0°=<90°, 0°<6<90° symmetrically)

FIG. 5(PRIOR ART)

Vertically Coplanar Antenna Structure
(0°<$<90°, 0°<6<90° symmetrically)

FIG. 6(PRIOR ART)
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Vertically Coplanar antenna Structure
(0°<$<360°, 6=90° symmetrically)

FIG. 7(PRIOR ART)

Horizontally Coplanar Antenna Structure
(0°<$<360°, 6=90° symmetrically)

FIG. 8(PRIOR ART)
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Slant Cubical Antenna Structure
(0°<¢=<90°, 0°<6<90° symmetrically)

FIG. 9(PRIOR ART)

Askew Cubical Antenna Structure
(0°<$<360°, 0°<0<90° symmetrically)

FIG. 10(PRIOR ART)
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Concave Cubical antenna Structure
(0°<$<360°, 0°<0<90° symmetrically)
FIG. 11(PRIOR ART)

Convex Cubical antenna Structure
(0°<¢$<360°, 0°<0<90° symmetrically)

FIG 12
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Solid Cubical Antenna Structure
(0°<¢9<360°, 0°<6<90° symmetrically)

FIG 13
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MIMO ANTENNA CONFIGURATION

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a structure for antenna, and more
especially, to the antenna configuration for the access point
(AP) adapted to the wireless local-area network (WLAN) or
wireless metropolitan area network (WMAN).

2. Description of the Prior Art

Wireless communication systems have been developed
rapidly. No matter in the business or in the family, the wireless
communication systems are everywhere in people’s life and
are widely employed to provide various types of communi-
cation such as voice, data, and so on.

A multiple-input multiple-output (MIMO) communication
system employs multiple transmit antennas and multiple
receive antennas for transmission and reception of spatial-
multiplexing data streams. In a point-to-point system, the
data streams are transmitted to or received from a single
terminal. However, a multiple access communication system
having a base station may also concurrently communicate
with a number of terminals. In this case, the base station
employs multiple antennas to transmit or receive spatially
multiplexed data streams to or from each terminal; each ter-
minal on the other hand, employs multiple antennas to receive
or transmit spatially multiplexed data streams from or to base
station.

The advantage of the MIMO wireless systems is that the
capability of the wireless link between the transmitter and
receiver is improved compare with previous systems in the
respect that higher data rates can be obtained. That is, higher
spectral efficiencies are achieved than with non-MIMO sys-
tems.

Considering diversity gain, which is defined by:

(Ideal Diversity Gain)x(1-p)V2,

where the Ideal Diversity Gain is proportional to the dimen-
sions nxm, n or m, wherein m for Transmit diversity gain, n
for receive diversity gain, nxm for total system diversity gain.
The correlation coefficient p which should be much less than
unity is a function of: (1) separated antenna patterns (angular
separation); (2) separated antenna positions (spatial separa-
tion); (3) isotropic distribution of incoming multipath waves
(angular spread); (4) evenly-dispersive distribution of incom-
ing multipath waves (delay spread).

Spatial Multiplexing technology is used for enhancing the
transmission rate of the MIMO system. The spatial multiplex-
ing gain that relates to throughput enhancement depends on
orthogonality condition of MIMO antennas. In line of sight
(LOS) or non-scattering MIMO environment or outdoor area,
orthogonality condition is:

StxSrt/RZNM,

where St and Sr are transmit and receive antenna spacings
respectively, R is the range from transmit antennas to receive
antennas, M is the number of receive antennas, the transmit
antenna number N is not used in this condition.

As examples of access point (AP) and laptop PC, let F=5
GHz or A=0.06 m, R=100 m, then

St=12.5 m or 208 A, if M=2 and Sr=0.24 m;

St=25 mor 417 A, if M=4 and Sr=0.06 m.

In general, we can set 100 A<St as a design rule in outdoor
MIMO environment.
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In none line of sight (NLOS) or scattering MIMO environ-
ment or indoor area, orthogonality condition is:

[2xDt/(N-1)]x[2xDr/ (M-1)]|ZRx WM,

where Dt and Dr are transmit and receive scattering radii
respectively, R is the range from transmit scattering center to
receive scattering center, N and M are the numbers of transmit
and receive antennas respectively.

The scattering is made by scatterers in MIMO environ-
ment, which can be modeled by omni-directional ideal reflec-
tors. The scatterers are assumed to be located sufficiently far
from antennas for holding plane-wave assumption and further
assumed such that Dt (or Dr) is much less than R for meeting
local scattering condition.

As examples of AP and laptop PC, let F=5 GHz or A=0.06
m, R=100 m, Dr=Dt, then

Dt=Drz0.866 m or 14.4 A, if N=M=2;

Dt=Drz1.061 m or 17.7 A, if N=2=M=4;

Dt=Drz1.500 m or 25.0 A, if N=4=M=2;

Dt=Drz1.837 m or 30.6 A, if N=M=4.

In general, St<Dt. We can set 1 A=St=10) as a design rule
in indoor MIMO environment.

According to the design rule, considering a device with a
rectangular housing and 4 antennas, which can be used in 4x4
MIMO antenna system as base station or AP, there are several
types of structure already known. FIG. 1 shows a co-linear
antenna structure. There are four dipole antennas 2 connect to
the AP housing 1, and the four dipole antennas 2 are align to
the long side of the housing 1. FIG. 2 shows another co-linear
antenna structure with the four dipole antennas 2 replaced by
four Planar Inverted F Antennas 3(PIFAs). FIG. 3 shows a
vertically coplanar antenna structure, where there are two
dipole antennas 2 stands vertically by the two sides and two
PIFAs 3 located within the housing 1. Alternatively, FIG. 4
shows another type of vertically coplanar antenna structure
including two PIFAs 3 that are positioned inside the housing
1 at two corners of housing 1 and two dipole antennas 2 that
stands vertically between the PIFAs 3 with equally spacing
between the PIFA 3 and dipole antenna 2.

Please refer to FIG. 5, it shows alternative vertically copla-
nar antenna structure with two dipole antennas 2 and two
PIFAs 3 aligned interlocked along the long side of housing 1.
FIG. 6 illustrates another vertically coplanar antenna struc-
ture, where the two dipole antennas 2 and two PIFAs 3 posi-
tioned separately by the long side of the housing 1. Referring
to FIG. 7, it shows a vertically coplanar antenna structure,
where there are four dipole antennas 2 stands vertically by the
four corners of the housing 1. Similarly, FIG. 8 shows another
horizontally coplanar antenna structure, where there are four
PIFAs 3 positioned at four corners of the housing 1. Alterna-
tively, FIG. 9 shows a slant cubical antenna structure, where
the two dipole antennas 2 stand vertically at two corners of
one long side and the two PIFAs 3 stands at the other corners
by the other long side of the housing 1. FIG. 10 shows askew
cubical antenna structure, in the configuration, two dipole
antennas 2 and two PIFAs 3 stands interlaced at four corners
of the housing 1. FIG. 11 shows a concave cubical antenna
structure, where there are three dipole antennas 2 stands
vertically and forms a triangle at top surface of the housing 1,
and the PIFA 3 positioned ant the center of the triangle inside
of the housing 1.

The disadvantage of the antenna structures of the 4x4
MIMO system shown from FIG. 1 to FIG. 11 is that the
efficiency of the system is poor. Furthermore, the system is
more complex in mechanics and the cost is higher. What is
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required is a novel structure of MIMO antenna system to
optimums the mechanics and cost.

Further benefits and advantages of the invention will
become apparent from a consideration of the following
detailed description of the following detailed description
given with reference to the following detailed description
given with reference to the accompanying drawings, which
specify and show preferred embodiments of the invention.

SUMMARY OF THE INVENTION

The present invention provides a structure for antenna and
more especially for a cubical 4x4 MIMO multiple antennas
applicable to high throughput wireless networking in WLAN
and WMAM. The advantage of the present invention is only
one dipole antenna gives low cost benefit to AP. Besides;
simple structure gives easiness in mechanical/industrial
designs for AP.

Another advantage of the present invention is equal and
sufficient far spacing between any pairs of cubical 4x4 MIMO
multiple Antennas provides equal and best non-correlation
and orthogonality between them. Because, the structure of the
present invention gives isotropic (or equal spread in solid
angle) distribution of incoming multipath waves, and also
gives evenly-dispersive (or equal spread in time delay) distri-
bution of incoming multipath waves.

Besides, the structure of the present invention provides
high hemispherical coverage; Good MIMO performance in
ceiling or desktop mounts, which give AP equal spatial-mul-
tiplexing and antenna-diversity in elevation in addition to
azimuth.

And the present invention also provides symmetrically in
three 120° sectors; deployment fitted in cellular form which is
effective to AP frequency reuse.

The main purpose of the present invention is to provide A
structure for MIMO multiple antennas system, comprises: a
housing for containing electronics communication modules;
a dipole antenna connected to the housing and stands verti-
cally; and three PIFAs connected to a PCB of the electronics
communication modules within the housing, wherein the dis-
tances between the dipole antenna and each one of three
PIFAs are equal.

The housing is a box shaped with a rectangular cross sec-
tion. The dipole antenna stands outside of said housing. The
shape of said housing includes a tetrahedron, a dome, a pyra-
mid or a cube. The dipole antenna stands inside of said hous-
ing. The three PIFAs are located on a loop that approximately
forms a triangle. The triangle is regular triangle. The dis-
tances between said dipole antenna and each one of said
PIFAs are greater than 1A and less than 10A in typical indoor
MIMO area for AP. The distances between said dipole
antenna and each one of said PIFAs are greater than 100X in
typical outdoor MIMO area for AP. The three PIFAs are
attached on a co-planar surface within said housing.

BRIEF DESCRIPTION OF THE DRAWINGS

The above objects, and other features and advantages of the
present invention will become more apparent after reading
the following detailed description when taken in conjunction
with the drawings, in which:

FIG. 1 is a diagram of co-linear antenna structure accord-
ing to the prior art.

FIG. 2 is a diagram of co-linear antenna structure accord-
ing to the prior art.

FIG. 3 is a diagram vertically coplanar antenna structure
according to the prior art.
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FIG. 4 is a diagram vertically coplanar antenna structure
according to the prior art.

FIG. 5 is a diagram of vertically coplanar antenna structure
according to the prior art.

FIG. 6 is a diagram of vertically coplanar antenna structure
according to the prior art.

FIG. 7 is a diagram of horizontally coplanar antenna struc-
ture according to the prior art.

FIG. 8 is a diagram of horizontally coplanar antenna struc-
ture according to the prior art.

FIG. 9 is a diagram of slant cubical antenna structure
according to the prior art.

FIG. 10 is a diagram of askew cubical antenna structure
according to the prior art.

FIG. 11 is a diagram of concave cubical antenna structure
according to the prior art.

FIG. 12 is a diagram of convex cubical antenna structure
according to the present invention.

FIG. 13 is a diagram of solid cubical antenna structure
according to the present invention.

FIG. 14 is a diagram of convex cubical antenna structure
according to the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Method and structure for manufacturing a MIMO antenna
is described below. In the following description, numerous
specific details are set forth in order to provide a thorough
understanding of the present invention, and the scope of the
present invention is expressly not limited expect as specified
in the accompanying claims.

According to the design rule for MIMO antenna, the spac-
ing between transmit and receive antenna must be wide
enough for enhancing the transmission rate of the MIMO
system. Besides, the system must satisfied orthogonality con-
dition of MIMO antennas. The transmission antenna spacing
St must larger than 100A in the outdoor environment. The
transmission antenna spacing St must larger than 1 A, and
smaller than 10X at indoor environment.

Referring to FIG. 12, it shows a convex cubical antenna
structure for MIMO multiple antennas according to the pre-
ferred embodiment of the present invention. A dipole antenna
2 stands vertically on the surface of the housing 1, and three
PIFAs 3 connect to PCB inside of the housing 1. The housing
1 is used for containing electronics communication modules.
The three PIFAs forms a regular triangle, it means that the
three PIFAs are located on a loop that forms triangle, wherein
the dipole antenna 2 stands in the center of the triangle. In the
embodiment, the hosing 1 of the wireless application device,
i.e. AP, is a three-dimension box shaped with a rectangular
cross section.

Preferably, the three PIFAs are attached on a surface of a
co-planar surface within the housing 1 and on a close loop of
aregular triangle. The FIFAs are located approximately at the
angle position of the regular triangle. Preferably, the co-plane
surface is parallel to the largest surface of the housing 1,
namely, the upper or the lower surface of the box. The PIFAs
3 are embedded on a PC Board of the electronics communi-
cation modules and generally parallel with each other. Addi-
tionally, the distances between each pair of the three embed-
ded PIFA 3 centers are equal.

The dipole antenna 2 stands vertically on the top surface of
the housing 1. The distances from the center of the dipole
antenna 2 to each of the three PIFAs 3 are equal. The distances
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are all greater than 1A and less than 10A in typical indoor
MIMO area for AP, and it is greater than 100X in typical
outdoor MIMO area for AP.

The orientation of three PIFAs 3 can be optionally radial
from the center of PC Board. No much pattern/polarization
diversity is gained by this orientation. In the case, the radia-
tion angle between each PIFA is about 120 degree, that is,
there is 120° sector angle between any two PIFA axes of three.

Especially, the dipole 2 can be replaced by a standalone
antenna module, i.e. by standalone PIFA module or by other
standalone vertical-polarization antenna module with
adequate mounting mechanism as shown in FIG. 14. In one
case, the antenna module includes a pillar structure 2a having
a antenna located at the upper portion of the pillar structure
2a.

The system of the present invention can be AP with MIMO
antenna which is placed in ceiling or desktop mounts to
provide high hemispherical. The present invention provides
good MIMO performance, and equal spatial-multiplexing
and antenna-diversity in elevation in addition to azimuth.

Referring to FIG. 13, which is another preferred embodi-
ment of the present invention. The housing 1 is shaped with a
tetrahedron, a dome, a pyramid or a cube shape. And a dipole
antenna 2 stands vertically inside the housing 1, and resided at
the center of the housing 1. The device includes three PIFAs
3 embedded in a PC board at the corners of the housing 1, or
symmetrically by rim. The geometry configuration of the
dipole antenna 2 and the PIFAs 3 are similar to the embodi-
ment of FIG. 12 except the shape of the housing 1. Therefore,
the similar description is omitted. It should be noted that the
dipole antenna can be replaced by the pillar structure having
PIFA as illustrated in FIG. 14. The symmetrically of the
present invention is approximately 0°=¢=360°, 0°=0=90°,
where ¢ is the angle of the x-y (horizontal) plane, and 6 is the
one of x-z (vertical) plane.

In conclusion, we have proposed that the dipole can be
replaced by a standalone antenna module, i.e. by a standalone
fourth PIFA module or by other standalone vertical-polariza-
tion antenna module, with adequate mounting mechanism.
The present invention provides Good MIMO performance in
ceiling or desktop mounts, which give AP equal spatial-mul-
tiplexing and antenna-diversity in elevation in addition to
azimuth.

Although specific embodiments have been illustrated and
described, it will be obvious to those skilled in the art that
various modifications may be made without departing from
what is intended to be limited solely by the appended claims.

What is claimed is:

1. A structure for MIMO multiple antennas system, com-
prises:

ahousing for containing electronics communication mod-

ules;

a dipole antenna connected to said housing and stands

vertically; and

three PIFAs connected to a PCB of said electronics com-

munication modules within said housing, wherein the
distances between said dipole antenna and each one of
said three PIFAs are equal.

2. The structure in claim 1, wherein said housing is a box
shaped with a rectangular cross section.
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3. The structure in claim 2, wherein said dipole antenna
stands outside of said housing.

4. The structure in claim 1, wherein the shape of said
housing including a tetrahedron, a dome, a pyramid or a cube.

5. The structure in claim 4, wherein said dipole antenna
stands inside of said housing.

6. The structure in claim 1, wherein said three PIFAs are
located on a loop that approximately forms a triangle.

7. The structure in claim 6, wherein said triangle is regular
triangle.

8. The structure in claim 1, wherein said distances between
said dipole antenna and each one of said PIFAs are greater
than 1A and less than 10A in typical indoor MIMO area for an
access point.

9. The structure in claim 1, wherein said distances between
said dipole antenna and each one of said PIFAs are greater
than 1004 in typical outdoor MIMO area for an access point.

10. The structure in claim 1, wherein said three PIFAs are
attached on a co-planar surface within said housing.

11. A structure for MIMO multiple antennas system, com-
prises:

a housing for containing electronics communication mod-

ules;

a standalone antenna module connected to said electronics
communication modules and stands vertically on said
housing; and

three PIFAs connected to a PCB of said electronics com-
munication modules within said housing, wherein the
distances between said standalone antenna module and
each one of said three PIFAs are equal.

12. The structure in claim 11, wherein said standalone

antenna module including a standalone PIFA module.

13. The structure in claim 12, wherein said standalone
antenna module stands outside of said housing.

14. The structure in claim 11, wherein said standalone
antenna module including a standalone vertical-polarization
module.

15. The structure in claim 11, wherein said hosing is a box
shaped with a rectangular cross section.

16. The structure in claim 15, wherein said standalone
antenna module stands inside of said housing.

17. The structure in claim 11, wherein the shape of said
housing including a tetrahedron, a dome, a pyramid or a cube.

18. The structure in claim 17, wherein said three PIFAs
form regular triangle.

19. The structure in claim 11, wherein said three PIFAs are
located on a loop that approximately forms a triangle and
mounted on the corners of said housing.

20. The structure in claim 11, wherein said distances
between said standalone antenna module and each one of said
three PIFAs are greater than 1A and less than 10 in typical
indoor MIMO area for an access point.

21. The structure in claim 11, wherein said distances
between said standalone antenna module and each one of said
three PIFAs are greater than 100X in typical outdoor MIMO
area for an access point.

22. The structure in claim 11, wherein said three PIFAs are
attached on a co-planar surface within said housing.

#* #* #* #* #*
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ANTENNA-FEEDER DEVICE AND ANTENNA

CLAIMING FOREIGN PRIORITY

The applicant claims and requests a foreign priority,
through the Paris Convention for the Protection of Industrial
Property, based on a patent application filed in RUSSIA with
the filing date of May 31, 2005, with the patent application
number 2005116584, by the applicants, the contents of which
are incorporated by reference into this disclosure as if fully set
forth herein.

FIELD OF THE INVENTION

The invention refers generally to antenna-feeder device
and antenna, and more particularly, to antenna of the type that
include a parabolic shape of main reflector that includes a
shaped subreflector and it may be used as antenna for satellite
TV broadcasting etc.

BACKGROUND OF THE INVENTION

Parabolic reflector antennas are widely used as satellite
television antenna due to a number of factors like the follow-
ing:

low cost;

wide frequency range;

simplicity of work with waves of different polarizations;

reasonable high aperture efficiency (AE)—usually

60-65%.

There is a known device such as axially symmetric dual
reflector antenna with offset from symmetry axis main reflec-
tor focus (Patent Great Britain No. 973583, HO1D, published
1962). In this design, a parabolic shape of main reflector and
a arbitrary shape of sub-reflector are used. As a particular
case, an elliptically shaped sub-reflector is offered. The
arrangement of the sub reflector focus, the main reflector
focus and feed phase center is common, i.e. first focus of the
ellipse coincides with phase center and second focus of the
ellipse coincides with focus of the parabola.

There is a known device as an antenna where focuses of a
parabolic main reflector and a sub-reflector are displaced so
that the sub reflector vertex and above mentioned focuses are
disposed on one straight line and the ratio of focal diameters
of'the sub reflector and the main reflector is chosen in range of
1.03-1.07 (Patent USSR No. 588863, H01Q15/00, published
in 1972).

In this design, a problem for antenna gain increasing is
solved and antenna itself has big lateral size and especially
big longitudinal size.

In another known patent (Patent USSR No. 1804673,
H01Q19/18, published 1993), it is mentioned that radiating
horn radiates not perfectly spherical wave but a wave with
diffused center. Owing to this fact included in the above
patent, phase error is corrected by the shape of a sub-reflector
further comprising one focus coinciding with a parabolic
main reflector focus.

The limitation of known parabolic antennas is a big volume
occupied by antenna. All advantages of parabolic antennas
appear when the ratio of antenna focus length F and antenna
diameter D is big enough. As antenna feed must be certainly
placed in reflector focus, it necessarily leads to the increase of
the antenna system size.

Big system size leads to the following disadvantages:

A great number of such antennas disfigures architectural

image of buildings. In particular, the prohibition of para-
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bolic antenna installation is widely done on the walls and
roofs of buildings in many countries.

Parabolic antennas are impossible or very difficult to use in
mobile devices, especially when it is required to provide
signal receiving during the movement of a car, train,
ship, etc.

Due to the above mentioned circumstances, an actual prob-
lem arises—to develop for satellite TV or any other flat anten-
nas which occupy sufficiently thinner volume.

The feature of dual reflector antennas with minimal thick-
ness is that their radiator horns and sub-reflectors form a
electromagnetic field which differs from geometrical optics
field. Therefore, the choice of antenna parameters claimed in
known patents mentioned above is not optimal neither appli-
cable. The verification of this statement is technical decision
for U.S. Pat. No. 6,603,437 which claims an algorithm for
shape choice of a main reflector and a sub-reflector which
gives an optimal solution only for the sub reflectors of diam-
eter not less than five free-space wavelengths.

In case of antennas with minimal thickness and maximal
aperture efficiency, the above mentioned condition is not
correct at least to the antennas of the main reflector diameter
less than 36 wavelengths. It is obvious that usage of big
electrical size sub-reflectors will lead to aperture efficiency
decrease due to the shadowing of main reflector by sub reflec-
tor. As an example, therefore, maximal values of aperture
efficiency a re achieved when sub-reflector diameter is about
2-3 wavelengths. Note that antenna thickness is from 1 to 3.5
wavelength when its main reflector diameter is from 5 to 18
wavelength. At such sizes of radiator horns and sub-reflec-
tors, their focuses are diffused and incident to the main reflec-
tor wave beam forming can not be described correctly in
terms of geometrical optics.

There is a known technical solution in which it is suggested
to connect dual polarized antennas by means of dual mode
waveguides. For instance, circular or square (U.S. Pat. No.
5,243,357). Dual mode waveguide has big thickness which
can not be less than 0.5 wavelength. Single mode waveguide
may have thickness much smaller than 0.5 wavelength. Real
lateral dimension size of a dual mode waveguide is about 0.7
wavelengths. Therefore, incorporation of some units of
antennas into antenna array based on dual mode waveguides
can not be thinner than above mentioned 0.7 wavelengths.
Waveguide turns which necessarily appear in such connec-
tions, should be added to this value. Thus, the real thickness of
such connection will not be less than 1.5 wavelength. Besides,
dual mode waveguide components produce hard require-
ments to waveguide elements manufacturing accuracy
because technological errors may lead to differently polar-
ized waves interconnection which will downgrade the device
parameters.

The closest antenna-feeder device is the device comprising
four dual reflector antennas positioned in one plane, a main
reflector of each antenna is formed by parabolic generatrix
rotation around axis, where focus of parabolic generatrix is
situated outward from rotation axis, and a sub-reflector is
formed by elliptic generatrix rotation around the same axis
with forming of circle and vertex faced to the main reflector
and situated between the circle and the main reflector, where
one of elliptic generated focuses is situated on the rotation
axis, and radiators for each antenna are situated on the rota-
tion axis in the main reflector base between the parabolic
surface main reflector and the sub reflector, feeding device is
made on the base of dividers, where each of dividers is made
as a junction of single mode transmission lines and each of
dividers is made with equi-phase power division on two equal
halves, input of feeding device can be connected with receiv-
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ing and/or transmitting device, and four outputs of feeding
devices are correspondingly connected with antenna radia-
tors (Japanese Patent JP61245605, H 01 Q 21/06, published
31 Oct. 1986).

This device can not provide antenna operation on two
orthogonal polarizations, and only single polarization work is
provided. The limitations of this technical solution are also
big lateral and transversal dimensions.

The problem solved by this invention is to create antenna-
feeder device and antenna with minimal size.

Technical result that may be achieved after manufacturing
antenna-feeder device and antenna is reduction of it’s size and
thickness, providing possibility of transmitting/receiving sig-
nals of both orthogonal polarizations with high isolation—
not less than 20 dB with complete frequency range for satel-
lite TV 10,7-12,75 Ghz or any other frequency range of
antenna.

Technical result that may be achieved after manufacturing
antenna-feeder device and antenna is reducing of longitudinal
size with retention of high aperture efficiency and wide fre-
quency range.

SUMMARY OF THE INVENTION

According to one aspect of the present invention, antenna-
feeder device comprises: four antennas situated in one plane,
each said dual reflector antenna further comprising a main
reflector being a body of revolution of parabolic shape which
axis does not coincide with axis of the revolution, and a
sub-reflector being a body of the revolution of elliptic shape
having a circle and a vertex oriented to the main reflector and
being placed between the circle and the main reflector, one
focal point of the sub-reflector being placed on the axis of
revolution and the other focal point of the sub-reflector being
placed out of the axis, the circle of the sub-reflector being
placed in the plane of the main reflector edge circle, and a
radiator being placed along the axis of revolution of the main
reflector and being placed between the main reflector and the
sub-reflector;

a feeding device on the base of dividers wherein each divider
consists of a junction of single-mode transmission lines and
each divider provides equi-phase power division on two equal
halves, one input of the feeding device is connected to a
transmitter or a receiver and each of four outputs of the
feeding device is connected correspondingly to each radiator
of'the four antennas, and the input and the four outputs of the
feeding device are made in form of dual mode transmission
lines, the input is connected with the four output with help of
four dividers, central branches of the four dividers are con-
nected to the input while side branches of each of the dividers
are connected to neighboring outputs and four phase shifters
with 180 degree phase shift are inserted in the side branches
of the dividers connected with the outputs located at the
opposite sides of the feeding device
Further, additional versions of antenna-feeder device
design are possible where it is advisable that:
there is a common cover situated in one common plane of
each main reflector edge circle where each sub-reflector
is situated on the common cover;
input and four outputs of feeding device are made of cir-
cular waveguide sections;
input and four outputs of feeding device are made of square
waveguide sections;
input is connected to four outputs by means of rectangular
waveguide sections made in form of four T-shaped junc-
tions.
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For the last additional version, phase shifters can be made
by decreasing or increasing of rectangular waveguides width
in side branches of T-shaped junctions faced to corresponding
output or by dielectric plates installed in side branches of
T-shaped junctions faced to corresponding outputs or by
length increasing of side branches of T-shaped junctions
faced to corresponding outputs.

Besides, input may be connected to four outputs by coaxial
line sections made in form of four T-shaped junctions.

Besides, input may be connected to four outputs by strip
line sections made in form of four T-shaped junctions.

In order to provide the last additional version, some ver-
sions are optional where it is reasonable that:

phase shifters can be done by loop-shaped (bended shaped)
printed strip line;

side divider branches are made of strip lines and central
divider branch is made in shape of probe where probe is
inserted into output dual mode transmission line and
side divider branches are inserted into corresponding
output dual mode transmission lines by probes.

According to another aspect of the present invention, an
antenna comprises: a main reflector being a body of revolu-
tion of parabolic shape which axis does not coincide with axis
of the revolution; a sub-reflector being a body of the revolu-
tion of elliptic shape having a circle and a vertex oriented to
the main reflector and being placed between the circle and the
main reflector, one focal point of the sub-reflector being
placed on the axis of revolution and the other focal point of the
sub-reflector being placed out of the axis, the sub-reflector
circle being placed in the plane of the main reflector edge
circle; a radiator being placed along the axis of revolution of
the main reflector and being placed between the main reflec-
tor and the sub-reflector; and wherein the sub-reflector has
eccentricity ranging from 0.55 to 0.75

It can be further defined that the distance d between two
focuses of the sub-reflector is selected under the following
condition:

D
12-16 whenx <12

D
1.8-2.1 whenx >12

A is a free space wavelength
D is a diameter of the main reflector,

Wherein angle § between the line connecting the above
focuses of the sub-reflector and axis of revolution may be
selected in range 45-70 degrees.

Also, additional versions of antenna design are possible as
follows:

there installed a cover situated near in the main reflector

edge circle plane, having the sub-reflector fixed on the
cover;

there installed a cover situated on the main reflector edge

circle plane, having the sub-reflector fixed on the cover
and that is, the main reflector edge circle is located at the
same one plane with the sub-reflector circle;

radius E, of the sub reflector circle can be chosen by the
following condition
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D
05-12 whenx <12

D
1.5-18 whenx >12

A is free space wavelength;

D is diameter of the main reflector;

The proportion between focal ring radiuses of the sub
reflector elliptical surface second focus and the main reflector
parabolic surface focus can be chosen by the following con-
dition

1,04=Fe2 /F,=1,6

Fe2, is focal ring radius of the sub reflector second focus;
F, is focal ring radius of the main reflector parabolic sur-
face focus;
Radiator can be made as a conical horn.
For the last additional version, the proportion between
radius H, of radiator conical horn and free space wavelength
can be chosen by satisfying the following condition

0.6 s 1.1
.<T< .

and complete flare angle o of conical horn can be chosen by
satisfying the following condition

o D
25-60 whenx >8
@ =

D
70 - 110° whenx <8

D is diameter of the main reflector
Lastly, it can be further that the main reflector being a body
of revolution of parabolic shape which axis coincides with
axis of the revolution
According to the last aspect of the present invention, an
antenna comprises: a main reflector being a body of
revolution of parabolic shape which axis does not coin-
cide with axis of the revolution; a sub-reflector being a
body of the revolution of elliptic shape having a circle
and a vertex oriented to the main reflector and being
placed between the circle and the main reflector, one
focal point of the sub-reflector being placed on the axis
of revolution and the other focal point of the sub-reflec-
tor being placed out of the axis, the sub-reflector circle
being placed in the plane of the main reflector edge
circle; a radiator being placed along the axis of revolu-
tion of the main reflector and being placed between the
main reflector and the sub-reflector; and wherein the
relation between radius of the focal ring of the sub-
reflector second focus placed out of the axis and radius
of the focal ring of the main reflector is selected under
the following condition:

1.04=Fe2 /F,=1.6

where Fe2, is focal ring radius of the sub-reflector sec-
ond focus placed out of the axis, F, is focal ring radius of
the main reflector.
And it can be further that the sub-reflector has eccentricity
ranging from 0.55 to 0.75.

6

It can be further defined that the distance d between two
focuses of the sub-reflector is selected under the following
condition:

D
12-16 whenx <12

D
1.8-2.1 whenx >12

A is a free space wavelength

D is a diameter of the main reflector,

Wherein angle § between the line connecting the above
focuses of the sub-reflector and axis of revolution can be
selected in range 45-70 degrees.

Also, additional versions of antenna design are possible as
follows:

there installed a cover situated near in the main reflector

edge circle plane, having the sub-reflector fixed on the
cover;

there installed a cover situated on the main reflector edge

circle plane, having the sub-reflector fixed on the cover
and that is, the main reflector edge circle is located at the
same one plane with the sub-reflector circle;

radius E, of the sub reflector circle can be chosen by the
following condition

—_
w

25

30 b
E 0.5-1.2 when T <12
~ =

5

D
1.5-1.8 when T >12

—A is free space wavelength,

35 —D is diameter of the main reflector;

Radiator can be made as a conical horn.

For the last additional version, the proportion between
radius H, of radiator conical horn and free space wavelength
can be chosen by satisfying the following condition

40

0.6 s 1.1
45 '<T<'

and complete flare angle o of conical horn can be chosen by
satisfying the following condition

50
o D
25— 60" when T > 8
o D
70-110 when7<8
55
D is diameter of the main reflector

Lastly, it can be further that the main reflector being a body of
revolution of parabolic shape which axis coincides with axis
of the revolution

60

BRIEF DESCRIPTION OF THE DRAWINGS
65  Mentioned advantages and specialties of present invention
are illustrated by best versions of it’s design with references
to figures enclosed.
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FIG. 1 schematically shows antenna-feeder device (AFD),
top view and side view,

FIG. 2 schematically shows the components of an
antenna—main reflector & sub reflector antenna, radiator

FIG. 3 shows functional diagram of feeding device,

FIG. 4 shows diagram consists of waveguides,

FIG. 5 shows diagram where phase shifters are realized by
length increasing of side branches of T-shaped junction,

FIG. 6 shows diagram where dividers consists of strip
lines,

FIG. 7 shows geometry of an antenna, half of it, right side,

FIG. 8 shows antenna aperture efficiency (normalized to
maximal aperture efficiency) dependence on the sub-reflector
eccentricity for the main reflector diameters of different
antennas.

FIG. 9 shows all the coordinates specifying an antenna
according to each antenna size

DETAILED DESCRIPTION

Antenna-feeder device (FIG. 1) comprises four dual reflec-
tor antennas situated in one plane and one feeding device. A
main reflector 1 of each dual reflector antenna is made with
parabolic generatrix and a sub-reflector 2 of each dual reflec-
tor antenna is made with elliptic generatrix (FIG. 1, 2). The
sub reflector 2 has circle A and vertex B. Vertex B is faced to
the main reflector 1 and situated between circle A and the
main reflector 1. Radiator 3 for each dual reflector antenna is
situated on rotation axis (longitudinal symmetry axis Z) in the
main reflector 1 base between the main reflector 1 and the sub
reflector 2. Feeding device 4 (FIG. 1) is assigned for connec-
tion with input 5 to receiving and/or transmitting device. Four
outputs 6 of feeding device 4 are connected to radiators 3 of
each dual reflector antenna correspondingly. Feeding device
is made of power dividers where each divider is made in form
of'single mode transmission lines junction and each divider is
made co-phased with power division on two equal halves.

Input 5 and four outputs 6 of feeding device 4 (FIG. 3) are
made of dual mode transmission line sections. Input 5 is
connected through dividers to four outputs 6 by means of
single mode transmission line sections. The dividers are situ-
ated in one plane. Two side branches of each divider are
connected to neighboring outputs 6 correspondingly and cen-
tral branches of four dividers are connected from four sides to
input 5 of feeding device 4. Phase shifters 7 providing 180
degrees phase shift for two outputs 6 situated on opposite
sides relatively input 5 are embedded. Circle A of the sub
reflector 2 (its periphery) is situated in plane in region of the
main reflector 1 edge plane circle C formed by parabolic
surface (FIG. 1, 2).

Cover 8 (FIG. 1) is situated in region of the main reflector
1 edge plane circle C, common for each of antennas can be
embedded in AFD. Circle A of the sub reflector 2 is fixed on
cover 8.

In order to provide dual mode transmitting technology,
input 5 and four outputs 6 of feeding device 4 may be done of
circular waveguide sections (FIG. 3-5) or input 5 and four
outputs 6 of feeding device 4 may be done of square
waveguide sections (not shown on Figure).

Input 5 may be connected to four outputs 6 by means of
rectangular waveguide sections (FIG. 4, 5). In this case divid-
ers are made of T-shaped connectors.

Phase shifters 7 may be done by decreasing of rectangular
waveguides width in side branches of T-shaped junctions
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may be done by dielectric plates embedded into side branches
of T-shaped junctions faced to corresponding output. Phase
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shifters 7 may be done by increasing lengths of side branches
of'T-shaped junctions faced to corresponding output (FIG. 5).

Input 5 may be connected to four outputs 6 by means of
coaxial line sections (FIG. 3). In this case, dividers may be
done in form of coaxial T-shaped junctions. Phase shifters 7
may be done by lengths increasing of T-shaped junctions
branches faced to corresponding output (similarly to FIG. 5).

Input 5 (FIG. 3, 6) may be connected to four outputs 6 by
means of strip line sections. Symmetrical strip lines may be
done. Phase shifters 7 may be done in shape of loops.

In order to simplify design, in particular, side divider
branches are made of strip lines and central divider branch is
made as a probe 9 (FIG. 6). One end of probe 9 is connected
to corresponding strip line and the other end of probe 9 is
embedded inside output 5—section of dual mode transmis-
sion line. Side divider branches are embedded inside corre-
sponding output sections of dual mode transmission line by
means of probes 10.

First antenna (FIG. 2, 7) comprises a main reflector 1 made
with parabolic generatrix and a sub-reflector 2 made with
elliptic generatrix. The sub reflector 2 has circle A and vertex
B, the Vertex B being faced to the main reflector 1 and being
situated between circle A and the main reflector 1; Radiator 3
being situated on longitudinal symmetry axis Z in the main
reflector 1 base between the parabolic surface of main reflec-
tor 1 and the sub reflector 2.

The sub reflector 2 can be made with elliptic generatrix
with eccentricity Exc ranging from 0.55 to 0.75.

It can be further defined that the distance d between two
focuses of the sub-reflector is selected under the following
condition:

1.2 -1.6 wh D<12
d 2- 1.6 when— <

D s
1.8-2.1 whenx >12

A is a free space wavelength

D is a diameter of the main reflector 1,

Wherein angle § between the line connecting the above
focuses of the sub-reflector 2 and axis of revolution is selected
in range 45-70 degrees.

Circle A of the sub reflector 2 (FIG. 2, 7) can be situated in
one plane or near plane in the region of the main reflector 1
edge plane circle C.

Cover 8 situated in the near region or the same region of the
main reflector 1 edge plane and circle C can be embedded in
the above antenna and circle A of the sub reflector 2 may be
fixed on cover 8.

Radius E, of the sub reflector 2 (FIG. 7) can be chosen by
satisfying the following condition

0.5 -1.2 wh b 12
E .—.wenxs

D
1.5-18 whenx >12

A s free space wavelength;

D is diameter of the main reflector 1;

The proportion between focal ring radiuses of the sub-
reflector 2 elliptical surface second focus and the main reflec-
tor 1 (FIG. 7) parabolic surface focus can be chosen by
satisfying the following condition

1.04=Fe2 /F,<1.6
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Fe2, is focal ring radius of the sub-reflector 2 second focus;
F, is focal ring radius of the main reflector 1 parabolic
surface focus;
The radiator 3 (FIG. 2, 7) can be made as a conical horn.
The proportion between radius H, of radiator 3 conical
horn and free space wavelength can be chosen by satistying
the following condition

0.6 s 1.1
,.<7<.

and complete flare angle o of the conical horn can be
chosen by satisfying the following condition

o D
25 -60 whenx>8
@ =

o
70 - 110° when < <8

D is diameter of the main reflector

Lastly, it can be further that the main reflector being a body of
revolution of parabolic shape which axis coincides with axis
of the revolution
Further, second antenna (FIG. 2, 7) comprises a main
reflector 1 made with parabolic generatrix and a sub-
reflector 2 made with elliptic generatrix. The sub reflec-
tor 2 has circle A and vertex B, the Vertex B being faced
to the main reflector 1 and being situated between circle
A and the main reflector 1; Radiator 3 being situated on
longitudinal symmetry axis Z in the main reflector 1
base between the parabolic surface of main reflector 1
and the sub reflector 2; and wherein the relation between
radius of the focal ring of the sub-reflector 2 second
focus placed out of the axis and radius of the focal ring
of the main reflector is selected under the following
condition:

1.04=Fe2 /F,=1.6

where Fe2, is focal ring radius of the sub-reflector 2
second focus Fe2 placed out of the axis, F, is focal ring
radius of the main reflector 1 focus F.
And it can be further defined that the sub-reflector 2 has
eccentricity ranging from 0.55 to 0.75.
It can be further defined that the distance d between two
focuses of the sub-reflector 2 can be selected under the fol-
lowing condition:

1.2 -1.6 wh D<12
4 2= 1.6 when + <

D .
1.8 —2.1 when T >12

A is a free space wavelength

D is a diameter of the main reflector 1,

Wherein angle [ between the line connecting the above
focuses ofthe sub-reflector 2 and axis of revolution is selected
in range 45-70 degrees.

Lastly, it can be further that the main reflector being a body of
revolution of parabolic shape which axis coincides with axis
of the revolution

Except the above properties, No further details according
to the above second antenna
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will be provided here because second antenna are basically
identical to first antenna regards to the characteristics men-
tioned in the above first antenna.

Antenna-feeder device (FIG. 1) works in the following
way.

The function executed by feeding device is equi-amplitude
and co-phased excitation of dual mode transmission line sec-
tions of outputs 6 with the same orientation of electric field
vector E as in dual mode transmission line section of input 5
(FIG. 3, 4). Let input 5 be excited by wave with electric field
vector oriented along one of square diagonals which peaks lie
on axes of output dual mode waveguides (outputs 6) as shown
on FIG. 4. This electric field vector can be decomposed into
two components: vertical and horizontal. Then vertical com-
ponent will excite upper and lower T-shaped junctions and
horizontal component will excite right and left T-shaped junc-
tions. Let waves in left and down T-shaped junctions have
conditional 0 degrees phase then waves in upper and right
T-shaped junctions have 180 degrees phases. Wave with 0
degrees phase is labeled on FIG. 4 by sign “plus” and
antiphased wave with 180 degrees phase is labeled by sign
“minus”.

Waves excited by input 5 are divided in halves by power
dividers and come through side arms to outputs 6 of dual
mode transmission lines sections. Because of the fact that
path length in which waves pass from input 5 to outputs 6 are
equal then in the absence of phase shifters 7 the waves would
come to outputs 6 with same phases as were provided during
their excitation. However, due to phase shifters 7 180 degrees,
phase shifted phases of waves exciting outputs will be dis-
tributed in the way as shown on FIG. 4.

Note that vertical rectangular waveguides excite vertical
component of vector E in circular waveguides and horizontal
rectangular waveguides excite horizontal component of vec-
tor E in circular waveguides. Phase of excited component is
determined by phase of wave in rectangular waveguide con-
nected to output 6 (circular or square waveguide 2) and Phase
of'excited component is determined by orientation of exciting
rectangular waveguide relatively placed (positioned) output
waveguide of output 6 and by phase of wave in rectangular
waveguide.

Vertical component is excited with O degrees phase if excit-
ing wave has 0 degrees phase and rectangular waveguide is
connected to output from below. Similarly, vertical compo-
nent of field will have 0 degree phase if rectangular
waveguide is connected to output from above and if exciting
wave has 180 degrees phase. In a similar way, vertical com-
ponent will have 0 degree phase if it is excited from the left
side and if wave has 0 degrees phase, and vertical component
will also have O degree phase if it is excited from the right side
and if wave has 180 degrees phase. FIG. 4 shows that at all
outputs 6 vertical and horizontal components are excited with
0 degrees phase and thus integrated vector of electrical field is
oriented exactly as at input 5. Work of feeding device 4, when
being excited by wave with orthogonally oriented electrical
field vector E, can be described in a similar way.

Circular or square waveguides which is able to support
transmission of two main orthogonally polarized waves
(wave modes) are used as input and output waveguides.
T-shaped junctions are formed by rectangular waveguides
connected in H-plane. Specific connection configuration can
comprise additional elements providing matching of central
branch of junction. Such elements are pins, matching wedges
etc. In the same way connection between rectangular and
circular waveguides may comprise additional elements pro-
viding its proper work. Choice of structure and parameters of
additional elements is a problem of engineering design and
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may be solved by known means, for instance, using systems
of electrodynamic simulation, such as High Frequency Struc-
ture Simulator (HFSS) providing high accuracy in prediction
ot high frequency waveguide devices parameters. It is clear to
specialists that choice of structure and parameters of addi-
tional elements is not the subject of present invention that can
comprise different technical improvements known from
modern technology level.

In connection shown on FIG. 4, phase shifters 7 are made
as rectangular waveguide sections with changed width. It is
known that propagation constant of main wave y in rectangu-
lar waveguide depends on its width a in the following way

where k is free space wave number. From the formula shown
above, it follows that changing waveguide width one can
change its propagation constant and therefore phase shift in
waveguide section that is equal to multiplication of propaga-
tion constant and section length.

Phase shifter 7 may also be realized by embedding of
changing propagation constant dielectric plates into
waveguide.

FIG. 5 shows waveguide connection with phase shift pro-
duced by moving of waveguide connection point. The same
connection can be used for coaxial transmission lines.

Displacement of T-shaped connection middle point rela-
tively in middle of waveguide section connecting neighboring
outputs is 0.25 of wavelength in transmission line. In this case
phase difference of waves in side branches of T-shaped junc-
tion reaches required 180 degrees.

Strip lines can be used in connector instead of waveguides.
The simpliest for this case is symmetrical strip line (or just
strip line) that is formed by strip line conductor placed
between two metal screens. In this connection base of antenna
can represent one of screens. Strip conductors are made on
thin dielectric films by means of printed circuits technology.
Film including element of printed circuit is placed between
two foam plates which in their turn are placed between two
metal plates mentioned above. This configuration forms a
symmetrical strip line filled with dielectric which parameters
are close to air parameter because dielectric properties of
foam are similar to dielectric properties of air. It is a very
important factor at high frequencies because it allows one to
exclude dielectric losses, typically for dielectrics with higher
dielectric permittivity.

FIG. 6 schematically shows strip line conductors topology
providing work of feeding device 4. Coupling between strip
line and circular waveguides is provided by probes 9, 10
embedded into waveguides. Design of probes 9, 10 is made as
continuation of strip lines. Phase shifters 7 represent addi-
tional strip line sections made in shape of loops. The length of
loop provides 180 degrees phase shift between loop and
straight transmission line.

As a result (FIG. 3-6), signals come to radiators 3 of each
of four antennas (FIG. 1) from four outputs 6 maintaining
transmission of two signals with orthogonal polarizations.
Radiator 3 (FIG. 2) can be made as a conical horn, pyramidal
horn with square cross-section, conical or pyramidal corru-
gated horn etc.

A sub-reflector 2 (FIG. 2) represents a body of revolution
formed by ellipse rotation around an axis coinciding with
antenna (FIG. 7) body axis (longitudinal axis of symmetry Z).
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FIG. 7 shows: Fel—first focus of the sub-reflector 2 ellipse,
Fe2—second focus of the sub-reflector 2, F—focus of the
main reflector 1 parabola, H—edge of exiting horn 3,
E—edge of the sub-reflector 2.

The main reflector 1 is formed as a body of revolution
received by parabola rotation around antenna axis of symme-
try Z. Apex of parabola is not situated on rotation axis Z.
When ellipse is rotated, one of its focuses Fel (first focus) is
situated on rotation axis Z and the second focus Fe2 is
removed from this axis Z and creates focal ring of diameter
De (with radius Fe2,) when ellipse is rotated. Similarly, when
parabola is rotated, its focus creates focal ring with diameter
Dp (with radius Fr).

Due to reciprocity of antenna-feeder device, antenna
operation may be considered both in receiving mode and in
transmission mode. Let us consider antenna operation in
wave transmission mode. One of two orthogonally polarized
waves comes to input of horn of radiator 3. This wave excites
spherical wave in horn 3 which phase center coincides with
apex of conical or pyramidal surface of horn 3. Spherical
wave propagates a long radiator horn 3 up to it’s upper edge
H (FIG. 7), where it transforms into spherical wave of free
space with pattern determined by radiator horn 3 length and
flare angle.

Spherical wave of free space irradiates a sub-reflector 2. In
order to decrease power losses in antenna and increase
antenna efficiency, horn 3 pattern is taken in such shape that,
from the first side, it provides energy non-overtflowing out-
wards of the sub-reflector 2 and from the other side, it pro-
vides uniform “illuminating” of the sub-reflector 2. The shape
of'the sub-reflector 2 made from metal reflects incident waves
in direction of the main reflector 1. In it’s turn, the main
reflector 1 re-radiates incident waves to the free space.

In order to provide the above mentioned propagation and
reflection of waves, one should solve a problem of choice of
parameters of main reflector 1 and sub-reflector 2. Solution of
these problems by means of geometrical optics brings to the
situation that first focus Fel of elliptical surface coincides
with phase center of radiator 3 (open end of waveguide) and
it’s second focus Fe2 coincides with parabola focus F. Thus,
focal rings received as a result of parabola and ellipse rota-
tion, coincide. Such geometry is typical for design of anten-
nas with big electrical size, i.e. antenna size is more than 36
wavelength. In such arrangement of focal points in aperture of
the main reflector 1, in-phase distribution of field is provided
which is equivalent of parallel beam forming which creates
radiation in far zone further comprising narrow beam pattern.
After passing near-focal zone, the beam expands and “illu-
minates” surface of the main reflector 1 which reflects inci-
dent waves and thus forms a field of antenna radiation.

The special feature of an antenna with minimal thickness is
that the thickness of this antenna and the size of the sub-
reflector 2 are comparable with wavelength in free space. As
an example, the situation that diameter of circle A (FIG. 2),
diameter of the sub-reflector 2 (FIG. 7) is about 1.5-2 wave-
lengths, is preferable. For frequently used sizes of main
reflectors 1 and sub-reflectors 2, geometrical optics do not
give adequate description of antenna operating principles and
can not be used in order to make right choice of the main
reflector 1 and the sub-reflector 2 parameters.

In case of antenna with minimal thickness (and maximal
aperture efficiency), the above shown arrangements for focus
disposing are not satisfactory at least to antennas character-
istic of diameter D of a main reflector of the range of 1 to 36
wavelengths. Evidently, the use of sub-reflectors 2 with big
electric sizes will lead to aperture efficiency decreasing due to
shadowing of the main reflector 1 by the sub-reflector 2. Thus,
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as an example, maximal efficiency values will be reached
when diameter A of sub-reflector 2 is 2-3 wavelengths. It can
be noted, as one example, that when diameter of a main
reflector 1 is changing in range of 5-18 wavelengths, the
antenna thickness is changing in range of 1-3.5 wavelengths.
Under 1-3.5 wavelength sizes of radiator 3 and sub-reflector
2, their focuses are diffused and therefore wave beam incident
to the main reflector 1 can not be described correctly in terms
of geometrical optics.

A correct approach to antenna parameters synthesis is elec-
trodynamical approach based on formulation and solution of
boundary value problem for Maxwell equations in combina-
tion with algorithms of parametric optimization. Within the
frames of such approach, targeted functions are formulated,
such as, for instance, aperture efficiency, antenna thickness,
sidelobe level and so on. Also a set of free parameters is
formulated as characteristic points coordinates, describing
size and shape of a main reflector 1, a sub-reflector 2 and a
horn of radiator 3. Changing free parameters, one can find a
set of parameters providing minimum (or maximum) of goal
function (functions). This set of parameters is optimal.

The choice of a main reflector 1, a sub-reflector 2 and a
radiator 3 characteristic points coordinates has been done
with consideration of wave structure of electromagnetic field
and diffraction effects existence on edges of the main reflec-
tor 1, the sub-reflector 2 and radiator 3. Numerical calcula-
tions and antenna parameters optimization made by a com-
puter program for solving of electrodynamic boundary value
problem and also experimental results show that for all types
of antenna, a sub-reflector 2 should be made on a base of
elliptical surface of eccentricity parameter Exc values in
range from 0.55 to 0.75.

It can be further defined that the distance d between two
focuses of the sub-reflector 2 can be selected under the fol-
lowing condition:

1.2 - 1.6 wh b 12
d .—.wenxs

5

D
1.8 2.1 when T >12

A is a free space wavelength

D is a diameter of the main reflector 1,

Wherein angle [ between the line connecting the above
focuses of the sub-reflector 2 and axis of revolution can be
selected in range 45-70 degrees.

In this case, circle A of the sub-reflector 2 can be placed in
plane formed by circle C of the main reflector 1 edge. In its
turn, this condition provides minimization of antenna longi-
tudinal size and also makes possible to install the sub-reflec-
tor 2 on cover 8 because upper edges of the sub-reflector 2 and
the main reflector 1 edge circle are positioned on one level.
Fixation of the sub-reflector 2 on cover 8 (FIG. 1, 2) gives
certain advantages because there is no need to fix the sub-
reflector 2 on special dielectric supports attached to horn 3
like in a conventional way.

In regards to the sub-reflector 2 shape, It can be defined that
the shape of the sub-reflector is not limited only to ellipse in
order to realize the present invention concept. And the other
shape of sub-reflector can be also used for the above
described present inventions.

FIG. 8 shows aperture efficiency decreasing when eccen-
tricity falls outside the optimal limits shown above. FIG. 8
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shows that aperture efficiency substantially depends on
eccentricity for all antennas with different main reflector 1
diameters D.

It has been established that there are additional conditions
for maximal aperture efficiency achievement. It can be
defined that

radius E, of the sub-reflector 2 circle can be chosen by

satisfying the following condition

0.5 -1.2 wh b 12
E .—.wenxs

D
1.5-1.8 when T >12

Where A is free space wavelength, D is diameter of the
main reflector 1.

The proportion between radiuses of focal rings of the sub-
reflector 2 elliptic surface second focus and the main reflector
1 parabolic surface can be chosen by satisfying the following
condition

1,04=Fe2 /F.=1,6

Where Fe2, is the focal ring radius of the sub-reflector 2
elliptic surface second focus,

F, is the focal ring radius of the main reflector 1 parabolic
surface focus.

First focus of ellipse Fel and phase center of exciter 3 horn
like in conventional antennas are disposed on antenna sym-
metry axis Z coinciding with parabola and ellipse rotation
axis. However, for maximal aperture efficiency achievement,
first ellipse focus Fel can be slightly dislodged in relation to
horn phase center along 7 axis in positive direction from the
main reflector 1.

Because of antenna axial symmetry, antenna’s excitation
by waves of two orthogonal polarizations takes part in the
same way because the difference between these waves is only
90-degrees polarization vector turn relatively antenna axis.

Further, when conical horn is used as radiator 3, the param-
eters of horn (radius and flare angle) may be chosen in the
following ranges:

0.6 s 1.1
.<T< .

D
25— 60° when <> 8

D
70 - 110° when < <8

where H, and o are radius of radiator 3 horn and horn flare
angle correspondingly.

And lastly, The main reflector 1 is formed as a body of
revolution received by parabola rotation around antenna axis
of symmetry Z. Apex of parabola can be situated on rotation
axis Z.

The results of optimization are shown in table. Coordinates
of characteristic points in coordinate system r, z for different
values of main reflector 1 diameter D are shown below.

The r coordinate of Focus of main reflector 1 is same with
p3 r coordiante in FIG. 9

All antennas were optimized for frequency range with
central frequency 12.2 GHz in the below table in relation with
FIG. 9.
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TABLE
D foc rl z1 12 z2 exc 13 z3 z4 15
900 198 8.452 -190.6 162 -197.4 0.6757 357 -197.9 1836 37.6
600 1232 84 -1159 181 -122.6 0.6733 357 -1232 180 395
400 71.67 8452 -64.31 17 -703  0.6733 37.99 -71.67 20  39.88
292 5611 8452 8423 172 -56.1 0.6669 21.37 -36.11 13.2 27.46
172 23.59 8452 -5171 18.8 -23  0.6669 26.67 -23.59 13.7 34.21
112 9.501 8452 -37.62 232 -9  0.6723 27.83 -9.501 11.4 34.82
D z5 16 z6 z7 z8 z9 110 z10
900  0.608 3891 1333 5.05 -25.6 -43.6 179 -108
600 049 3924 14.54 557 -244 434 180 -9.96
400 02724 41.54 1359 49  -25.15 -34.84 17.46 -10.1
292 -0.6574 2871 8619 34 -1623 -49.3 1842 -9.337
172 -0494 182 13.6 52  -17.17 -22.04 2178 -10.04
112 -0.5809 14.64 1238 44 -18.89 -243 2357 -11.61
The most successfully claimed antenna-feeder device and ,, 4. The antenna according to claim 1 further comprising the

antenna included in this device may be used industrially as a
satellite antenna.

It should also be noted that the invention is not limited to
use with any band or groups of bands. That is, other antenna
application, such as those designed for use at Ku band and Ka
band, as well as X band and C band etc, may also benefit from
the present invention.

Therefore, while the invention has been described with
reference to preferred embodiments, it is to be clearly under-
stood that various substitutions, modifications, and variations
may be made by those skilled in the art without departing
from the spirit or scope of the invention. Consequently, all
such modifications and variations are included within the
scope of the invention as defined by the following claims.

What is claimed is:

1. An antenna comprising:

a main reflector being a body of revolution of parabolic
shape; a sub-reflector being a body of the revolution of
elliptic shape having a circle and a vertex oriented to the
main reflector and being placed between the circle and
the main reflector, one focal point of the sub-reflector
being placed on the axis of revolution and the other focal
point of the sub-reflector being placed out of the axis; a
radiator being placed along the axis of revolution of the
main reflector and being placed between the main reflec-
tor and the sub-reflector; and wherein the sub-reflector
has eccentricity ranging from 0.55 to 0.75.

2. The antenna according to claim 1 further comprising the

distance d between two focuses of the sub-reflector is selected
under the following condition:

1.2 -1.6 wh D<12
d 2= 1.6 when + <

5

D
1.8 —2.1 when h >12

A is a free space wavelength
D is a diameter of the main reflector,
wherein angle p between the line connecting the above
focuses of the sub-reflector and axis of revolution is
selected in range 45-70 degrees.
3. The antenna according to claim 1 further comprising the
main reflector of parabolic shape which axis does not coin-
cide with axis of the revolution.
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sub-reflector circle placed in the near plane of the main reflec-
tor edge circle.

5. The antenna according to claim 1 further comprising a
cover on which the sub-reflector circle is mounted.

6. The antenna according to claim 1 further comprising the
circle of the sub-reflector which radius Er is selected under
the following condition:

0.5-1.2 when

IA
—_
NS

E

1.5-1.8 when — > 12

ted R Al Rl

where A is a free space wavelength, D is a diameter of the

main reflector.

7. The antenna according to claim 1 further comprising the
relation between radius of the focal ring of the sub-reflector
and radius of the focal ring of the main reflector is selected
under the following condition:

1.04=Fe2 /F,<1.6

where Fe2, is focal ring radius of the sub-reflector second
focus, F, is focal ring radius of the main reflector.
8. The antenna according to claim 1 further comprising the
relation between radius H, of the radiator conical horn to free
space wavelength is selected in the following range:

0.6 s 1.1
'<7< 1,

and the conical horn flare angle o is selected under the
following condition:

o D
25-60 when7>8
@ =

D .
70 — 110° when T <8

9. An antenna comprising:

a main reflector being a body of revolution of parabolic
shape; a sub-reflector being a body of the revolution of
elliptic shape having a circle and a vertex oriented to the
main reflector and being placed between the circle and
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the main reflector, one focal point of the sub-reflector
being placed on the axis of revolution and the other focal
point of the sub-reflector being placed out of the axis; a
radiator being placed along the axis of revolution of the
main reflector and being placed between the main reflec-
tor and the sub-reflector; and wherein the relation
between radius of the focal ring of the sub-reflector
second focus placed out of the axis and radius of the
focal ring of the main reflector is selected under the
following condition:

1.08=Fe2 /F.=1.5

where Fe2, is focal ring radius of the sub-reflector sec-
ond focus placed out of the axis, F, is focal ring radius of
the main reflector.

10. The antenna according to claim 9 further comprising
the sub-reflector of eccentricity ranging from 0.55 to 0.75.

11. The antenna according to claim 9 further comprising
the distance d between two focuses of the sub-reflector is
selected under the following condition:

1.2 - 1.6 wh D<12
d 2= 1.6 when + <

5

D
1.8 -2.1 when h >12

A is a free space wavelength
D is a diameter of the main reflector,

wherein angle p between the line connecting the above
focuses of the sub-reflector and axis of revolution is
selected in range 45-70 degrees.

5

30
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12. The antenna according to claim 9 further comprising
the main reflector of parabolic shape which axis does not
coincide with axis of the revolution.

13. The antenna according to claim 9 further comprising
the circle of the sub-reflector which radius Er is selected
under the following condition:

0.5-1.2 when

1A
—
[}

E

1.5-1.8 when

o ~T
v
e

where A is a free space wavelength, D is a diameter of the
main reflector.
14. The antenna according to claim 9 further comprising

the relation between radius H, of the radiator conical horn to
free space wavelength is selected in the following range:

06<Hr<11
6< <Ll

and the conical horn flare angle o is selected under the

following condition:

D
25— 60° when 7>8

P
70 - 110° when T <8
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PIFA, RFID TAG USING THE SAME AND
ANTENNA IMPEDANCE ADJUSTING
METHOD THEREOF

FIELD OF THE INVENTION

The present invention relates to a Planar Inverted-F
Antenna (PIFA), aRadio Frequency Identification (RFID) tag
using the PIFA, and an antenna impedance adjusting method
thereof; and, more particularly, to a PIFA having a meander
line and a reactance controlling stub, an RFID tag using the
PIFA, and an antenna impedance adjusting method thereof.

DESCRIPTION OF RELATED ART

Differently from an active RFID reader, a tag is attached to
an object of diverse materials and shapes. Minimizing the
degradation of antenna characteristics due to the material
used for the attachment is the conceptional purpose of tag
antenna design. In particular, when a tag antenna is attached
to metal, the return loss characteristics and radiation pattern
characteristics of the tag antenna can be affected seriously.
Therefore, designing an antenna requires much attention.
When an ordinary dipole antenna is brought close to a metal-
lic object, the radiation of electromagnetic waves is inter-
rupted by an electromagnetic image effect. Thus, an antenna
using the metallic object as part of its radiation structure
should be considered as a tag antenna with a metallic object
attached thereto. An antenna representing this type of anten-
nas is a microstrip patch antenna and a Planar Inverted-F
Antenna (PIFA).

Generally, amicrostrip patch antenna has advantages that it
can be fabricated easily, light and thin. However, since it has
a size of a half wavelength in a resonant frequency, it is a bit
too large to be used as a Radio Frequency Identification
(RFID) tag antenna. On the other hand, the PIFA has an
antenna structure that can reduce the size by a halfby shorting
a part without an electric field with a conductive plate and be
matched to a particular impedance by changing the locations
of feed points based on the shorting plate. The PIFA has a size
of a fourth wavelength in the resonant frequency. Therefore,
the PIFA can be attached to a small metallic object.

FIG. 1 is a perspective view showing a typical PIFA
antenna and it is presented in a paper entitled “Analysis of
Radiation Characteristics of Planar Inverted-F Type Antenna
on Conductive Body of Hand-held Transceiver by Spiral Net-
work Method,” by T. Kashiwa, N. Yoshida and 1. Fukai, in /EE
Electronics Letters 3™, Vol. 25, No. 16, August 1989, pp.
1,044-1,045. As shown in the drawing, a typical PIFA is
formed of a ground surface 1, a radiation patch 2, a feeder 3,
and a shorting plate 4. The shorting plate 4 reduces the size of
the PIFA by a half by shorting the radiation patch 2 from the
ground surface 1 so that the PIFA becomes a half as large as
the microstrip patch antenna. The shorting plate 4 supplies
power to the feeder 3 at a point when an antenna impedance is
5082 by using a co-axial wire. Current generated between the
radiation patch and the ground surface is radiated in a field of
the PIFA. This is the same as the radiation mechanism of the
microstrip patch antenna.

However, since the PIFA suggested in the paper by
Kashiwa et al. cannot adjust the antenna impedance at a
feeding point, there is a problem that the location of the
feeding point should be changed when the feeding point
where the impedance becomes 50Q2 according to a change in
an environment, for example, when the size of the metallic
object is changed. Also, since the PIFA suggested in the paper
by Kashiwa et al. has a size of a fourth wavelength in the
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resonant frequency, there is another problem that the size of
the antenna is a bit large. Moreover, the PIFA suggested in the
paper by Kashiwa et al. cannot support the RFID service
sufficiently.

Many researches are carried out to realize multiband,
broadband, and miniaturized antennas by adopting a slot and
a stub into the typical PIFA. An example of the research
activity is U.S. Pat. No. 6,741,214, entitled “Planar
Inverted-F Antenna (PIFA) Having a Slotted Radiating Ele-
ment Providing Global Cellular and GPS-Bluetooth Fre-
quency Response.” FIG. 2 shows a perspective view of a PIFA
disclosed in the U.S. Pat. No. 6,741,214.

The conventional PIFA illustrated in FIG. 2 includes a
C-shaped slot in a radiation patch 16 to realize a dual reso-
nance mode and includes an impedance controlling stub 13
set up perpendicularly to the radiation patch 16 to control
capacitive reactance between the radiation patch 16 and the
ground plate 11. Metallic objects 12,13, 14 and 16 are formed
of sheet metal and the sheet metal is plated with a dielectric
substance 17 to maintain physical stability.

The PIFA suggested in the U.S. Pat. No. 6,741,214, how-
ever, can hardly control inductive reactance and capacitive
reactance in diverse levels with the impedance controlling
stub. Thus, the feeding point for the impedance of 50£2 can be
changed according to usage environment. Also, the PIFA of
the cited patent has a limitation in miniaturization and it has a
problem that the dielectric substance which is used for
mechanical stability reduces the bandwidth and radiation effi-
ciency of the antenna.

SUMMARY OF THE INVENTION

It is, therefore, an object of the present invention to minia-
turize an antenna by using a meander line extended from a
radiating edge of a radiation patch during antenna designing
and adjusting a resonant frequency of the antenna, and make
it easy to perform impedance matching in the antenna by
adjusting capacitive reactance of the antenna.

It is another object of the present invention to make it easy
to perform impedance matching in an antenna by using a stub
extended from a non-radiating edge of a radiation patch dur-
ing antenna designing and having a slot formed therein and
adjusting inductive reactance and capacitive reactance of the
antenna.

It is another object of the present invention to provide a
Planar Inverted-F Antenna (PIFA) which is inexpensive and
has an excellent radiation efficiency by fabricating the radia-
tion patch in the form of sheet metal and floating the radiation
patch in air.

In accordance with an aspect of the present invention, there
is provided a PIFA, which includes: a radiation patch having
a radiating edge and a non-radiating edge; a grounding sur-
face; at least one shorting plate for shorting the radiation
patch from the grounding surface; a feeder for providing radio
frequency (RF) power to the radiation patch; and a meander
line extended from the radiating edge toward the grounding
surface and positioned with a predetermined distance from
the grounding surface.

In accordance with another aspect of the present invention,
there is provided a PIFA, which includes: a radiation patch
having a radiating edge and a non-radiating edge; a grounding
surface; at least one shorting plate for shorting the radiation
patch from the grounding surface; a feeder for providing RF
power to the radiation patch; and a stub extended from the
non-radiating edge and controlling reactance of the antenna.

The stub includes a stub connector formed of a plurality of
metal plates extended from the non-radiating edge toward the
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grounding surface; a stub body connected to the stub connec-
tor and positioned with a predetermined distance from the
grounding surface; and a slot formed in the stub body.

The present invention also provides a radio frequency iden-
tification (RFID) tag including the PIFA. Further, the present
invention provides diverse impedance adjusting methods
using the PIFA.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects and features of the present
invention will become apparent from the following descrip-
tion of the preferred embodiments given in conjunction with
the accompanying drawings, in which:

FIG. 1 is a perspective view showing a typical Planar
Inverted-F Antenna (PIFA);

FIG. 2 is a perspective view showing a typical PIFA;

FIG. 3 is a perspective view describing a PIFA in accor-
dance with an embodiment of the present invention;

FIG. 4A is a cross-sectional view illustrating an A part of
FIG. 3 in detail;

FIG. 4B is a cross-sectional view depicting B and C parts of
FIG. 3 in detail;

FIG. 4C is a cross-sectional view illustrating a D part of
FIG. 3 in detail;

FIG. 4D is a plane view showing a radiation patch of FIG.
3; and

FIG. 5 is a perspective view describing a Radio Frequency
Identification (RFID) tag in accordance with an embodiment
of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Other objects and aspects of the invention will become
apparent from the following description of the embodiments
with reference to the accompanying drawings, which is set
forth hereinafter.

FIG. 3 is a perspective view describing a Planar Inverted-F
Antenna (PIFA) in accordance with an embodiment of the
present invention. The PIFA includes a ground surface 100 in
the lower part and a radiation patch 200 with a predetermined
space from the ground surface 100. The radiation patch 200 is
short from the ground surface 100 by shorting plates 210a and
2105. The radiation patch 200 has a radiating edge where
radiation occurs mainly and a non-radiating edge. In FIG. 3,
the regions A, B and C of the shorting plates 210a and 2105
correspond to the non-radiating edge, whereas the region D in
opposite to the shorting plates 210a and 2105 corresponds to
the radiating edge.

In the non-radiating edges B and C of the antenna, reac-
tance controlling stubs 250 are extended from the radiation
patch 200 in the downward vertical direction, i.e., toward the
ground surface 100. The reactance controlling stubs 250
adjusts capacitive reactance and inductive reactance of the
antenna. In the radiating edge D of the antenna, a meander
line 230 is extended from the radiation patch 200 downward.
The meander line 230 contributes to the miniaturization of the
antenna by adjusting the resonant frequency of the antenna.
Also, the meander line 230 can control the capacitive reac-
tance of the antenna. A slot formed in the radiation patch 200
affects the resonant frequency of the antenna and contributes
to the miniaturization of the antenna.

A feeder 240 is connected to the radiation patch 200 by
using a co-axial cable and provides radio frequency (RF)
power to a point where the antenna impedance is 50Q. Sup-
porting rods 250a and 2505 is formed of a non-metallic mate-
rial and they secure mechanical stability of the antenna. The
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PIFA has a structure where the radiation patch 200 floats in
the air to raise the radiation efficiency. In other words, the
space between the radiation patch 200 and the ground surface
100 is filled with the air. In this case, the mechanical stability
of'the antenna can be a problem.

To solve the problem, the supporting rods 250a and 2505
are positioned between the radiation patch 200 and the
ground surface 100 to thereby connect the radiation patch 200
and the ground surface 100. The supporting rods 250a and
2505 are formed of a non-metallic material so as not to affect
the electromagnetic waves radiated from the antenna, and it is
preferred to position the supporting rods 250a and 2505 in an
area of weak current distribution in the antenna. With the two
supporting rods 250a and 25056 and the two shorting plates
250a and 2504, the PIFA of the present invention secure
mechanical stability.

The PIFA shown in FIG. 3 will be described more in detail
with reference to FIGS. 4A, 4B, 4C and 4D. FIG. 4A shows
the A part of FIG. 3. The shorting plates 210a and 2105 short
the radiation patch 200 from the ground plate 100 physically
to thereby form an antenna impedance of 50Q2 around the
shorting plates 210a and 2105. The two shorting plates 210a
and 2105 are positioned with a predetermined distance (Dp)
between them.

The point where the antenna impedance becomes 50LQ can
be changed into diverse positions by varying the distance
(Dp) between the shorting plates 2104 and 2105. Also, since
the variation in the distance (Dp) between the shorting plates
210q and 21054 leads to a change in the capacitive reactance
between the shorting plates 210a and 2105, the shorting
plates 210a and 2105 can be used for impedance matching in
the antenna. The longer the distance (Dp) between the short-
ing plates 210a and 2105 becomes, the higher the capacitive
reactance between the shorting plates 210a and 2105 is. On
the contrary, when the distance (Dp) between the shorting
plates 210a and 2105 is decreased, the capacitive reactance
between the shorting plates 210a and 2105 is reduced.

Meanwhile, the resonant frequency of the antenna is
changed based on the width (Wp) of the shorting plates 210a
and 2105. When the width (Wp) of the shorting plates 210a
and 21054 is increased, the resonant frequency is raised. When
the width (Wp) is decreased, the resonant frequency falls
down. Therefore, when the widths of the two shorting plates
are set up differently, the resonant frequency of the antenna
can be changed diversely. It is obvious to those skilled in the
art that the shorting plates can be formed more than three of
them.

FIG. 4B shows B and C parts of FIG. 3. A reactance
controlling stud 220 is extended from the radiation patch 200
in the downward vertical direction, that is, toward the ground
surface 100. Since the reactance controlling stub 220 is posi-
tioned in the non-radiating edge of the antenna, it does not
give a great influence on the radiation pattern of the antenna.
The reactance controlling stub 220 is formed of a stub body
222 and stub connectors 224a and 2245. The stub connectors
2244 and 224b are two metal plates extended from the non-
radiating edges of the radiation patch 200 in the downward
vertical direction to be connected to the stub body 222. The
stub body 222 has a slot 226 formed therein.

The capacitive reactance between the two stub connectors
224q and 224b can be adjusted by adjusting a distance (Dc)
between the stub connectors 224a and 2245. When the dis-
tance (Dc) between the stub connectors 224a and 2245 is
increased, the capacitive reactance between the two stub con-
nectors 224a and 22456 is raised. On the contrary, when the
distance (Dc) between the stub connectors 224a and 2245 is
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decreased, the capacitive reactance between the two stub
connectors 224a and 224b is reduced.

Also, the capacitive reactance between the stub body 222
and the ground surface 100 can be adjusted by adjusting a
length (Hc) of the stub connectors 224a and 2245b. A change
in the length (Hc) of the stub connectors 224a and 2245
changes the distance between the stub body 222 and the
ground surface 100, which eventually leads to a change in the
capacitive reactance between the stub body 222 and the
ground surface 100. When the length (Hc) of the stub con-
nectors 224a and 224b is raised, the capacitive reactance
between the stub body 222 and the ground surface 100 is
decreased. On the contrary, when the length (Hc) of the stub
connectors 224a and 224b is reduced, the capacitive reac-
tance between the stub body 222 and the ground surface 100
is increased. In short, it is possible to realize diverse levels of
capacitive reactance between the stub body 222 and the
ground surface 100 according to the length (Hc) of the stub
connectors 224a and 224b.

Meanwhile, the inductive reactance can be changed by
forming the slot 226 in the stub body 222 and rotating the
current flowing through the stub body 222. Diverse levels of
inductive reactance can be acquired by adjusting the width
(Ws) and length (Hs) of the slot 226. To put it another way, the
current flowing through the stub body 22 by the slot 226 has
a characteristic of rotation, and the rotation quantity is deter-
mined based on the width (Ws) and length (Hs) of the slot
226. Therefore, diverse levels of inductive reactance can be
obtained. When the width (Ws) and length (Hs) of the slot 226
is raised, the inductive reactance is increased. On the contrary,
when the width (Ws) and length (Hs) of the slot 226 is
reduced, the inductive reactance is decreased.

FIG. 4C shows the D part of FIG. 3. The meander line 230
is extended from the radiation patch 200 in the downward
vertical direction and it is positioned with a predetermined
distance (Hm) from the ground surface 100. The meander line
230 extends the resonance length of the radiation patch 230.
That is, since excited current in the feeder 240 flows to the end
of the radiation patch 200 until it reaches the meander line
230, there is an effect that the resonance length of the antenna
is lengthened as much as length of the meander line. There-
fore, the antenna can be miniaturized.

The entire length of the meander line 230 can be adjusted
by adjusting the width (Wm) of the meander line 230, and
diverse resonant frequencies can be acquired through the
adjustment of the length. For example, when the width (Wm)
of the meander line 230 is reduced, the entire length of the
meander line 230 is increased to thereby reduce the resonant
frequency. Therefore, it is possible to realize a small antenna
resonating in a predetermined frequency.

Also, it is possible to adjust the capacitive reactance
formed between the meander line 230 and the ground surface
100 by controlling the distance (Hm) between the lower part
of the meander line 230 and the ground surface 100.

FIG. 4D shows the radiation patch 200 of FIG. 3. The
radiation patch 200 includes T-shaped slots 202a, 2025, 2064
and 2065, an I-shaped slot 204, and a c-shaped slot 208
formed therein. The slots of the radiation patch 200 lengthen
the resonance length of current flowing through the PIFA to
thereby reduce the resonant frequency, thus contributing to
the miniaturization of the antenna. In FIG. 4D, the slots are
formed symmetrically but they need not be symmetrical nec-
essarily. Also, it is apparent to those skilled in the art that the
diverse shapes of slots other than the presented T-shaped,
I-shaped and c-shaped ones can be formed to reduce the
resonant frequency of the antenna.
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FIG. 5 shows an RFID tag to which the PIFA of the present
invention is applied. The RFID tag is formed of the PIFA, an
RF transceiving board 310, and a digital processing board
320. Since the RF transceiving board 310 and the digital
processing board 320 are the same as those used for conven-
tional active RFID tags, further description on them will not
be provided herein.

The RF transceiving board 310 demodulates RF signals
received through the PIFA into baseband signals, converts
them into digital signals, and transmits the digital signals to
the digital processing board 320, and the RF transceiving
board 310 modulates the signals transmitted from the digital
processing board 320 into the RF signals and transmits the RF
signals to an RFID reader (not shown) through the PIFA.

The digital processing board 320 analyzes the digital sig-
nals inputted from the RF transceiving board 310, such as
wake-up signals and command signals, and executes com-
mands of'the digital signals. It also generates digital signals to
transmit information of the RFID tag to the RFID reader and
transmits the generated digital signals to the RF transceiving
board 310.

The RF transceiving board 310 and the feeder 210 of the
PIFA are connected through a co-axial cable. To be specific,
the external conductor of the co-axial cable is connected to
the ground surface 200 and the internal conductor is con-
nected to the feeder 210.

As described above, the technology of the present inven-
tion can miniaturize an antenna by extending the resonance
length of the antenna with diverse forms of slots formed in the
radiation patch. Also, it makes it easy to perform impedance
matching in the antenna by positioning diverse forms of stubs
in a non-radiating edge.

The technology of the present invention also makes the
resonant frequency of the antennal variable by changing the
width and distance between the shorting plates while per-
forming impedance matching easily in the antenna. It con-
tributes to the miniaturization of the antenna based on the
varying resonant frequency while performing impedance
matching easily in the antenna.

The present application contains subject matter related to
Korean patent application Nos. 2004-0103087 and 2005-
0049266, filed in the Korean Intellectual Property Office on
Dec. 8, 2004, and Jun. 9, 2005, respectively, the entire con-
tents of which is incorporated herein by reference.

While the present invention has been described with
respect to certain preferred embodiments, it will be apparent
to those skilled in the art that various changes and modifica-
tions may be made without departing from the scope of the
invention as defined in the following claims.

What is claimed is:

1. A Planar Inverted-F Antenna (PIFA), comprising:

a radiation patch having a radiating edge and a non-radiat-
ing edge;

a grounding surface;

at least one shorting plate for shorting the radiation patch
from the grounding surface;

a feeder for providing radio frequency (RE) power to the
radiation patch;

ameander line extended from the radiating edge toward the
grounding surface and positioned with a predetermined
distance from the grounding surface; and

a stub extended from the non-radiating edge wherein the
stub includes:

a stub connector formed of a plurality of metal plates
extended from the non-radiating edge toward the
grounding surface;
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a stub body connected to the stub connector and positioned
with a predetermined distance from the grounding sur-
face; and

a slot formed in the stub body.

2. The PIFA as recited in claim 1, wherein a resonant
frequency of the PIFA is adjusted according to width of the
meander line.

3. The PIFA as recited in claim 1, wherein capacitive reac-
tance of the PIFA is adjusted according to the distance
between a lower part of the meander line and the grounding
surface.

4. The PIFA as recited in claim 1, wherein the capacitive
reactance of the antenna is adjusted based on a distance
between the metal plates of the stub connector.

5. The PIFA as recited in claim 1, wherein the capacitive
reactance of the antenna is adjusted based on a length of the
stub connector.

6. The PIFA as recited in claim 1, wherein inductive reac-
tance of the antenna is adjusted based on width or length of
the slot.

7. The PIFA as recited in claim 1, further comprising: a
plurality of shorting plates.

8. The PIFA as recited in claim 7, wherein impedance of the
antenna is adjusted based on a distance between the shorting
plates.

9. The PIFA as recited in claim 7, wherein the resonant
frequency of the antenna is adjusted based on width between
the shorting plates.

10. The PIFA as recited in claim 7, wherein each of the
shorting plates has a different width.

11. The PIFA asrecited in claim 1, wherein diverse slots are
formed in the radiation patch.

12. The PIFA as recited in claim 11, wherein the slots
include an I-shaped slot, a T-shaped slot, and a C-shaped slot.

13. The PIFA as recited in claim 1, further comprising:
supporting rods formed of a non-metallic material for con-
necting the radiation patch to the grounding surface.

14. A Planar Inverted-F Antenna (PIFA), comprising:

a radiation patch having a radiating edge and a non-radiat-

ing edge;

a grounding surface;

at least one shorting plate for shorting the radiation patch
from the grounding surface;

a feeder for providing radio frequency (RF) power to the
radiation patch; and

a stub extended from the non-radiating edge and control-
ling reactance of the antenna wherein the stub includes:

a stub connector formed of a plurality of metal plates
extended from the non-radiating edge toward the
grounding surface;

a stub body connected to the stub connector and positioned
with a predetermined distance from the grounding sur-
face; and

a slot formed in the stub body.

15. The PIFA as recited in claim 14, wherein capacitive
reactance of the antenna is adjusted based on a distance
between the metal plates of the stub connector or a length of
the stub connector.

16. The PIFA as recited in claim 14, wherein inductive
reactance of the antenna is adjusted based on width or length
of the slot.

17. The PIFA as recited in claim 14, further comprising:

a plurality of shorting plates.

18. The PIFA as recited in claim 17, wherein impedance of
the antenna is adjusted based on a distance between the short-
ing plates, and a resonant frequency of the antenna is adjusted
based on width of the shorting plates.
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19. The PIFA as recited in claim 17, wherein each of the
shorting plates has a different width.

20. The PIFA as recited in claim 14, wherein diverse slots
are formed in the radiation patch.

21. The PIFA as recited in claim 14, further comprising:
supporting rods formed of a non-metallic material for con-
necting the radiation patch to the grounding surface.

22. A Radio Frequency Identification (RFID) tag, compris-
ing:

a Planar Inverted-F Antenna (PIFA);

a digital processor for generating a digital signal on infor-

mation for the RFID tag; and

an RF transceiver for modulating the digital signal into an
RF signal and transmitting the RF signal through the
PIFA,

wherein the PIFA includes:

a radiation patch having a radiating edge and a non-radiat-
ing edge;

a grounding surface;

at least one shorting plate for shorting the radiation patch
from the grounding surface;

a feeder for providing RF power to the radiation patch;

ameander line extended from the radiating edge toward the
grounding surface and positioned with a predetermined
distance from the grounding surface; and

a stub extended from the non-radiating edge wherein the
stub includes:

a stub connector formed of a plurality of metal plates
extended from the non-radiating edge toward the
grounding surface;

a stub body connected to the stub connector and positioned
with a predetermined distance from the grounding sur-
face; and

a slot formed in the stub body.

23. A Radio Frequency Identification (RFID) tag, compris-
ing:

a Planar Inverted-F Antenna (PIFA);

a digital processor for generating a digital signal on infor-

mation for the RFID tag; and

an RF transceiver for modulating the digital signal into an
RF signal and transmitting the RF signal through the
PIFA,

wherein the PIFA includes:

a radiation patch having a radiating edge and a non-radiat-
ing edge;

a grounding surface;

at least one shorting plate for shorting the radiation patch
from the grounding surface;

a feeder for providing RF power to the radiation patch;

a stub connector formed of a plurality of metal plates
extended from the non-radiating edge toward the
grounding surface;

a stub body connected to the stub connector and positioned
with a predetermined distance from the grounding sur-
face; and

a slot formed in the stub body.

24. A method for adjusting impedance of a Planar
Inverted-F Antenna (PIFA), comprising the step of:

a) adjusting capacitive reactance of the PIFA according to

a distance between a lower part of a meander line and a
grounding surface,

wherein the PIFA includes:

a radiation patch having a radiating edge and a non-radiat-
ing edge;

the grounding surface;

at least one shorting plate for shorting the radiation patch
from the grounding surface;
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a feeder for providing radio frequency (RF) power to the 25. The method as recited in claim 24, wherein the capaci-
radiation patch; tive reactance of the antenna is adjusted based on a distance
the meander line extended from the radiating edge toward ~ between the metal plates of the stub connector or a length of
the grounding surface and positioned with a predeter- the stub connector.
mined distance from the grounding surface; and 5 26. The method as recited in claim 25, wherein a inductive

astub extended from the non-radiating edge and including:

a stub connector formed of a plurality of metal plates
extended from the non-radiating edge toward the
grounding surface;

a stub body connected to the stub connector and positioned
with a predetermined distance from the grounding sur-
face; and

a slot formed in the stub body. LA

reactance of the antenna is adjusted based on width or length
of the slot.
27. The method as recited in claim 26, wherein impedance
of the antenna is adjusted based on a distance between the
10 shorting plates.
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1
ANTENNA DEVICE

This application is a Continuation of application Ser. No.
11/099,616 filed on Apr. 4, 2005 now U.S. Pat. No. 7,251,787
and for which priority is claimed under 35 U.S.C. § 120,
which claims priority of Application No. 93136269 filed in
Taiwan on Nov. 25, 2004 under 35 U.S.C. § 119, the entire
contents of which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a helix antenna, and in particular to
a helix antenna with reduced manufacturing costs.

2. Brief Description of the Related Art

Japan Patent. No. 2001-168631 discloses a conventional
method for manufacturing a helix antenna providing a fre-
quency of circularly polarized radiation exceeding 200 MHz.
As shown in FIG. 1A, a metal (copper) layer 2 is coated
(electroplated) on the outer surface of a solid ceramic cylinder
1 in which a central through hole 3 is formed. The metal
(copper) layer 2 of the solid ceramic cylinder 1 is etched by a
laser etching system (not shown), thereby providing a specific
profile as shown in FIG. 1B. As shown in FIG. 1C, a coaxial
cable 4 with an exposed copper core 41 is disposed in the
central through hole 3 of the solid ceramic cylinder 1. The
copper core 41 is then bent and welded to the metal (copper)
layer 2 on the top of the solid ceramic cylinder 1, thereby
achieving electrical connection between the coaxial cable 4
and the metal (copper) layer 2. At this point, the copper core
41 serves as a feeder. Accordingly, as the solid ceramic cyl-
inder 1 is three-dimensional, the metal (copper) layer 2 can-
not be precisely etched to form the specific profile by the laser
etching system. Thus, some parameters, such as radio fre-
quency (RF) and impedance matching, of the helix antenna
cannot be obtained as required. A test and adjustment device
(not shown) must then be applied to fine tune the parameters
of the helix antenna.

The following description is directed to the steps of fine
tuning the parameters of the helix antenna.

The helix antenna shown in FIG. 1C is connected to the test
and adjustment device. Multiple probes of the test and adjust-
ment device are coupled to the helix antenna, detecting mag-
nitude of relative phases and amplitude of electric currents in
some specific positions of the helix antenna. According to the
detection of the probes, the laser etching system etches the
metal (copper) layer 2 on the top of the solid ceramic cylinder
1, forming a plurality of openings 21, as shown in FIG. 1D.
Specifically, to fine tune inductance of the helix antenna, the
positions, profiles, and sizes of the openings 21 must be
carefully arranged, thereby providing the helix antenna with
a frequency of circularly polarized radiation exceeding 200
MHz.

A few drawbacks, however, exist in the process of manu-
facturing the aforementioned helix antenna. Bending and
welding the copper core 41 to the metal (copper) layer 2 on
the top of the solid ceramic cylinder 1 increases manufactur-
ing time and causes inconvenience. Moreover, the laser etch-
ing system is very expensive and laser heads thereof must be
replaced after 1500 hours, thereby increasing manufacturing
costs of the helix antenna. Additionally, the duration for
which the metal (copper) layer 2 is etched by the laser etching
system is lengthy. Furthermore, as errors occur during etch-
ing of the metal (copper) layer 2 with the specific profile by
the laser etching system, the helix antenna must be fine tuned
by the test and adjustment device and laser etching system.
Namely, the metal (copper) layer 2 on the top of the solid
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ceramic cylinder 1 is etched and the openings 21 are formed
thereon. Accordingly, the process of fine tuning the helix
antenna increases manufacturing time and costs thereof.
Hence, there is a need for a helix antenna with reduced
manufacturing costs and simplified structure.

SUMMARY OF THE INVENTION

Accordingly, an exemplary embodiment of the invention
provides an antenna device comprising a dielectric body and
aflexible printed circuit board. The dielectric body comprises
a concave surface and a convex surface and the flexible
printed circuit board is disposed on the convex surface.

The dielectric body comprises a cylinder having a through
hole therein and the convex surface comprises the circumfer-
ential surface of the cylinder and the concave surface com-
prises an inner surface of the cylinder surrounding the
through hole.

The flexible printed circuit board is swirled and attached to
the circumferential surface of the cylinder, wherein a metal
feeding strip and a metal grounding strip extend from the
flexible printed circuit board and passing through the through
hole.

Furthermore, the flexible printed circuit board further com-
prises at least one first metal strip and at least one second
metal strip parallel thereto, and the first and second metal
strips tilt to one side of the flexible printed circuit board at a
predetermined angle, wherein the metal feeding strip is con-
nected to the first metal strip and the metal grounding strip is
connected to the second metal strip.

The flexible printed circuit board provides a specific value
of impedance matching, whereas the dielectric body com-
prises ceramic material.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood
from the subsequent detailed description and the accompa-
nying drawings, which are given by way of illustration only,
and thus are not limitative of the present invention and
wherein:

FIG. 1A is a schematic perspective view showing the
manufacturing process of a conventional helix antenna;

FIG. 1B is a schematic perspective view showing the
manufacturing process of the conventional helix antenna of
FIG. 1A;

FIG. 1C is a schematic perspective view showing the
manufacturing process of the conventional helix antenna of
FIG. 1B;

FIG. 1D is a schematic perspective view showing the
manufacturing process of the conventional helix antenna of
FIG. 1C;

FIG. 2A is a schematic perspective view of the ceramic
cylinder of helix antenna of an embodiment of the invention;

FIG. 2B is a schematic plane view of the flexible printed
circuit board of helix antenna of an embodiment of the inven-
tion;

FIG. 3 is a schematic view showing assembly of helix
antenna of an embodiment of the invention; and

FIG. 4 is a schematic perspective view of helix antenna of
an embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to FIG. 2A, a ceramic cylinder 110 is provided.
The ceramic cylinder 110 comprises a central through hole
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111, a first annular surface 112, and a second annular surface
113. The first annular surface 112 is opposite the second
annular surface 113. The central through hole 111 is between
the first annular surface 112 and the second annular surface
113.

Referring to FIG. 2B, a flexible printed circuit board
(FPCB) 120, the parameters of which are finely tuned, is
provided. Namely, some parameters, such as radio frequency
(RF) and impedance matching, are finely tuned in the flexible
printed circuit board 120. In this embodiment, the impedance
matching of the flexible printed circuit board 120 is 50Q
when the receiving frequency is 1575.42 MHz.

As shown in FIG. 2B, the length L of the flexible printed
circuit board 120 equals the circumference of the ceramic
cylinder 110, first annular surface 112, or second annular
surface 113. The width W of the flexible printed circuit board
120 equals the height of the ceramic cylinder 110.

The flexible printed circuit board 120 comprises two first
metal strips 131, two second metal strips 132, a metal feeding
strip 133, and a metal grounding strip 134. The first metal
strips 131 are parallel to the second metal strips 132. Specifi-
cally, the first metal strips 131 and second metal strips 132 tilt
to one side of the flexible printed circuit board 120 at a
predetermined angle 6. The metal feeding strip 133 is con-
nected to the first metal strips 131 and extends outside the
flexible printed circuit board 120. The metal grounding strip
134 is connected to the second metal strips 132 and extends
outside the flexible printed circuit board 120.

Referring to FIG. 3, the flexible printed circuit board 120 is
swirled and attached to the circumferential surface of the
ceramic cylinder 110. At this point, the metal feeding strip
133 and metal grounding strip 134 are above the first annular
surface 112 of the ceramic cylinder 110. As shown in FIG. 2A
and FIG. 4, the metal feeding strip 133 and metal grounding
strip 134 pass through the central through hole 111 from the
first annular surface 112 to the second annular surface 113. At
this point, assembly of a helix antenna 100 is complete. Spe-
cifically, as tilting to one side of the flexible printed circuit
board 120 at a predetermined angle 0, the first metal strips 131
and second metal strips 132 helically surround the ceramic
cylinder 110 after the flexible printed circuit board 120 is
swirled and attached to the circumferential surface of the
ceramic cylinder 110.

Additionally, the first metal strips 131 and second metal
strips 132 can be electroplated or printed on the flexible
printed circuit board 120. Alternatively, the flexible printed
circuit board 120 can be formed by electroplating or printing
the first metal strips 131 and second metal strips 132 on a
substrate.

In conclusion, the disclosed method for manufacturing the
helix antenna 100 has the following advantages. The dis-
closed method does not require the process of bending and
welding the copper core 41 to the metal (copper) layer 2 on
the top of the solid ceramic cylinder 1, as shown in FIG. 1C
and FIG. 1D, thus reducing manufacturing time and complex-
ity. Moreover, the laser etching system and test and adjust-
ment device are not required, such that manufacturing costs of
the helix antenna 100 are reduced. Additionally, as important
parameters in the flexible printed circuit board 120 are finely
tuned before the flexible printed circuit board 120 is swirled
and attached to the circumferential surface of the ceramic
cylinder 110, fine-tuning operation of the parameters per-
formed by the laser etching system and test and adjustment
device is not required, further reducing the manufacturing
costs and time of the helix antenna 100. Furthermore, as unity
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exists in the flexible printed circuit board(s) 120, mass pro-
duction of'the helix antenna 100 is available, thereby enhanc-
ing productivity.

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

What is claimed is:

1. An antenna device, comprising:

a dielectric body having a convex surface and a concave
surface, wherein the dielectric body is a cylinder with a
through hole, the convex surface comprises the circum-
ferential surface of the cylinder, and the concave surface
comprises an inner surface of the cylinder surrounding
the through hole;

a flexible printed circuit board disposed on the convex
surface; and

a metal feeding strip extending from the flexible printed
circuit board and passing through the through hole.

2. The antenna device as claimed in claim 1, wherein the
cylinder comprises a first annular surface and a second annu-
lar surface with the through hole therebetween, and the metal
feeding strip passes through the through hole from the first
annular surface to the second annular surface.

3. The antenna device as claimed in claim 1, wherein the
flexible printed circuit board is swirled and attached to the
circumferential surface of the cylinder.

4. The antenna device as claimed in claim 1, further com-
prising a metal grounding strip extending from the flexible
printed circuit board and passing through the through hole.

5. The antenna device as claimed in claim 4, wherein the
metal grounding strip passes through the through hole from
the first annular surface to the second annular surface.

6. The antenna device as claimed in claim 4, wherein the
flexible printed circuit board further comprises at least one
first metal strip and at least one second metal strip parallel
thereto, and the first and second metal strips tilt to one side of
the flexible printed circuit board at a predetermined angle,
wherein the metal feeding strip is connected to the first metal
strip and the metal grounding strip is connected to the second
metal strip.

7. The antenna device as claimed in claim 6, wherein the
first and second metal strips are electroplated on the flexible
printed circuit board.

8. The antenna device as claimed in claim 6, wherein the
first and second metal strips are printed on the flexible printed
circuit board.

9. The antenna device as claimed in claim 1, wherein the
length of the flexible printed circuit board equals the circum-
ference of the cylinder and the width of the flexible printed
circuit board equals the height of the cylinder.

10. The antenna device as claimed in claim 1, wherein the
flexible printed circuit board provides a specific value of
impedance matching.

11. The antenna device as claimed in claim 1, wherein the
dielectric body comprises ceramic material.

12. An antenna device, comprising:

a ceramic body having a convex surface and a concave
surface, wherein the ceramic body is a cylinder with a
through hole, the convex surface comprises the circum-
ferential surface of the cylinder, and the concave surface
comprises an inner surface of the cylinder surrounding
the though hole;
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a flexible printed circuit board disposed on the convex

surface of the ceramic body; and

a metal feeding strip extending from the flexible printed

circuit board and passing though the through hole.

13. The antenna device as claimed in claim 12, wherein the
flexible printed circuit board is swirled and attached to the
circumferential surface of the cylinder.

14. The antenna device as claimed in claim 12, further
comprising a metal grounding strip extending from the flex-

ible printed circuit board and passing through the through
hole.

6

15. The antenna device as claimed in claim 14, wherein the
flexible printed circuit board further comprises at least one
first metal strip and at least one second metal strip parallel
thereto, and the first and second metal strips tilt to one side of
the flexible printed circuit board at a predetermined angle,
wherein the metal feeding strip is connected to the first metal
strip and the metal grounding strip is connected to the second
metal strip.

16. The antenna device as claimed in claim 12, wherein the
flexible printed circuit board provides a specific value of
impedance matching.

#* #* #* #* #*
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MULTI-LOOP ANTENNA FOR RADIO
FREQUENCY IDENTIFICATION (RFID)
COMMUNICATION

TECHNICAL FIELD

The invention relates to radio frequency identification
(RFID) systems for article management.

BACKGROUND

Radio-Frequency Identification (RFID) technology has
become widely used in virtually every industry, including
transportation, manufacturing, waste management, postal
tracking, airline baggage reconciliation, and highway toll
management. A typical RFID system includes a plurality of
RFID tags, at least one RFID reader or detection system
having an antenna for communication with the RFID tags,
and a computing device to control the RFID reader. The RFID
reader includes a transmitter that may provide energy or
information to the tags, and a receiver to receive identity and
other information from the tags. The computing device pro-
cesses the information obtained by the RFID reader.

In general, the information received from an RFID tag is
specific to the particular application, but often provides an
identification for an article to which the tag is fixed. Exem-
plary articles include manufactured items, books, files, ani-
mals or individuals, or virtually any other tangible articles.
Additional information may also be provided for the article.
The tag may be used during a manufacturing process, for
example, to indicate a paint color of an automobile chassis
during manufacturing or other useful information.

The transmitter of the RFID reader outputs RF signals
through the antenna to create an electromagnetic field that
enables the tags to return an RF signal carrying the informa-
tion. In some configurations, the transmitter initiates commu-
nication, and makes use of an amplifier to drive the antenna
with a modulated output signal to communicate with the
RFID tag. In other configurations, the RFID tag receives a
continuous wave signal from the RFID reader and initiates
communication by responding immediately with its informa-
tion.

A conventional tag may be an “active” tag that includes an
internal power source, or a “passive” tag that is energized by
the field created by the RFID reader. In either case, the tags
communicate using a pre-defined protocol, allowing the
RFID reader to receive information from one or more tags.
The computing device serves as an information management
system by receiving the information from the RFID reader
and performing some action, such as updating a database. In
addition, the computing device may serve as a mechanism for
programming data into the tags via the transmitter.

Conventional antennas for RFID readers have a single
inductive loop and operate in a relatively high frequency
range, e.g., 3 megahertz (MHz) to 30 MHz. Consequently,
these antennas tend to create magnetic fields that suffer from
“holes,” i.e., regions in which an RFID tag cannot be read
even though the RFID tag is located relatively near the
antenna. For example, depending on the orientation and loca-
tion of the article to which the RFID tag is affixed, in some
situations the RFID tag may be centered above a single turn of
the inductive loop of the antenna during interrogation. In this
situation, substantially equal current may be imposed on
opposite sides of the RFID tag, which leads to a cancellation
effect. As a result, the RFID tag may not be able to achieve
RFID communication with the reader.
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In addition, conventional antennas used with desktop
RFID readers tend to create magnetic fields that extend hori-
zontally beyond the edges of the antennas. Consequently,
articles placed proximate the antenna, e.g., next to the antenna
on the desktop, may be inadvertently read by the reader,
which can lead to undesired results. For example, books
associated with one library patron and located next to an
antenna in a library management system may be inadvert-
ently checked out to another patron.

SUMMARY

In general, a field-shaping antenna and shielding compo-
nent are described that shape the magnetic field into a desir-
able configuration for use in an RFID system. More specifi-
cally, a dual-loop antenna is described in which the loops are
positioned and spaced in a manner that reduces the size of the
holes within the resulting magnetic field. In addition, the
configuration of the described dual-loop antenna achieves
increased field size relative to a single loop antenna with
equivalent power and decreases inter-winding capacitance,
thereby increasing overall read range achieved by the
antenna.

In addition, a conductive shield is described that further
refines and shapes the magnetic field produced by the
antenna. For example, the antenna may be positioned sub-
stantially horizontally on a desktop or countertop. The con-
ductive shield may be oriented parallel to the plane of the
antenna, including located in the same plane as the antenna,
and generally surrounding the antenna to limit the extent to
which the electromagnetic field extends horizontally beyond
the edges of the antenna. As a result, an electromagnetic field
is produced that generally projects above and below the
antenna, thus defining a generally vertical communication
zone in which RFID tags can be read.

In one embodiment, a multi-loop antenna comprises a plu-
rality of conductive loops to produce an electromagnetic field
for radio frequency identification (RFID) communication
with RFID tags. The conductive loops are spaced apart at least
a distance that is selected based on a dimension of the RFID
tags with which the antenna communicates.

In another embodiment, a radio frequency identification
(RFID) system comprises an RFID tag associated with an
article, and an antenna having a plurality of conductive loops
to produce an electromagnetic field for communication with
the RFID tag. The conductive loops are spaced at least a
distance that is selected based at least in part on a dimension
of'the RFID tag.

In another embodiment, a radio frequency identification
(RFID) system comprises an antenna that forms an electro-
magnetic field for communication with RFID tags, wherein
the antenna has a substantially planar form. A substantially-
contiguous conductive shield is positioned around the
antenna and within a plane parallel to the antenna.

The details of one or more embodiments of the invention
are set forth in the accompanying drawings and the descrip-
tion below. Other features, objects, and advantages of the
invention will be apparent from the description and drawings,
and from the claims.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram illustrating an exemplary RFID
system 2 that incorporates the techniques described herein.

FIG. 2 is ablock diagram that further illustrates on embodi-
ment of an antenna of the RFID system of FIG. 1.

FIG. 3 is a plan view of an exemplary dual-loop antenna.





US 7,417,599 B2

3

FIG. 4 is an exploded view of the dual-loop antenna of FIG.
3.

FIG. 5 is a schematic diagram illustrating a dual-loop
antenna utilized in conjunction with a conductive shield to
further refine and shape the resultant magnetic field.

FIG. 6 is a side view perspective diagram illustrating exem-
plary effects on a magnetic field from a conductive shield on
a single loop antenna.

FIG. 7 is another side view perspective diagram illustrating
exemplary field-shaping effects of a conductive shield.

FIG. 8A is a perspective diagram illustrating a side views
of an embodiment in which a conductive shield and an
antenna are mounted below a working surface.

FIG. 8Bis a perspective diagram illustrating a side views of
an embodiment in which an antenna is mounted in a recessed
portion of a working surface, and a conductive shield is
mounted in a non-recessed portion of the working surface.

DETAILED DESCRIPTION

FIG. 1 is a block diagram illustrating an exemplary RFID
system 2 that incorporates the techniques described herein. In
the illustrated example of FIG. 1, RFID system 2 is used to
track books, document, files or other articles. The RFID sys-
tem may, for example, be deployed within libraries, law
offices, government agencies, or other facilities that generate
and/or store documents and files, such as business, criminal,
and medical records. The articles contain RFID tags that
uniquely identify the articles. In addition, each RFID tag may
also contain information describing the article, and status
information indicating whether removal of the article is
authorized. The RFID tags may be embedded within the
articles so that the tags are substantially imperceptible,
thereby reducing or prevent tampering.

In general, RFID system 2 operates within a frequency
range of the electromagnetic spectrum, such as 13.56 MHz,
with an allowable frequency variance of +/-7 kHz. However,
other frequencies may be used for RFID applications, and the
invention is not so limited. For example, some RFID systems
in large storage areas such as a warehouse may use an RFID
system that operates at approximately 900 MHz.

As illustrated in FIG. 1, system 2 includes an exit control
system 5 that detects unauthorized removal of articles from a
protected area. For example, the protected area may be a
library and the articles may be books or other articles that are
generally checked out from and back into the library. The
techniques could also be applied to other kinds of articles
without departing from the scope of the present invention.

Exit control system 5 includes lattices 9A and 9B which
define an interrogation zone or corridor located near the exit
of'protected area. The lattices 9A and 9B include antennas for
interrogating the RFID tags as they pass through the corridor
to determine whether removal of the item to which the tag is
attached is authorized. Exit control system 5 may utilize at
least one RFID reader (not shown) to drive the antennas. To
detect a tag, the RF reader outputs RF power through the
antennas to create an electromagnetic field within the inter-
rogation corridor. In general, the terms “electromagnetic
field” and “magnetic field” are used interchangeably herein as
the magnetic component is used to couple with the RFID tags.

The RF reader receives information from any tags present
within the interrogation corridor, and exit control system 5
determines whether removal of the article is authorized. If
removal of the article is not authorized, exit control system 5
initiates some appropriate security action, such as sounding
an audible alarm, locking an exit gate, etc.
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In addition, RFID system 2 includes a check-in/check-out
area 11 by which an authorized person, e.g., a library patron
or staff member, processes articles for removal or return. In
particular, check-in/check-out area 11 includes an RFID
reader 18 for interrogating RFID tags fixed to articles and
changing their status as desired, e.g., checking-in or check-
ing-out the articles.

In addition, articles may be positioned in a number of
storage areas 12, e.g., on an open shelf 12A, a cabinet 12B, a
vertical file separator 12C or a other location, as shown in
FIG. 1. Each smart storage area 12 includes tag interrogation
capability which enables tracking of articles throughout a
facility. In a library setting, for example, a book could be
tracked after check-in while on shelf 12A.

The RFID tags themselves may take any number of forms
without departing from the scope of the present invention.
Examples of commercially available RFID tags include
3M™ RFID tags available from 3M Company, St. Paul,
Minn., or “Tag-it” RFID transponders available from Texas
Instruments, Dallas, Tex. An RFID tag typically includes an
integrated circuit operatively connected to an antenna that
receives RF energy from a source and backscatters RF energy
in a manner well known in the art. The RFID tag modulates
the RF energy providing a backscattered signal to communi-
cate information about the RFID tag and its associated article.

An article management system 14 provides a centralized
database of the tag information for each article in the facility.
Article management system 14 may be networked or other-
wise coupled to one or more computers so that individuals,
such as a librarian, at various locations, can access data rela-
tive to those items. For example, a user may request the
location and status of a particular article, such as a book.
Article management system 14 may retrieve the article infor-
mation from a database, and report to the user the last location
at which the article was located within one of the smart
storage areas. Optionally, article management system 14 can
re-poll or otherwise re-acquire the current location of an
article to verify that the article is in the location indicated in
the database.

As described in further detail below, RFID system 2 incor-
porates the techniques described herein. Check-in/check-out
area 11 and RFID reader 18, for example, may incorporate a
field-shaping dual-loop antenna 13 and a conductive shield 16
that produce a magnetic field in a desirable configuration. For
example, RFID reader 18 may incorporate dual-loop antenna
13 described herein in which the loops are positioned and
spaced in a manner that reduces the size of the holes within
the resulting magnetic field. In addition, the configuration of
the described dual-loop antenna 13 achieves increased field
size relative to a single loop antenna with equivalent power
and decreases inter-winding capacitance, thereby increasing
overall read range achieved by RFID reader 18.

In addition, check-in/check-out area 11 may utilize a con-
ductive shield 16 to further refine and shape the magnetic field
produced by antenna 13. For example, as illustrated, antenna
13 may be mounted substantially horizontally on, within, or
below desktop 15. Conductive shield 16 may be located pla-
nar to and generally surrounding antenna 13 to prevent the
electromagnetic field from extending horizontally beyond the
edges of the antenna. As a result, an electromagnetic field is
produced that generally projects above and below antenna 13,
thus defining a generally vertical communication zone in
which RFID tags can be read. Conductive shield 16 may be
mounted on desktop 15, or below or within the desktop out of
view from library patrons and staff. Conductive shield 16
need not necessarily be electrically grounded to shape the
magnetic field as described herein.
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FIG. 2 is a block diagram that further illustrates antenna 13.
As illustrated, antenna 13 generally includes dual loops 20
that, as described in further detail below, are positioned and
spaced in a manner that reduces the size of the holes within
the resulting magnetic field and achieves increased field size
and strength. Although discussed generally as having dual
loops, antenna 13 may have additional loops that are spaced
based on the desired size of the tag communication zone as
well as the dimensions of the individual tags.

Tuning circuit 22 tunes dual loops 20 to a resonant fre-
quency, and provides impedance matching and signal conver-
sion between the loop structure and cable 26, which may be a
co-axial cable. Reader 18 is coupled to tuning circuit 22 via
cable 26 and utilizes antenna 13 for both RFID transmit and
receive operations. Consequently, reader 18 may include a
directional coupler to interpret the signal returned from tun-
ing circuit 22.

FIG. 3 is a plan view of an exemplary dual-loop antenna 30.
In one exemplary embodiment, dual-loop antenna 30
includes an inner loop 32 and an outer loop 34 that reside on
parallel layers of a printed circuit board. In another embodi-
ment, inner loop 32 and outer loop 32 reside in a co-planar
relationship.

Due to the configuration of dual-loop antenna 30, current
(D from reader 18 (FIGS. 1, 2) flows through each conductive
edge of loops 32, 34 in the same direction. As a result, the
electromagnetic fields created by the parallel conductive
edges of loops 32, 34 are additive in nature and achieve a
resultant field having an increased field size relative to a
single loop antenna with equivalent power.

In addition, inner loop 32 and outer loop 34 are positioned
and spaced so as to reduce the number and/or size of any
potential holes within the resultant magnetic field. For
example, unlike conventional single-loop antennas, reader 18
may be able to achieve successful communication with an
RFID tag positioned directly above a conductive edge of the
antenna. More specifically, in this situation a conventional
single-loop RFID antenna may produce substantially equal
current on opposite sides of the RFID tag, which leads to a
cancellation effect. In contrast, an RFID tag centered above
an edge of outer loop 34, for example, will achieve increased
current on the inner side of the RFID tag due to inner loop 32.
Similarly, an RFID tag centered above an edge of inner loop
32, for example, will achieve increased current on the outer
side of the RFID tag due to outer loop 34. In either case, the
increased current achieves increased energy within the RFID
tag, allowing the RFID tag to successfully communicate with
RFID reader 18. In this manner, the described configuration
of'dual-loop antenna 30 may reduce the number and/or size of
any holes within the resultant electromagnetic field.

In one embodiment, inner loop 32 and outer loop 34 may be
positioned at least a distance D apart, where D is selected
based on a dimension of an RFID tag for use within the
system. For example, sizes for many conventional 13.56 MHz
RFID tags range in dimension from 0.5"x1"(1.27 cmx2.54
cm)to 2"x3"(5.08 cmx7.62 cm). Thus, in one embodiment D
may be selected to exceed a maximum dimension of the RFID
tag to ensure that no RFID tag can be positioned across both
of inner loop 32 and outer loop 34, which may be advanta-
geous in increasing the ability of reader 18 to achieve suc-
cessful communication with the tags regardless of tag loca-
tion. Consequently, in one embodiment D=2.54 cm. In
another embodiment, D=5.08 cm.

Although illustrated for exemplary purposes with respect
to generally rectangular dual-loops, other forms of loops may
readily be used, such as round, oval or other geometric con-
figurations.
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FIG. 4 is an exploded view of antenna 30 of FIG. 3. As
described above, antenna 30 comprises a first layer 40 that
contains inner loop 32 and a second layer 42 that contains
outer loop 34. Layers 40, 42 may, for example, be layers
stacked on top of one another to form a multi-layered printed
circuit board.

FIG. 5 is a schematic diagram illustrating a dual-loop
antenna 60 utilized in conjunction with a conductive shield 66
to further refine and shape the resultant magnetic field.
Although illustrated for exemplary purposes with respect to a
dual-loop antenna, conductive shield 66 may be used with
other forms of antennas, such as single or multi-loop antennas
of square, round or other configurations.

Conductive shield 66 may be viewed as four conductive
planar regions 65A-65D that form a nearly contiguous con-
ductive shield having a non-shielded inner region 61 around
antenna 60. Conductive shield 66 prevents passage of an
electromagnetic field, thereby limiting the magnetic field cre-
ated by antenna 60 to the inner region. In other words, the
magnetic field created by antenna 60 extends vertically (e.g.,
inward and outward from FIG. 6) within inner region 61, but
is prevented from forming substantially over conductive
shield 66 due to the conductive nature of the conductive
shield.

Conductive shield 66 includes a disconnect area 63 that
prevents a closed loop from being formed around antenna 60,
thereby preventing current from forming within the conduc-
tive shield. In general, disconnect area 63 may have a gap of
a minimum distance D4 sufficient to create an electrical dis-
connect within conductive shield 66 and not substantially
reduce the shielding effect of the conductive shield. For
example, conductive shield 66 may be conventional copper or
other conductive shielding, and distance D4 need not be more
than a few millimeters.

In general, conductive shield 66 is located a distance D3
from outer loop 64, and the distance D3 therefore defines the
outer-most regions of the tag communication zone created by
antenna 60. In other words, D3 defines the outermost limits of
non-shielded inner region 61 in which the tags may be read
when antenna 60 is driven with sufficient power to generate a
magnetic field having sufficient strength to achieve success-
ful communication throughout the inner region.

Each conductive regions 65A-65D has a width of D5,
which generally is determined based on the strength of the
magnetic field formed by antenna 60. For example, the width
D5 of each conductive regions 65A-65D must be sufficient
that the field strength at any region beyond, e.g., outside, of
conductive shield 66 is below a threshold level necessary for
RFID communication. In this manner, conductive shield 66
substantially prevents RFID communication in areas above
conductive shield 66 until the field itself has reached a
reduced field strength insufficient for RFID communication,
which may be at any point between the inner edges and the
outer edges of conductive regions 65. Consequently, D5 may
be viewed as a minimum width of conductive regions 65, and
the conductive regions may have greater widths. For example,
conductive regions 65 may be extended beyond the distance
D5 for other reasons, e.g., manufacturing simplicity. More-
over, conductive regions 65 need not be of uniform widths,
but rather each should preferably exceed the minimum dis-
tance D5.

FIG. 6 is a side view perspective diagram illustrating the
effects on a magnetic field from a conductive shield for which
a left portion 70 and a right portion 72 are depicted. For
simplicity, a single-loop antenna is illustrated in FIG. 6 by
conductive traces 74 and 76. It should be realized that with
respect to the effects of a conductive shield, a dual-loop
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antenna may be logically viewed as a single loop antenna
having a radius equal to an average between the radii associ-
ated with the dual loops.

As illustrated in FIG. 6, current I within conductive traces
74 and 76 create respective magnetic fields 82 and 84. Nota-
bly, magnetic fields 82, 84 would extend to regions 78, 80,
respectively, but for the shielding affects of left portion 70 and
right portion 72, respectively. Thus, it should be realized that
locating left portion 70 and right portion 72 nearer to conduc-
tive traces 74 and 76 would further limit the outward extent to
which the resultant magnetic field is formed. In addition,
locating left portion 70 and right portion 72 nearer to conduc-
tive traces 74 and 76 would further limit the extent to with
fields 82, 84 extend inward to the opposite conductive trace.
The overall communication zone for this single loop antenna
is the approximate sum of the magnetic fields 82 and 84.

For this reason, D3 (FIG. 5) is selected to exceed a mini-
mum distance necessary for the magnetic fields 82, 84 (FIG.
6) to overlap so as to ensure that a field strength is achieved
within the loops sufficient for RFID communication.

In one embodiment, for example, D3 is selected to approxi-
mately equal the average of D1 and D2 as follows:

D32(D1+D2)/2. (1
In addition, D2 is selected to equal approximately 1.5*D1.
For example, D1, D2 and D3 may equal 2" (5.08 cm), 3.5"
(8.89 cm), and 2.75" (6.98 cm) respectively. This particular
selection for distance D3 allows the resultant magnetic field
created by inner loop 62 and outer loop 64 (FIG. 5) to extend
from these loops both in the inward and outward directions to
entirely cover antennae 60 with sufficient strength to achieve
RFID communication.

FIG. 7 is another side view perspective diagram illustrating
the field-shaping effects of a conductive shield. In particular
FIG. 7 illustrates a resultant electromagnetic field 90 pro-
duced by antenna 94 and shaped by a conductive shield, of
which a left portion 92A and a right portion 92B are depicted.
As illustrated, the conductive shield limits the extent to which
electromagnetic field 90 outwardly extends from antenna 94,
thereby preventing inadvertent reading of RFID tags located
beyond the horizontal edges of a defined communication
zone.

FIG. 8A is a perspective diagram illustrating a side view of
one embodiment of a check-in/check-out area 100 in which
an antenna 102 and conductive shield 104 are mounted below
a surface 106. In this example, antenna 102 and conductive
shield 104 create an RFID tag communication zone 107
above surface 106. Surface 106 may include visual indicia
identifying the edges of the communication zone. In this
manner, conductive shield 104 prevents inadvertent reading
of RFID tags in areas 108 beyond the defined communication
zone 107.

FIG. 8B is a perspective diagram illustrating a side view of
another embodiment of a check-in/check-out area 110. In this
example, desktop 116 forms a recess 120, below which
antenna 112 is mounted. Conductive shield 114 is mounted to
surround antenna 112, on the non-recessed portion of desktop
116. In this example, antenna 112 and conductive shield 114
create an RFID tag communication zone 117, and the con-
ductive shield prevents inadvertent reading of RFID tags in
areas 118 beyond the defined communication zone. In
another embodiment, desktop 116 does not form recess 120,
and antenna 112 is mounted below the desktop.

Various embodiments of the invention have been
described. These and other embodiments are within the scope
of the following claims.

20

25

30

35

40

45

50

55

60

65

8

The invention claimed is:

1. An antenna for interrogating radio frequency identifica-
tion (RFID) tags having a maximum dimension M, the
antenna comprising a plurality of conductive loops to produce
an electromagnetic field for RFID communication with the
RFID tags, wherein the conductive loops are spaced apart at
least a distance D, wherein D=M.

2. The antenna of claim 1, wherein D=2.54 cm.

3. The antenna of claim 1, wherein D=5.08 cm.

4. The antenna of claim 1, wherein the plurality of conduc-
tive loops form a dual-loop structure having an inner loop and
an outer loop.

5. The antenna of claim 1, wherein the plurality of conduc-
tive loops are electrically coupled so that a common current
flows through the loops.

6. The antenna of claim 5, wherein the plurality of conduc-
tive loops are located in parallel planes and formed with
concentric traces, and the plurality of conductive loops are
electrically coupled so that the common current flows through
the loops in the same direction.

7. The antenna of claim 1, wherein the plurality of conduc-
tive loops are formed in a single printed circuit board.

8. The antenna of claim 1, further comprising a tuning
circuit for tuning the plurality of loops to a single operating
frequency.

9. The antenna of claim 8, wherein the tuning circuit tunes
the plurality of antennas to the operating frequency of
approximately 13.56 megahertz (MHz).

10. The antenna of claim 1, wherein the conductive loops
are substantially coplanar and the distance D represents the
distance between the conductive loops within a plane.

11. A radio frequency identification (RFID) system com-
prising: an RFID tag associated with an article, wherein the
RFID tag has a maximum dimension M; and

an antenna having a plurality of conductive loops to pro-

duce an electromagnetic field for communication with
the RFID tag, wherein the conductive loops are spaced at
least a distance D, wherein D=M.

12. The RFID system of claim 11, further comprising:

an RFID interrogation device coupled to the antenna,

wherein the interrogation device interrogates the RFID
tag to obtain information regarding the article; and

a computing device to process the information retrieved

from the RFID interrogation device.
13. The RFID system of claim 11, wherein the plurality of
conductive loops are electrically coupled so that the RFID
interrogation device, drives a common current through the
loops.
14. The RFID system of claim 13, wherein the plurality of
conductive loops are formed with concentric traces, and the
plurality of conductive loops are electrically coupled so that
the common current flows through the loops in the same
direction.
15. The RFID system of claim 11, wherein D=2.54 cm.
16. The RFID system of claim 11, wherein D=5.08 cm.
17. The RFID system of claim 11, wherein the plurality of
conductive loops form a dual-loop structure having an inner
loop and an outer loop.
18. The RFID system of claim 11, wherein the antenna has
a substantially planar form.
19. A radio frequency identification (RFID) system com-
prising:
an RFID tag associated with an article, wherein the RFID
tag has a dimension M;

an antenna for interrogating RFID tags having a maximum
dimension M, the antenna comprising a plurality of con-
ductive loops to produce an electromagnetic field for
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RFID communication with the RFID tag, wherein the
antenna has a substantially planar form, and wherein the
conductive loops are spaced apart at least a distance D,
wherein D=M; and

a substantially-contiguous conductive shield positioned
around the antenna and within a plane parallel to the
antenna.

20. The RFID system of claim 19, wherein the conductive
shield shapes the electromagnetic field to extend substantially
in a direction perpendicular to the antenna, and prevents the
electromagnetic field from forming substantially over the
conductive shield.

21. The RFID system of claim 20, wherein the conductive
shield comprises planar conductive regions oriented to form a
non-shielded inner region, and further wherein the antenna is
disposed within the non-shielded inner region and parallel to
the planar conductive regions.

22. A method comprising:

determining a maximum dimension M of aradio frequency

identification (RFID) tag for use within a radio fre-
quency identification (RFID) system;

selecting a distance D based on the dimension M, wherein

DzM; and

positioning a plurality of conductive loops of an antenna

such that the conductive loops are spaced apart at least

the selected distance D for communication with the
RFID tag within the RFID system.

20

10

23. The method of claim 22, further comprising electrically
coupling the plurality of conductive loops so that a common
current flows through the loops.
24. The method of claim 23,
wherein the plurality of conductive loops are located in
parallel planes and formed with concentric traces, and

wherein electrically coupling the plurality of conductive
loops comprises electrically coupling the plurality of
conductive loops so that the common current flows
through the loops in the same direction.

25. The method of claim 22, further comprising forming
the conductive loops in a single printed circuit board.

26. The method of claim 22, further comprising tuning the
plurality of loops to a single operating frequency using a
tuning circuit.

27. The method of claim 22, wherein positioning the con-
ductive loops comprises positioning the loops substantially
coplanar, and wherein the distance D represents the distance
between the conductive loops within a plane.

28. The method of claim 22, further comprising position-
ing a substantially-contiguous conductive shield around the
antenna and within a plane parallel to the antenna.

29. The method of claim 28, further comprising:

shaping the electromagnetic field to extend substantially in

a direction perpendicular to the antenna; and preventing
the electromagnetic field from forming substantially
over the conductive shield.

#* #* #* #* #*
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ANTENNA ASSEMBLY FOR USE IN A
TELECOMMUNICATION DEVICE

FIELD OF THE INVENTION

The present invention relates to an antenna assembly, more
particularly to an antenna assembly for use in a local wireless
system and a telecommunication device, such as a mobile
phone.

BACKGROUND OF THE INVENTION

Due to advance of the telecommunication technology, the
local wireless system and the mobile phone are provided with
in-built antenna assemblies respectively for transmitting and
receiving signals from far and nearby.

FIG. 1 shows a conventional mobile phone 2 is shown to
include an upper casing 6, a lower casing 8, an input keypad
12, and a printed circuit board 14. The upper casing 6 has an
LCD panel 10, and is formed with a plurality of input keys
602.

The printed circuit board 14 generally includes several
complicated circuits, chipsets, and other electronic compo-
nents for different functions. The printed circuit board 14 is
disposed below the keypad 12. The keypad 12 is formed with
a plurality of conductive pads 1202 respectively aligned with
the input keys 602 of the upper casing 6. Depression of an
input key 602 via an actuator (not shown) results in a contact
between the respective conductive pad 1202 and the respec-
tive circuit, thereby sending a signal to the signal-processing
module (not shown).

As a rule, the mobile phone 2 is provided with an antenna
assembly according to the requirement for transmitting and
receiving signals. For communication with a base station, an
antenna assembly 3 is fabricated on the top portion of the
printed circuit board 14. For communication with the local
wireless system, for example WL AN, another antenna assem-
bly 4 (hence WL AN antenna assembly) is fabricated on the
lower portion of the printed circuit board 14. As shown in
FIG. 1, the antenna assembly 4 has a F-shaped configuration
and includes a radiating metal strip having a main strip sec-
tion 402 mounted on the printed circuit board 14 adjacent to
the periphery thereof, a feeding strip section 404 for coupling
to the signal-processing module (not shown) and a grounding
strip section 406 for grounding purposes.

Moreover, the upper and lower surface of the printed circuit
board 14 defines a naked space 16 for receiving the main strip
section 402, the feeding strip section 404 and the grounding
strip section 406. Since the naked space is free from circuits
and is defined by a portion of the FR 4 standard laminates,
which as a whole serves as the major medium for forming the
printed circuit board 14 once the circuits are fabricated
thereon. Enlargement of the distance between the main strip
section 402 and the conductive layer at a lower elevation in
the printed circuit board 14 can result in decrease of the Q
value, thereby enhancing the storage capacity of the antenna
assembly and consequently permitting the latter to possess a
wider band of operating frequency.

As a matter of fact, due to the presence of the naked space
16 in the printed circuit board, it makes the manufactures of
the electronic device more difficult to design the complicated
circuit paths on the remaining space of the printed circuit
board. Since the mobile phone (each electronic device) is
under the trend toward the compact size, formation of the
aforesaid naked space 16 results in waste of precious space in
the printed circuit board. In addition, the manufacturers of the
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antenna assembly aggressively want to widen the distance
between the main strip section and the conductive layer dis-
posed at a lower elevation.

Therefore, the main object of the present invention is to
provide an antenna assembly for solving the aforesaid prob-
lems.

SUMMARY OF THE INVENTION

The object of the present invention is to provide two built-
in antenna assemblies within a mobile phone such that the
latter can use the first antenna assembly for communicating
with the WLAN system and the second one of communicat-
ing with the base station.

In one aspect of the present invention, an antenna assembly
is provided for use in a telecommunication device, the tele-
communication device including a first printed circuit board
and a second printed circuit board disposed right below and
facing the first printed circuit board. The antenna assembly
includes: a radiating metal strip having a main strip section
for disposing on an upper surface of the first printed circuit
board, a feeding strip section extending from the main strip
section through a first through hole in the first printed circuit
board toward the second printed circuit board, and a ground-
ing strip section extending from the main strip section
through a second through hole in the first printed circuit board
toward the second printed circuit board. After assembly, the
feeding and grounding strip sections tend toward an upper
surface of the second printed circuit board.

In another aspect of the present invention, a telecommuni-
cation device is provided to include a first printed circuit
board and a second printed circuit board disposed right below
and facing the first printed circuit board. The telecommuni-
cation device includes: a wireless antenna assembly includ-
ing a radiating metal strip having a main strip section for
disposing on an upper surface of the first printed circuit board,
a feeding strip section extending from the main strip section
through a first through hole in the first printed circuit board
toward the second printed circuit board, and a grounding strip
section extending from the main strip section through a sec-
ond through hole in the first printed circuit board toward the
second printed circuit board. After assembly, the feeding and
grounding strip sections tend toward an upper surface of the
second printed circuit board.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages of this invention will
become more apparent in the following detailed description
of the preferred embodiments of this invention, with refer-
ence to the accompanying drawings, in which:

FIG. 1 is an exploded, perspective view of a conventional
telecommunication device provided with a F-shaped antenna
assembly;

FIG. 2A is a perspective view, illustrating how an antenna
assembly is mounted in a telecommunication device of the
present invention;

FIG. 2B is an enlarged view of an encircled portion the
telecommunication device of the present invention;

FIG. 3 shows a fragmentary view of the telecommunication
device of the present invention;

FIG. 4 is a diagram of computer stimulation result for the
antenna assembly employed in the telecommunication device
of the present invention; and

FIG. 5A to FIG. 5D show four different designs of the
antenna assembly produced according to the present inven-
tion.
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DETAILED DESCRIPTIONS OF THE
PREFERRED EMBODIMENT

Referring to FIG. 2, a perspective view of the preferred
embodiment of a telecommunication device 30 according to
the present invention is shown to include an outer casing (not
visible since removed), a first printed circuit board 34, a
second printed circuit board 36, and an antenna unit consist-
ing of a distal antenna assembly 3 (see FI1G. 1) and a antenna
assembly 32, for example LAN antenna assembly.

The telecommunication device 30 can be a mobile phone.
In other words, the LAN antenna assembly 32 can be used in
a WLAN system. The first and second printed circuit board
34, 36 are made from FR 4 standard laminates. The first
printed circuit board 34 is formed with first and second
through holes 40, 42. The second printed circuit board 36 is
disposed right below the first printed circuit board 34 so as to
face the former.

The distal antenna assembly 3 is generally mounted on the
second printed circuit board 36, since the latter being the main
circuit board of the mobile phone 30. The LAN antenna
assembly 32 is mounted on an upper surface of the first
printed circuit board 34, and includes a radiating metal strip
having a main strip section 3202, a feeding strip section 3204,
and a grounding strip section 3206. The main strip section
3202 is fabricated on the upper surface of the first printed
circuit board 34. In this embodiment, the keypad of the
mobile phone serves as the first printed circuit board 34 such
that the main strip section 3202 is mounted on the keypad
while the feeding and grounding strip sections 3204, 3206
extend respectively from a lower surface of the main strip
section through the first and second through holes 40, 42 in
the keypad toward the second printed circuit board 36.

The first printed circuit board 34 has a naked space 50 (i.e.
no circuits exist therein) at a lower surface thereof in align-
ment with the main strip section 3202 of the radiating metal
strip. In this embodiment, the first and second through holes
40, 42 are formed through the naked space 50 of the first
printed circuit board 34 to permit extension of the feeding
strip section 3204 and the grounding strip section 3206. The
feeding strip section 3204 is used for coupling to a signal-
processing module (not shown). The grounding strip section
3204 serves as the ground. The second printed circuit board
36 is vertically spaced apart from the first printed circuit
board 34 at a predetermined distance. In this embodiment,
one copper foil strip of the first printed circuit board 34 serves
as the radiating metal strip.

Referring to FIG. 3, since the first and second printed
circuit boards 34, 36 are spaced apart from each other at the
predetermined distance and for establishing electrical com-
munication therebetween, the second printed circuit board 36
is formed with two conductive posts 60 respectively project-
ing upwardly from the upper surface and extending into the
first and second through holes 40, 42 respectively such that
after assembly the feeding and grounding strip sections 3204,
3206 are respectively in contact with the conductive posts 60,
thereby establishing electrical communication between the
first and second circuit boards 34, 36. Since each conductive
post 60 has an abutment shoulder 60B, the peripheries con-
fining the first and second holes 40, 42 can be seated respec-
tively on the shoulders 60B of the conductive posts 60. Since
the distance between the first and second printed circuit
boards 34, 36 is enlarged so as to decrease the Q value of the
antenna assembly 32, thereby enhancing the storage capacity
of the antenna assembly 32 and consequently permitting the
latter to possess a wider band of operating frequency.
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FIG. 4 is a diagram of the computer stimulation results,
illustrating the input return loss (dB) verses frequency (GHz)
for the antenna assembly 32. In practice, the first printed
circuit board 34 is constructed to have a dimension of 37.2x
64.5 mm?, which is suitable to be placed within a mobile
phone of foldable type (generally known as flip phone).
Under the condition that the main strip section 3202 is spaced
vertically apart from the upper surface of the second printed
circuit board 36 by a distance of 3 mm, the antenna assembly
32 accordingly occupies a space of 6x20 mm? in the first
printed circuit board 34. Arrangement of the antenna assem-
bly 32 permits the mobile phone to operate under the fre-
quency centering around 2.45 GHz. In case the main strip
section 3202 has a loss return at -6 dB, the operating band-
width can be 90 MHz. Therefore, the antenna assembly 32 is
compatible with the Bluetooth, IEEE 802.11b, IEEE 802.11¢g
protocols of short distance wireless communication.

In the above mentioned mobile phone, the antenna assem-
bly 32 is mounted on the upper surface of the first printed
circuit board 34 at one corner thereof adjacent to the periph-
ery confining the upper surface thereof. FIGS. 5A to 5D show
four different designs of the antenna assembly 32, wherein in
FIGS. 5A, 5B and 5C, the main strip portion 3202 of the
antenna assembly 32 has a generally U-shaped configuration
while another one has a generally V-shaped configuration, as
best shown in FIG. 5D.

In summary, since the LAN antenna assembly 32 is
mounted on the upper surface of the first printed circuit board
34, the mobile phone 30 possesses two antenna assemblies 3,
32 for transmitting and receiving signals from far and near via
the local base station. The mobile phone 30 accordingly pro-
duced is compact in size by virtue of designing the main strip
section 3202 of the radiating metal strip in the naked space of
the first printed circuit board 34. In addition, presence of the
conductive posts 60 on the second printed circuit board 36
consequently widens the distance between the first and sec-
ond printed circuit boards 34, 36, which, in turn, results in
decrease of the Q value, thereby enhancing the storage capac-
ity of the antenna assembly and consequently permitting the
latter to possess a wider band of operating frequency.

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

I claim:

1. An antenna assembly for use in a telecommunication
device, the telecommunication device including a first printed
circuit board and a second printed circuit board disposed right
below and facing the first printed circuit board, the antenna
assembly comprising:

a radiating metal strip including a main strip section dis-
posing on an upper surface of the first printed circuit
board,

a feeding strip section extending from said main strip sec-
tion through a first through hole in the first printed circuit
board toward the second printed circuit board, and

a grounding strip section extending from said main strip
section through a second through hole in the first printed
circuit board toward the second printed circuit board;

whereby, said feeding and grounding strip sections extend-
ing from said main strip section tend toward an upper
surface of the second printed circuit board;

wherein the telecommunication device is a mobile phone,
the first printed board circuit board is an input keypad of
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the mobile phone, and the second printed circuit board is
a main circuit board of the mobile phone.

2. The antenna assembly according to claim 1, wherein the
first printed circuit board has a naked space at a lower surface
thereofin alignment with said main strip section, said first and
second through holes being formed through said naked space
to permit extension of said feeding and grounding strip sec-
tions therethrough.

3. The antenna assembly according to claim 1, wherein said
main strip section is mounted on the upper surface of the first
printed circuit board adjacent to a periphery confining the
upper surface of the first printed circuit board.

4. The antenna assembly according to claim 1, wherein said
main strip section has an inverted U-shaped configuration.

5. The antenna assembly according to claim 1, wherein said
main strip section has a generally V-shaped configuration.

6. The antenna assembly according to claim 1, wherein the
first printed circuit board is spaced apart from the second
printed circuit board at a predetermined distance.

7. The antenna assembly according to claim 6, wherein the
upper surface of the second printed circuit board is formed
two conductive posts respectively extending into the first and
second through holes in the first printed circuit board such
that after assembly the first and second printed circuit boards
are in electrical communication therebetween by virtue of
engagement between said feeding and grounding strip sec-
tions and said conductive posts.

8. A telecommunication device including a first printed
circuit board and a second printed circuit board disposed right
below and facing the first printed circuit board, the telecom-
munication device comprising:

an antenna assembly including a radiating metal strip hav-
ing a main strip section for disposing on an upper surface
of' the first printed circuit board,

a feeding strip section extending from said main strip sec-
tion through a first through hole in the first printed circuit
board toward the second printed circuit board, and

a grounding strip section extending from said main strip
section through a second through hole in the first printed
circuit board toward the second printed circuit board;

whereby, said feeding and grounding strip sections extend-
ing from said main strip section tend toward an upper
surface of the second printed circuit board;
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wherein the telecommunication device is a mobile phone,
the first printed circuit board is an input keypad of the
mobile phone, and the second printed circuit board is a
main circuit board of the mobile phone.

9. The telecommunication device according to claim 8,
wherein the first printed circuit board has a naked space at a
lower surface thereof in alignment with said main strip sec-
tion, said first and second through holes being formed through
said naked space to permit extension of said feeding and
grounding strip sections therethrough.

10. The telecommunication device according to claim 8,
wherein said antenna assembly is mounted on the upper sur-
face of the first printed circuit board adjacent to one corner
thereof.

11. The telecommunication device according to claim 8,
wherein said antenna assembly is mounted on the upper sur-
face of the first printed circuit board adjacent to a periphery
confining the upper surface of the first printed circuit board.

12. The telecommunication device according to claim 8,
wherein the first printed circuit board has a copper foil strip on
the upper surface serving as said radiating metal strip.

13. The telecommunication device according to claim 8,
wherein said main strip section has an inverted U-shaped
configuration.

14. The telecommunication device according to claim 8,
wherein said main strip section has a generally V-shaped
configuration.

15. The telecommunication device according to claim 8,
wherein the first printed circuit board is spaced apart from the
second printed circuit board at a predetermined distance.

16. The telecommunication device according to claim 8,
wherein the upper surface of the second printed circuit board
is formed two conductive posts respectively extending into
the first and second through holes in the first printed circuit
board such that after assembly the first and second printed
circuit boards are in electrical communication therebetween
by virtue of engagement between said feeding and grounding
strip sections and said conductive posts.

17. The telecommunication device according to claim 8,
further comprising a distal antenna assembly mounted on the
second printed circuit board.

#* #* #* #* #*
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ANTENNA APPARATUS AND PORTABLE
WIRELESS DEVICE USING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an antenna apparatus
which corresponds to plural frequency bands and a portable
wireless device using the same.

2. Description of the Related Art

On acellular phone as a major example of portable wireless
devices used for mobile communication, installations of not
only a function as atelephone but also communication system
functions corresponding to various applications are proceed-
ing As examples of such functions, FM radio reception, TV
reception, a GPS function, compliance to Bluetooth standard,
Wireless Local Area Network (WLAN) and the like can be
cited. These systems differ from one another in frequency
bands to be used and wireless circuitry, therefore, antenna
elements corresponding to respective systems are required.

A structure of a portable wireless device including a con-
ventional antenna apparatus is shown in FIG. 12. Portable
wireless device 105 includes an antenna apparatus having
first antenna element 101, second antenna element 102 and
ground board 100. First antenna element 101 and second
antenna element 102 are connected to ground board 100
respectively. First antenna element corresponds to a first sys-
tem in a first frequency. Second antenna element 102 corre-
sponds to a second system in a second frequency. Accord-
ingly, the antenna apparatus corresponding to plural systems
requires plural antenna elements corresponding to respective
systems. Such conventional structure is disclosed in, for
example, Japanese Patent Unexamined Publication No.
2002-237779.

However, in the conventional antenna apparatus, plural
antenna elements are simply arranged in a ground board,
therefore, when frequencies of antenna elements are close or
overlapped, problems of property deterioration by a coupling
between elements, and difficulty in adjusting the element
itself by the coupling can occur.

SUMMARY OF THE INVENTION

The invention provides an antenna apparatus and a portable
wireless device using the same, in which a coupling between
antenna elements is reduced and an isolation property is
improved even when frequencies of antenna elements are
close or overlapped.

The antenna apparatus of the invention includes a ground
board, a first antenna element corresponding to a first fre-
quency band, a second antenna element corresponding to a
second frequency band in the vicinity of, or overlapped with
the first frequency band, a first power feeding part connecting
the ground board to the first antenna element and a second
power feeding part connecting the ground board to the second
antenna element, having a structure in which the first antenna
element is arranged in a direction at an angle of an integer
multiple of 90 degrees with respect to a long edge of the
ground board, and the second antenna element is arranged in
parallel with the long edge of the ground board. According to
this, the antenna apparatus and the portable wireless device
using the same, in which the coupling between antenna ele-
ments is reduced and the isolation property is improved can
be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view showing a structure of a portable wireless
device including an antenna apparatus according to an
embodiment of the invention;
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FIG. 2 is a graph showing a transmission characteristic of
the antenna apparatus according to the same embodiment;

FIG. 3 is a graph showing a transmission characteristic of
an antenna apparatus when two antenna clements are
arranged to be orthogonal to a long edge of a ground board to
be compared with the antenna apparatus according to the
same embodiment;

FIG. 4 is another graph showing the transmission charac-
teristic of the antenna apparatus according to the same
embodiment;

FIG. 5 is a view showing a structure of a portable wireless
device including an antenna apparatus according to a second
embodiment of the invention;

FIG. 6 is a view showing a structure of a portable wireless
device including an antenna apparatus according to a third
embodiment of the invention;

FIG. 7 is a view showing a structure of a portable wireless
device including another antenna apparatus according to the
same embodiment;

FIG. 8 is a view showing a structure of a portable wireless
device including an antenna apparatus according to a fourth
embodiment of the invention;

FIG. 9 is a view showing a structure of a portable wireless
device including an antenna apparatus according to a fifth
embodiment of the invention;

FIG. 10 is a graph showing a transmission characteristic of
the antenna apparatus according to the same embodiment;

FIG. 11 is a view showing a structure of a portable wireless
device including an antenna apparatus according to a sixth
embodiment of the invention; and

FIG. 12 is a view showing a structure of a portable wireless
device including a conventional antenna apparatus.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Hereinafter, embodiments of the invention will be
explained with respect to the drawings.

First Embodiment

FIG. 1 is a view showing a structure of a portable wireless
device including an antenna apparatus according to a first
embodiment of the invention. FIG. 2 is a graph showing a
transmission characteristic of the antenna apparatus accord-
ing to the same embodiment. FIG. 3 is a graph showing a
transmission characteristic of an antenna apparatus when two
antenna elements are arranged to be orthogonal to a long edge
of'a ground board to be compared with the antenna apparatus
according to the same embodiment. FIG. 4 is another graph
showing the transmission characteristic according to the
same embodiment.

In FIG. 1, portable wireless device 35 includes an antenna
apparatus having ground board 10, first antenna element 11,
second antenna element 12, first power feeding part 13 and
second power feeding part 14. First antenna element 11 is
arranged in a direction parallel (such as in portion 15) to a
long edge of ground board 10, having relation of 180 degrees
with respect to second antenna element 12. Second antenna
element 12 is arranged in a direction parallel to the long edge
of ground board 10. First power feeding part 13 feeds power
to first antenna element 11. Second power feeding part 14
feeds power to second antenna element 12.

By thus arranging two antenna elements, first antenna ele-
ment 11 and second antenna element 12 can direct null points
which suppress radiation in each other’s antenna directions.
When comparing FIG. 2 with FIG. 3, in a frequency band of
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the antenna which is between 2.4 and 2.5 GHz, a transmission
characteristic between antenna elements of the antenna appa-
ratus according to the embodiment shown in FIG. 2 is
improved by approximately 3 dB as compared with the con-
ventional antenna apparatus shown in FIG. 3. It is found from
the result that an isolation property is improved. Accordingly,
an antenna apparatus in which a coupling between elements is
reduced and the isolation property is improved can be
obtained, further, a portable wireless device using the antenna
apparatus can be obtained.

Additionally, the length of a short edge of ground board 10
is made to be the length of approximately %4 wavelength of a
predetermined frequency, thereby controlling current in a
short-edge direction of ground board 10. Accordingly, an
antenna apparatus in which the coupling between antenna
elements through ground board 10 is further reduced and the
isolation property is improved can be obtained.

A transmission characteristic between antenna elements
according to the embodiment at this time is shown in FIG. 4.
Inthe embodiment shown in FIG. 4, a pole of the transmission
characteristic can be adjusted to a desired frequency band by
controlling current distribution on ground board 10, there-
fore, the transmission characteristic can be improved as com-
pared with FIG. 3, by approximately 15 dB in the frequency
band of the antenna, that is, between 2.4 and 2.5 GHz, as a
result, the isolation property can be improved.

By adjusting the frequency corresponding to antenna ele-
ments to 2.4 to 2.5 GHz which is the frequency band of
Bluetooth and WL AN, an antenna apparatus complying with
these applications can be obtained, further, a portable wire-
less device using the antenna apparatus can be obtained.

Second Embodiment

FIG. 5 is a view showing a portable wireless device includ-
ing an antenna apparatus according to a second embodiment
of'the invention. In the embodiment, components having the
same structures as the first embodiment are denoted by the
same reference numerals and explanations thereof are omit-
ted. InFIG. 5, first slit 15 is provided at a position correspond-
ing to the length of approximately %4 wavelength in a short
edge at the side of antenna element 11 which is connected to
ground board 10, and second slit 16 is provided at a position
corresponding to the length of approximately % wavelength
in a short edge at the side of antenna element 12.

In the embodiment, by providing slits 15, 16 at the posi-
tions corresponding to the length of approximately Y4 wave-
length in the short edges of ground board 10, the apparatus
can be equivalent to the one whose short-edge length of
ground board 10 is %4 wavelength long, utilizing resonance by
the slits, therefore, an isolation property can be improved and
the length of the short edge of ground board 10 can be set
without restraint. In addition, by making the length of slits 15,
16 be approximately ¥4 wavelength of a desired frequency,
the resonance at the slits can be optimized, therefore, the
isolation property can be further improved.

Third Embodiment

FIG. 6 is a view showing a structure of a portable wireless
device including an antenna apparatus according to a third
embodiment of the invention. FIG. 7 is a view showing a
structure of a portable wireless device including another
antenna apparatus according to the same embodiment. In the
embodiment, components having the same structures as the
first embodiment are denoted by the same reference numerals
and explanations thereof are omitted. In FIG. 6, ground board
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10 has first cut-out portion 17 from a position corresponding
to the length of approximately % wavelength in a short edge
at the side of antenna element 11 to be connected, and second
cut-out portion 18 from a position corresponding to the length
of approximately %4 wavelength in a short edge at the side of
antenna element 12, which have respectively step-shapes. In
the embodiment, by providing cut-out portions 17, 18 at
positions corresponding to the length of approximately Y4
wavelength in the short edges of ground board 10, end sides of
the short edges of ground board 10 can be the length of
approximately Y4 wavelength of each antenna element, there-
fore, an isolation property can be improved and the limitation
in the shape of the ground board 10 can be reduced.

Next, another structure according to the embodiment will
be explained with reference to FIG. 7. In FIG. 7, a structure in
which short edges of ground board 10 are cut out slantwise
from positions corresponding to the length of approximately
V4 wavelength of each antenna element to form cut-out por-
tions 17, 18 can also improve the isolation property and
reduce the limitation in the shape of the ground board in the
same way as the already-explained embodiment.

Fourth Embodiment

FIG. 8 is a view showing a structure of a portable wireless
device including an antenna apparatus according to a fourth
embodiment of the invention. In the embodiment, compo-
nents having the same structures as the first embodiment are
denoted by the same reference numerals and explanations
thereof are omitted. In FIG. 8, ground board 10 and second
ground board 20 are electrically connected through connect-
ing part 19 which is flexible and ground boards 10, 20 have an
openable/closable structure. Portable wireless device 35 has
casing 36 including second ground board 20 and joint portion
37 covering connecting part 19 and having a hinge structure,
which integrally form a portable wireless device.

In the embodiment, by electrically connecting second
ground board 20 to ground board 10 through connecting part
19 which is flexible, it becomes possible to provide an
antenna apparatus in which an isolation property is improved
even in openable/closable ground boards, further, a portable
wireless device using the antenna apparatus can be obtained.

Fifth Embodiment

FIG. 9 is a view showing a structure of a portable wireless
device including an antenna apparatus according to a fifth
embodiment of the invention. FIG. 10 is a graph showing a
transmission characteristic of the antenna apparatus accord-
ing to the same embodiment. In FIG. 9, portable wireless
device 35 includes an antenna apparatus having ground board
10, first antenna element 31, second antenna element 12, first
power feeding part 33, and second power feeding part 14.
First antenna element 31 is arranged in a direction orthogonal
to a long edge of ground board 10, namely, at an angle of 90
degrees adding an integer multiple of 180 degrees. Second
antenna element 12 is arranged in a direction parallel to the
long edge of ground board 10. First power feeding part 33
feeds power to first antenna element 31. Second power feed-
ing part 14 feeds power to second antenna element 12.

As described above, by arranging first antenna element 11
and second antenna element 12 so as to be directed in differ-
ent directions, a direction in which an electromagnetic field is
directed can be changed, thereby reducing a coupling
between elements. In addition, by arranging elements at both
end sides of the long edge of ground board 10, a distance
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between antenna elements can be apart, therefore, the cou-
pling between elements can be reduced.

When comparing FIG. 10 with FIG. 3, in a frequency band
of the antenna, that is, between 2.4 and 2.5 GHz, a transmis-
sion characteristic between antenna elements of the antenna
apparatus according to the embodiment shown in FIG. 10 is
improved by approximately 5 dB as compared with the prop-
erty of the conventional antenna apparatus shown in FIG. 3,
and it can be found from the result that an isolation property
is improved also. Accordingly, an antenna apparatus in which
the coupling between elements is reduced and the isolation
property is improved can be obtained, and further, a portable
wireless device using the antenna apparatus can be obtained.

By adjusting a frequency corresponding to antenna ele-
ments to 2.4 to 2.5 GHz, which is the frequency band of
Bluetooth and WL AN, an antenna apparatus complying with
these applications can be obtained, and further, a portable
wireless device using the antenna apparatus can be obtained.

Sixth Embodiment

FIG. 11 is a view showing a structure of a portable wireless
device including an antenna apparatus according to a sixth
embodiment of the invention. In the embodiment, compo-
nents having the same structures as the fifth embodiment are
denoted by the same reference numerals and explanations
thereof are omitted. In FIG. 11, ground board 10 and second
ground board 20 are electrically connected through connect-
ing part 19 which is flexible and ground boards 10, 20 have an
openable/closable structure. Portable wireless device 35 has
casing 36 including second ground board 20 and joint portion
37 covering connecting part 19 and having a hinge structure,
which integrally form a portable wireless device.

In the embodiment, by electrically connecting second
ground board 20 to ground board 10 through connecting part
19 which is flexible, it becomes possible to provide an
antenna apparatus in which an isolation property is improved
as in the fifth embodiment even in openable/closable ground
boards, and further, a portable wireless device using the
antenna apparatus can be obtained.

Structures of the invention are not limited to the respective
embodiments, and the same effect can be obtained, for
example, when applying to other apparatuses or systems, or
when shapes of the slit or the cut-out formed in the ground
board are modified.

The antenna apparatus and the portable wireless device
according to the invention, when plural antenna elements
corresponding to plural frequencies and systems are pro-
vided, reduce the coupling between antenna elements and
improve the isolation property even if frequencies of antenna
elements are close or overlapped, therefore, the antenna appa-
ratus is useful for a small cellular phone and the like using
plural applications as systems.

What is claimed is:

1. An antenna apparatus, comprising:

a ground board;

a first antenna element corresponding to a first frequency

band;

a second antenna element corresponding to a second fre-
quency band in the vicinity of, or overlapped with the
first frequency band;

a first power feeding part connecting the ground board to
the first antenna element; and

a second power feeding part connecting the ground board
to the second antenna element,

wherein the first antenna element is arranged in a direction
at an angle of an integer multiple of 90 degrees with
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respect to a first substantially straight edge of the ground
board, and the second antenna element is arranged in
parallel with the first edge of the ground board; and

wherein the length of a second substantially straight edge
of the ground board is made to be longer than 4 wave-
length of the first frequency band or the second fre-
quency band, and a slit is provided at a position of the
second edge of the ground board, the position being
located at approximately Y4 wavelength of the first fre-
quency band or the second frequency band from a corner
where the second edge meets the first edge of the ground
board.

2. The antenna apparatus of claim 1,

wherein the integer multiple of 90 degrees is made to be an
integer multiple of 180 degrees.

3. The antenna apparatus of claim 1,

wherein the length of the slit is made to be approximately
V4 wavelength of the first frequency band or the second
frequency band.

4. The antenna apparatus of claim 1,

wherein the integer multiple of 90 degrees is made to be 90
degrees+an integer multiple of 180 degrees.

5. The antenna apparatus of claim 1,

wherein another ground board is electrically connected to
the ground board through a connecting part which is
flexible, and the ground board and the another ground
board have an openable/closable structure.

6. The antenna apparatus of claim 1,

wherein the first frequency band is specific to Bluetooth,
and the second frequency band complies with Wireless
Local Area Network.

7. The antenna apparatus of claim 1, wherein said antenna

apparatus is included in a portable wireless device.

8. The antenna apparatus of claim 1, wherein said at least
one of the first and second antenna elements has a portion
which is parallel to the ground board and which is not super-
imposed over the ground board.

9. The antenna apparatus of claim 8, wherein the first power
feeding part and the second power feeding part are arranged
in parallel to the first edge of the ground board.

10. The antenna apparatus of claim 1, wherein the first
power feeding part and the second power feeding part are
arranged in parallel to the first edge of the ground board.

11. An antenna apparatus comprising:

a ground board;

a first antenna element corresponding to a first frequency
band;

a second antenna element corresponding to a second fre-
quency band in the vicinity of, or overlapped with the
first frequency band;

a first power feeding part connecting the ground board to
the first antenna element; and

a second power feeding part connecting the ground board
to the second antenna element,

wherein the first antenna element is arranged in a direction
at an angle of an integer multiple of 90 degrees with
respect to a first substantially straight edge of the ground
board, and the second antenna element is arranged in
parallel with the first edge of the ground board, and

wherein the length of a second substantially straight edge
of the ground board is made to be longer than 4 wave-
length of the first frequency band or the second fre-
quency band, and a cut-out portion is provided in a
slantwise direction from a position of the second edge of
the ground board, the position being located at approxi-
mately Y4 wavelength of the first frequency band or the
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second frequency band from a corner where the second
edge meets the first edge of the ground board.

12. The antenna apparatus of claim 11, wherein said
antenna apparatus is included in a portable wireless device.

13. The antenna apparatus of claim 11, wherein the integer
multiple of 90 degrees is made to be an integer multiple of 180
degrees.

14. The antenna apparatus of claim 11, wherein the integer
multiple of 90 degrees is made to be 90 degrees+an integer
multiple of 180 degrees.

15. The antenna apparatus of claim 11, wherein another
ground board is electrically connected to the ground board
through a connecting part which is flexible, and the ground
board and the another ground board have an openable/close-
able structure.

16. The antenna apparatus of claim 11, wherein said at least
one of the first and second antenna elements has a portion
which is parallel to the ground board and which is not super-
imposed over the ground board.

17. The antenna apparatus of claim 16, wherein the first
power feeding part and the second power feeding part are
arranged in parallel to the first edge of the ground board.

18. The antenna apparatus of claim 11, wherein the first
power feeding part and the second power feeding part are
arranged in parallel to the first edge of the ground board.

19. An antenna apparatus comprising:

a ground board;

a first antenna element corresponding to a first frequency

band;

a second antenna element corresponding to a second fre-
quency band in the vicinity of, or overlapped with the
first frequency band;

a first power feeding part connecting the ground board to
the first antenna element; and

a second power feeding part connecting the ground board
to the second antenna element,

wherein the first antenna element is arranged in a direction
at an angle of an integer multiple of 90 degrees with
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respect to a first substantially straight edge of the ground
board, and the second antenna element is arranged in
parallel with the first edge of the ground board, and

wherein the length of a first substantially straight edge of
the ground board is made to be longer than Y4 wave-
length of the first frequency band or the second fre-
quency band, and a cut-out portion having a step-shape
is provided from a position of the second edge of the
ground board, the position being located at approxi-
mately Y4 wavelength of the first frequency band or the
second frequency band from a corner where the second
edge meets the first edge of the ground board.

20. The antenna apparatus of claim 19, wherein said
antenna apparatus is included in a portable wireless device.

21. The antenna apparatus of claim 19, wherein the integer
multiple of 90 degrees is made to be an integer multiple of 180
degrees.

22. The antenna apparatus of claim 19, wherein the integer
multiple of 90 degrees is made to be 90 degrees+an integer
multiple of 180 degrees.

23. The antenna apparatus of claim 19, wherein another
ground board is electrically connected to the ground board
through a connecting part which is flexible, and the ground
board and the another ground board have an openable/close-
able structure.

24. The antenna apparatus of claim 19, wherein said at least
one of the first and second antenna elements has a portion
which is parallel to the ground board and which is not super-
imposed over the ground board.

25. The antenna apparatus of claim 24, wherein the first
power feeding part and the second power feeding part are
arranged in parallel to the first edge of the ground board.

26. The antenna apparatus of claim 19, wherein the first
power feeding part and the second power feeding part are
arranged in parallel to the first edge of the ground board.

#* #* #* #* #*
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GROUNDED ANTENNA FOR A WIRELESS
COMMUNICATION DEVICE AND METHOD

RELATED APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 10/131,575, filed Apr. 24, 2002, which is a continuation-
in-part of U.S. application Ser. No. 09/678,271, filed Oct. 3,
2000 (now U.S. Pat. No. 6,501,435), which is a continuation-
in-part of U.S. application Ser. No. 09/618,505, filed Jul. 18,
2000 (now U.S. Pat. No. 6,483,473), priority from the filing
dates of which is hereby claimed under 35 U.S.C. §120, and
the disclosures of which are hereby incorporated by reference
in their entireties as if set forth fully herein.

FIELD OF THE INVENTION

The present invention relates to an apparatus, system and
methods of providing a wireless communication device and
communicating information concerning an item containing
the wireless communication device.

BACKGROUND OF THE INVENTION

It is often desired to track and identify items, such as
packages, containers, etc., and to communicate information
concerning such items wirelessly. One method of tracking
and providing information concerning packages is to attach a
wireless communication device, such as a radio frequency
identification (RFID) transponder or other identification
device, to packages. The information communicated con-
cerning the packages may include expiration dates, “born on”
dates, lot numbers, manufacturing information, and the like.
A wireless communication device may be attached to an
individual package or to a container containing multiple
packages.

A problem exists when a wireless communication device is
attached to packaging or containers constructed out of a con-
ductive material such as foil. A pole antenna connected to the
wireless communication device will not radiate properly if
the wireless communication device is attached on the outside
of the package. The pole antenna will be shielded if the
wireless communication device is placed inside the package.

It may be advantageous for such a wireless communication
device to communicate on different frequencies so that one
device can be used for various applications. For instance, an
operating frequency of 2.45 GHz is used frequently outside
the United States, but an operating frequency of 915 MHz is
frequently used in the United States. Many companies manu-
facture wireless communication devices that are capable of
operating at both 915 MHz and 2.45 GHz frequencies so that
either frequency can be chosen for operation. However, wire-
less communications device applications, such as attaching
wireless communication devices to packages for informative
and tracking purposes, configure the device to communicate
on only one frequency—either a frequency for the United
States or a frequency for use abroad. It would be advanta-
geous to construct a wireless communication device with an
antenna structure that is capable of communicating at more
than one frequency. This would allow one wireless commu-
nication device to be applicable for uses in both the United
States and abroad.

In addition to conductive materials, wireless communica-
tion devices are also used with many other substrates. Each
substrate has its own dielectric characteristics, which typi-
cally affect the impedance matching between the wireless
communication device and its antenna. Impedance matching
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ensures the most efficient energy transfer between an antenna
and the wireless communication device.

Further, there are occasions when it may be desirable to
change the impedance of the antenna to achieve better imped-
ance matching between the antenna and the wireless commu-
nication electronics. While many techniques are known, other
techniques, such as those in the present invention, are not and
have not been applied to a wireless communication device.
Thus, there is a need to provide a variety of techniques to
achieve the desired impedance matching so that there are
more opportunities available to a designer, such as choice of
geometry, size, or the like, to achieve the desired operating
frequency without compromising the performance of the
wireless communication device.

SUMMARY OF THE INVENTION

The present invention relates to a wireless communication
device comprising an antenna, a wireless communication
chip, and a substrate. In particular, the present invention pro-
vides a number of alternate antenna structures that have var-
ied impedances from the previously suggested antenna struc-
tures to effectuate proper impedance matching between the
wireless communication chip and the antenna.

In a first embodiment, the antenna is a linear conductor to
which the wireless communication chip is coupled at a point
removed from the center of the antenna. The chip and one end
of the antenna element are shorted to a ground plane. The
other end of the antenna element is an open circuit.

In a second embodiment, the wireless communication chip
is positioned on a second conductive strip that is shorted to the
ground plane at one end. The second conductive strip is
capacitively coupled to an antenna element, and the antenna
element is additionally shorted to the other side of the ground
plane from the second conductive strip.

In a third embodiment, a Co-Planar Waveguide Ground
plane (CPWQ) is used with the wireless communication chip.
The CPWG is located on the same side of the substrate as the
wireless communication chip. The wireless communication
chip is coupled to the CPWG section that in turns acts as a
radiating element.

In a fourth embodiment, an inter digital capacitive struc-
ture is used to vary the relative capacitive cross coupling
between the elements as needed. Specifically, a tab extends
from the wireless communication device and proximate to the
antenna element. The antenna element is spaced from the tab,
but capacitively couples to the tab on a plurality of sides.

In a fifth embodiment, the tabs or coupling strips act as an
antenna for a second operating frequency in conjunction with
a CPWG antenna or other radiating element. This may be
done with an inter digital capacitive structure or by other
coupling as needed or desired. In particular, the tabs or cou-
pling strips form a dipole antenna operating at a first fre-
quency and the CPWG antenna or other antenna element
operates at a second frequency.

In all of these embodiments, it is possible that the antenna
is not electrically shorted per se, but rather has a very low
impedance reactive or resistive connection between the
ground plane and one end of the antenna.

Further, methods of constructing these embodiments are
provided. In particular, a substrate of a desired size is pre-
pared. Two conductive strips are prepared. The first conduc-
tive strip is cut to act as a ground plane and the antenna
element. The second conductive strip comprises the tabs and
the wireless communication chip. The two conductive strips
may comprise an adhesive layer and are wrapped around the
substrate in order to form the wireless communication device.
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It should be appreciated that the parent applications dis-
cussed wireless communication devices associated with a
package, container or other material to communicate infor-
mation concerning the package, container or other material. A
wireless communication device is provided that contains a
control system, communication electronics, memory, and an
antenna. The wireless communication device may contain a
sensor to sense environmental conditions surrounding the
wireless communication device. The wireless communica-
tion device contains one or more tabs constructed out of
conductive material. The tab(s) may serve as both a pole
antenna and may attach the wireless communication device to
a slot, thereby forming a slot antenna. While helpful in some
embodiments such is not required in all the embodiments
herein presented.

In one embodiment, the wireless communication device is
a transponder that is interrogated by an interrogation reader
for communication purposes. The wireless communication
device is attached to a package that may be constructed out of
a conductive material, such as foil packaging used for food or
liquid.

The tab(s) attach to the surface of the package. In one
embodiment, the tab(s) are attached to the surface of a pack-
age. In a different embodiment, the tab(s) are reactively
coupled to the surface of the package through a dielectric
material. The dielectric material can be an adhesive material
placed on the tab(s) to attach the wireless communication
device to a package.

In another embodiment, the tab(s) form a pole antenna to
communicate in a first mode at one frequency, and the tab(s)
are attached across a slot in a package to communicate in a
second mode at a second frequency. One tab is used in one
embodiment to form a monopole type antenna, and two tabs
are used in another embodiment to form a dipole antenna. In
another embodiment, the tab(s) can be varied in shape and
size to adjust to surfaces that vary in form.

An asymmetrical antenna arrangement may be provided so
that the impedance of the antenna is not substantially affected
by the substrate to which the wireless communication device
is attached. In one embodiment, the asymmetrical antenna
arrangement is an asymmetrical dipole antenna formed by
asymmetrical tabs. For example, the wireless communication
device may be placed in an indentation in the substrate so that
the wireless communication device does not protrude from
the substrate surface. Asymmetrical tabs are placed on the
surface of the substrate. The asymmetrical tabs are connected
to the wireless communication device with feed lines to pro-
vide an asymmetrical dipole antenna. In a second embodi-
ment, the asymmetrical antenna arrangement is an asym-
metrical slot antenna.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram illustrating communication
between a wireless communication device and an interroga-
tion reader;

FIG. 2 is an illustration of the wireless communication
device with slot antenna on a foil food package;

FIG. 3A is a schematic top view diagram of the wireless
communication device with coupling tab devices containing a
dielectric, adhesive material;

FIG. 3B is a schematic side view diagram of the wireless
communication device in FIG. 3A;

FIG. 3C is a schematic diagram of the wireless communi-
cation device having its own slot;

FIG. 4 is a schematic diagram of the wireless communica-
tion device attached across a slot to form a slot antenna;
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FIG. 5A is a schematic diagram of the wireless communi-
cation device having a slot antenna of a particular width to
match the impedance between the wireless communication
device and the slot;

FIG. 5B is a schematic diagram of the wireless communi-
cation device illustrated in FIG. SA with a slot of different
width;

FIG. 6 is a schematic diagram of a circularly polarized slot
antenna,

FIG. 7 is a schematic diagram of another type of packaging
containing a wireless communication device;

FIG. 8A is a schematic diagram of the wireless communi-
cation device having a slot antenna formed by a foil package
closing;

FIG. 8B is a schematic diagram of the wireless communi-
cation device illustrated in FIG. 8A with the foil package
having an additional seal below the wireless communication
device;

FIG. 9 is a flowchart illustrating the operation of the wire-
less communication device when sensing to detect its pres-
ence outside of a package;

FIG. 10 is a schematic diagram of wireless communication
devices mounted on a carrier or support for stamping into
packages in an assembly line;

FIG. 11A is a top plan view of a wireless communication
device with an asymmetrical antenna arrangement;

FIG. 11B is a side elevational view of the wireless com-
munication device of FIG. 11A;

FIG. 12A is a schematic diagram of a particular asymmetri-
cal antenna arrangement;

FIG. 12B is a schematic diagram of the matched gain of the
particular asymmetrical antenna arrangement in FIG. 12A;

FIG.12C is a schematic diagram of the matched gain of the
particular asymmetrical antenna arrangement in FIG. 12A
with lossless FR4;

FIG. 13 is a schematic diagram of an alternative asym-
metrical antenna arrangement;

FIG. 14A is a schematic diagram of another alternative
asymmetrical antenna arrangement;

FIG. 14B is a schematic diagram of a second embodiment
of the alternative asymmetrical antenna arrangement of FIG.
14A;

FIG. 15A is a schematic diagram of a wireless communi-
cation device having an asymmetrical antenna arrangement
on a side of an aluminum beverage can;

FIG. 15B is a schematic diagram of wireless communica-
tion device having an asymmetrical antenna arrangement on
the bottom dome of an aluminum beverage can;

FIG. 16 is a schematic diagram of a wireless communica-
tion device mounting arrangement;

FIG. 17 is a schematic diagram of a wireless communica-
tion device using an asymmetrical slot antenna;

FIG. 18 illustrates a first embodiment of a quarter wave-
length resonator with a grounded radiator;

FIG. 19 illustrates a second embodiment of a quarter wave-
length resonator with a grounded radiator;

FIG. 20 illustrates a third embodiment of a quarter wave-
length resonator with a grounded radiator using a Co Planar
Waveguide Ground plane;

FIG. 21 illustrates an alternate coupling technique for use
with the quarter wavelength resonators;

FIG. 22 illustrates a second alternate coupling technique
for use with the quarter wavelength resonators;

FIG. 23 illustrates a multifrequency antenna arrangement
for use with the wireless communication device;

FIG. 24 illustrates an alternate multifrequency antenna
arrangement for use with the wireless communication device;
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FIG. 25 illustrates a kit to assemble a quarter wavelength
antenna according to one embodiment of the present inven-
tion;

FIG. 26 illustrates a first step in assembling the kit of FIG.
25;

FIG. 27 illustrates a second step in assembling the kit of
FIG. 25; and

FIG. 28 illustrates an assembled quarter wavelength
antenna arrangement as assembled from the kit of FIG. 25.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention is directed to several new antenna
arrangements on wireless communication devices. However,
this technology builds on a line of patent applications with
related subject matter. This related subject matter is presented
in full below, with the new material described with reference
to FIGS. 18-28 following.

The prior inventions were directed to a device, system and
method of attaching a wireless communication device, such
as a radio frequency identification device (RFID), to a pack-
age or container to communicate information about the pack-
age or container. The package may be an individual package
containing specific contents, or an individual, exterior pack-
age containing a group of additional, interior individual pack-
ages. The word “package” and “container” are used inter-
changeably herein to describe a material that houses contents,
such as goods or other individual packages, and equivalent
structures. The present invention should not be limited to any
particular meaning or method when either “package” or “con-
tainer” is used.

As illustrated in FIG. 1, the invention includes a wireless
communication device 10 for electronic communication.
Some wireless communication devices 10 have both a trans-
mitter and receiver. Other wireless communication devices
10, known in the art as “transponders,” are interrogated by
interrogation reader 50, whereby the transponder communi-
cates back by altering field 58 containing interrogation signal
56. This description refers to the terms “transponder” and
wireless communication device 10 interchangeably, and the
use of the term transponder is not intended to limit the type of
wireless communication device 10 applicable to the present
invention. Wireless communication devices 10 are available
that communicate at various frequencies, including UHF and
VHEF. One embodiment of the present invention uses a wire-
less communication device 10, also called a “transponder,”
that is a passive radio-frequency device with the ability to
rectify incoming radio energy and provide power to power the
device for communication and operation. The invention is
also applicable to active devices that have their own power
source for communications. It should be readily understood
to one of ordinary skill in the art that there are many other
different types of wireless communication devices 10 that
allow electronic communication and thus the present inven-
tion is not limited to any one particular type.

Transponder 10 includes a control system 12 and commu-
nication electronics 14. Transponder 10 may also contain
memory 18 for storage of information to be communicated to
an interrogation reader 50. Alternatively, transponder 10 may
store information such as an identification number or other
information by using diodes, dip switches or some other like
circuitry in lieu of erasable memory 18. Antenna 16 is pro-
vided to receive the interrogation signal 56 from interrogation
reader 50. Antenna 16 may be either external to or internal to
transponder 10. The particular type and location of antenna
16 will depend on the operating frequency of transponder 10
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and the particular design desired. Transponder 10 may also be
connected to sensor 20 for sensing ambient or environmental
information surrounding transponder 10, package 200 con-
taining transponder 10, or the contents of package 200. One
example of sensor 20 may be a quartz crystal resonator like
that described in U.S. Pat. No. 5,922,550, entitled “Biosens-
ing devices which produce diftraction images,” incorporated
herein by reference its entirety. A quartz crystal resonator
detects analytes that may be present in food. Analytes
include, but are not limited to, microorganisms such as bac-
teria, yeasts, fungi and viruses.

Antenna 16 receives signal 56 through the radiated inter-
rogation field 58. Antenna 16 passes received signals 56 to
communication electronics 14. Communication electronics
14 contain circuitry necessary to interpret signal 56 from field
58 and to further communicate the interpreted signal to con-
trol system 12. Control system 12 is an integrated circuit,
printed circuit board, or other type of microprocessor or
micro-controller electronics that controls the operations of
the transponder 10. Control system 12 is connected to com-
munication electronics 14 to communicate and receive trans-
missions. Control system 12 is also connected to memory 18
for storing and retrieving information. Control system 12 may
further include a clock (not shown). Control system 12 deter-
mines if any actions are needed in response to the communi-
cations received from communication electronics 14.

FIG. 1 also depicts how communication is achieved with
transponder 10 using an interrogation reader 50. Interroga-
tion reader 50 contains interrogation communication elec-
tronics 52 and an interrogation antenna 54. Interrogation
reader 50 communicates with the transponder 10 by emitting
an electronic signal 56 modulated in a frequency by interro-
gation communication electronics 52 through interrogation
antenna 54. Interrogation antenna 54 may be any type of
antenna that can radiate signal 56 through a field 58 so that a
compatible device, such as transponder 10, can receive such
signal 56 through its own antenna 16. Field 58 could be
electro-magnetic, magnetic, or electric. Signal 56 is a mes-
sage containing information or a specific request for the tran-
sponder 10.

When antenna 16 is in the presence of field 58 emitted by
interrogation reader 50, communication electronics 14 are
energized by signal 56, thereby energizing transponder 10.
Transponder 10 remains energized so long as antenna 16 is in
the field 58 of interrogation reader 50. Communication elec-
tronics 14 demodulates signal 56 and sends the message
containing information or request to control system 12 for
appropriate actions. For example, the request may be for
transponder 10 to communicate its identification, or informa-
tion about a material or package containing transponder 10,
such as date of manufacture, place of manufacture, and/or lot
number. The message may also be a request for information
regarding ambient or environmental measurements sensed by
sensor 20.

Another description of a transponder 10 that may be used
with the present invention is located in U.S. Pat. No. 5,347,
280, entitled “Frequency diversity transponder arrangement,”
incorporated herein by reference in its entirety. Transponder
10 is one type of wireless communication device. Other types
of wireless communication devices 10 may be used with the
present invention. For instance, transponder 10 may have a
transmitter that can send information to interrogation reader
50 without having to alter signal 56. Transponder 10 may
contain a battery to power the transmitter, or an energy stor-
age unit that is charged by energy received from signal 56
when wireless communication device 10 is in the range of
field 58. It is readily understood to one of ordinary skill in the
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art that there are many other types of wireless communica-
tions devices and communication techniques than those
described herein, and the present invention is not limited to a
particular type of device, technique or method.

Transponder 10 may be attached on any type of device or
package to identify and communicate information concern-
ing the device or package. For instance, transponder 10 can be
attached to a food package and may contain identification
information and other information about the food contained
inside the package, such as its date of manufacture, “born on”
date, expiration date for sale or consumption and lot number.
For example, transponder 10 can be attached to a wine bottle
and contain information concerning the type of wine and its
ingredients or make up, the date of manufacture, and expira-
tion dates, if applicable. Transponder 10 can be attached to
virtually any device or package conceivable.

FIG. 2 illustrates transponder 10 attached to a food package
200. Antenna 16 can either be a slot antenna 16A, as illus-
trated in FIG. 2, or a pole antenna 16B, as illustrated in FIGS.
3A and 3B. A slot 300 is provided in package 200 to provide
a slot antenna 16A. Package 200 includes a surface 202. At
least one tab, made out of conductive material, such as a
metallic material, is attached to transponder 10, and more
particularly to communication electronics 14 inside transpon-
der 10. Two or more tabs 100 may also be attached to tran-
sponder 10 to provide antenna 16. The use of “tab” is used in
singular and plural herein, and reference in either form is not
intended to limit the invention to only one tab 100, or more
than one tab 100.

Tabs 100 are attached to slot 300 to form a slot antenna
16A. For the purposes of this specification, the word
“attached” is used generically to mean either attached directly
or connected to slot 300. The tabs 100 may either be attached
on slot 300 or proximate to slot 300. Tabs 100 may also serve
as pole antenna 16B. Tabs 100 may also be constructed by
applying a conductive fluid (e.g. conductive ink) onto surface
202.

The present invention can also be used with transponder 10
containing one tab 100 to form either slot antenna 16A or pole
antenna 16B. One tab 100 can be used to form pole antenna
16B in the form of an antenna having monopole-like radiation
pattern. If one tab 100 is used to form slot antenna 16B, tab
100 is attached to slot 300, and transponder 10 is attached, in
the form of grounding, to slot 300 to form a ground plane.
Using one tab 100 as a slot antenna 16B will create a mono-
pole-like radiation pattern.

If surface 202 is constructed out of a conductive material, it
may be advantageous to use tabs 100 to create a slot antenna
16 A rather than a pole antenna 16B. Examples of conductive
surfaces 202 include food foil packaging, wine bottles cork
foil, jewelry, watches, cigar label foil, and alcoholic bottle foil
labels. If tabs 100 are attached on a conductive surface 202
without forming a slot antenna 16 A, the radiation pattern of
the resulting pole antenna 16B created by tabs 100 may not be
properly tuned to the operating frequency of transponder 10.
Factors such as the conductivity and surface area of surface
202 affect the radiation pattern of a pole antenna 16B formed
by tabs 100 when tabs 100 are attached to surface 202. Pack-
ages 200 vary greatly in size, shape, and area. It is desirable
for transponder 10 and tabs 100 to be manufactured such that
transponder 10 operates at a desired frequency when using
tabs 100 as a pole antenna 16B, regardless of the particular
characteristics of package 200.

Packages 200 that are constructed out of conductive mate-
rial, such as foil, containing transponder 10 inside the pack-
age 200 cannot use a pole antenna 16B. The radiation pattern
of pole antenna 16B is shielded by the conductive material.
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Therefore, another reason for using tabs 100 to create a slot
antenna 16A rather than a pole antenna 16B may be so that
packages constructed out of conductive material and contain-
ing transponder 10 inside package 200 can effectively com-
municate desired information wirelessly.

If'tabs 100 are attached on surface 202 that is not conduc-
tive, tabs 100 can function at the desired operating frequency
as a pole antenna 16B, regardless of the characteristics of
package 200. If two tabs 100 are used, the tabs 100 serve as a
dipole antenna 16B. One tab 100, instead of two tabs 100,
may also be used to serve as antenna 16, creating a monopole
type radiation pattern as previously described above. A
ground plane may be provided between transponder 10 and
surface 202 such that communication electronics 12 is
attached to surface 202 to from a ground. In summary, tabs
100 can serve to provide either a pole antenna 16B or slot
antenna 16 A depending on the package 200 and its charac-
teristics.

FIGS. 3A, 3B and 3C illustrate transponder 10 shown in
FIG. 2 in more detail. FIG. 3A illustrates transponder 10 from
atop view perspective. Tabs 100 are made out of a conductive
material. For example, tabs 100 may be constructed out of
metals, such as aluminum or copper. FIG. 3B illustrates tran-
sponder 100 from a side view perspective. Tabs 100 can either
be attached directly to surface 202 or coupled to surface 202
by placing tabs 100 on an optional dielectric adhesive mate-
rial 102 that is attached to surface 202. Use of adhesive
material 102 may be necessary to attach the transponder 10 to
surface 202. If transponder 10 is attached on a package 200
constructed out of a conductive material without a slot 300,
such that tabs 100 act as a dipole antenna 16B, a dielectric
material 102 may be attached between the surface 202 and
tabs 100 so that the radiation pattern of the dipole antenna
168 is not affected by the conductive package 200. If such a
dielectric material 102 is used, tabs 100 are reactively
coupled, rather than directly connected, to surface 202. One
tab 100, instead of two tabs 100, may also be used to serve as
antenna 16, creating a monopole type radiation pattern. If
transponder 10, with tabs 100, is attached across a slot 300 in
a conductive surface 202, a slot antenna 16A is formed for
antenna 16.

A transponder 10 may be attached to a slot antenna 16A as
part of its construction, instead of using a slot 300 created in
package 200 to form a slot antenna 16A. FIG. 3C illustrates
slot 300 as a rectangular, conductive material 250 having a
hollow portion cut out to form an inner, non-conductive por-
tion 252. Tabs 100 are attached to non-conductive portion
252. Slot 300 may be constructed in any shape desired so long
as slot 300 is constructed out of a conductive material 250 that
contains an inner, non-conductive portion 252. This inner,
non-conductive portion 252 can be air, formed by a cut out as
illustrated in FIG. 3C, or can be formed by placing a non-
conductive material, such as plastic, onto or inside conductive
material 250. The conductive material 250 may also contain
an adhesive 102, so that slot 300, with transponder 10
attached, can be easily attached to package 200. It may be
desirable to provide slot 300 as part of transponder 10, instead
of package 200, insofar as this eliminates the requirement to
create a slot 300 in package 200 as part of the construction of
package 200. For example, it may be impractical or impos-
sible to provide a slot 300 in package 200, but still desirable
to attach transponder 10 to package 200 using a slot antenna
16A. As an additional advantage of this embodiment illus-
trated in FIG. 3C, since slot 300 is provided as part of tran-
sponder 10, package 200 can be constructed out of non-
conductive material.
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FIG. 4 illustrates transponder 10 with tabs 100 acting as
both a pole antenna 16B and slot antenna 16A. A slot 300 is
provided by cutting out a portion of conductive surface 202.
The length of the tabs 100 define the operating frequency of
the antenna 16 if tabs 100 are configured to act as a pole
antenna 16B. In one embodiment, the tabs 100 are each 1/4 in
length, or 30.6 millimeters each, to form a dipole antenna 16B
with a total length of /2 and an operating frequency of 2.45
GHz.

As previously discussed, tabs 100 may also serve to form a
slot antenna 16A if attached across a slot 300 in a conductive
surface 202. The slot 300 length defines the operating fre-
quency of the slot antenna 16A. In one embodiment, the slot
300 length is I/2 or 164 millimeters so that the transponder 10
operates ata frequency of 915 MHz. More information onslot
antennas 16 A and their operation is described in U.S. Pat. No.
4,975,711, entitled “Slot antenna device for portable radio-
phone,” incorporated herein by reference in its entirety.

In this manner, the transponder 10 has two antenna 16
configurations that are capable of communicating at two fre-
quencies. If transponder 10 is capable of communicating at
two different frequencies, as discussed above, the pole
antenna 16B and slot antenna 16A can be configured to com-
municate at different frequencies as well, enabling the tran-
sponder 10 to effectively communicative at both frequencies.
This arrangement provides an advantage in particular if 915
MHz is a desired frequency. 915 MHz is frequently used as an
operating frequency for electronic communication in the
United States, but 2.45 GHz is frequently used outside the
United States. Therefore, providing transponder 10 with the
capability of communicating at both 915 MHz and 2.45 GHz
is advantageous so that transponder 10 can be used for appli-
cations in both the United States and abroad. However, if this
dual capability is not required, transponder 10 can be config-
ured to operate solely using a pole antenna 16B or slot
antenna 16A.

FIGS. 5A and 5B illustrate transponder 10 attached across
slots 300 of varying widths. The width of slot 300 affects the
impedance of slot 300. For example, a wider slot 300, illus-
trated in FIG. 5A, may have a higher impedance than the
narrower slot 300, illustrated in FIG. 5B. Varying the slot 300
width varies the impedance of the slot antenna 16B to maxi-
mize antenna 16 strength. It is desirable to match the imped-
ance of slot 300 to the impedance of transponder 10. In the
one embodiment, the slot antenna 16 A has a fairly low imped-
ance. Therefore, it is desirable to transform the slot 300
impedance so as to match the impedance of transponder 10,
thereby maximizing energy transfer between transponder 10
and slot 300 and maximizing the strength of the radiation
pattern emitted by the slot antenna 16 A. Matching the imped-
ances also minimizes reflection in the radiation pattern of slot
antenna 16A. Transponder 10 may comprise more than one
layer, including conductive, dielectric and magnetic materi-
als, such as ferrites, to introduce inductance, thereby aiding
modification of the characteristics of surface 202 for imped-
ance matching purposes.

In addition to the composition of transponder 10, the area
of tabs 100 affect the impedance of transponder 10. As dis-
cussed above, it is desirable to match the impedance of tran-
sponder 10 and slot 300. Tabs 100 can also be varied to ensure
optimal coupling to surface 202. The impedance of slot 300
may be varied for matching purposes by modifying relevant
characteristics of surface 202. For example, a conductive
package for food (e.g. foil) may have a surface 202 that is
variable in width, dielectric or metallic characteristics.
Capacitance of tabs 100 may be taken into consideration for
impedance matching when attaching tabs 100 to a particular
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surface 202. The capacitance of tabs 100 affects the imped-
ance of transponder 10. The total volume of'tabs 100 (surface
area times thickness) affects their capacitance. Tabs 100 are
similar to parallel plate capacitors in series with wireless
communication device 10. The larger the volume oftabs 100,
the larger their capacitance. It is therefore desirable to design
and construct tabs 100 with a capacitance that is commensu-
rate with surface 202 to match impedance of transponder 10
and slot 300 for optimal performance.

An impedance matching network may also be used to
match slot 300 impedance to transponder 10 impedance, as
discussed in patent application Ser. No. 09/536,334, entitled
“Remote Communication Using Slot antenna,” assigned to
assignee of the present invention, and incorporated herein by
reference in its entirety.

FIG. 6 illustrates two slots 300A, 300B in surface 202 that
are substantially perpendicular to each other, with tabs 100
attached across the slots 300A and 300B. The tabs 100 are
attached to slots 300A, 300B at vertical angles, but tabs 100
can also attach to slots 300A, 300B adjacent to each other.
This structure creates a circularly polarized slot antenna 16 A.
Tabs 100 are attached to each of slots 300A and 300B. The
length of the first slot 300A, a, is slightly shorter than 1/2. The
length of the second slot 300B, b, is slightly greater than 1/2.
The two slots 300A, 300B provide antennas 16 that can be
considered resonant circuits, with their associated phase
delay at the operating frequency of 45 degrees to each other.
This causes transponder 10 to receive efficiently radiation in
more than one dimension and, specifically, in the form of a
circular pattern so that the orientation of transponder 10 on
surface 202 is somewhat irrelevant for communication.

FIG. 7 illustrates another type of package 200 containing
transponder 10. Package 200 is configured to contain gum
sticks (not shown). The package 200 is constructed out of a
conductive material. Gum sticks are wrapped in their own
individual foil wrappers and are placed inside paper non-
conductive wrappings 900 contained inside package 200.
Parts of the non-conductive wrappings 900 touch or couple to
the interior of package 200. Such attaching or coupling pro-
vides a slot antenna 300 as previously discussed, where the
non-conductive wrappings provide slot 300 and the package
200 inside provides the surrounding conductive material.
FIG. 7 illustrates transponder 10 placed inside package 200.
Tabs 100 are attached to slot 300, as previously described, to
provide communication. Again, tabs 100 are also capable of
operating as a pole antenna 16 A. The package 200 could also
be a cigarette package 200. Again, the tabs 100 may be
attached to a slot 300, formed by conductive material of the
package 200 surrounding to an internal non-conductive por-
tion internal to package 200, to form slot antenna 16A. In a
variation on this embodiment, the slot 300 may be the dielec-
tric that forms the tear away strip that allows such packages to
be opened.

FIGS. 8A and 8B illustrate particular manners in which
transponder 10 is placed inside package 200. FIG. 8A illus-
trates transponder 10 located inside the top of package 200
where package 200 opens and seals in a pouch-like fashion.
Transponder 10 and tabs 100 are placed inside the top 300.
The inside surface 202 of package 200 is a conductive mate-
rial, such as a foil, including the sides of package 200 that
come together when package 200 is closed and sealed. As
discussed previously, it is desirable to configure transponder
10 to communicate using a slot antenna 16 A when transpon-
der 10 is inside a package 200 constructed out of conductive
material. In this embodiment, slot antenna 16A is not formed
by cutting out a portion of surface 202, but rather by inserting
a non-conductive material 302, such as a dielectric, inside
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package200 at the top to form a seal 306 where the sides come
together. In this manner, a slot 300 is formed by the separation
of the conductive material of inner surface 202 when the sides
of package 200, are closed and sealed. Such a method of
placing a transponder 10 inside a package 200 may be advan-
tageous where it is desired to protect transponder 10 from
theft, tampering or other unwanted elements.

Placing transponder 10 inside package 200 may also be
useful to indicate if package 200 has been opened, and, there-
fore, possibly contaminated. Packages 200 that contain food
for consumption or medical devices and equipment requiring
sterility are also possible applications. Transponder 10 is
placed inside package 200 as previously discussed and illus-
trated in FIGS. 8A and 8B.

One embodiment to detect the opening of package 200 is to
provide tabs 100 constructed out of a material that reacts to
ambient air. When package 200 is opened, tabs 100 become
exposed to the outside air. If tabs 100 are constructed out of a
material that loses its conductivity when exposed to air, tran-
sponder 10 cannot be interrogated and/or communicate as
effectively since tabs 100 are attached to slot 300 to provide a
slot antenna 16A for communication. Thus, lack of commu-
nication or degraded communication can be used as an indi-
cator that package 200 has been previously opened.

FIG. 8B illustrates an embodiment where it is not only
desirableto place transponder 10 inside package 200, but also
to separate transponder 10 from the contents of package 200.
In this embodiment, a second seal 304 is provided in package
200. The transponder 10 is located in first seal 306 as previ-
ously described above. The transponder 10 is still exposed to
air when package 200 is opened, but transponder 10 is not
contained in the same portion of package 200 where the
contents of package 200 are contained. This embodiment may
be desirable when the contents of package 200 are food or
liquid for consumption, or other materials where it is not safe
or desirable for transponder 10 to come in contact with the
contents of package 200.

Another embodiment uses sensor 20 to determine when
package 200 is opened. Sensor 20 may be any type of sensor
that senses elements of air in the area on the outside of
package 200. Air contains oxygen, nitrogen and other gas-
eous elements. For instance, sensor 20 may be an oxygen
sensor, including the sensor described in U.S. Pat. No. 6,027,
622, entitled “Sensor element,” incorporated herein by refer-
ence in its entirety. Further, sensor 20 can be any type of
sensor that senses an environmental factor, such as a gaseous
element, that is not contained inside package 200 when sealed
with transponder 10 therein.

FIG. 9 illustrates a flow chart of one embodiment of tran-
sponder 10 using sensor 20 to determine if package 200 has
been opened. The process starts (block 400) and control sys-
tem 12 receives signals from sensor 20 indicating a reading
(block 402). The control system 12 determines if reading
from sensor 20 indicates that package 200 is opened (decision
404). If package 200 is opened, control system 102 stores this
event in memory 18 to communicate it the next time tran-
sponder 10 is interrogated by interrogation reader 50 (block
406). If transponder 10 has transmission capability, transpon-
der 10 may transmit the event of package 200 being open
immediately. The process then ends (block 408). Alterna-
tively, if it is determined that the package 200 is not open
(decision 404), transponder 10 takes another reading from
sensor (block 402), repeating the process again.

FIG. 10 illustrates an embodiment of providing transpon-
ders 10 for stamping onto packages 200 in an assembly line or
other manufacturing capacity. A carrier 700 is provided that
contains individual slides 702. Carrier 700 may be a film or
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other similar type of material. Transponder 10 is manufac-
tured and placed on carrier 700 during assembly whereby
each portion 702 contains one transponder 10. The carrier 700
is constructed out of a conductive material. Carrier 700 may
also contain, as part of its construction, one or more conduc-
tive tabs 100. Since carrier 700 is a conductive material, tabs
100 are conductive. Transponder 10 is placed onto carrier
during assembly and connected to tabs 100 formed in carrier
700. Later during the manufacture or assembly process, tran-
sponder 10 is placed onto packages 200. Carrier 700 may
have perforations 704 for movement by a machine in an
assembly line when mounting transponders 10 to portions
702. Transponder 10, attached to one or more tabs 100 formed
in carrier 700, is stamped onto packages 200 in an assembly
line by placing carrier 700 proximate to packages 200. The
carrier 700 is stamped in such a manner that transponder 10,
with tabs 100 attached, is placed onto packages 200. When
desired, a stamping process places carrier 700 and a particular
portion 702 in contact with package 200 so that transponder
10 is more easily attached to package 200. The package 200
may contain slot 300, whereby transponder 10 is stamped
across the slot 300. Transponder 10, tabs 100, or both, may
also contain an adhesive 102, as previously discussed, so that
transponder 10 attaches to package 200 securely.

FIG. 11 A illustrates a top view of transponder 10 having an
asymmetrical dipole antenna 16. An asymmetrical dipole
antenna 16 is an antenna having a first pole different in shape,
including, but not necessarily limited to length, width, vol-
ume, and/or density, from the second pole. In FIG. 11A,
transponder 10 is coupled to two conductive tabs 100A, 10B.
The first conductive tab 100A is asymmetrical with respect to
the second conductive tab 100B. The two symmetrical tabs
100A, 100B comprises asymmetrical dipole antenna 16.

FIG. 11 B illustrates a side view of one embodiment of the
transponder 10 illustrated in FIG. 11A. Tabs 100A, 100B are
placed on a dielectric 102. Dielectric 102 acts as an insulator
between tabs 100A, 100B and substrate 202. Dielectric 102 is
a material that is substantially non-conductive. Examples of
materials that may be used to form a dielectric 102 include,
but are not limited to: cardboard, plastic, Lexan plastic, fab-
ric, and polypropylene.

If substrate 202 is constructed out of a conductive material,
a separate dielectric 102 is provided between substrate 202
and transponder 10 as illustrated in FIG. 11B. If substrate 202
is constructed out of a non-conductive material, substrate 202
may additionally act as dielectric 102. In this case, a ground
plane (not shown) may be placed on the opposite side of
substrate 202, so that substrate 202, acting as a dielectric 102,
is in between transponder 10 and the ground plane. Note that
the ground plane may be placed on other places on substrate
202 and not necessarily on the opposite side from transponder
10.

The shape, type, and characteristics of antenna 16 affect the
impedance of transponder 10. The substrate 202 also affects
the impedance presented to transponder 10 by antenna 16.
This is especially true when a thin dielectric 102 is used,
because there is less insulation between the transponder
10/antenna 16 and substrate 202. A thin dielectric 102 is
between approximately 0.1 mm and 2.0 mm. For transponder
10 to transfer radiation energy from antenna 16 at the highest
radiation level possible without losses, the impedance of the
transponder 10 should be matched to the impedance of
antenna 16 as placed onto substrate 202. For example, in one
embodiment, the transponder 10 may have an impedance of
15-j60 ohms. To get optimum transfer of energy between
antenna 16 and transponder 10, antenna 16, as placed onto
substrate 202, would need to have a conjugate impedance of
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transponder 10. In practice, impedance matching between
transponder 10 and antenna 16 does not have to be exact to
have energy transfer between transponder 10 and antenna 16
necessary for communication. Impedances between tran-
sponder 10 and antenna 16 that are substantially the same will
still allow good energy transfer between antenna 16 and tran-
sponder 10.

The transponder 10 may be used with a variety of different
substrates 202. To minimize the protrusion of transponder 10
from substrate 202, a thin dielectric 102 is used. Empirical
and modeling data have shown that the operation of an asym-
metric antenna 16 is substantially insensitive to the size and/
or dimensions of substrate 202 when using a dielectric 102
that is relatively thin. Materials with poorly defined structures
and/or dielectric constants, such as cardboard, can be used as
dielectric 102 materials, which also serve as substrate 202.
This discovery allows antenna 16 and transponder 10 imped-
ance to be matched more easily during manufacture without
having to take characteristics of substrate 202 into consider-
ation, such as substrate 202 size, thickness, and/or dielectric
constant. Substrate 202 does have a certain dielectric constant
depending on its material of manufacture and the amount of
air present in substrate 202. The dielectric constant is the
amount of permissivity of a particular material. In addition,
antenna 16 elements, such as tabs 100, do not need precise
dimensional control, allowing less precise and less expensive
materials and methods to be used to define such elements. For
example, tabs 100 may be constructed using label printing
techniques and conductive ink, such as described in U.S. Pat.
No. 5,566,441, entitled “Attaching an electronic circuit to a
substrate,” incorporated herein by reference in its entirety.

In the embodiment illustrated in FIGS. 11A and 11B,
asymmetrical tabs 10A, 100B act as the asymmetrical
antenna 16. Although the impedance of tabs 100A, 100B are
substantially insensitive to substrate 202, tabs 100A, 100B
may be increased or decreased in size, length, and/or width
depending on variations in the thickness and dielectric con-
stant of substrate 202 to provide optimal impedance matching
to transponder 10.

FIG. 12 A illustrates one modeled example of asymmetrical
tabs 100A, 100B used on a substrate 202. Substrate 202 is a
common printed circuit board (PCB) material FR4 with an
approximate dielectric constant of 4.65. Two additional tabs
101A, 101B are added to tabs 100A, 100B respectively to
allow proper modeling and have no effect on results of the
asymmetrical antenna 16. FIG. 12B illustrates the predicted
gain of antenna 16, which is —0.85 dBi at 915 MHz. F1G. 12C
illustrates the modeled gain of an asymmetrical antenna 16,
using tabs 100A, 100B, on a substrate 202 having the same
dielectric constant as FR4 without losses. The predicted gain
for this model is 5.3 dBi at 915 MHz.

As previously stated, tabs 100A, 100B may vary in size in
different manners to provide an asymmetrical antenna 16.
FIGS. 13, 14A and 14B illustrate other embodiments of
asymmetrical antennas 16. FIG. 13 illustrates an embodiment
of'an asymmetrical antenna 16, whereby tabs 100A, 100B are
at right angles to each other. One tab 100A is substantially
thinner than the other tab 100B. The performance of the
asymmetrical antenna 16 illustrated in FIG. 13 was found to
have similar performance characteristics of the asymmetrical
antenna 16 illustrated in FIG. 12A.

FIGS. 14A and 14B illustrate two other embodiments of an
asymmetrical antenna 16. In FIG. 14 A, one tab 100B, hereto
represented as being thicker than tab 100A, is in the shape of
a ring, and the other tab 100A is nested inside the area
bounded by tab 100B. This asymmetrical antenna 16 is
almost one-half the total length of the asymmetrical antenna
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16 illustrated in FIG. 12A, and may be used in applications
where a shorter asymmetrical antenna 16 is desired. Simi-
larly, FIG. 14B depicts another alternate embodiment of
asymmetrical antenna 16. In contrast to the embodiment of
FIG. 14A, a relatively thick tab 100B is nested within tab
100A, which is arranged in the shape of a ring or loop. Again,
asymmetrical antenna 16 in FIG. 14 B, is almost one-half the
total length ofthe asymmetrical antenna 16 illustrated in FI1G.
12A, and may be used in applications where a shorter asym-
metrical antenna 16 is desired. For example, a shorter asym-
metrical antenna 16 may be advantageous for design or manu-
facturing reasons.

FIG. 15A illustrates another embodiment of an asymmetri-
cal antenna dipole antenna 16, whereby substrate 202 is an
aluminum can 600. A separate dielectric 102 is provided
between transponder 10 having tabs 100A, 100B and can 600,
because can 600 is constructed out of a conductive material
namely aluminum (as previously discussed). In this particular
embodiment, an asymmetrical antenna 16 is created by using
tab 100B that is longer in length than tab 100A. FIG. 15B
illustrates another asymmetrical antenna embodiment, again
using a can 600 as substrate 202. Transponder 10 is placed on
the underneath dome 602 of can 600. Two asymmetrical tabs
100A, 100B are provided to form a dipole antenna 16. The
resultant dipole antenna 16 is asymmetrical. Tab 100A is
shorter in length than tab 100B, and tab 100B is wider than tab
100A.

FIG. 16 illustrates another embodiment of an asymmetrical
dipole antenna 16. In this embodiment, transponder 10 is
placed into an indentation 500 of substrate 202 so that tran-
sponder 10 will not protrude from substrate 202. Transponder
10 may be damaged or hit by an outside force if it protrudes
from substrate 202. Tabs 100A, 100B are provided on the
surface of substrate 202 on each side of indentation 500.
Conductive leads 502 are placed on the inside of indentation
500 and are electrically coupled to tabs 100A, 100B. Such
coupling may be accomplished by direct connection, capaci-
tive coupling or inductive coupling. Tabs 100A, 100B are
asymmetrical to one another. Transponder 10 has feed lines
504 on each side that couple to conductive leads 502 to couple
transponder 10 and tabs 100A, 100B together. In this manner,
transponder 10 uses tabs 100A, 100B to form an asymmetri-
cal dipole antenna 16. As illustrated, transponder 10 has not
yet been positioned inside indentation 500 below the surface
level of substrate 202. When properly positioned, transponder
10 does not protrude from the surface of substrate 202.

FIG. 17 illustrates another embodiment of an asymmetrical
antenna 16. In this embodiment, the asymmetrical antenna 16
is provided using a slot 300 to form an asymmetrical slot
antenna 16. In this particular embodiment, slot 300 length is
A4 and slot 300 width is 3.625 mm, although other lengths
and widths may be used. Transponder 10 is placed across the
slot 300 using tabs 100 to form a slot antenna 16. The asym-
metrical nature of the slot antenna 16 is controlled by the
location of the placement of tabs 100 across slot 300, and not
by differences in the size, width, and/or density of tabs 100.
Tabs 100 are placed off-center of slot 300, thereby forming an
asymmetrical slot 300. An asymmetrical slot 300 is a slot that
is split into at least two separate portions whereby each por-
tion is of different size, width, and/or depth. If substrate 202
is constructed out of a conductive material, a separate dielec-
tric 102 is provided between transponder 10 and substrate
202. If substrate 202 is constructed out of a non-conductive
material, substrate 202 is dielectric 102 with a ground plane
provided (not shown). Again, this asymmetrical antenna 16 is
substantially insensitive to substrate 202 when using a thin
dielectric 102, as previously discussed above.
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An alternative embodiment to FIG. 17 is to only couple one
tab 100 to transponder 10 to provide a monopole asymmetric
antenna 16. Again, tab 100 is placed off-center across slot
300. A ground plane is provided and coupled to transponder
10 so as to ground transponder 10.

The focus of the present invention is on the provision of
quarter wavelength resonators in a number of different
embodiments so as to provide designers of wireless commu-
nication devices more options to meet design and perfor-
mance requirements. For the purposes of the present claims
and the following discussion, some of the terms previously
used may be used in a slightly different context.

Turning now to FIG. 18, a wireless communication device
1000 is illustrated. Wireless communication device 1000 may
comprise a substrate 1002, a ground plane 1004, a wireless
communication chip 1006, a feed line 1008, a chip grounding
line 1010, an antenna 1012, and an antenna grounding ele-
ment 1014.

In particular, wireless communication device 1000 may be
either active or passive as described with reference to U.S.
Pat. No. 5,347,280 (previously incorporated) and U.S. Pat.
No. 5,585,953, the latter of which is expressly incorporated
by reference. Substrate 1002 may be almost any time of
dielectric material, although polypropylene or comparable
plastics are specifically contemplated.

Ground plane 1004 may be a foil tape, a conductive mate-
rial secured to substrate 1002 through other means, or other
conductive surface as previously described. Ground plane
1004 may cover substantially all of the rear or bottom surface
of substrate 1002. While in this embodiment, the ground
plane 1004 is parallel to the antenna 1012 opposite the
antenna 1012, other embodiments below show the ground
plane 1004 in the same plane as the antenna 1012 and it is also
possible to position the antenna 1012 perpendicular to the
ground plane 1004.

Wireless communication chip 1006 may comprise a device
from INTERMEC as used in their Intellitag® labels and those
devices from SCS as used in their DI.100 label although other
devices are certainly possible, especially in light of the
present invention’s suitability to both active and passive wire-
less communication devices 1000. Wireless communication
chip 1006 may comprise a control system 12, memory 18, a
battery, a sensor 20, and other conventional components, as
illustrated in FIG. 1.

Feed line 1008 may be a conductive strip with a non-
conductive adhesive or material securing it to substrate 1002
and antenna 1012. The non-conductive material or adhesive
allows feed line 1008 to couple capacitively to antenna 1012
without creating a short at frequencies at or near DC. Some
wireless communication chips 1006 do not operate with
shorts at these low frequencies, hence the need for the insu-
lation. If chip 1006 does work with a low frequency short, the
insulation of the adhesive or material may be foregone if
needed or desired. The placement, width, and length of feed
line 1008 controls the impedance matching between wireless
communication chip 1006 and antenna 1012. This structure,
and the others presented herein provide an acceptably wide
bandwidth functionality in a relatively thin and small struc-
ture in close proximity to the ground plane of the structure.
Alternative coupling elements instead of feed line 1008 may
also be used. These may be added components such as a
surface mounted capacitor or the like as needed or desired.

Chip grounding line 1010 electrically connects wireless
communication chip 1006 to ground plane 1004 and may be
made from any appropriate conductive material.

Antenna 1012 may be formed from any conductive mate-
rial, such as a foil tape, or printed, such as through the previ-
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ously described conductive ink or the like as needed or
desired. First end 1016 is an open circuit, while second end
1018 is short circuited to ground plane 1004 by antenna
grounding element 1014. It is further possible in this, and the
other embodiments presented herein to indirectly connect the
second end 1018 to the ground plane 1004 by inductive or
capacitive coupling. Note that it is possible in the capacitive
coupling embodiment just mentioned to position a separate
wireless communication chip 1006 (not shown) with a non-
conducting glue as the connector between the antenna 1012
and the ground plane 1004. This may simplify the assembly
process in certain assembly techniques. It should be appreci-
ated that almost every element will have some small imped-
ance and the term “electrically shorted” as used herein
includes such low impedance resistive or reactive elements.
While antenna grounding element 1014 is illustrated as a
conductive strip wrapping around the edge, alternative short-
ing methods are also contemplated, such as copper plated
through holes, commonly used in printed circuit board (PCB)
processes, or a conductive material sucked through a hole.

Antenna 1012 may be a quarter wavelength long for the
desired operating frequency. This distance is measured from
first end 1016 to second end 1018. The actual length will vary
on a number of factors, such as the effective length of the
antenna grounding element 1014 around the edge of the sub-
strate 1002, thickness of the substrate 1002, width of the
resonant element, dielectric constant of the substrate 1002,
thickness of the substrate 1002, desired impedance at the
coupling point, and other factors understood in the art.

In this embodiment, wireless communication chip 1006 is
generally perpendicular to the primary axis of antenna 1012.

In contrast, as illustrated in FIG. 19, the elements of wire-
less communication device 1000A remain essentially
unchanged, however, the position of wireless communication
chip 1006 has changed so that now chip 1006 is substantially
parallel to antenna 1012. Also note that chip grounding line
1010 has been extended and feed line 1008 couples to chip
grounding line 1010 instead of the pins of chip 1006 as
illustrated in wireless communication device 1000.

The main advantage of this approach is that the structure
may be simpler to produce, with feed line 1008 fabricated as
a separate label added during production.

A third embodiment, wireless communication device
1000B, is illustrated in FIG. 20, wherein quarter wavelength
antenna 1012 is formed by a length of CoPlanar Waveguide
Ground plane (CPWG) 1020 positioned on the same surface
of substrate 1002 as antenna 1012. First end 1016 is still an
open circuit, and second end 1018 is still shorted electrically
to ground. Gap 1022 separates antenna 1012 from CPWG
1020.

In CPWG technology, the fields associated with the RF
signal are contained between a central strip (antenna 1012)
and two planar areas of ground plane (1020). A rear ground
plane (not shown)underneath the dielectric is not required but
can be accommodated. An advantage of this embodiment is
that a connection from the top surface to the back surface is no
longer required, simplifying construction. Alternatively, dif-
ferent impedance matching characteristics may be possible
with this arrangement or certain design parameters may be
enabled with this arrangement

Instead of feed line 1008 coupling wireless communication
chip 1006 to antenna 1012, an inter digital capacitive struc-
ture may be used as illustrated in FIGS. 21 and 22. Inter
digital capacitive structures include those that have a stub
similar to a finger (digital) that extends into the general space
of another element (inter). The structures capacitively couple
to one another. A further discussion of inter digital structures
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may be found in IEEE TRANSACTIONS ON MICROWAVE
THEORY AND TECHNIQUES A PUBLICATION OF THE
TEEE MICROWAVE THEORY AND TECHNIQUES SOCI-
ETY March 2000, Volume 48, Number 03 ACCURATE CIR-
CUIT MODEL OF INTERDIGITAL CAPACITOR AND
ITS APPLICATION TO DESIGN OF NEW QUASI-
LUMPED MINIATURIZED FILTERS WITH SUPPRES-
SION OF HARMONIC RESONANCE by L. Zhu and K. Wu.

In particular, FIG. 21 illustrates a wireless communication
device 1000C comprising a wireless communication chip
1006 mounted on substrate 1002 and grounded via chip
grounding line 1010. Antenna 1012 is likewise grounded via
antenna grounding element 1014. In place of feed line 1008,
a stub 1024 extends into the area of antenna 1012. Gap 1026
allows stub 1024 to couple capacitively to antenna 1012.

FIG. 22, in contrast, discloses a wireless communication
device 1000D comprising a plurality of stubs 1028 that
extend into the area of antenna 1012. The gap, size and
number of inter stubs 1024 or 1028 determines the relative
capacitive cross coupling between stubs 1024, 1028 and
antenna 1012. The more circumferential length in close prox-
imity increases the capacitance. The narrower the gap
between the elements increases the capacitance. The size of
the stubs may affect at which frequencies the capacitance is
maximized. As long as the elements are short in comparison
to a wavelength at the operating frequency the inter digital
area’s electrical characteristics are primarily those of a
capacitor.

It should be appreciated that both of these techniques may
be used with any of the techniques described with respect to
FIGS. 18-20.

This method of proving a non-contacting feed line 1008 or
stubs 1024 or 1028 has some interesting variants that can give
multi-frequency operation for a wireless communication
device 1000. For example, consider wireless communication
device 1000F disclosed in FIG. 23.

In particular, wireless communication device 1000F com-
prises a substrate 1002 with a rear ground plane 1004. Wire-
less communication chip 1006 is connected to ground plane
1004 by a chip grounding line 1010. Antenna 1012A acts
(with ground plane 1004) as a half-wavelength patch antenna
atafirst operating frequency, such as 915 MHz. The operating
frequency and dielectric constant of substrate 1002 determine
the dimensions of the square patch.

A short section of CPWG transmission feed line 1008A
feeds patch antenna 1012 A capacitively at the first frequency
but acts as an antenna at a second frequency, allowing the
device to work efficiently at both frequencies. If increased
capacitance for the feed is required a inter digital structure
with more fingers can be used either along the entire length of
the feed line or at its end. In an exemplary embodiment, the
antenna 1012A is approximately 53 mm to a side allowing
operation at 915 MHz, and the transmission feed line 1008A
is approximately 16 mm long allowing operation at 2.45 GHz.
Patch antennas are well understood in the antenna art, and are
popular for low profile applications. They commonly consist
of a rectangular metal patch on a dielectric-coated ground
plane. For a further discussion of patch antennas, reference is
made to U.S. Pat. No. 6,140,969, which is hereby incorpo-
rated by reference.

This structure can also potentially be used with a 1/4 reso-
nant element, as shown in the earlier diagrams. An example of
this ability is illustrated in FIG. 24. In this embodiment, in
wireless communication device 1000G, substrate 1002,
ground plane 1004, and wireless communication chip 1006
remain essentially unchanged as are chip grounding line 1010
and antenna grounding element 1014. Feed line 1008B acts as
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afeeding element at UHF, but acts as an antenna at microwave
frequencies. Antenna 1012B acts as an antenna at UHF fre-
quencies and has an open circuit at first end 1016.

Construction of one embodiment of these antenna arrange-
ments is illustrated in FIGS. 25-28. A kit 1050, illustrated in
FIG. 25, for assembling an quarter wavelength antenna com-
prises a substrate 1002, a chip component 1052, and a ground
plane/antenna component 1054. Substrate 1002 may be of
any suitable dielectric material. Chip component 1052 com-
prises a conductive strip comprising antenna feed line 1008
and chip grounding line 1010 coupled to wireless communi-
cation chip 1006. As previously noted, there may be a non-
conductive adhesive or material disposed on antenna feed line
1008.

Groundplane/antenna component 1054 comprises a con-
ductive material with ground plane 1004 and antenna 1012,
coupled by antenna grounding element 1014.

As illustrated in FIG. 26, ground plane/antenna component
1054 is wrapped around substrate 1002 with groundplane
1004 substantially covering a rear surface of substrate 1002
and antenna 1012 being disposed on the opposite surface. A
suitable adhesive may secure component 1054 to substrate
1002.

Having wrapped ground plane/antenna component 1054
around substrate 1002, chip component 1052 is then wrapped
around the side of substrate 1002. Antenna feed line 1008
may be coupled to antenna 1012 and chip grounding line 1010
coupling chip 1006 to ground plane 1004.

This assembly routine results in an assembled wireless
communication device 1000 as illustrated in FIG. 28. Exem-
plary dimensions for the components are as follows. For
substrate 1002, 63 mm long x25 mm wide, with the thickness
determined by the desired operating frequencies. For chip
component 1052, a feed line 1008 approximately 10 mm long
and a ground line 1010 approximately 20 mm long. For
ground plane/antenna component 1054, an antenna 1012 and
ground element 1014 approximately 53.5 mm long and hav-
ing a width of 10 mm. Ground plane 1004 may be 63 mm long
by 25 mm wide. These dimensions provide operation at one
desired frequency, and it should be appreciated that other
operating frequencies may require different dimensions.
They are not intended to be limiting, but rather exemplary of
one embodiment of the present invention.

Certain modifications and improvements will occur to
those skilled in the art upon a reading of the foregoing
description. It should be understood that the present invention
is not limited to any particular type of wireless communica-
tion device, tabs, packaging, or slot arrangement. For the
purposes of this application, couple, coupled, or coupling is
defined as either directly connecting or reactive coupling.
Reactive coupling is defined as either capacitive or inductive
coupling.

One of ordinary skill in the art will recognize that there are
different manners in which these elements can provide to
accomplish the present invention. The present invention is
intended to cover what is claimed and any equivalents. The
specific embodiments used herein are to aid in the under-
standing of the present invention, and should not be used to
limit the scope of the invention in a manner narrower than the
claims and their equivalents.

What is claimed is:

1. A wireless communication device, comprising:

a substrate;

a ground plane positioned on one side of the substrate;

a wireless communication chip electrically connected to
said ground plane and proximate thereto;
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an antenna having a first end and a second end, said firstend

electrically connected to said ground plane; and

said second end comprising an open circuit.

2. The wireless communication device of claim 1, wherein
said wireless communication chip is positioned on a side of
the substrate opposite that of said ground plane.

3. The wireless communication device of claim 2, wherein
said wireless communication chip is generally parallel to said
antenna.

4. The wireless communication device of claim 3, wherein
said wireless communication chip is electrically connected to
said ground plane by a chip grounding line and wherein said
wireless communication chip is capacitively coupled to said
antenna by a non-conductive material interposed between a
feed line and said antenna, said feed line coupled to said chip
grounding line.

5. The wireless communication device of claim 2, wherein
said wireless communication chip is generally perpendicular
to said antenna.

6. The wireless communication device of claim 1, wherein
said antenna is a quarter wavelength long.

7. The wireless communication device of claims 1 or 6,
wherein said ground plane is positioned on the same side of
the substrate as the wireless communication chip.

8. The wireless communication device of claim 1, wherein
said substrate comprises a dielectric material.

9. The wireless communication device of claim 1, wherein
said antenna is positioned on a side of the substrate opposite
that of said ground plane.

10. The wireless communication device of claim 9,
wherein said first end of said antenna is electrically connected
to said ground plane by a conductive strip, said conductive
strip coupled to said antenna and said ground plane and posi-
tioned around an edge of said substrate.

11. The wireless communication device of claim 1,
wherein said antenna is positioned in the same plane as said
ground plane.

12. The wireless communication device of claim 1,
wherein said wireless communication chip is capacitively
coupled to said antenna.

13. The wireless communication device of claim 12,
wherein said wireless communication chip is capacitively
coupled to said antenna by a non-conductive adhesive being
interposed between a feed line extending from said wireless
communication chip and said antenna.

14. The wireless communication device of claim 12,
wherein said wireless communication device is capacitively
coupled to said antenna by at least one inter digital capacitive
coupling stub.

15. The wireless communication device of claim 14,
wherein said at least one inter digital capacitive coupling stub
extends into the area of said antenna.

16. The wireless communication device of claims 14 or 15,
wherein said at least one inter digital capacitive coupling stub
comprises a plurality of inter digital capacitive coupling
stubs.

17. The wireless communication device of claim 1,
wherein said wireless communication chip is separated from
said antenna by a non-conductive adhesive.

18. The wireless communication device of claim 1,
wherein said wireless communication chip is reactively
coupled to said antenna by at least one inter digital capacitive
coupling stub.

19. The wireless communication device of claim 1,
wherein said antenna is a patch antenna.
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20. The wireless communication device of claim 1,
wherein said wireless communication chip is directly coupled
to said ground plane.

21. The wireless communication device of claim 1,
wherein said wireless communication chip is reactively
coupled to said ground plane.

22. The wireless communication device of claim 1,
wherein said antenna comprises a first antenna and said
device further comprising a second antenna operating at a
second frequency, said second antenna electrically coupled to
said wireless communication chip.

23. The wireless communication device of claim 22,
wherein said second antenna comprises a tab capacitively
coupling said wireless communication chip to said first
antenna.

24. A wireless communication device comprising:

a substrate;

a wireless communication chip positioned on said sub-

strate;

a ground plane positioned on said substrate; and

an antenna electrically coupled to said wireless communi-
cation chip and electrically coupled at one end to said
ground plane.

25. The wireless communication device of claim 24,
wherein said antenna is electrically coupled to said ground
plane by a low impedance resistive connection.

26. The wireless communication device of claim 24,
wherein said antenna is electrically coupled to said ground
plane by a low impedance reactive connection.

27. The wireless communication device of claim 24,
wherein said antenna is directly electrically coupled to said
ground plane.

28. The wireless communication device of claim 24,
wherein said antenna is indirectly electrically coupled to said
ground plane.

29. The wireless communication device of claim 24,
wherein said antenna comprises a first antenna and said
device further comprising a second antenna operating at a
second frequency, said second antenna electrically coupled to
said wireless communication chip.

30. The wireless communication device of claim 29,
wherein said second antenna comprises a tab capacitively
coupling said wireless communication chip to said first
antenna.

31. A wireless communication device comprising:

a substrate;

a wireless communication chip positioned on said sub-

strate;

a ground plane positioned on said substrate;

a first antenna operating at a first operating frequency and
electrically coupled to said wireless communication
chip by a coupling element, said first antenna electrically
coupled at one end to said ground plane; and

said coupling element acting as a second antenna at a
second operating frequency.

32. A wireless communication device comprising:

a substrate;

a wireless communication chip positioned on said sub-
strate;

a ground plane positioned on said substrate; and

an antenna electrically coupled to said wireless communi-
cation chip by a coupling element and electrically
coupled at one end to said ground plane.

33. The wireless communication device of claim 32

wherein said coupling element comprises a surface mount
capacitor.
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34. A wireless communication device comprising: antenna is configured to act as a feed line to capacitively
a substrate; couple said first antenna to said wireless communication
a wireless communication chip positioned on said sub- chip. ) o ] )
strate; 35. The wireless communication device of claim 34

5 wherein said first antenna is configured to communicate at a
single operating frequency.
36. The wireless communication device of claim 34
wherein said second antenna is configured to act as a feed line
at UHF, but act as an antenna at microwave frequencies.

a ground plane positioned on said substrate;

a first antenna electrically coupled to said wireless com-
munication chip and electrically shorted at one end to
said ground plane; and

a second antenna operating at a frequency distinct from
said first antenna’s operating frequency, said second L
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MIMO ANTENNA OPERABLE IN
MULTIBAND

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority from Korean Patent Appli-
cation No. 2006-68208 filed on Jul. 20, 2006, in the Korean
Intellectual Property Office, the disclosure of which is incor-
porated herein by reference in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

Apparatuses consistent with the present invention relate to
a multiple-input multiple-output (MIMO) antenna operable
in a multiband. More particularly, the present invention
relates to a MIMO antenna which is provided in a miniatur-
ized size and can operate in a multiband.

2. Description of the Related Art

With the demand for multimedia services of high quality
using wireless mobile communication technology, a next-
generation wireless transmission technique is required to
deliver massive data at a higher rate with a lower error rate.

To respond to this, a multiple-input multiple-output
(MIMO) antenna has been suggested. The MIMO antenna
carries out the MIMO operation by arranging a plurality of
antenna elements in a specific structure. The MIMO antenna
makes the overall radiation pattern sharp and transmits the
electromagnetic waves farther by combining the ration pat-
tern and the radiation power of the antenna elements.

Accordingly, it is possible to increase the data transfer rate
in a specific range or expand the system range for a specific
data transfer rate. The MIMO antenna, which is the next-
generation mobile communication technique applicable to
various mobile terminals and repeaters, is attracting attention
as a new solution to overcome the limited transmission quan-
tity of mobile communications.

However, since the MIMO antenna requires smaller
antenna elements to mount them in a small terminal, it is hard
to implement using a conventional antenna.

Thus, a small antenna element is needed that can imple-
ment the MIMO system in accordance with the miniaturiza-
tion of the terminal.

In the mean time, development of various wireless com-
munication services available using the wireless terminal are
under way such as GSM, PSC, WLAN, WiBro, and Blue-
tooth. A reconfigurable antenna is required to receive the
radio communication services using a single wireless termi-
nal.

To this end, an antenna having a very wide frequency band
covering a plurality of service bands or a multiband antenna
operating in double or multiple frequency bands is under
development.

By implementing the MIMO antenna by arranging a plu-
rality of antennas operable in the multiple frequency bands,
an antenna can operate in various service bands and can also
transmit data efficiently.

However, the size of the antenna operating in the wide
frequency band can be reduced, but may face noise and inter-
ference caused by the unused band. In the case of the MIMO
antenna which arranges the plurality of antennas, this prob-
lem can be more serious.

In contrast, the multiband antenna suffers less noise and
less interference than the antenna operating in the wide fre-
quency band, but its size is greater than the antenna operating

20

25

30

35

40

45

50

55

60

65

2

in one band. As a result, when the plurality of the multiband
antennas are arranged, the size of the MIMO antenna
increases.

SUMMARY OF THE INVENTION

The present invention has been provided to address the
above-mentioned and other problems occurring in the con-
ventional arrangement, and an aspect of the present invention
is to provide a MIMO antenna which is provided in a minia-
turized size and can operate in multiple service bands.

According to an aspect of the present invention, there is
provided a multiple-input multiple-output (MIMO) antenna
operable in a multiband including a plurality of antenna ele-
ments each comprising a radiator radiating electromagnetic
waves, a ground connected to the radiator, and at least one
switching element mounted in an area of a lengthwise direc-
tion of the radiator and short-circuiting or opening the area of
the radiator.

The radiator may include a feeding part formed in a long
strip shape in a first direction of the radiator, and a plate-
shaped radiating plate connected to a first end of the feeding
part.

The radiation plate may include a first radiation plate
which is formed in a strip shape and connected to the first end
of'the feeding part in a cross direction of the feeding part, and
a second radiation plate which is formed in a rectangular
shape and apart from the first radiation plate at an interval.

A first side of the first radiation plate and a first side of the
second radiation plate may be interconnected by the switch-
ing element, and short-circuited or opened according to an on
state or an off state of the switching element.

When the switching element is turned on to electrically
short-circuit the first radiation plate and the second radiation
plate, the radiator may operate in a low frequency band com-
pared to the off state of the switching element. When the
switching element is turned off to electrically open the first
radiation plate and the second radiation plate, the radiator
may operate in a high frequency band compared to the on
state of the switching element.

The radiator may include a meander line part which is bent
in a zigzag pattern.

The switching element may be mounted on a first side of
the circuit board along the lengthwise direction of the mean-
der line part, and the first side of the meander line part may be
short-circuited or opened according to the on state or off state
of the switching element.

When the switching element is turned on to electrically
short-circuit the first side of the meander line part, the radiator
may operate in a low frequency band compared to the off state
of the switching element. When the switching element is
turned off to electrically open the first side of the meander line
part, the radiator may operate in a high frequency band com-
pared to the on state of the switching element.

The switching element may be a PIN diode.

The MIMO antenna may further include a switching con-
troller which turns on the switching element by applying a
voltage over a certain level to the switching element.

A plurality of switching elements may be arranged at inter-
vals in the lengthwise direction of the radiator.

The grounds of the antenna elements may be formed as
one.

The radiators of the antenna elements may be arranged at
intervals.

The radiator may be mounted on a first side of a circuit
board, and the ground may be mounted on a second side of the
circuit board.
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A matching part may be formed on the ground and the
matching part may extend from the ground to a distance and
is bent to one side.

The matching part may be electrically connected to the first
radiation plate through a via hole.

The switching elements of the antenna elements may be
turned on or off at the same time.

BRIEF DESCRIPTION OF THE DRAWING

These and other aspects of the present invention will
become more apparent and more readily appreciated from the
following description of exemplary embodiments thereof,
with reference to the accompanying drawings, in which:

FIG. 1 is a perspective view of a MIMO antenna according
to an exemplary embodiment of the present invention;

FIG. 2 is a front view of the MIMO antenna of FIG. 1;

FIG. 3 is a rear view of the MIMO antenna of FIG. 1,

FIG. 4 is an equivalent circuit diagram of a switching
controller;

FIG. 5A is a diagram showing a radiation pattern of the
MIMO antenna according to an exemplary embodiment of
the present invention;

FIG. 5B is a diagram showing a radiation pattern of an
antenna element of the MIMO antenna; and

FIG. 6 is a perspective view of a MIMO antenna according
to another exemplary embodiment of the present invention.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS OF THE
PRESENT INVENTION

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

In the following description, the same drawing reference
numerals are used to refer to the same elements, even in
different drawings. The matters defined in the following
description, such as detailed construction and element
descriptions, are provided as examples to assist in a compre-
hensive understanding of the invention. Also, well-known
functions or constructions are not described in detail, since
they would obscure the invention in unnecessary detail.

FIG. 1 is a perspective view of a MIMO antenna according
to an exemplary embodiment of the present invention, FIG. 2
is a front view of the MIMO antenna of FIG. 1, and FIG. 3 is
a rear view of the MIMO antenna of FIG. 1.

The MIMO antenna 1 includes a pair of antenna elements
5.Each antenna element 5 includes a ground 50, a radiator 10,
a PIN diode 20, and a switching controller 30.

The antenna element 5 is mounted on a circuit board 60 at
an interval. The ground 50 of the antenna element 5 is formed
on one side of the circuit board 60, and the radiator 10 of the
antenna element 5 is formed on the other side of the circuit
board 60.

The grounds 50 of the antenna elements 5 are intercon-
nected to form a single ground 50 and are electrically con-
nected to the radiators 10 of the antenna elements 5 which are
arranged on the other side of the circuit board 60. The ground
50 occupies about half of the circuit board 60.

A pair of matching parts 51 are formed at positions corre-
sponding to the radiators 10 of the antenna elements 5. The
matching parts 51 extend from the ground 50 toward the
circuit board 60 where the ground 50 is not formed and are
thenbentina 71 shape. Free ends of the matching parts 51
symmetrically face the outside of the circuit board 60. The
matching parts 51 are electrically connected with the radiator
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10 of the antenna element 5 through a via hole. The matching
parts 51 enhance the frequency matching by improving a
return loss of the MIMO antenna 1.

The radiator 10 of the antenna element 5 is attached on the
other side of the circuit board 60 in a patch antenna shape. The
radiator 10 includes a feeding part 11 formed in a straight strip
shape and a radiation plate 15 connected to one end of the
feeding part 11. In an exemplary embodiment, the length of
the feeding part 11 substantially equals the length of the
ground 50, and the feeding part 11 is placed to correspond to
the region where the ground 50 is formed.

The radiation plate 15 of the antenna element 5 includes a
first radiation plate 15a which is connected to one end of the
feeding part 11 and extends in the cross direction of the
feeding part 11 in a strip shape, and a second radiation plate
155 which is apart from the first radiation plate 15a at an
interval in a rectangular shape. The first radiation plate 15a is
placed to correspond to the matching part 51 of the ground 50
and is electrically connected to the matching part 51 through
avia hole. The second radiation plate 155 is longer and wider
than the first radiation plate 15a. The first radiation plate 15a
and the second radiation plate 155 of the antenna element 5
are arranged so that their free ends face each other.

Since the first radiation plate 15a and the second radiation
plate 155 of the antenna element 5 are formed in a plate shape,
rather than a line, they do nothave to be long. Accordingly, the
size of the antenna element 5 can be miniaturized.

The PIN diode 20 mounted on the radiator 10 interconnects
the first radiation plate 15a¢ with the second radiation plate
15b. The PIN diode 20 aligns with the feeding part 11. The
PIN diode 20 electrically short-circuits or opens the first
radiation plate 15a and the second radiation plate 156 accord-
ing to a voltage supplied from the switching controller 30.

In general, the PIN diode 20 is turned on when a voltage
over a certain level is applied. In the exemplary embodiment
of'the present invention, the PIN diode 20 intrinsically has 1€
of'series resistance and is turned on when the voltage over 1V
is received. Hence, the first radiation plate 15a and the second
radiation plate 154, interconnected through the PIN diode 20,
are short-circuited and thus the length of the radiator 10
equals the total length covering the feeding part 11, the first
radiation plate 154, and the second radiation plate 154.

Note that the total length of the radiator 10 is changeable
according to the desired design and that the operating fre-
quency of the MIMO antenna 1 varies depending on the
length of the radiator 10. For instance, when the total length of
the radiator 10 covering the feeding part 11, the first radiation
plate 15a, and the second radiation plate 155 is 56.5 mm, the
MIMO antenna 1 has the resonance point in 2.4 GHz fre-
quency band. Since 2.4 GHz belongs to frequency bands of
IEEE 802.11b standard (WLAN) and the Bluetooth commu-
nications, the MIMO antenna 1 is applicable for the WLAN or
the Bluetooth. By extending the total length of the radiator 10
to a degree, the MIMO antenna 1 can be used for WiBro
services in 2.3 GHz frequency band.

By contrast, when no voltage is applied to the PIN diode
20, the series resistance becomes 10 k€2 and the PIN diode 20
is turned off. Thus, the PIN diode 20 opens the first radiation
plate 15a and the second radiation plate 155 and thus the
length of the radiator 10 is equal to the length from the feeding
part 11 to the first radiation plate 154. Note that the lengths of
the feeding part 11 and the first radiation plate 15a are
changeable according to the desired design. When the length
from the feeding part 11 to the first radiation plate 15a is 14.65
mm, the MIMO antenna 1 has the resonance point of 5.3 GHz.
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When resonating in 5.3 GHz frequency band, the MIMO
antenna 1 can be used for the WLAN of IEEE 802.11a stan-
dard.

As such, when the PIN diode 20 is turned on and the length
of the radiator 10 is extended, the MIMO antenna 1 has the
relatively low resonance point. When the PIN diode 20 is
turned off, the length of the radiator 10 shortens and the
MIMO antenna 1 has a relatively high resonance point. As a
result, the single MIMO antenna 1 can transmit and receive
signals in two service bands.

As the voltage 5V, which is applied when the PIN diode 20
is turned on, is mostly used for the wireless terminal, the cost
reduction and the simplified circuit can be achieved without a
separate power supply source.

The switching controller 30, which turns on and off the PIN
diode 20, is mounted on the side where the ground 50 is
mounted on the circuit board 60 and arranged at both ends in
the lengthwise direction of the ground 50 to lie adjacent to the
matching part 51. The switching controller 30 applies the
voltage of OV or 5V to the PIN diode 20. When the switching
controller 30 applies the voltage OV, the PIN diode 20 is
turned off. When the voltage 5V is applied, the PIN diode 20
is turned on. The switching controller 30 is implemented as a
RLC circuit;

FIG. 4 is an equivalent circuit diagram of the switching
controller 30.

In FIG. 4, the via hole connecting the PIN diode 20 to the
switching controller 30 is represented by an inductor, and the
switching controller 30 consists of a resistor, an inductor, and
a capacitor. It is required that the voltage supplied from the
switching controller 30 should not affect the resonant fre-
quency of the MIMO antenna 1. For doing so, the via hole and
the switching controller 30 are designed to have proper resis-
tance, inductance, and capacitance to generate high isolation
in the corresponding resonant frequency. Thus, the power
supply from the switching controller 30 does not affect the
resonant frequency of the MIMO antenna 1.

FIG. 5A shows a radiation pattern of the MIMO antenna 1
according to an exemplary embodiment of the present inven-
tion, and FIG. 5B shows a radiation pattern of the antenna
element 5 of the MIMO antenna 1.

As shown in FIG. 5A, the MIMO antenna 1 produces the
omnidirectional radiation pattern which is the property of the
monopole antenna, and has the gain of 2 dB.

As shown in FIG. 5B, the antenna element 5 constructing
the MIMO antenna 1 not only produces the omnidirectional
radiation pattern but also has the gain of 0 dB.

In conclusion, the MIMO antenna 1 acquires the omnidi-
rectionality and the good gain.

As constructed above, when the PIN diode 20 is turned on,
the MIMO antenna 1 operates in the relatively low frequency
band since the length of the radiator 10 is extended. When the
PIN diode 20 is turned off, the MIMO antenna 1 operates in
the relatively high frequency band since the length of the
radiator 10 is shortened. In the operation of the MIMO
antenna 1, the operating frequencies of the antenna elements
5 need to be equal. Accordingly, the PIN diodes 20 mounted
on the antenna elements 5 need to turn on and off at the same
time.

FIG. 6 is a perspective view of a MIMO antenna according
to another exemplary embodiment of the present invention.

The MIMO antenna 101 includes a pair of antenna ele-
ments 105. Each antenna element 105 includes a ground 150,
a radiator 110, a PIN diode 120, and a switching controller
130. Herein, the ground 150, the PIN diode 120, and the
switching controller 130 are constructed the same as the
ground 30, the PIN diode 20, and the switching controller 30,
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respectively, of FIGS. 1, 2, and 3, respectively, and thus their
further descriptions shall be omitted for brevity.

The radiator 110 of the antenna element 105 includes a
meander line part 115 bent several times along the lengthwise
direction, and a feeding part 111 formed in a straight strip
shape, as shown in FIG. 6. The length of the feeding part 111
is substantially equal to the length of the ground 150. The
feeding part 111 is placed to correspond to the area the ground
150 is formed on.

The meander line part 115 is extended from an end of the
feeding part 111 to a certain distance and is bent in a zigzag
pattern several times. The end of the meander line part 115,
facing the feeding part 111, is electrically connected to the
matching part 151 of the ground 150 through a via hole.

A PIN diode 120 is mounted in an area of the meander line
115 in the lengthwise direction. The PIN diode 120 electri-
cally short-circuits or opens the meander lines 115 coupled to
ends of the PIN diode 120.

When the voltage is applied to the PIN diode 120 to be
turned on, the meander lines 115 connected by the PIN diode
120 is short-circuited and thus the length of the radiator 110 of
the antenna element 105 becomes the total length of the
feeding part 111 and the meander line part 115. In contrast,
when no voltage is applied to the PIN diode 120, the PIN
diode 120 is turned off. At this time, the meander lines con-
nected by the PIN diode 120 are open and the length of the
radiator 110 of the antenna element 105 equals the length
from the feeding part 111 to the meander line part 115 before
the PIN diode 120.

Thus, depending on an ON state and an OFF state of the
PIN diode 120, the length of the radiator 110 of the antenna
element 105 can be adjusted. As in one exemplary embodi-
ment of the present invention, when the PIN diode 120 is
turned on, the length of the radiator 110 relatively lengthens.
Thus, the MIMO antenna 101 can serve as a WLAN antenna
of IEEE 802.11b standard, a Bluetooth antenna, or a WiBro
service antenna. When the PIN diode 120 is turned off, the
length of the radiator 110 relatively shortens and the MIMO
antenna 101 can serve as a WLAN antenna of IEEE 802.11a
standard.

As such, the MIMO antenna 1 or 101 can operate in the
double service bands by mounting the PIN diode 20 or 120 on
the antenna element 5 or 105 and reduce the size of the
antenna element 5 or 105. In addition, its fabrication is sim-
plified by forming the antenna element 5 or 105 on the circuit
board 60 as the patch antenna.

In an exemplary embodiment, since the size of the antenna
element 5 or 105 is merely 10.3 mm*8 mm, the total size of
the MIMO antenna 1 or 101 is 10.3 mm*8 mm%*2=162.4
mm?. By contrast, a conventional dual band MIMO antenna
disclosed in IEEE APS, Vol. 2A, 3-8 Jul. 2005 Page: 351-354,
“Small dual band modified meander antenna with multiple
elements” (hereafter, referred to as a literature 1), has two
pairs of antenna elements and is 672 mm? in size which is
twice as large as the MIMO antenna of the exemplary
embodiment of the present invention. Additionally, another
conventional MIMO antenna disclosed in IEEE APS, Vol. 4A,
3-8 Jul. 2005 Page: 234-246, “A novel wide band antenna for
WLAN applications” operates in the double bands and thus
reduces its size, compared with the literature 1. However,
since this conventional MIMO antenna has a three-dimen-
sional configuration, it requires a certain space. Its antenna
size is 557 mm?® which is almost twice as large as the MIMO
antenna of the exemplary embodiment of the present inven-
tion.

Inthe exemplary embodiments of the present invention, the
antenna is designed to operate in a double frequency band by
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mounting only one PIN diode 20 or 120 on the radiator 10 or
110. It is to be understood that the antenna can be designed to
operate in multiple frequency bands by mounting a plurality
of PIN diodes 20 or 120.

As set forth above, the MIMO antenna can operate in
double service bands and also has a drastically reduced size.

While the present invention has been particularly shown
and described with reference to exemplary embodiments
thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein
without departing from the spirit and scope of the invention as
defined by the appended claims.

What is claimed is:

1. A multiple-input multiple-output (MIMO) antenna oper-
able in a multiband, comprising:

aplurality of antenna elements each comprising a radiator

which radiates electromagnetic waves, a ground con-
nected to the radiator, and at least one switching element
mounted in an area of a lengthwise direction of the
radiator and short-circuiting or opening the area of the
radiator,

wherein the radiator comprises a feeding part formed in a

long strip shape in a first direction of the radiator, and a
plate-shaped radiating plate connected to a first end of
the feeding part.

2. The MIMO antenna as in claim 1, wherein the radiation
plate comprises a first radiation plate which is formed in a
strip shape and is connected to the first end of the feeding part
in a cross direction of the feeding part, and a second radiation
plate which is formed in a rectangular shape and apart from
the first radiation plate at an interval.

3. The MIMO antenna as in claim 2, wherein a first side of
the first radiation plate and a first side of the second radiation
plate are interconnected by the switching element, and short-
circuited or opened according to one of an on state and an off
state of the switching element.

4. The MIMO antenna as in claim 2, wherein, if the switch-
ing element is turned on to electrically short-circuit the first
radiation plate and the second radiation plate, the radiator
operates in a low frequency band compared to the off state of
the switching element, and

if the switching element is turned off to electrically open

the first radiation plate and the second radiation plate,
the radiator operates in a high frequency band compared
to the on state of the switching element.

5. The MIMO antenna as in claim 1, wherein the switching
element is a PIN diode.

6. The MIMO antenna as in claim 1, wherein a plurality of
switching elements are arranged at intervals and extend in the
lengthwise direction of the radiator.

7. The MIMO antenna as in claim 1, further comprising a
plurality of grounds of the antenna elements, wherein the
plurality of grounds form a single ground.

8. The MIMO antenna as in claim 1, wherein each of the
antenna elements further comprise a plurality of radiators,
wherein the radiators of the antenna elements are arranged at
intervals.
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9. The MIMO antenna as in claim 1, wherein the radiator is
mounted on a first side of a circuit board, and the ground is
mounted on a second side of the circuit board.

10. The MIMO antenna as in claim 1, wherein each of the
antenna elements further comprise a plurality of switching
elements, wherein the switching elements are turned on or off
at the same time.

11. A multiple-input multiple-output (MIMO) antenna
operable in a multiband, comprising:

a plurality of antenna elements each comprising a radiator
which radiates electromagnetic waves, a ground con-
nected to the radiator, and at least one switching element
mounted in an area of a lengthwise direction of the
radiator and short-circuiting or opening the area of the
radiator,

wherein the radiator comprises a meander line part which
is bent in a zigzag pattern.

12. The MIMO antenna as in claim 11, wherein the switch-
ing element is mounted on a first side of the circuit board
along the lengthwise direction of the meander line part, and
the first side of the meander line part is short-circuited or
opened according to the on state or the off state of the switch-
ing element.

13. The MIMO antenna as in claim 12, wherein, if the
switching element is turned on to electrically short-circuit the
first side of the meander line part, the radiator operates in a
low frequency band compared to the off state of the switching
element, and

if the switching element is turned off to electrically open
the one side of the meander line part, the radiator oper-
ates in a high frequency band compared to the on state of
the switching element.

14. A multiple-input multiple-output (MIMO) antenna

operable in a multiband, comprising:

a plurality of antenna elements each comprising a radiator
which radiates electromagnetic waves, a ground con-
nected to the radiator, and at least one switching element
mounted in an area of a lengthwise direction of the
radiator and shot-circuiting or opening the area of the
radiator; and

a switching controller which turns on the switching ele-
ment by applying a voltage over a certain level to the
switching element.

15. A multiple-input multiple-output (MIMO) antenna

operable in a multiband, comprising:

a plurality of antenna elements each comprising a radiator
which radiates electromagnetic waves, a ground con-
nected to the radiator, and at least one switching element
mounted in an area of a lengthwise direction of the
radiator and short-circuiting or opening the area of the
radiator,

wherein a matching part is extended from the ground to a
distance toward the radiator and is bent to one side.

16. The MIMO antenna as in claim 15, wherein the match-

ing part is electrically connected to the first radiation plate
through a via hole.
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WIRELESS APPARATUS FOR INCREASING
ANTENNA GAIN

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a wireless apparatus for increasing
antenna gain, and particularly to a wireless apparatus capable
of eliminating parasitic effect and increasing antenna gain.

2. The Related Art

According to the advancement of wireless communication
technology and wireless communication service, a wireless
communication apparatus is necessary for life, and particu-
larly a mobile phone. The mobile phone with powerful func-
tion and small volume is getting popular nowadays. There-
fore, the downsizing issue is one of designed targets for the
mobile phone.

The mobile phone for the mentioned downsizing issue
contains problems both at the closed position and the opened
position as well. The mobile phone is operated at wireless
communication in the opened position, else in the closed
position. When the mobile phone is in the opened position,
the movable housing of the mobile phone relatively moves to
the main housing of the mobile phone, for example the mov-
able housing rotates on the main housing, the movable hous-
ing slides on the main housing, etc.

According to the movement of the main housing and the
movable housing, a main printed circuit board received in the
main housing and a sub printed circuit board received in the
movable housing relatively move to each other. The main
printed circuit board electronically connects the sub printed
circuit board through a connection component.

According to the movement of the main printed circuit
board of the main housing and the sub printed circuit board of
the movable housing, the mobile phone is caused a parasitic
effect. The parasitic effect influences gain of the antenna of
the mobile phone. While considering the parasitic effect, the
antenna or layout of the main printed circuit board and the sub
printed circuit board are re-designed. Therefore, time cost for
re-designed of the antenna, the main printed circuit and the
sub printed circuit board is raised.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a wireless
apparatus having a main housing and a movable housing
relatively moved to the main housing. A first printed circuit
board with a first layer being fully laid metal material is
received in the main housing. A second printed circuit board
with a second layer being fully laid metal material is received
in the movable housing.

A connection component electronically connects to the
first layer of the first printed circuit board and the second layer
of'the second printed circuit board. An insulation route is laid
on the second layer of the second printed circuit board and led
to the border of the second layer of the second printed circuit
board.

When the wireless apparatus is operated at wireless com-
munication, the main housing and the movable housing rela-
tively extend to each other. Therefore, the first printed circuit
board and the second printed circuit board relatively extend to
each other and then cause a parasitic effect to influence gain
of the antenna of the wireless apparatus. The cooperation of
the first layer of the first printed circuit board, the second layer
of'the second printed circuit board, the connection component
and the insulation route adjusts the electrical characteristic of
the first printed circuit board and the second printed circuit
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board for eliminating the parasitic effect and increasing gain
of the antenna of the wireless apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be apparent to those skilled in
the art by reading the following description of a preferred
embodiment thereof, with reference to the attached drawings,
in which:

FIG. 1 shows a first preferred embodiment of a wireless
apparatus according to the present invention;

FIG. 2 illustrates a second preferred embodiment of the
wireless apparatus according to the present invention; and

FIG. 3 shows a third preferred embodiment of the wireless
apparatus according to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Please refer to FIG. 1. A first preferred embodiment of a
wireless apparatus 100 according to the present invention has
a main housing 1 and a movable housing 2. In this case, the
wireless apparatus 100 is a mobile phone. The main housing
1 of the wireless apparatus 100 and the movable housing 2 of
the wireless apparatus 100 relatively move to each other for
operating purpose. For example, the main housing 1 of the
wireless apparatus 100 and the movable housing 2 of the
wireless apparatus 100 relatively extend to each other for
wireless communication purpose, else the movable housing 2
of'the wireless apparatus 100 covers the main housing 1 of the
wireless apparatus 100.

The main housing 1 of the wireless apparatus 100 contains
a first printed circuit board 10. The first printed circuit board
10 has a first layer 11 being fully laid metal material. The
movable housing 2 of the wireless apparatus 100 contains a
second printed circuit board 20. The second printed circuit
board 20 has a second layer 21 being fully laid metal material.
An insulation route 3 is laid on the second layer 21 of the
second printed circuit board 20 and led to the border of the
second layer 21 of the second printed circuit board 20. In this
case, the first printed circuit board 10 and the second printed
circuit board 20 are multilayer printed circuit boards.

A connection component 4 electronically connects to the
metal material of the first layer 11 of the first printed circuit
board 10 and the metal material of the second layer 21 of the
second printed circuit board 20. In this case, the connection
component 4 is a flex printed circuit. The first layer 11 and the
second layer 21 are respectively ground layer of the first
printed circuit board 10 and the second printed circuit board
20.

When the wireless apparatus 100 is operated at wireless
communication, the main housing 1 and the movable housing
2 of the wireless apparatus 100 relatively extend to each other.
Therefore, the first printed circuit board 10 of the main hous-
ing 1 and the second printed circuit board 20 of the movable
housing 2 relatively extend to each other. According to the
cooperation of the first layer 11 of the first printed circuit
board 10, the second layer 21 of the second printed circuit
board 20, the insulation route 3 and the connection compo-
nent 4 adjusts the electrical characteristic of the first printed
circuit board 10 and the second printed circuit board 20, a
parasitic effect being caused of the movement of the first
printed circuit board 10 and the second printed circuit board
20 is eliminated. Therefore gain of the antenna 12 of the
wireless apparatus 100 is increased.

Please refer to FIG. 2, which shows a second preferred
embodiment of the wireless apparatus 100. The insulation
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route 3 is laid on the first layer 11 of the first printed circuit
board 10 and led to the border of the first layer 11 of the first
printed circuit board 10. Please refer to FIG. 3, which shows
a third preferred embodiment of the wireless apparatus 100.
The insulation route 3 is laid on both the first layer 11 of the
first printed circuit board 10 and the second layer 21 of the
second printed circuit board 20 and led to the border of the
firstlayer 11 of the first printed circuit board 10 and the border
of'the second layer 21 of the second printed circuit board 20
respectively.

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

What is claimed is:

1. A wireless apparatus, comprising:

a main housing;

an antenna coupled to said main housing;

a movable housing coupled to said main housing;

a first printed circuit board being received in said main
housing, having a first layer being fully laid metal mate-
rial;

a second printed circuit board being received in said mov-
able housing, having a second layer being fully laid
metal material;

a connection component electronically connected to said
metal material of said first layer of said first printed
circuit board and said metal material of said second layer
of said second printed circuit board; and

an insulation route being laid on said first layer of said first
printed circuit board and led to the border of said first
layer of said first printed circuit board, wherein said
connection component and said insulation route are con-
figured to be capable of adjusting an electrical charac-
teristic of said first printed circuit board and said second
printed circuit board to eliminate parasitic effect and to
increase gain of said antenna.

2. The wireless apparatus as claimed in claim 1, wherein

said wireless apparatus is a mobile phone.

3. The wireless apparatus as claimed in claim 1, wherein

said movable housing is extended over said main housing.

4. The wireless apparatus as claimed in claim 1, wherein

said movable housing is pivotably connected to said main
housing.
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5. The wireless apparatus as claimed in claim 1, wherein
said first layer is the ground layer of the first printed circuit
board and said second layer is the ground layer of said second
printed circuit board.

6. The wireless apparatus as claimed in claim 1, wherein
said connection component is a flex printed circuit.

7. The wireless apparatus as claimed in claim 1, wherein
said first printed circuit board and said second printed circuit
board are multilayer printed circuit boards.

8. A wireless apparatus, comprising:

a main housing;

an antenna coupled to said main housing;

a movable housing coupled to said main housing;

a first printed circuit board being received in said main
housing, having a first layer being fully laid metal mate-
rial;

a second printed circuit board being received in said mov-
able housing, having a second layer being fully laid
metal material;

a connection component electronically connected to said
metal material of said first layer of said first printed
circuit board and said metal material of said second layer
of said second printed circuit board; and

an insulation route being laid on said second layer of said
second printed circuit board and led to the border of said
second layer of said second printed circuit board,
wherein said connection component and said insulation
route are configured to be capable of adjusting an elec-
trical characteristic of said first printed circuit board and
said second printed circuit board to eliminate parasitic
effect and to increase gain of said antenna.

9. The wireless apparatus as claimed in claim 8, wherein

said wireless apparatus is a mobile phone.

10. The wireless apparatus as claimed in claim 8, wherein
said movable housing is extended over said main housing.

11. The wireless apparatus as claimed in claim 8, wherein
said movable housing is pivotably connected to said main
housing.

12. The wireless apparatus as claimed in claim 8, wherein
said first layer is the ground layer of the first printed circuit
board and said second layer is the ground layer of said second
printed circuit board.

13. The wireless apparatus as claimed in claim 8, wherein
said connection component is a flex printed circuit.

14. The wireless apparatus as claimed in claim 8, wherein
said first printed circuit board and said second printed circuit
board are multilayer printed circuit boards.

#* #* #* #* #*
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1
LOW PROFILE ANTENNAS AND DEVICES

BACKGROUND

Antennas are often employed in various wireless applica-
tions, such as cellular telephony, global positioning system
(GPS) location determination, digital satellite radio recep-
tion, and digital video broadcast (DVB) reception. It is gen-
erally desirable to reduce the size of antennas and their asso-
ciated devices.

An antenna’s size may be dictated by various operational
characteristics, such as its operating frequencies, its specified
signal quality requirements, and so forth. For example, an
antenna’s size typically increases as its operating frequencies
decrease.

One technique for reducing the height of antenna devices
involves the employment of “top loading” techniques. Such
techniques place a load at an end of an element (e.g., a
monopole) to make the element appear “electrically taller.”
Thus, top loading allows a shorter antenna to operate at a
given frequency range.

Many conventional top loading techniques involve the use
of relatively large top loads. Examples of such conventional
top loads include circular or rectangular flat plates positioned
at the top of an antenna device. Such conventional top loads
may unfortunately occupy large footprints and block wireless
signals being received and/or transmitted by nearby devices.

SUMMARY

The present invention provides an apparatus having a
monopole extending substantially along an axis that may be
substantially vertical. However, the monopole may have a
loop portion that deviates from the axis. Further, the apparatus
includes multiple conductive elements, each having a sub-
stantially linear first segment that is coupled to the monopole.
The first segments may be coplanar and/or perpendicular to
the axis. Further features and advantages of the invention will
become apparent from the following description and accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11is aview of an antenna device in accordance with an
exemplary embodiment of the present invention;

FIG. 2 is a view of a conductive element;

FIG. 3 is a view of an antenna apparatus having a conduc-
tive element that is connected to a ground potential;

FIG. 41is a perspective view of an antenna device supported
by a base;

FIG. 5 is a side view of an antenna device covered by a
radome; and

FIG. 6 is a perspective view of an antenna device in accor-
dance with a further exemplary embodiment of the present
invention.

DETAILED DESCRIPTION

Various embodiments may be generally directed to antenna
devices. Although embodiments may be described with a
certain number of elements in a particular arrangement by
way of example, the embodiments are not limited to such. For
instance, embodiments may include greater or fewer ele-
ments, as well as other arrangements among elements.

FIG. 1 is a perspective view of an exemplary antenna
apparatus 100. This apparatus may be used to transmit and/or
receive wireless signals in one or more frequency bands.
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Apparatus 100 may include various elements. For instance,
FIG. 1 shows apparatus 100 including a monopole 102 and a
top load portion 104.

Monopole 102, which extends generally along an axis 103,
has a bottom end 106 and a top end 108. A feed point may be
located substantially at bottom end 106. At this point, one or
more signal conveying media (such as a coaxial cable, wire
(s), or trace(s)) may be coupled to antenna device 100.

Top load portion 104 may include multiple elements that
are each coupled to monopole 102. For instance, FIG. 1 shows
top load portion 104 including four conductive elements.
However, other numbers of elements may be employed. In
particular, FIG. 1 shows top load portion 104 having a first
conductive element 1104, a second conductive element 1105,
a third conductive element 110¢, and a fourth conductive
element 1104.

As shown in FIG. 1, each of conductive elements 110a-d
has a first end that is coupled to monopole 102 at or near top
end 108. However, each of conductive elements 110a-d has a
second end that may be unconnected (e.g., floating) or con-
nected to a predetermined potential. For example, FIG. 1
shows an end of conductive element 1104 being connected to
a ground potential. Through this connection, conductive ele-
ment 1104 may act as an impedance transformer to boost the
input impedance of antenna device 100.

With reference to axis 103, conductive elements 110a-d are
spaced radially according to angles a,, a,, a,, and a,. For
instance, FIG. 1 shows angle a, being between conductive
elements 110a and 1105, angle a, being between conductive
elements 1105 and 110¢, angle a, being between conductive
elements 110c¢ and 1104, and angle a, being between conduc-
tive elements 1104 and 110a. Such angles may be substan-
tially equivalent. For example, in the embodiment of FIG. 1,
angles a,-a, may each be substantially ninety degrees (90°).
However, embodiments may include non-equivalent angles.

As described above, monopole 102 extends generally
along axis 103. However, monopole 102 may include a loop
portion 112 that deviates from axis 103. Loop portion 112
may be positioned between ends 106 and 108. As shown in
FIG. 1, loop portion 112 has a rectangular shape. However,
other shapes may be employed. Loop portion 112 elongates
(or increases the length) of monopole 102.

Through load portion 104 (which includes conductive ele-
ments 110a-d), antenna device 100 performs as though it is
“electrically taller” than its actual size. Thus, antenna device
100 may eftectively operate in a frequency range (or a range
of' wavelengths) that corresponds to a taller height. Addition-
ally, load portion 104 may further serve to improve the Volt-
age Standing Wave Ratio (VSWR) bandwidth.

Moreover, through load portion 104, antenna device 100
may be arranged in close proximity with other antennas
devices and impart less impact (e.g., less signal blockage)
than conventional antenna devices would. An exemplary
arrangement may include multiple (e.g., 3 or 4) antenna
devices placed in close proximity within a single package.

FIG. 2 is a side view showing a conductive element 110
with reference to axis 103. For purposes of convenience, F1G.
2 depicts conductive element 110a. However, other conduc-
tive elements (e.g., conductive elements 1105-110d4) may be
implemented in the same or similar manner.

As shown in FIG. 2, conductive element 1104 has a proxi-
mal end 202 and a distal end 204. With reference to FIG. 1,
proximal end 202 may be coupled to monopole 102 at or near
top end 108.

Conductive elements (e.g., conductive elements 110a-
110d) may each include multiple segments. For instance,
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FIG. 2 shows conductive element 110a having a first segment
206, and an adjacent second segment 208, while segment 208
includes distal end 204.

FIG. 2 shows that segment 206 is substantially linear and is
substantially perpendicular to axis 103. Referring again to
FIG. 1, conductive elements 1105, 110¢, and 1104 may also
have segments that are similar to segment 206. In embodi-
ments, these segments may lie in a plane that is substantially
perpendicular to axis 103.

Segment 208 is also shown as being substantially linear,
but having a different orientation than segment 206. More
particularly, FIG. 2 shows segment 208 being substantially
perpendicular to segment 206 and substantially parallel to
axis 103. With reference to FIG. 1, conductive elements 1105,
110c¢, and/or 1104 may also have segments that are similar to
segment 208.

FIG. 3 is a further side view showing conductive element
1104 with reference to axis 103. In embodiments, other con-
ductive elements (e.g., conductive elements 110a-c) may be
implemented in the same or similar manner.

As shown in FIG. 3, conductive element 1104 has a proxi-
mal end 302 and a distal end 304. With reference to FIG. 1,
proximal end 302 may be coupled to monopole 102 at or near
top end 108. FIG. 3 further shows conductive element 1104
having a first segment 306 (which includes proximal end
302), and an adjacent second segment 308, (which includes
distal end 304).

Segment 306 is shown as being substantially linear and
substantially perpendicular to axis 103. Referring again to
FIG. 1, conductive elements 110a, 1105, and/or 110c may
also have segments that are similar to segment 306. As
described above, such segments may lie in a plane that is
substantially perpendicular to axis 103.

Segment 308 is also shown as being substantially linear,
but having an orientation that is substantially perpendicular to
segment 306 and substantially parallel to axis 103. With ref-
erence to FIG. 1, segment 308 may be coupled to a ground
potential.

Although FIGS. 2 and 3 show segments 206, 208, 306, and
308 having linear shapes, the embodiments are not limited to
such. For instance, antenna device embodiments may employ
conductive element(s), which include one or more segments
having various non-linear shapes.

Various dimensions are shown in FIGS. 1, 2, and 3. For
instance, FIG. 1 shows monopole 102 having a height H.
Also, FIG. 2 shows segment 206 having a length [, and
segment 208 having a length L,. In addition, FIG. 3 shows
segment 306 having a length I.; and segment 308 having a
length L,. An example embodiment H and L, are each
approximately 1 inch, while L, [.,, and L, are each approxi-
mately 0.625 inches. However, the embodiments are not lim-
ited to these measurements.

Elements of antenna device 100 (such as monopole 102
and conductive elements) may be made from one or more
suitable materials. Exemplary materials include conductors
such as copper, stainless steel, and aluminum. However,
embodiments of the present invention are not limited to these
materials. Various thicknesses and cross sectional profiles
may be employed with such conductors.

In addition to the depicted elements, other components
may be included in antenna device. For example, a matching
network (e.g., a passive network) may be coupled to antenna
device 100 at its feed point (e.g., on or near end 106). Such a
matching network may be configured to further improve the
VSWR of antenna device 100.

As described above, antenna device may operate within
one or more frequency bands. Such frequency band(s) may
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include the Advanced Mobile Phone System (AMPS) band
from about 824 MHz to 894 MHz, the European GSM band
from about 880 MHz to about 960 MHz, the PCS band from
about 1850 MHz to 1990 MHz, and/or the European
DCS1800 band from about 1710 MHz to about 1880 MHz.
However, the embodiments are not limited to these exemplary
frequency ranges. For instance, may additionally or alterna-
tively operate in the Satellite Digital Audio Radio Service
(SDARS) band from about 2320 MHz to 2345 MHz.

Embodiments of the present invention may include
antenna devices supported by bases. For example, FIG. 4 isa
view illustrating an exemplary arrangement 400 in which
elements of antenna device 100 are supported by a base 402.

As shown in FIG. 4, base 402 has a surface 404. Substantial
portions of surface 404 may be composed of (or have placed
thereon) a conductive material to provide a ground plane.
FIG. 4 shows that monopole 102 is attached to a feed point
406 of surface 404 (e.g., at or near bottom end 106) and
conductive segment 1104 is attached to a ground point or
potential 408 of surface 404 (e.g., at or near distal end 304).
These attachments may be made in various ways, such as with
mechanical fasteners, soldering, brazing, adhesives, and so
forth.

Base 402 may have a surface (not shown) that is opposite to
surface 404. This surface may be attached to various devices
and/or implements. For instance, this surface may attachto a
vehicle, such as an automobile’s exterior surface. Attachment
may be made in different ways, such as with mechanical
fasteners, adhesives, suction cups, and/or gaskets.

In embodiments, other antenna devices may also be
attached to base 402 (for example on surface 404). Such
devices may be of various types, such as printed, patch or
microstrip antennas. In addition, such devices may support
the transfer of various signals, such as cellular or satellite
telephony signals, global positioning system (GPS) signals,
video and/or radio broadcast signals (either analog or digital),
SDAR signals, and the like.

One or more connectors may be attached to base 402.
These connectors provide electrical connections between
antenna device 100 (e.g., feed point 406) and one or more
transmission lines (e.g., coaxial cables). In turn, such trans-
mission lines may be further coupled to one or more elec-
tronic devices. Examples of such devices include cellular
telephones, radio receivers, video receivers, computer
devices (e.g., laptop computers, personal digital assistants
(PDAs)), GPS receivers, and so forth.

In embodiments, arrangement 400 may include additional
components. Examples of additional components include
amplifiers, diplexers, matching networks, and so forth.

FIG. 5 is a cut away side view in which the arrangement of
FIG. 4 is covered by a radome 502. Radome 502 may be made
of various materials, such as plastics having suitable micro-
wave properties. Examples of such properties include a
dielectric constant between 1 and 5, and a loss tangent
between 0.01 and 0.001. In embodiments, radome 502 may
be composed of an ultraviolet (UV) stable injection molded
plastic.

FIGS. 1, 2 and 3, show top load conductive elements
110a-d having linear segments. However, as described above,
other shapes may be employed. For instance, FIG. 6 shows an
antenna apparatus 600 that employs such other shapes.
Antenna apparatus 500 is similar to the apparatus shown in
FIG. 1. However, in FIG. 6, conductive elements 110a-d are
replaced with conductive elements 602a-d.

As shown in FIG. 6, conductive elements 602a-d include
loop portions (or loop patterns) 604a-d, as well as substan-
tially linear segments 606a-d, 608a-d, and 610a-d.
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Each loop portion 604 is coupled between its correspond-
ing segments 606 and 608. Each segment 606 is coupled to
monopole 102, for example, on or near top end 108. Further
each segment 610 is coupled to segment 608. Loop portions
604 and segments 606 and 608 may lie substantially in a plane
that is perpendicular to axis 103. Also, segments 610 may be
substantially parallel to axis 103.

As with the antenna device of FIG. 1, one of segments 610
(e.g., segment 6104) may be coupled to a ground potential.

Numerous specific details have been set forth herein to
provide a thorough understanding of the embodiments. It will
be understood by those skilled in the art, however, that the
embodiments may be practiced without these specific details.
In other instances, well-known operations, components and
circuits have not been described in detail so as not to obscure
the embodiments. It can be appreciated that the specific struc-
tural and functional details disclosed herein may be represen-
tative and do not necessarily limit the scope of the embodi-
ments.

Thus, while the subject matter has been described in lan-
guage specific to structural features and/or methodological
acts, it is to be understood that the subject matter defined in
the appended claims is not necessarily limited to the specific
features or acts described above. Rather, the specific features
and acts described above are disclosed as example forms of
implementing the claims.

The invention claimed is:

1. An apparatus, comprising:

a monopole having one or more portions extending sub-

stantially along an axis; and

four or more conductive elements, each conductive ele-

ment including substantially linear first and second seg-
ments, wherein each of the first segments is coupled to
the monopole and is substantially perpendicular to the
axis, and wherein each of the second segments is sub-
stantially parallel to the axis, and at least one of the
second segments has an end connected to a ground
potential.

2. The apparatus of claim 1 wherein the first segments are
substantially coplanar.

3. The apparatus of claim 2, wherein the first segments lie
substantially within a plane that is perpendicular to the axis.

4. The apparatus of claim 1, wherein the monopole has a
loop portion that deviates from the axis.

5. The apparatus of claim 1, wherein each conductive ele-
ment further includes a third segment between the corre-
sponding first and second segments, the third segment having
a loop pattern.

6. The apparatus of claim 1, wherein the plurality of con-
ductive elements are spaced radially in substantially equal
increments about the axis.

7. The apparatus of claim 1, wherein the axis is substan-
tially vertical.
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8. The apparatus of claim 1, wherein the monopole and the
plurality of conductive elements are arranged to exchange
wireless signals within a frequency band from about 824
MHz to 894 MHz.

9. The apparatus of claim 1, wherein the monopole and the
plurality of conductive elements are arranged to exchange
wireless signals within a frequency band from about 1850
MHz to 1990 MHz.

10. The apparatus of claim 1, wherein the monopole and
the plurality of conductive elements are arranged to exchange
wireless signals within a frequency band from about 2320
MHz to 2345 MHz.

11. The apparatus of claim 1, further comprising a base, the
base having a feed point coupled to the monopole and a
ground potential coupled to one of the conductive elements.

12. The apparatus of claim 1, further comprising a radome
enclosing the monopole and the plurality of conductive ele-
ments.

13. An apparatus, comprising:

a monopole having one or more portions extending sub-
stantially along an axis, the monopole further having an
end; and

four or more conductive elements coupled to the mono-
pole;

wherein each conductive element includes a substantially
linear segment coupled to the end of the monopole,
wherein the substantially linear segments are substan-
tially coplanar and spaced radially in substantially equal
increments about the axis, and at least one of the con-
ductive elements includes a second segment having an
end connected to a ground potential.

14. The apparatus of claim 13, wherein each of the sub-
stantially linear segments are substantially perpendicular to
the axis.

15. The apparatus of claim 13, wherein the monopole has a
loop portion that deviates from the axis.

16. The apparatus of claim 13, wherein each conductive
element further includes a second segment that is substan-
tially parallel to the axis.

17. An apparatus, comprising:

a monopole having one or more portions extending sub-

stantially along an axis;

four or more conductive elements, each conductive ele-
ment including a substantially linear first and second
segments, wherein each of the first segments is coupled
to the monopole and is substantially perpendicular to the
axis, and wherein each of the second segments is sub-
stantially parallel to the axis; and

a base having a feed point coupled to the monopole and a
ground potential coupled to one of the conductive ele-
ments.

18. The apparatus of claim 17, further comprising a radome

enclosing the monopole and the plurality of conductive ele-
ments.
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MULTI-BAND MONOPOLE ANTENNAS FOR
MOBILE NETWORK COMMUNICATIONS
DEVICES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This patent application claims the benefit of priority from
U.S. Provisional Patent Application Ser. No. 60/540,448 filed
on Jan. 30, 2004. This application incorporates by reference
the entire disclosure of U.S. Provisional Patent Application
Ser. No. 60/540,448.

INTRODUCTION

This invention relates generally to the field of multi-band
monopole antennas. More specifically, multi-band monopole
antennas are provided that are particularly well-suited for use
in mobile network communications devices, such as PCM-
CIA wireless cards, electronic devices with integrated WI-FI
and WiMAX modules, compact flash wireless cards, wireless
USB/UART dongles, and other wireless networking devices.

BACKGROUND

Multi-band antenna structures for use in a mobile network
communications device are known in this art. In known wire-
less PCMCIA cards, for example, two dual-band antennas are
typically used. The two antennas in a PCMCIA card, for
example, are used with a diversity system in which the signal
received from each antenna is compared and the best signal at
any given time is used. A diversity system is particularly
useful for indoor and multipath reception.

SUMMARY

Multiband monopole antennas are disclosed. The antennas
disclosed can include a substrate for mounting conductors, a
first conductor for receiving networking signals mainly in a
first frequency band, and a second conductor for receiving
networking signals mainly in a second frequency band. The
first conductor can have a polygonal shape with an aspect
ratio of length to width of less than about 5 to about 1. The
second conductor can be linear, space-filling, or grid dimen-
sion. The first and second conductors can be connected at a
feeding point.

The antennas disclosed can also include a substrate for
mounting conductors, first and second conductors for receiv-
ing networking signals mainly in a first frequency band, and
third and fourth conductors for receiving networking signals
mainly in a second frequency band. The first and second
conductors can be symmetrical polygonal shapes that have an
aspect ratio of length to width of less than about 5 to about 1.
The third and fourth conductors can be symmetrical linear,
space-filling, or grid dimension shapes. The first and second
conductors can be symmetrically oriented with respect to
each other about a central axis on the antenna substrate and
the third and fourth conductors can be symmetrically oriented
with respect to each other about the central axis on the
antenna substrate. The first, second, third and fourth conduc-
tors can be connected at a feeding point.

The antennas can be formed on simple, readily available
circuit board materials as separate units or formed directly
onto a printed circuit board. Two or more of the disclosed
antennas can be used on a single printed circuit board. When
two or more antennas are used with the same printed circuit
board, the conducting material of the printed circuit board

20

25

30

35

40

45

50

55

60

65

2

located between the antenna attachment points can be inter-
rupted to improve the isolation of each antenna.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a top view of a multi-band monopole antenna
for use in mobile network communications devices;

FIG. 2 shows a top view of another multi-band monopole
antenna for use in mobile network communications devices;

FIG. 3 shows a top view of a non-symmetrical multibranch
monopole antenna for use in mobile network communica-
tions devices;

FIG. 4 shows a top view of a symmetrical multibranch
monopole antenna for use in mobile network communica-
tions devices;

FIG. 5 shows one example of a space-filling curve;

FIGS. 6-9 illustrate an exemplary two-dimensional
antenna geometry forming a grid dimension curve;

FIG. 10 shows a suggested cardbus PCB layout for use with
the antenna shown in FIG. 4; and

FIG. 11 shows another suggested cardbus PCB layout for
use with the antenna shown in FIG. 4.

DETAILED DESCRIPTION

Referring now to the drawing figures, FIG. 1 and FIG. 2 are
top views of two exemplary multi-band monopole antennas
for use in mobile network communications devices. The
antennas of FIG. 1 and FIG. 2 include substrates (10, 20) and
multibranch monopole conductors with the branches being
connected at common points called feeding points (12, 22).
The antenna substrates of FIG. 1 and FIG. 2 can, for example,
be a 10 mmx10 mmx0.8 mm circuit board with a copper base
conductor. The number of branches of a monopole antenna is
directly related to the number of frequency bands or groups of
bands that can be received. The antennas of FIG. 1 and FIG.
2 have two branches and are, thus, capable of receiving two
different frequency bands. The branches of the antennas of
FIG.1 and FIG. 2 are non-symmetrical with the longer branch
(14, 24) receiving a lower frequency band and the shorter
branch (16, 26) receiving a higher frequency band. The length
of'the branches can be configured to receive signals specified
in networking standards such as the 802.11bg/Bluetooth stan-
dard (2.4-2.5 GHz) and the 802.11a band (4.9-5.875 GHz).
Thus, the antennas of both FIG. 1 and FIG. 2 can be config-
ured, for example, to receive both 802.11bg band frequencies
on the longer branch (14, 24) and 802.11a band frequencies
on the shorter branch (16, 26). Coupling between branches in
multibranch antennas is possible and such coupling can be
taken into account during the design of the antenna. Further,
services other than networking broadcast on these frequen-
cies and the antennas disclosed herein can be used with those
services as well.

Another multi-band monopole antenna design is shown in
FIG. 3. The antenna of FIG. 3 is a non-symmetrical multi-
branch monopole. The antenna of FIG. 3 includes a substrate
30, a feeding point 32, and two conductor branches (34, 36).
The shorter branch 34 is a polygonal monopole with notches
(38, 40). The polygonal monopole could also have a multi-
level shape such as that described in U.S. Patent Application
Publication No. US 2002/0140615 A1, which is hereby incor-
porated by reference. The aspect ratio, i.e., the length com-
pared to the width, of the shorter branch 34 of the polygonal
monopole as depicted in FIG. 3 is about 3 to about 2. Prefer-
ably the aspect ratio is less than about 5 to about 1, more
preferably the aspect ratio is less than about 3 to about 1, and
even more preferably the aspect ratio is less than about 2 to
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about 1. The notches (38, 40) contribute to the antenna imped-
ance match. One or more notches can be used, the length of
each notch can vary, and, if more than one notch is used, the
notches may be different lengths. A polygonal monopole can
also have no notches. The longer branch 36 receives a lower
frequency band and the shorter branch 34 receives a higher
frequency band. The longer 36 and shorter 34 branches can be
configured to receive network standard signals as discussed
above with the antennas of FIG. 1 and FIG. 2.

Non-symmetrical antennas like the one shown in FIG. 3 are
often designed for a specific printed circuit board (PCB) and,
thus, are locked into a specific orientation on the PCB because
the performance of the antenna can change with changes in
the position, orientation, or identity of nearby circuitry. Sym-
metrical antennas on the other hand usually offer greater
flexibility in terms of PCB placement because they are not as
effected by changes in position, orientation, or identity of
nearby circuitry.

Another multi-band monopole antenna is shown in F1G. 4.
The antenna shown in FIG. 4 is a symmetrical multibranch
monopole antenna. The antenna of FIG. 4 includes a substrate
50, a feeding point 52, and four conductor branches (54, 56,
58, 60). Each conducting branch has an opposing mirror
image conducting branch that is symmetrical about a plane 61
that roughly divides the substrate 50 in half from top to
bottom. The shorter branches (54, 56) are mirror images of
each other with respect to plane 61 and the longer branches
(58, 60) are mirror images of each other with respect to plane
61. The shorter branches (54, 56) are polygonal monopoles
with notches as discussed above with respect to the antenna of
FIG. 3. The longer branches (58, 60) receive a lower fre-
quency band and the shorter branches (54, 56) receive a
higher frequency band. The longer branches can be linear,
space-filing, or grid dimension curves. The longer (58, 60)
and shorter (54, 56) branches can be configured to receive
network standard signals as discussed above with respect to
the antennas of FIG. 1 and FIG. 2. Due to its symmetry, the
antenna of FIG. 4 has greater flexibility in terms of PCB
placement than the non-symmetrical antennas discussed
above.

An example of a space-filling curve 62 is shown in FIG. 5.
As used herein space-filling means a curve formed from a line
that includes at least ten segments, with each segment form-
ing an angle with an adjacent segment. When used in an
antenna, each segment in a space-filling curve 62 should be
shorter than one-tenth of the free-space operating wavelength
of the antenna.

Examples of grid dimension curves are shown in FIGS. 6 to
9. The grid dimension of a curve may be calculated as follows.
A first grid having square cells of length L1 is positioned over
the geometry of the curve, such that the grid completely
covers the curve. The number of cells (N1) in the first grid that
enclose at least a portion of the curve are counted. Next, a
second grid having square cells of length 1.2 is similarly
positioned to completely cover the geometry ofthe curve, and
the number of cells (N2) in the second grid that enclose at
least a portion of the curve are counted. In addition, the first
and second grids should be positioned within a minimum
rectangular area enclosing the curve, such that no entire row
or column on the perimeter of one of the grids fails to enclose
at least a portion of the curve. The first grid should include at
least twenty-five cells, and the second grid should include
four times the number of cells as the first grid. Thus, the length
(L2) of each square cell in the second grid should be one-half
the length (L1) of each square cell in the first grid. The grid
dimension (D,) may then be calculated with the following
equation:
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_ log(V2) -~ log(N1)
87 " log(12) — log(L1)

For the purposes of this application, the term grid dimen-
sion curve is used to describe a curve geometry having a grid
dimension that is greater than one (1). The larger the grid
dimension, the higher the degree of miniaturization that may
be achieved by the grid dimension curve in terms of an
antenna operating at a specific frequency or wavelength. In
addition, a grid dimension curve may, in some cases, also
meet the requirements of a space-filling curve, as defined
above. Therefore, for the purposes of this application, a
space-filling curve is one type of grid dimension curve.

FIG. 6 shows an exemplary two-dimensional antenna 64
forming a grid dimension curve with a grid dimension of
approximately two (2). FIG. 7 shows the antenna 64 of FIG.
6 enclosed in a first grid 66 having thirty-two (32) square
cells, each with length 1. FIG. 8 shows the same antenna 64
enclosed in a second grid 68 having one hundred twenty-eight
(128) square cells, each with a length L.2. The length (I.1) of
each square cell in the first grid 66 is twice the length (I.2) of
each square cell in the second grid 68 (1.2=2xL.1). An exami-
nation of FIGS. 7 and 8 reveal that at least a portion of the
antenna 64 is enclosed within every square cell in both the
first and second grids 66, 68. Therefore, the value of N1 in the
above grid dimension (D) equation is thirty-two (32) (i.e.,
the total number of cells in the first grid 66), and the value of
N2 is one hundred twenty-eight (128) (i.e., the total number
of cells in the second grid 68). Using the above equation, the
grid dimension of the antenna 64 may be calculated as fol-
lows:

log(128) —log(32)

£ 7 Tlog@x L1) —log(Ll)

For a more accurate calculation of the grid dimension, the
number of square cells may be increased up to a maximum
amount. The maximum number of cells in a grid is dependent
upon the resolution of the curve. As the number of cells
approaches the maximum, the grid dimension calculation
becomes more accurate. If a grid having more than the maxi-
mum number of cells is selected, however, then the accuracy
of'the grid dimension calculation begins to decrease. In some
cases, the maximum number of cells is 100, but typically, the
maximum number of cells in a grid is one thousand (1000).

For example, FIG. 9 shows the same antenna 64 enclosed in
a third grid 69 with five hundred twelve (512) square cells,
each having a length 1.3. The length (I.3) of the cells in the
third grid 69 is one half the length (L.2) of the cells in the
second grid 68, shown in FIG. 8. As noted above, a portion of
the antenna 64 is enclosed within every square cell in the
second grid 68, thus the value of N for the second grid 68 is
one hundred twenty-eight (128). An examination of FIG. 9,
however, reveals that the antenna 64 is enclosed within only
five hundred nine (509) of the five hundred twelve (512) cells
in the third grid 69. Therefore, the value of N for the third grid
69 is five hundred nine (509). Using FIGS. 8 and 9, a more
accurate value for the grid dimension (D,) of the antenna 64
may be calculated as follows:
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log(509) — log(128)
Dg = T log2xI2)—log(12) 19915

The performance aspects of multi-band monopole anten-
nas can be effected by the layout of the metal in the PCB
where an antenna is mounted. As discussed above, antennas
can be designed to work within particular PCB environments
or a PCB can be optimized to work with a particular antenna
design. The specific design of the antenna shown in FIG. 3,
for example, makes it particularly well-suited for use with a
cardbus PCB. To utilize the antenna shown in FIG. 3 with a
cardbus PCB, two copies of the antennas shown in FIG. 3
could, for example, be mounted in the upper left corner and
upper right corner of the cardbus PCB. FIGS. 10 and 11 show
examples of two PCBs suitable for use with the antenna of
FIG. 4. In FIG. 10 and FIG. 11, two copies of the antenna of
FIG. 4, for example, could be mounted in the upper left
corners (80, 90) and upper right corners (82, 92). The PCBs of
FIG. 10 and FIG. 11 include slots (84, 94) in the upper portion
of the PCB. The slots (84, 94) provide an interruption in or
absence of conducting material between antenna attachment
positions. The slots (84, 94) allow the adjustment of the
electrical path of the currents and fields that propagate along
the conductive edge. An interruption in or absence of con-
ducting material between antennas mounted on a PCB
increases each antenna’s isolation from the other antenna
thereby potentially improving performance. In addition to
slots, other interruptions that can be used include, but are not
limited to, holes, FracPlane™ ground plates (such as those
described in U.S. Patent Application Publication No. US
2004/0217916 A1, which is hereby incorporated by refer-
ence), and periodic, quasi-periodic, space-filling, multi-level,
and frequency selective geometries. Further, one or more
interruptions can be used. FIGS. 10 and 11 show examples in
which separate antenna components are mounted on a PCB.
When an antenna is formed as a component separate from the
PCB on which it will eventually be mounted, the substrate
material used to make the antenna can be simple, readily
available printed circuit board material. Further, directly
forming an antenna on a particular PCB is also possible. In
some embodiments, the antenna is formed directly on a sub-
strate or laminate of an integrated circuit package including
other electronic or radio frequency (RF) components or semi-
conductor dies.

This written description uses examples to disclose the
invention, including the best mode, and also to enable a per-
son 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. Such other examples, which may be available either
before or after the application filing date, are intended to be
within the scope of the claims if they have structural elements
that do not differ from the literal language of the claims, or if
they include equivalent structural elements with insubstantial
differences from the literal language of the claims.

The invention claimed is:

1. A multi-band monopole antenna, comprising:

an antenna substrate;

a feeding point;

a first conductor for receiving networking signals in the
frequency range of about 4.9 GHz to about 5.875 GHz,
the first conductor comprising a polygonal portion hav-
ing a polygonal shape with an aspect ratio of length to
width of less than about 5 to about 1;
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the first conductor further comprising a strip portion hav-
ing a width smaller than a width of the polygonal por-
tion, a first end of the strip portion is connected to the
feeding point, and a second end of the strip portion is
connected to the polygonal portion;

wherein the polygonal portion comprises at least one notch
where conducting material is removed from the polygo-
nal portion for matching the impedance of the antenna;
and

a second conductor for receiving networking signals in the
frequency range of about 2.4 GHz to about 2.5 GHz, the
second conductor adopting a linear, space-filling, or grid
dimension shape, and having a first end connected to the
feeding portion.

2. The multi-band monopole antenna of claim 1, wherein
the first conductor has an aspect ratio of less than about 3 to
about 1.

3. The multi-band monopole antenna of claim 1, wherein
the first conductor has an aspect ratio of less than about 2 to
about 1.

4. The multi-band monopole antenna of claim 1, wherein
the first conductor has an aspect ratio of about 3 to about 2.

5. The multi-band monopole antenna of claim 1, wherein
the first conductor receives network signals in the 802.11a
band.

6. The multi-band monopole antenna of claim 1, wherein
the second conductor receives network signals in the
802.11bg band.

7. The multi-band monopole antenna of claim 1, wherein
the substrate comprises a 10 mmx10 mmx0.8 mm circuit
board with a copper base conductor.

8. The multi-band monopole antenna of claim 1, wherein
the at least one notch is adjacent to a connection of the
polygonal portion and the strip portion.

9. The multi-band monopole antenna of claim 1, wherein
an end of the polygonal portion opposite to an end connected
to the strip portion is closer to a second end of the second
conductor than to the feeding point.

10. The multi-band monopole antenna of claim 1, wherein
the strip portion is arranged at an angle with respect to a
portion of the second conductor adjacent to the feeding point,
the angle being smaller than about 90°.

11. A printed circuit board comprising at least one multi-
band monopole antenna, the at least one multi-band mono-
pole antenna comprising:

an antenna substrate;

a feeding point;

a first conductor for receiving networking signals in the
frequency range of about 4.9 GHz to about 5.875 GHz,
the first conductor comprising a polygonal portion hav-
ing a polygonal shape with an aspect ratio of length to
width of less than about 5 to about 1;

the first conductor further comprising a strip portion hav-
ing a width smaller than a width of the polygonal por-
tion, a first end of the strip portion is connected to the
feeding point, and a second end of the strip portion is
connected to the polygonal portion;

wherein the polygonal portion comprises at least one notch
where conducting material is removed from the polygo-
nal portion for matching the impedance of the antenna;
and

a second conductor for receiving networking signals in the
frequency range of about 2.4 GHz to about 2.5 GHz, the
second conductor adopting a linear, space-filling, or grid
dimension shape, and having a first end connected to the
feeding portion.
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12. The printed circuit board of claim 11, wherein two or
more multi-band monopole antennas are used and conducting
material of a ground plane of the printed circuit board located
between antenna attachment points of the two or more anten-
nas is interrupted.
13. The printed circuit board of claim 11, further compris-
ing a ground plane, wherein the at least one multi-band mono-
pole antenna is mounted on a portion of the printed circuit
board substantially free from the ground plane.
14. A symmetrical multi-band monopole antenna, com-
prising:
an antenna substrate;
a feeding point;
first and second conductors for receiving networking sig-
nals in the frequency range of about 4.9 GHz to about
5.875 GHz, each of the first and second conductors
comprising a polygonal portion having symmetrical
polygonal shapes with an aspect ratio of length to width
of less than about 5 to about 1;

each of the first and second conductors further comprising
a strip portion having a width smaller than a width of the
polygonal portion, a first end of the strip portion of each
of the first and second conductors is connected to the
polygonal portion, and a second end of the strip portion
of'each of the first and second conductors is connected to
the feeding point;

wherein the polygonal portion of each of the first and

second conductors comprises at least one notch where
conducting material is removed from the polygonal por-
tion for matching the impedance of the antenna;

third and fourth conductors for receiving networking sig-

nals in the frequency range of about 2.4 GHz to about 2.5
GHz, the third and fourth conductors adopting linear,
space-filling, or grid dimension shapes, and having a
first end connected to the feeding point; and

wherein the first and second conductors are symmetrically

oriented with respect to each other about a central axis
on the antenna substrate and the third and fourth con-
ductors are symmetrically oriented with respect to each
other about the central axis on the antenna substrate.

15. The symmetrical multi-band monopole antenna of
claim 14, wherein the first and second conductors each have
an aspect ratio of less than about 3 to about 1.

16. The symmetrical multi-band monopole antenna of
claim 14, wherein the first and second conductors each have
an aspect ratio of less than about 2 to about 1.

17. The symmetrical multi-band monopole antenna of
claim 14, wherein the first and second conductors each have
an aspect ratio of about 3 to about 2.

18. The symmetrical multi-band monopole antenna of
claim 14, wherein the first and second conductor receives
network signals in the 802.11bg band.

19. The symmetrical multi-band monopole antenna of
claim 14, wherein the second and third conductors receive
network signals in the 802.11bg band.

20. The symmetrical multi-band monopole antenna of
claim 14, wherein the substrate comprises a 10 mmx10
mmx0.8 mm circuit board with a copper base conductor.

21. The symmetrical multi-band monopole antenna of
claim 14, wherein the at least one notch of the polygonal
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portion is adjacent to a connection of the polygonal portion
and corresponding strip portion.
22. The symmetrical multi-band monopole antenna of
claim 14, wherein an end of the polygonal portion of the first
or second conductor, the end being opposite to the end con-
nected to the strip portion of the first or second conductor, is
closer to an end of the third or fourth conductor than to the
feeding point.
23. The symmetrical multi-band monopole antenna of
claim 14, wherein the strip portion of the first conductor is
arranged at a first angle with respect to a portion of the third
conductor adjacent to the feeding point, the angle being
smaller than about 90°.
24. The symmetrical multi-band monopole antenna of
claim 14, wherein the strip portion of the second conductor is
arranged at a second angle with respect to a portion of the
fourth conductor adjacent to the feeding point, the angle
being smaller than about 90°.
25. A printed circuit board comprising at least one sym-
metrical multi-band monopole antenna, the at least one sym-
metrical multi-band monopole antenna comprising:
an antenna substrate;
a feeding point;
first and second conductors for receiving networking sig-
nals in the frequency range of about 4.9 GHz to about
5.875 GHz, each of the first and second conductors
comprising a polygonal portion having symmetrical
polygonal shapes with an aspect ratio of length to width
of less than about 5 to about 1;

each of'the first and second conductors further comprising
a strip portion having a width smaller than a width of'the
polygonal portion, a first end of the strip portion of each
of the first and second conductors is connected to the
polygonal portion, and a second end of the strip portion
of each of the first and second conductors is connected to
the feeding point;

wherein the polygonal portion of each of the first and

second conductors comprises at least one notch where
conducting material is removed from the polygonal por-
tion for matching the impedance of the antenna;

third and fourth conductors for receiving networking sig-

nals in the frequency range of about 2.4 GHz to about 2.5
GHz, the third and fourth conductors adopting linear,
space-filling, or grid dimension shapes, and having a
first end connected to the feeding point; and

wherein the first and second conductors are symmetrically

oriented with respect to each other about a central axis
on the antenna substrate and the third and fourth con-
ductors are symmetrically oriented with respect to each
other about the central axis on the antenna substrate.

26. The printed circuit board of claim 25, wherein two or
more symmetrical multi-band monopole antennas are used
and conducting material of a ground plane of the printed
circuit board located between antenna attachment points of
the two or more antennas is interrupted.

27. The printed circuit board of claim 25, further compris-
ing a ground plane, wherein the at least one multi-band mono-
pole antenna is mounted on a portion of the printed circuit
board substantially free from the ground plane.
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FOLDED MONOPLOLE ANTENNA, BENT,
TAPPED, OR BOTH, AND SYSTEMS
INCORPORATING SAME

PRIORITY CLAIM

This application claims priority to U.S. Provisional Patent
Application Ser. No. 60/448,755, filed on Feb. 20, 2003,
entitled “Antenna, Printed Circuit Tapped Folded Monopole,
WLAN Application,” incorporated herein by reference.

BACKGROUND

The increasing use of wireless communications leads to a
need for clearer transmissions while reducing the overall size
of communications devices. The move to smaller communi-
cations devices has caused a need for new antenna designs
and systems to use them. Traditional ceramic chip antennas
are small but costly. It is thus desirable to implement a small,
cost-effective antenna.

SUMMARY

There are disclosed herein various antenna embodiments
that are small and cost effective. In one embodiment, the
antenna is a bent and folded monopole antenna. In another
embodiment, the antenna is a folded and tapped monopole
antenna. In yet another embodiment, the antenna is a folded,
bent, and tapped monopole antenna. The antennas may be
part of a system using two back-to-back symmetric antennas.
The antennas may be part of a modem, such as a wireless
computer modem or a wireless handset.

NOTATION AND NOMENCLATURE

Certain terms are used throughout the following descrip-
tion and claims to refer to particular system components. As
one skilled in the art will appreciate, different companies may
refer to a component by different names. This document does
not intend to distinguish between components that differ in
name but not function. In the following discussion and in the
claims, the terms “including” and “comprising” are used in an
open-ended fashion, and thus should be interpreted to mean
“including, but not limited to . . . . Also, the term “couple” or
“couples” is intended to mean either an indirect or direct
connection. Thus, if a first device couples to a second device,
that connection may be through a direct connection, or
through an indirect connection via other devices and connec-
tions.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more detailed description of various embodiments of
the present invention, reference will now be made to the
accompanying drawings, wherein:

FIG. 1 shows a diagram of a folded and bent monopole
antenna, according to one embodiment of the present inven-
tion;

FIG. 2 shows a diagram of a folded and tapped monopole
antenna, according to one embodiment of the present inven-
tion;

FIGS. 3A and 3B show a folded, bent, and tapped mono-
pole antenna, according to one embodiment of the present
invention;

FIG. 4 shows a system of two symmetrical folded, bent,
and tapped monopole antennas, according to one embodi-
ment of the present invention;
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FIG. 5 shows a card including the system of two symmetri-
cal folded, bent, and tapped monopole antennas of FIG. 4,
according to one embodiment of the present invention;

FIG. 6A shows a wireless computer system with wireless
modem card in wireless communication with a communica-
tions location, according to one embodiment of the present
invention;

FIG. 6B shows a wireless handset in wireless communica-
tion with a communications location, according to one
embodiment of the present invention;

FIG. 7 illustrates the measured return loss ofa2.4-2.5 GHz
embodiment of the system of FIG. 4;

FIG. 8 illustrates the pattern diversity performance of the
2.4-2.5 GHz embodiment of the system of FIG. 4; and

FIG. 9 illustrates the performance of the 2.4-2.5 GHz
embodiment of the system of FIG. 4 with respect to a refer-
ence antenna.

DETAILED DESCRIPTION

The following discussion is directed to various embodi-
ments of the invention. Although one or more of these
embodiments may be preferred, the embodiments disclosed
should not be interpreted, or otherwise used, as limiting the
scope of the disclosure, including the claims, unless other-
wise specified. In addition, one skilled in the art will under-
stand that the following description has broad application,
and the discussion of any embodiment is meant only to be
exemplary of that embodiment, and not intended to intimate
that the scope of the disclosure, including the claims, is lim-
ited to that embodiment.

Referring now to FIG. 1, a diagram of a folded and bent
monopole antenna 100, according to one embodiment of the
present invention, is shown. The folded and bent monopole
antenna 100 may be coupled to a signal junction 105 and a
ground 110. A body of the folded and bent monopole antenna
100 may be described as including a first “L-shaped” section
115, a second “L-shaped” section 120, and a joining section
125.

The “folded” notation of the folded and bent monopole
antenna 100 comes from a separation 130 between the signal
junction 105 and the ground 110. A “bent” part 135 of the
folded and bent monopole antenna 100 is shown inside the
dashed lines. Although the bent part 135 is shown connected
to the remainder of the folded and bent monopole antenna 100
by a ninety-degree angle, other angles are contemplated and
may be designed for as desired or the bending may be
achieved by a curve.

A width of the body the folded and bent monopole antenna
100 is shown as dimension 140. The separation 130 of the
folded and bent monopole antenna 100 has a dimension 145.
The folded and bent monopole antenna 100 has a dimension
150, shown here as a left-right width. The folded and bent
monopole antenna 100 has a dimension 155, shown here as a
distance from an end to a bend. The folded and bent monopole
antenna 100 has a dimension 160, shown here as a width of
the bent portion 135. Note that as shown, the dimension 150
is the sum of the dimension 155 and the dimension 160.

The folded and bent monopole antenna 100 has a dimen-
sion 165, shown here as a top-bottom height. The folded and
bent monopole antenna 100 has a dimension 170, shown here
as a top-bottom height of the folded part of the body of the
folded and bent monopole antenna 100. The folded and bent
monopole antenna 100 has a dimension 175, shown here as a
top-bottom height ofthe bent portion 135. Note that as shown,
the dimension 165 is the sum of the dimension 170 and the
dimension 175. As shown, in one embodiment, FIG. 1 is
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drawn to relative scale. In other embodiments, the relative
dimensions differ while still expressing desirable character-
istics of the present invention.

Referring now to FIG. 2, a diagram of a folded and tapped
monopole antenna 200, according to one embodiment of the
present invention, is shown. The folded and tapped monopole
antenna 200 may be coupled to a signal junction 205 and a
ground 210. A body of the folded and tapped monopole
antenna 200 may be described as including a first “L-shaped”
section 215 and a second “L-shaped” section 220.

The “folded” notation of the folded and tapped monopole
antenna 200 comes from a separation 230 between the first
“L-shaped” section 215 and the second “L-shaped” section
220. A width of the body the folded and tapped monopole
antenna 200 is shown as dimension 240. The separation 230
of'the folded and tapped monopole antenna 200 has a dimen-
sion 245. The folded and tapped monopole antenna 200 has a
dimension 250, shown here as a left-right width. The folded
and tapped monopole antenna 200 has a dimension 270,
shown here as a top-bottom height of the folded body of the
folded and tapped monopole antenna 200.

The “tapped” notation of the folded and tapped monopole
antenna 200 due to the tap 280. As shown, the signal junction
is coupled to the tap 280. The tap 280 is shown located a
distance 285 from an end of the folded and tapped monopole
antenna 200. Although the tap 280 is shown with the width of
the body of the folded and tapped monopole antenna 200,
other widths are contemplated and may be designed for as
desired. Different locations of the tap 280 and different dis-
tances 285 from the end of the folded and tapped monopole
antenna 200 are contemplated and may be designed for as
desired. As shown, in one embodiment, FIG. 2 is drawn to
relative scale. In other embodiments, the relative dimensions
differ while still expressing desirable characteristics of the
present invention.

Referring now to FIG. 3A, a diagram of a folded, bent, and
tapped monopole antenna 300, according to one embodiment
of the present invention, is shown. The folded, bent, and
tapped monopole antenna 300 may be coupled to a signal
junction 305 and a ground 310. The “folded” notation of the
folded, bent, and tapped monopole antenna 300 comes from a
separation 330 between the sections of the body of the folded,
bent, and tapped monopole antenna 300. A “bent” part 335 of
the folded and bent monopole antenna 300 is shown inside the
dashed lines. Although the bent part 335 is shown connected
to the remainder of the folded, bent, and tapped monopole
antenna 300 by a ninety-degree angle, other angles are con-
templated and may be designed for as desired.

A width of the body the folded, bent, and tapped monopole
antenna 300 is shown as dimension 340. The separation 330
of the folded, bent, and tapped monopole antenna 300 has a
dimension 345. The folded, bent, and tapped monopole
antenna 300 has a dimension 350, shown here as a left-right
width. The folded, bent, and tapped monopole antenna 300
has a dimension 355, shown here as a distance from an end to
a bend. The folded, bent, and tapped monopole antenna 300
has a dimension 360, shown here as a width of the bent
portion 335. Note that as shown, the dimension 350 is the sum
of the dimension 355 and the dimension 360.

The folded, bent, and tapped monopole antenna 300 has a
dimension 365, shown here as a top-bottom height. The
folded, bent, and tapped monopole antenna 300 has a dimen-
sion 370, shown here as a top-bottom height of the folded part
of'the body of the folded, bent, and tapped monopole antenna
300. The folded, bent, and tapped monopole antenna 300 has
a dimension 375, shown here as a top-bottom height of the
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bent portion 135. Note that as shown, the dimension 365 is the
sum of the dimension 370 and the dimension 375.

The “tapped” notation of the folded, bent, and tapped
monopole antenna 300 is due to the tap 380. As shown, the
signal junction 305 is coupled to the tap 280. The tap 280 is
shown located a distance 385 from an end of the folded, bent,
and tapped monopole antenna 300. Although the tap 380 is
shown with the width of the body of the folded, bent, and
tapped monopole antenna 300, other widths are contemplated
and may be designed for as desired. Different locations of the
tap 380 and different distances 385 from the end of the folded,
bent, and tapped monopole antenna 300 are contemplated and
may be designed for as desired.

Referring now to FIG. 3B, a diagram of the folded, bent,
and tapped monopole antenna 300, according to the embodi-
ment of FIG. 3A, shown. The folded, bent, and tapped mono-
pole antenna 300 may be described as including a first
“L-shaped” section 315, a second “L-shaped” section 320,
and one or more sections 325. As shown, the folded, bent, and
tapped monopole antenna 300 includes a section 325A and a
section 325B, each section 325 joining the first “L.-shaped”
section 315, a second “L-shaped” section 320. Also as shown,
the tap 380 is connected to the first “L.-shaped” section 315.
Different locations of the tap 380 and different distances from
the end of the folded, bent, and tapped monopole antenna 300
are contemplated and may be designed for as desired.

Referring now to FIG. 4, an antenna system 400 of two
folded, bent, and tapped monopole antennas 300A and 3008,
according to one embodiment of the present invention, is
shown. As shown, the first folded, bent, and tapped monopole
antenna 300A is located adjacent to the second folded, bent,
and tapped monopole antenna 300B, approximately about a
line of symmetry 490. Also as shown, a signal junction 405 is
coupled to the tap 380A of the first folded, bent, and tapped
monopole antenna 300A and the tap 380B of the second
folded, bent, and tapped monopole antenna 300B. A ground
410 is coupled to and couples an end of the each of the first
folded, bent, and tapped monopole antenna 300A and the
second folded, bent, and tapped monopole antenna 300B,
across the line of symmetry 490. Note that each tap 380A and
380B may also couple to separate signal junctions 405A and
405B, respectively (not shown). Note that although the
antenna system 400 is shown including the folded, bent, and
tapped monopole antennas 300A and 300B, in another
embodiment, the antenna system 400 includes two folded and
bent monopole antennas 100A and 100B. In still another
embodiment, the antenna system 400 includes two folded and
tapped monopole antennas 200A and 200B.

Referring now to FIG. 5, a card 500 including the antenna
system 400 of FIG. 4, according to one embodiment of the
present invention, is shown. The card 500 includes at least 3
layers. A first layer 580A is seen covering the surface of the
card 500. A second layer is seen at the lower edge of the card
500. A third layer is a center ground layer 510, which is seen
at the left and right edges of the card near the antenna system
400. Note that separate signal junctions 505A and 505B are
shown, each coupled to the respective tap 380 of the respec-
tive antenna 300 of the antenna system 400.

Note that other embodiments of the antenna system 400
may also be included in the card 500. Note that the size and
format of the card 500 may be a wireless modem card, such as
in a PC Card format, such as defined in PC Card Standard 8.0
Release— April 2001, which is hereby incorporated by ref-
erence in its entirety. The card 500 may also conform to the
IEEE Standard 802.11b Compact Flash Plus Reference
Design, which is hereby incorporated by reference in its
entirety.
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Referring now to FIG. 6A, a wireless computer system 605
with a wireless modem card 610 in wireless communication
with a communications location 645A, according to one
embodiment of the present invention, is shown. The wireless
modem card 610 may include the antenna system 400, and
may include any one or more of the antennas 100, 200, or 300.
In one embodiment, the wireless computer system 605
includes a wireless modem card 610 that is internally
mounted. In another embodiment, the wireless computer sys-
tem 605 includes a wireless modem card 610 that is externally
inserted and readily removable.

Referring now to FIG. 6B, a wireless handset 655 in wire-
less communication with a communications location 6458,
according to one embodiment of the present invention, is
shown. The wireless handset 655 may include the antenna
system 400, and may include any one or more of the antennas
100, 200, or 300.

Referring now to FIG. 7, the measured return loss of a
2.4-2.5 GHz embodiment of the antenna system 400 of FIG.
4 is illustrated. The return loss is greater than 10 dB from 2.34
t0 2.545 GHZ. The 2.4-2.5 GHz embodiment has the follow-
ing dimensions:

Dimension
340 345 350 365
Approximate 0.062" 0.032" 0.575" 0.41"

Value

The dimensions 355, 375, 385 are chosen to get an impen-
dence (Z) near 50 ohms in the frequency range of interest. The
separation distance across the line of symmetry 490 is
approximately 0.14". The antennas 300A and 300B are
printed on the board surface. Note that the folded and bent
monopole antenna 300 has a wide bandwidth at around 150
ohms of impedance in the 2.4-2.5 GHz embodiment, without
the tap 380. The variation of length 350 may also be used to
lower the impedance to 50 ohms for the folded and bent
monopole antenna 300.

Referring now to FIG. 8, the pattern diversity performance
of the 2.4-2.5 GHz embodiment of the system of FIG. 4 is
illustrated on a circle graph 800. The performance of the
antenna 300A is given by line 805. The performance of the
antenna 300B is given by line 810. The lobe pattern seen for
each antenna 300 is a function of the bent portion 335, and the
dimensions 360 and 375. The performance of each antenna
300 individually, as shown by lines 805 and 810, is hemi-
circular. By using two antennas 300 in the back-to-back sym-
metrical orientation shown in FIG. 4, a circular pattern is
obtained in diversity mode.

Referring now to FIG. 9, the performance of the 2.4-2.5
GHz embodiment of the system of FIG. 4 with respect to a
reference antenna is illustrated for both “put” and “get”
modes. The test antenna was the 2.4-2.5 GHz embodiment of
the system of FIG. 4. The reference antenna was the Blue
Chip antenna operated in diversity mode. The rate used was
PBCC-22 long preamble. The EEPROM was 5.0 Maxim. The
4x mode was disabled. The test was run between two laptops.
The experiments were run at twenty-two different locations.
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Blue Chip
Antenna Test
Data (Standard) Antenna
Distance (ft) Location ave put ave get ave put ave get
17 1 7.13 5.57 7.24 5.63
17 2 7.24 5.62 7.20 5.62
17 3 7.23 5.62 7.24 5.62
17 4 7.19 5.55 7.21 5.60
33 5 7.27 5.64 7.26 5.63
33 6 7.28 5.63 7.28 5.63
33 7 7.26 5.64 7.28 5.63
33 8 7.28 5.65 7.27 5.64
33 9 7.26 5.64 7.20 5.63
33 10 7.28 5.63 7.22 5.44
33 11 7.29 5.64 7.26 5.46
33 12 7.27 5.63 7.26 5.64
67 13 7.28 5.64 7.20 5.34
67 14 7.27 5.64 7.10 5.52
67 15 7.28 5.63 7.08 5.50
67 16 7.27 5.59 7.26 5.63
83 17 7.28 5.61 7.12 5.52
83 18 7.27 5.62 7.28 5.63
83 19 7.27 5.57 7.15 5.63
116 20 7.20 5.55 7.09 5.45
129 21 7.02 5.37 6.78 5.31
137 22 6.23 5.22 6.79 5.34

While preferred embodiments of the present invention
have been shown and described, modifications thereof can be
made by one skilled in the art without departing from the
spirit and teachings of the invention. The embodiments
described herein are exemplary only, and are not intended to
be limiting. Many variations and modifications of the inven-
tion disclosed herein are possible and are within the scope of
the invention. Accordingly, the scope of protection is not
limited by the description set out above. Each and every claim
is incorporated into the specification as an embodiment of the
present invention.

What is claimed is:

1. An antenna system, comprising:

a first folded monopole antenna including a first tap a
distance from an end of the first folded monopole
antenna; and

a second folded monopole antenna including a second tap
an equivalent distance from an end of the second folded
monopole antenna;
wherein the first folded monopole antenna and the sec-

ond folded monopole antenna are approximately
positioned about a line of symmetry, and wherein the
end of the first folded monopole antenna and the end
of the second folded monopole antenna are in close
proximity across the line of symmetry, wherein the
end of the first folded monopole antenna and the end
of'the second folded monopole antenna are each con-
figured to couple to ground, and wherein the first tap
and the second tap are each configured to receive a
signal.

2. The antenna system of claim 1, wherein the first folded
monopole antenna and the second folded monopole antenna
are printed onto a surface.

3. The antenna system of claim 1, wherein each of the first
folded monopole antenna and the second folded monopole
antenna covers an area of less than 0.3 square inches.

4. The antenna system of claim 1, wherein the antenna
system is configured to receive at least at an approximate
frequency of 2.45 GHz.
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5. The antenna system of claim 4, wherein the antenna
system is further configured with an impedance of approxi-
mately 50 ohms.

6. An antenna system, comprising:

a first bent and folded monopole antenna including a first 5

tap a distance from an end of the first folded monopole
antenna; and

a second bent and folded monopole antenna including a

second tap the distance from an end of the second folded

monopole antenna;

wherein the first bent and folded monopole antenna and
the second bent and folded monopole antenna are
approximately positioned about a line of symmetry,
and wherein the end of the first bent and folded mono-
pole antenna and the end of the second bent and folded
monopole antenna in close proximity across the line
of symmetry, wherein the end of the first bent and
folded monopole antenna and the end of the second
bent and folded monopole antenna are each config-
ured to couple to ground, and wherein the first tap and
the second tap are each configured to receive a signal.

7. The antenna system of claim 6, wherein the first bent and
folded monopole antenna and the second bent and folded
monopole antenna are printed onto a surface.

8. The antenna system of claim 7, wherein the antenna
system is printed onto the surface of a card.

9. The antenna system of claim 8, wherein the antenna
system is printed onto the surface of a modem card.

10. The antenna system of claim 6, wherein each of the first
bent and folded monopole antenna and the second bent and
folded monopole antenna covers an area of less than 0.3
square inches.

11. The antenna system of claim 6, wherein the antenna
system is configured to receive at least at an approximate
frequency of 2.45 GHz.
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12. The antenna system of claim 11, wherein the antenna
system is further configured with an impedance of approxi-
mately 50 ohms.

13. A modem, comprising:

a first bent and folded monopole antenna including a first

tap a distance from an end of the first folded monopole
antenna; and

a second bent and folded monopole antenna including a
second tap the distance from an end of the second folded
monopole antenna;
wherein the first bent and folded monopole antenna and

the second bent and folded monopole antenna are
approximately positioned about a line of symmetry,
and wherein the end of the first bent and folded mono-
pole antenna and the end of the second bent and folded
monopole antenna in close proximity across the line
of symmetry, wherein the end of the first bent and
folded monopole antenna and the end of the second
bent and folded monopole antenna are each config-
ured to couple to ground, and wherein the first tap and
the second tap are each configured to receive a signal,
wherein the first bent and folded monopole antenna
and the second bent and folded monopole antenna are
printed onto a surface of the modem.

14. The modem of claim 13, wherein the modem is con-
figured as an internal modem for a computer system.

15. The modem of claim 13, wherein the modem is con-
figured as an externally insertable and removable modem for
a computer system.

16. The modem of claim 13, wherein the modem is con-
figured as a wireless handset.
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MOBILE COMMUNICATION DEVICE AND
AN ANTENNA ASSEMBLY FOR THE DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application is related to, and claims a benefit of pri-
ority under one or more of 35 U.S.C. 119(a)-119(d) from
copending foreign patent application 0519371.9, filed in the
United Kingdom on Sep. 22, 2005 under the Paris Conven-
tion, the entire contents of which are hereby expressly incor-
porated herein by reference for all purposes.

FIELD OF THE INVENTION

This invention relates to a mobile communication device
comprising radio frequency (RF) circuitry and an antenna
assembly coupled to the circuitry.

BACKGROUND OF THE INVENTION

The assignee of the present applicant is the registered pro-
prietor of a number of patents and patent applications which
disclose dielectrically-loaded antennas for operation at fre-
quencies in excess of 200 MHz. Examples of such patents are
GB2292638B, GB2310543B and GB2367429B. In each
case, the antenna comprises an electrically insulative antenna
core of a solid material having a relative dielectric constant
greater than 5, a three-dimensional antenna element structure
disposed on or adjacent the outer surface of the core and
defining an interior volume, and a feeder structure which is
connected to the element structure and passes through the
core. Typically, the antenna element structure comprises con-
ductive helical elements on a ceramic cylindrical core, the
elements being arranged in pairs, each pair comprising dia-
metrically opposed helical tracks plated on the cylindrical
surface of the core. Each helical element extends from aradial
connection to the feeder structure on a distal end surface of
the core to a conductive sleeve which is connected to a shield
conductor of the feed structure at a proximal end surface of
the core, the sleeve thereby forming a balun so that, at an
operating frequency of the antenna, the helical elements are
provided with a substantially balanced feed point at the distal
end surface.

Such an antenna, when provided with four helical co-ex-
tensive circumferentially spaced elements or groups of ele-
ments, has a mode of resonance which renders it especially
suitable for receiving signals transmitted by earth-orbiting
satellites, the signals being transmitted as circularly polarised
waves. A particular use of such antennas, therefore, is for
receiving signals transmitted by the Global Positioning Sys-
tem (GPS) satellite constellation.

The entire disclosure of the above-mentioned patents is
incorporated in the present specification by reference.

There is a need for handheld mobile communication
devices, such as mobile telephones or cellphones using ter-
restrial signals, also to receive signals from satellite systems
such as the GPS constellation. Commonly, such mobile com-
munication devices have a planar inverted-F antenna (PIFA)
for transmitting and receiving terrestrial signals. A PIFA is a
single-ended antenna in that it requires a conductive body to
act as a ground plane for reflecting wave energy present on a
radiator structure of the antenna so as to produce a standing
wave. PIFA antennas may have at least one resonating finger
which, at its base, is typically connected to a feed connection
element connecting the radiator structure represented by the
finger to a signal port of associated RF transmitting and
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receiving circuitry, and by a shunt element to a ground con-
nection which is spaced apart from the signal port. The band-
width of the antenna is determined, inter alia, by the width of
the radiating finger and its spacing from the ground plane. The
structure as a whole, i.e. the antenna and the associated con-
ductive body, may be resonant in a number of different modes
at different frequencies.

It has been found that if a dielectrically-loaded antenna
such as those described in the above-mentioned patents is
incorporated, together with a GPS receiver in a mobile tele-
phone having a PIFA for transmitting and receiving terrestrial
signals, severe breakthrough occurs between the PIFA and the
GPS receiver when the mobile telephone transmitter is on.
The degree of breakthrough depends on various factors
including the frequency and bandwidth of the transmitted
signal, the resonant characteristics of the PIFA, and the fre-
quencies of the signals to be received by the dielectrically-
loaded antenna and the associated receiver. In general, the
breakthrough is such that there may be no useful signal recep-
tion via the dielectrically-loaded antenna when the mobile
telephone transmitter is on.

SUMMARY OF THE INVENTION

According to a first aspect of the present invention, a
mobile communication device comprises RF circuitry and an
antenna assembly, wherein the RF circuitry has first and sec-
ond RF signal ports and the antenna assembly includes a first
antenna having an elongate radiator structure which is con-
nected to the first port, and a second antenna having at least
one radiating element and a balun which provides a balanced
feed for the radiating element, the second antenna being
located on the elongate radiator structure of the first antenna
at a position spaced from the connection of the radiator struc-
ture to the first signal port, and wherein the elongate radiator
structure of the first antenna acts as a feed path for the second
antenna, which feed path extends along the radiator structure
between the balun and the second signal port. The second
antenna, which may be a quadrifilar or bifilar helical antenna,
typically forms a distal end portion of the elongate radiator
structure of the first antenna and is configured for services in
which signals to be received are low level signals or spread-
spectrum signals which are vulnerable to transmitter and
system noise. Examples include signals transmitted from sat-
ellites, e.g. GPS signals, and spread-spectrum signals from
terrestrial cellphone base stations. This antenna may be pro-
vided with a preamplifier included as part of the radiator
structure of the first antenna, the preamplifier forming part of
the feed path for the second antenna and being located on or
adjacent the second antenna.

In the preferred embodiment of the invention, the first
antenna is a telephone antenna for operation in the receiving
and transmitting frequency bands of a designated cellular
telephone service. In this embodiment, the radiator structure
of the telephone antenna comprises a transmission line for
feeding signals from the GPS antenna to the RF circuitry, the
transmission line comprising a first conductor coupled to the
second signal port and a second conductor parallel to and
adjacent the first conductor and coupled to a node of the RF
circuitry which forms a ground connection at least at an
operating frequency of the telephone antenna. The elongate
radiator structure of the GPS antenna may be a laminar
assembly having a plurality of parallel elongate conductors
insulated from each other. Thus, a tri-plate structure may be
used, having three conductive layers insulated from each
other by intermediate insulative layers, the two outer conduc-
tive layers comprising a pair of interconnected elongate con-
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ductors connected to the first signal port of the RF circuitry,
and an inner elongate conductive track extending from the
balun of the second antenna, or from the output of the pream-
plifier, and thence between the outer conductive layers to the
second signal port of the RF circuitry.

Alternatively, the elongate radiator structure of the tele-
phone antenna may be a coaxial cable or transmission line,
the inner conductor of which is connected to the second signal
port and the outer conductor of which is connected to the first
signal port.

The balun of the second antenna typically comprises a
conductive sleeve forming a cavity with a distally directed
open end, the cavity being largely filled with a dielectric
material having a relative dielectric constant greater than 5.
The base of the cavity is formed by a proximal surface con-
ductor which is electrically connected to the distal end por-
tion of the telephone antenna radiator structure.

It will be understood that the invention is particularly but
not exclusively applicable to a mobile communication device
in which the first antenna is an inverted-F antenna. This
antenna has at least one radiating finger the base of which is
coupled by a feed connection element to the first signal port
and by a shunt element to a ground connection spaced from
the first signal port, the second antenna being at the end of the
radiating finger. The second antenna may have a second radi-
ating finger the base of which forms a common node with the
base of the first radiating finger, the two radiating fingers
having different resonant frequencies. On the end of the sec-
ond radiating finger there is another dielectrically-loaded
antenna with a balun, typically having a primary mode of
resonance which is at a different frequency from the primary
mode of resonance of the second antenna referred to above.
This second dielectrically-loaded antenna has its own feed
path conductor associated with the second radiating finger
and coupling the second antenna to a third signal port of the
RF circuitry. Preferably, both feed path conductors pass along
the shunt element of the inverted-F antenna.

In preferred embodiments, the first antenna is a planar
inverted-F antenna (PIFA), the or each radiating finger com-
prising a conductive strip located over and spaced from a
ground plane conductor. In this case, each radiating finger of
the PIFA, together with the feed connection element and the
shunt element, are integrally formed as a multiple layer struc-
ture having an upper conductive layer, a lower conductive
layer, and an intermediate layer which comprises the feed
path track or tracks, the intermediate layer being insulated
from the upper and lower conductive layers by insulating
layers. The upper and lower layers are electrically intercon-
nected at least at intervals along their lengths on opposite
sides of the feed path track or tracks, e.g., by plated vias. The
conductors of these upper and lower layers, at least where
they form the elements of the first antenna (the PIFA), have
the same shape and are in registry with each other.

According to another aspect of the invention, an antenna
assembly for a dual-service radio communication device
comprises a first single ended antenna having an elongate
radiator structure which is connected to a first output node,
and a second antenna having at least one radiating element
and abalun which provides a balanced feed connection for the
radiating element, the second antenna being located on the
elongate radiator structure of the first antenna at a position
spaced from the first output node, and wherein the elongate
radiator structure of the first antenna acts as a feed path for the
second antenna, which feed path extends along the radiator
structure between the balun and a second output node.

Other aspects of the invention are set out in the claims
hereinafter.
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By locating the dielectrically-loaded antenna, including its
balun, at the end of the elongate radiator structure of the first
antenna, the ability of the first antenna to radiate energy at the
primary operating frequency of the second antenna is cur-
tailed, as will be described in more detail hereinafter, thereby
reducing breakthrough from a transmitter coupled to the first
antenna to receiving circuitry coupled to the second antenna.

In this specification, references to radiating elements and
radiators are to be interpreted as including elements or struc-
tures which are used purely for receiving electromagnetic
energy from their surroundings as well as those which trans-
mit energy to the surroundings.

The invention will be described below by way of example
with reference to the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

FIGS. 1A and 1B are, respectively, a diagrammatic repre-
sentation of a handheld communication device having an
inverted-F antenna and a dielectrically-loaded quadrifilar
antenna for use with different wireless services and a graph
showing how characteristics of the arrangement of FIG. 1A
vary with frequency;

FIGS. 2A and 2B are, respectively, is a diagrammatic rep-
resentation of a handheld communication device in accor-
dance with the invention having an inverted-F antenna and a
dielectrically-loaded quadrifilar antenna integrated with the
inverted-F antenna and a graph showing how characteristics
of the arrangement of FIG. 2A vary with frequency;

FIG. 3 is a diagrammatic plan view of an antenna assembly
in accordance with the invention;

FIG. 4 is a perspective view showing the antenna assembly
of FIG. 3 in juxtaposition with a communication device moth-
erboard; and

FIG. 5 is a diagrammatic plan view of a second antenna
assembly in accordance with the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS OF THE INVENTION

As stated above, it has been found that if a dielectrically-
loaded helical antenna provided, e.g., for receiving GPS sig-
nals is incorporated in a mobile telephone having an
inverted-F antenna for transmitting and receiving telephone
signals, breakthrough occurs between the telephone transmit-
ter, coupled to the inverted-F antenna, and a GPS receiver
coupled to the dielectrically-loaded antenna. Such a combi-
nation of antennas is diagrammatically illustrated in FIG. 1A
as part of a mobile communication device 10 having a main
printed circuit board 12. For the purposes of this illustration,
the inverted-F antenna 14 is composed of wire elements,
specifically a resonant radiating branch element 14A the base
of which is connected to a first radio frequency (RF) port 16
on the printed circuit board 12 by a feed connection element
14B. To provide an impedance match, the base of the radiat-
ing branch element 14A is also connected to a ground con-
nection 18 on the board 12 by a shunt element 14C. The
printed circuit board 12 provides a conducting body or ground
plane which reflects waves induced in the antenna and, there-
fore, allows the antenna to resonate at a frequency according
to its length.

Inverted-F antennas have a number of different forms. In
particular, they may have one or more branch elements 14A
which may be bent or folded into different shapes, according
to the required resonant frequency or frequencies of the
antenna and physical space constraints. The elements of the
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antenna may be wire elements, as shown in FIG. 1A, or they
may be laminar in the sense of being formed from a conduc-
tive sheet or plate. In the latter case, the antennas are com-
monly referred to as planar inverted-F antennas or PIFAs.
They all have the common characteristics of one or more
fingers or branch elements connected to a feed connection
element and an impedance matching shunt element which
are, in turn, connected to spaced-apart signal and ground
connections associated with RF transmitter and/or receiver
circuitry.

Typically, an inverted-F antenna has an insertion loss char-
acteristic, as shown in FIG. 1B, having a fundamental reso-
nance, represented by a first insertion loss notch 20, and one
or more higher-order insertion loss notches such as notch 22
in the characteristic of FIG. 1B. It will be understood that if
the antenna has more than one resonant branch element, the
insertion loss characteristic has a larger number of notches.

The effect of introducing a second antenna for operation in
a different frequency band from the frequency band of the
inverted-F antenna is now considered. For the purposes of this
illustration, the second antenna is a dielectrically-loaded
quadrifilar helical antenna 30, as shown in FIG. 1A, for opera-
tion with circularly polarised electromagnetic waves as used,
for instance, by satellite services. The antenna 30 has a cylin-
drical core made of a solid dielectric material having a relative
dielectric constant typically in the region of 35 to 100, the
material of the core filling the major part of the volume
defined by its outer surfaces. Deposited on the outside of the
core are four circumferentially spaced co-extensive helical
radiating elements which extend from a feed connection on a
distal face of the core to the rim of a plated conductive sleeve
which encircles a proximal portion of the core. Extending
through the core in an axial passage is a coaxial feeder the
shield conductor of which is connected to the conductive
sleeve by plating on a proximal end surface of the core so that
the sleeve forms a balun operative at the intended operating
frequency of the antenna. Although in FIG. 1A the antenna is
shown without connection, in practice, the feeder would be
connected to associated RF receiver circuitry (not shown) on
the board 12.

The quadrifilar helix antenna 30 is particularly suited to
receiving low-level circularly polarised signals over a wide
solid angle radiation pattern. In this illustration, the dielectri-
cally-loaded antenna 30 is selected to have a main resonance
for circularly polarised electromagnetic radiation at a fre-
quency in the region of one of the higher-order resonances of
the inverted-F antenna 14. Typically, an antenna such as
antenna 30 also has secondary resonances in the region of the
main resonance. The effect of the antenna 30 on the insertion
loss characteristic of the inverted-F antenna 14 is seen in FIG.
1B. At the higher-order inverted-F resonance, in this case
occurring in the region of from 1.8 to 2.1 GHz, there is a
transfer of energy from the inverted-F antenna 14 to the
dielectrically-loaded antenna 30. The second trace 40 in FIG.
1B is the inverse of the insertion loss characteristic and effec-
tively illustrates the gain of the inverted-F antenna at different
frequencies. It will be seen that there is a small reduction in
gain in the region of about 1.9 to 2.0 GHz.

The result of the transfer of energy to the dielectrically-
loaded antenna is that, when a transmitter on the printed
circuited board 12 operates at the main resonant frequency of
the inverted-F antenna (here, about 900 MHz), out-of-band
transmitted energy in the region of the higher-order resonance
of'the inverted-F antenna 14 is picked up by the dielectrically-
loaded antenna 30 and interferes with the reception by the
dielectrically-loaded antenna 30 of wanted signals at the fre-
quency of its main resonance. In practice, the out-of-band
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energy from the transmitter is so great that, combined with the
characteristics of the inverted-F antenna 14, energy break-
through to the receiver circuitry associated with the antenna
30 prevents reception of the wanted signals. Operation of the
receiver connected to the second antenna 30 is effectively
confined, therefore, to periods when the mobile telephone
transmitter is inactive. When the first antenna 14 is provided
for CDMA telephone services in particular, this means that
satellite signal reception is difficult.

If the second antenna 30 is located, instead, on the end of
the conductive branch element 14A of the inverted-F antenna
14, as shown in FIG. 2A, a significant improvement in per-
formance results. In this instance, the branch element 14A
and the matching element 14C are formed from a length of
semi-rigid coaxial cable. The inner and outer conductors of
this cable are connected to the inner and outer conductors of
the coaxial feeder of the second antenna 30. It will be under-
stood that this means that the outer conductor of the coaxial
cable forming the branch and matching elements 14A, 14C of
the inverted-F antenna 14 is connected to the balun sleeve
30A of the second antenna 30. The inner conductor of the
coaxial cable terminates at a input port (not shown) of the RF
circuitry on the printed circuit board 12, so that electromag-
netic energy picked up by the second antenna 30 and fed to the
balanced feed point at the top of its feeder at the distal end face
of'the antenna core can be fed to an appropriate receiver on the
printed circuit board 12.

FIG. 2B is a graph showing insertion loss and gain charac-
teristics produced by simulating the RF behaviour of the
structure described above with reference to FIG. 2A. As
before, the inverted-F antenna 14 has a primary resonance 20
and a secondary resonance 22 in the general region, in this
case, 0of2.1to 2.5 GHz. However, at the frequency ofthe main
quadrifilar resonance of the dielectrically-loaded antenna 30,
the inverted-F antenna exhibits a pronounced insertion loss
peak 42. The inverse gain characteristic 40 has a correspond-
ing notch 44. As a result, the gain of the inverted-F antenna 14
at the operative resonant frequency of the dielectrically-
loaded antenna 30 is substantially reduced. This has the effect
of significantly reducing the energy transmitted at the rel-
evant frequency when the telephone transmitter on printed
circuit board 12 is active.

The effect which is evident from characteristics of this
integrated antenna assembly may be explained by consider-
ing currents existing on the outside of the inverted-F antenna
elements. Since the second antenna 30 is connected to the end
of'branching element 14 A, it forms part of the radiator struc-
ture of the inverted-F antenna and, generally, currents fed to
this structure via the feed connection element 14B pass along
the branch element 14A and over the second antenna 30. The
resonant length, therefore, of the inverted-F antenna 14
includes the second antenna 30 which, effectively, becomes
part of the inverted-F antenna. It will be recalled that the
inverted-F antenna 14 is a single-ended structure, resonance
being achieved by reflection of radio frequency energy on the
antenna elements by the ground plane represented by the
printed circuit board 12. It follows that the frequencies of
resonance of the inverted-F antenna 14 depend partly on the
electrical length added to that of the branch element 14A by
the antenna 30.

The conductive sleeve 30A acts as a quarter-wave trap at
the required operating frequency of the dielectrically-loaded
antenna 30, as described in the above-mentioned patents of
the applicant. In this configuration, the sleeve 30A, being
connected to the branch element 14A of the inverted-F
antenna 14, not only provides a balanced feed for the helical
elements of the antenna 30, but also presents a substantially
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infinite impedance at the distal rim of the sleeve to currents
flowing over the outside of the sleeve from the shield conduc-
tor of the coaxial cable forming the branch element 14A. As
a result, whereas with the configuration described above with
reference to FIG. 1A the inverted-F antenna presented a good
impedance match to the transmitter circuitry at the higher-
order resonance of the antenna, in this case the antenna is
substantially unmatched, as shown by the pronounced notch
44 in the gain characteristic of FIG. 2B. This is because the
effective length of the branch element 14A is reduced as a
result of the trap action of the conductive sleeve 30A on the
antenna 30. In effect the PIFA 14 is prevented from resonat-
ing. Consequently, a comparatively small amount of energy is
transmitted at the required operating frequency, near-field
electromagnetic radiation is reduced, and reception of signals
at that frequency by the dielectrically-loaded antenna 30 and
its associated receiver is possible.

The frequencies of resonance of the inverted-F antenna 14
also depend on the proximity of the radio communication unit
to conductive bodies such as the user’s hand or head. This is
because the antenna 14 is a single-ended antenna operating in
conjunction with a ground plane of limited area. Conse-
quently the positions of the insertion loss notches can vary
widely in frequency making it difficult to predict the amount
of energy which will be transmitted under differing condi-
tions for any given antenna and transmitter configuration. In
contrast, as a result of'its dielectric loading, the resonances of
the dielectrically-loaded antenna 30 are comparatively unaf-
fected by such loading with the consequence that the insertion
loss peak 42 remains at or very close to the required frequency
and, consequently, the reduction in interfering transmitted
noise is maintained.

Although an antenna assembly in accordance with the
invention can be constructed using coaxial cable for elements
of the inverted-F antenna, as described above, in practice, a
planar inverted-F antenna (PIFA) construction is preferred to
achieve the required bandwidth for terrestrial signals and for
ease of manufacture. A PIFA embodiment will now be
described with reference to FIG. 3.

Referring to FIG. 3, a PIFA and dielectrically-loaded
quadrifilar helix antenna combination has a tri-plate multiple
layer printed circuit sub-assembly 50 having a first outer
conductive layer 52 on one side, a second outer conductive
layer (not visible in FIG. 3) on the other side, and an inner
conductive layer visible as track 54 sandwiched between the
two outer conductive layers and insulated from each of them
by insulative layers. The pattern of the first outer conductive
layer 52, which may be produced by conventional printed
circuit techniques, is that of a PIFA. The pattern of the other
outer conductive layer is identical to that of the first outer
conductive layer 52 when viewed from above inasmuch as it
forms tracks of the same dimensions as those of the conduc-
tive layer 52 and in registry with them. Peripheral vias 56
interconnect the edges of the tracks formed by the two outer
conductive layers along the entire lengths of the tracks. Note
that only some of the vias are shown in FIG. 3. The combi-
nation of the interconnected tracks formed by the two outer
conductive layers is such as to form a planar inverted-F
antenna with an elongate radiator structure including a con-
ductive branch element 14A. At its base 14AB, the branch
element 14 A is integrally joined to a feed connection element
14B and a impedance-matching shunt element 14C, both of
which extends to the edge of the multiple layer board 50.

The inner conductive layer 54 is patterned to form a track
which runs along the branch element 14A and the shunt
element 14C, approximately midway between the intercon-
necting vias 56.
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In this way, the combination of the conductive track 54 and
the wider tracks formed by the patterning of the two outer
conductive layers constitute a transmission line extending
along the length of the branch element 14A and the shunt
element 14C. The track 54 ends in a pad 54E to which a
connection may be made through an opening (not shown) in
the outer conductive layer on the underside of the board 50.
Mounted directly to an edge 50 A of the board opposite to the
edge 50B associated with the proximal ends 14BE, 14CE of
the feed connection and shunt elements 14B, 14C is a dielec-
trically-loaded quadrifilar helix antenna 30, the central axis of
which is parallel to the plane of the board 50. This antenna 30
extends outwardly from the edge 50A of the board 50 and
outwardly away from the PIFA 14. As described above and in
the above-mentioned prior patents, the quadrifilar helix
antenna has an axial feed structure having a coaxial construc-
tion. In this embodiment, the feeder is connected to a pream-
plifier 58 which has an outer conductive screen connected to
the end of the branch element 14 A. The casing of amplifier 58
is also electrically connected to the conductive plating on the
proximal end face 30P of the antenna 30 which, in turn, is
electrically continuous with the conductive sleeve 30A on the
outer cylindrical surface of the core. Accordingly, the pream-
plifier casing and the conductive elements on the outside of
the core of the antenna 30 form a continuous conductive
whole with the branch element 14A of the PIFA, as consti-
tuted by the patterned upper and lower layers of the board 50.
In effect, therefore, the antenna 30 and its preamplifier 58
become an end portion of the PIFA radiator structure includ-
ing its branch element 14A of the PIFA.

The inner conductor of the feeder of antenna 30 is con-
nected to the input (not shown) of the preamplifier 58, the
output (also not shown) of which is connected to the track 54
formed by the inner layer of the board 50. Accordingly, sig-
nals picked up by the antenna 30 are transmitted along the
matched transmission line formed by the combination of the
track 54 and the tracks formed by the patterning of the upper
and lower outer layers, such signals being conducted away
from the board adjacent the end 14CE of the shunt element
14C, as will be described below.

Referring now to FIG. 4, when it forms part of a mobile
communication device, the antenna sub-assembly formed by
the combination of the tri-plate board 50 and the dielectri-
cally-loaded antenna 30 is mounted parallel to and spaced
from a motherboard 60. This motherboard 60 has a plated
conductive area in registry with the tri-plate board 50, over
substantially the whole of its area, to provide a ground plane
for the PIFA 14 formed by the patterned conductors of the
tri-plate board 50.

The antenna sub-assembly is a three-terminal network in
that it has a first terminal formed by the end 14BE of the feed
connection element 14B, a second terminal formed by the end
54F of the inner track 54 which forms a feed path for signals
from the antenna 30, and a third terminal formed by the end
14CE of'the shunt element 14C of the PIFA. The motherboard
60 carries a transceiver 62 for telephone signals and a GPS
receiver 64. Each has respective ports 62A and 64 A for con-
nection to the antenna sub-assembly. The first terminal of the
sub-assembly, constituted by the end 14BE of the feed con-
nection element 14B is connected to the port 62A of the
transceiver 62 by a connection tab 66. The third terminal,
constituted by the end 54F of the inner track 54 of the antenna
sub-assembly is connected to the input port 64 A of the GPS
receiver 64 inside an enclosing shield 68 located between the
tri-plate board 50 and the motherboard 60. This shield 68
provides a ground connection connecting the second terminal
formed by the end 14CE of the shunt element 14C to the
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ground plane conductor of the motherboard 60. Thus, the
second terminal forms a common ground associated with the
two ports 62A, 64A.

Referring to FIG. 5, in an alternative embodiment, the
PIFA has two radiator structures comprising respective
branch elements 114A and 115A of different lengths. Each
radiator structure has a respective dielectrically-loaded heli-
cal antenna 130, 131 with a respective preamplifier 158, 159
connected to the ends of the branch elements 114A, 115A, as
shown. The base of each of the branch elements 114A, 115A
is connected to a common feed connection element 114B and
a common shunt element 114C. As in the embodiment
described above with reference to FIG. 3, the elements of this
two-branch PIFA 114 are formed by corresponding pattern-
ing of upper and lower outer conductive layers of a tri-plate
board 50, the patterning for the PIFA elements being identical
in both outer layers. The patterning forms tracks in registry
with each other and interconnected along their entire edges by
conductors bridging the thickness of the intervening layers
(e.g., using series of vias). Each of the dielectrically-loaded
antennas 130, 131 and the associated preamplifiers 158, 159
have a respective feed conductor 154, 155 formed as an inner
conductive layer of the board 50. Each feed conductor 154,
155 extends along the respective branch element 114A, 115A
between the two outer conductive layers and, thence, side-
by-side along the shunt element 114C to respective terminals
154E, 155E at the end 114CE of the shunt element 114C.

In this example, antenna 130 is a quadrifilar helix antenna
for receiving GPS satellite signals. Dielectrically-loaded
antenna 131 is a bifilar helix antenna having paired helices for
receiving terrestrial signals of, e.g., a 3G cellphone.

In the manner described above, each dielectrically-loaded
antenna 130, 131 is isolated from the PIFA 114 at its respec-
tive operating frequency, any resonance of the respective
PIFA branch being suppressed at that frequency.

It can be appreciated by those of ordinary skill in the art to
which embodiments of the invention pertain that various sub-
stitutions, modifications, additions and/or rearrangements of
the features of embodiments of the invention may be made
without deviating from the spirit and/or scope of the under-
lying inventive concept. All the disclosed elements and fea-
tures of each disclosed embodiment can be combined with, or
substituted for, the disclosed elements and features of every
other disclosed embodiment except where such elements or
features are mutually exclusive. The spirit and/or scope of the
underlying inventive concept as defined by the appended
claims and their equivalents cover all such substitutions,
modifications, additions and/or rearrangements.

The appended claims are not to be interpreted as including
means-plus-function limitations, unless such a limitation is
explicitly recited in a given claim using the phrase(s) “means
for”” and/or “step for.”” Subgeneric embodiments of the inven-
tion are delineated by the appended independent claims and
their equivalents. Specific embodiments of the invention are
differentiated by the appended dependent claims and their
equivalents.

What is claimed is:

1. A mobile communication device comprising radio fre-
quency (RF) circuitry and an antenna assembly, wherein the
RF circuitry has first and second RE signal ports and the
antenna assembly includes a first single-ended antenna hav-
ing an elongate radiator structure which is connected to the
first port, and a second antenna having at least one radiating
element and a balun which provides a balanced feed for the
radiating element, the second antenna forming a distal portion
of the elongate radiator structure of the first antenna at a
position spaced from the connection of the radiator structure
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to the first signal port, wherein the elongate radiator structure
of'the first antenna acts as a feed path for the second antenna,
which feed path extends along the radiator structure between
the balun and the second signal port, and wherein the second
antenna has an electrically insulative core of a solid material
having a relative dielectric constant greater than 5, the said at
least one radiating element being disposed on or adjacent the
outer surface of the core.

2. A device according to claim 1, wherein the balun is
located on the core.

3. A device according to claim 1, wherein the radiator
structure of the first antenna includes a pre-amplifier for the
second antenna, the preamplifier forming part of the said feed
path for the second antenna and being located on or adjacent
the second antenna.

4. A device according to claim 1, wherein the radiator
structure of the first antenna comprises a transmission line for
feeding signals from the second antenna to the RF circuitry,
the transmission line comprising a first conductor coupled to
the second signal port and a second conductor parallel to and
adjacent the first conductor and coupled to a node of the RF
circuitry which forms a ground connection at an operating
frequency of the second antenna.

5. A device according to claim 4, wherein the elongate
radiator structure of the first antenna comprises a laminar
assembly having a plurality of parallel elongate conductors
insulated from each other.

6. A device according to claim 5, wherein the radiator
structure of the first antenna is a tri-layer structure having
three conductive layers insulated from each other by interme-
diate insulative layers, the outer conductive layers comprising
apair of interconnected elongate conductors connected to the
said first signal port of the RF circuitry, and an inner elongate
conductor located between the outer conductors and con-
nected to said second signal port of the RF circuitry.

7. A device according to any claim 4, wherein the elongate
radiator structure of the first antenna is a coaxial transmission
line comprising an inner conductor connected to the second
signal port and an outer conductor connected to the first signal
port.

8. A device according to claim 1, wherein the elongate
radiator structure is a coaxial cable having an inner conductor
connected to the second signal port and a shield conductor
connected to the first signal port.

9. A device according to claim 1, wherein the first antenna
is an inverted-F antenna having at least one radiating finger,
the base of which is coupled by a feed connection element to
the first signal port and by a shunt element to a ground con-
nection spaced from the first signal port, the second antenna
being at the end of said at least one radiating finger.

10. A device according to claim 9, including at least a
second radiating finger the base of which is joined to the feed
connection element and the shunt element, the device further
comprising a third antenna having at least one radiating ele-
ment and a balun which provides a balanced feed connection
for the radiating element, the third antenna being located at
the end of the second radiating finger, which acts as a second
feed path for the third antenna extending along the second
radiating finger between the balun of the third antenna and a
third signal port of the RF circuitry.

11. A device according to claim 10, wherein the second
feed path extends through the shunt element to the third port.

12. A device according to claim 9, wherein the feed path for
the second antenna extends through the shunt element to the
second port.

13. A device according to any of claim 9, wherein the first
antenna is a planar inverted-F antenna, said at least one radi-
ating finger comprising a conductive strip located over and
spaced from a ground plane conductor associated with the RF
circuitry.
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14. A device according to claim 13, wherein the feed con-
nection element and the shunt element are planar conductor
elements and the feed path for the second antenna comprises
a conductive track which extends along said at least one
radiating finger and the shunt element, parallel to the conduc-
tive elements forming the radiating finger and the shunt ele-
ment.

15. A device according to claim 14, wherein said at least
one radiating finger, the feed connection element and the
shunt element are integrally formed together as a multiple
layer structure having an upper conductive layer, a lower
conductive layer and an intermediate layer comprising the
feed path track, the track being insulated from the upper and
lower conductive layers by insulating layers, and the upper
and lower layers being interconnected at least at intervals
along their length on opposite sides of the feed path track.

16. A device according to claim 15, wherein the upper and
lower conductive layers are interconnected by plated vias.

17. A device according to claim 1, wherein the second
antenna is adapted to receive circularly-polarised electro-
magnetic radiation.

18. A device according to claim 1, wherein the balun is
adapted to isolate the second antenna from the first antenna at
an operating frequency of the second antenna.

19. An antenna assembly for a dual-service radio commu-
nication device, comprising first and second output nodes, a
first single-ended antenna having an elongate radiator struc-
ture which is connected to the first output node, and a second
antenna having at least one radiating element and a balun
which provides a balanced feed connection for the radiating
element, the second antenna forming a distal end portion of
the elongate radiator structure of the first antenna at a position
spaced from the first output node, wherein the elongate radia-
tor structure of the first antenna acts as a feed path for the
second antenna, which feed path extends along the radiator
structure between the balun and the second output node, and
wherein the second antenna has an electrically insulative core
of'a solid material having a relative dielectric constant greater
than 5, the said at least one radiating element being disposed
on or adjacent the outer surface of the core.

20. An antenna assembly according to claim 19, wherein
the first antenna is an inverted-F antenna having at least one
radiating finger, the second antenna being located at the end
of the radiating finger.

21. An antenna assembly according to claim 20, wherein
the first antenna is a planar inverted-F antenna.

22. An antenna assembly according to claim 19, wherein
the balun is on the core.

23. An antenna assembly according to claim 19, wherein
the second antenna is adapted to receive circularly-polarised
electromagnetic radiation.

24. An antenna assembly according to claim 19, wherein
the balun is adapted to isolate the second antenna from the
first antenna at an operating frequency of the second antenna.

25. An antenna assembly for a handheld communication
unit, comprising:

first and second signal terminals and a grounding terminal;

an inverted-F antenna having a radiating branch element, a

feed connection element connecting the branch element
to the first signal terminal, and a grounding element
connecting the branch element to the grounding termi-
nal; and

adielectrically-loaded antenna having a three-dimensional

antenna element structure and an integral balun config-
ured to provide a balanced feed point for the antenna
element structure;

wherein the dielectrically-loaded antenna is located on an

end portion of the branch element with the balun elec-
trically connected to the branch element; and
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wherein the assembly further comprises a feed path for the
dielectrically-loaded antenna which extends along the
branch element and the grounding element of the
inverted-F antenna to the second signal terminal, the
second signal terminal being adjacent said grounding
terminal.

26. A multiple service mobile radio communication device
comprising: radio frequency (RF) circuitry capable of oper-
ating in a plurality of frequency bands simultaneously, the
circuitry including a first signal port for signals in at least a
first band, a second signal port for signals in at least a second
band, and a common ground for signals in the first and second
band; and an antenna assembly in the form of a multiple
terminal network connected to the RF circuitry and having
first, second and third terminals, wherein the antenna assem-
bly comprises (a) an inverted-F antenna having an elongate
conductive branch element, a conductive feed connection
element and a conductive grounding element, said branch
element having a base that is connected to said first terminal
by said conductive feed connection element and to said sec-
ond terminal by said conductive grounding element; and (b) a
dielectrically-loaded antenna having a feeder, a core having a
core outer surface and being made of a solid material the
relative dielectric constant of which is greater than 5, at least
one radiating element on or adjacent the core outer surface,
and a balun on the core outer surface and connecting the
radiating element to said feeder; and wherein the dielectri-
cally-loaded antenna is located at a distal end of the branch
element of the inverted-F antenna, the antenna assembly fur-
ther comprising a feed path which extends from the feeder of
the dielectrically-loaded antenna along the branch element
and the grounding element of the inverted-F antenna to said
third terminal, said first and third terminals being connected
to the first and second ports respectively and said second
terminal being connected to the common ground of the RF
circuitry.

27. An antenna assembly for a multiple service radio com-
munication device, wherein the assembly is in the form of a
multiple terminal network having first, second and third ter-
minals and comprises (a) an inverted-F antenna having an
elongate conductive branch element, a conductive feed con-
nection element and a conductive grounding element, said
branch element being a base that is connected to said first
terminal by said conductive feed connection element and to
said second terminal by said conductive grounding element;
and (b) a dielectrically-loaded antenna having a feeder, a core
having a core outer surface and being made of a solid material
the relative dielectric constant of which is greater than 5, at
least one radiating element on or adjacent the core outer
surface, and a balun on the core outer surface and connecting
the radiating element to said feeder; and wherein the dielec-
trically-loaded antenna is located at a distal end of the branch
element of the inverted-F antenna, the antenna assembly fur-
ther comprising a feed path which extends from the feeder of
the dielectrically-loaded antenna along the branch element
and the grounding element of the inverted-F antenna to said
third terminal.

28. An assembly according to claim 27, wherein:

the feeder has first and second conductors that are coupled

respectively to said feed path and to said conductive
branch element of the inverted-F antenna.

the balun is a conductive balun sleeve connected to the

second conductor of the feeder and having a sleeve rim;
and

the dielectrically-loaded antenna comprises a backfire heli-

cal antenna having a plurality of coextensive helical
antenna elements extending from the first conductor of
the feeder to the rim of the conductive balun sleeve.

#* #* #* #* #*
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the capacitively-loaded magnetic dipole radiator includes a
tunable electric field bridge. For example, the capacitively-
loaded magnetic dipole radiator may comprise a quasi loop
with a tunable electric field bridge interposed between the

quasi loop first and second ends. The electric field bridge may
be an element such as a ferroelectric (FE) tunable capacitor or
a microelectromechanical system (MEMS) capacitor, to
name a couple of examples. In certain embodiments, the
capacitively-loaded magnetic dipole radiator includes a quasi
loop with a loop perimeter. The effective electrical length of
the radiator is changed by adjusting the perimeter using an
element such as a MEMS switch, or a semiconductor switch.

20 Claims, 5 Drawing Sheets
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TUNABLE CAPACITIVELY-LOADED
MAGNETIC DIPOLE ANTENNA

RELATED APPLICATIONS

This application is a continuation-in-part of application
Ser. No. 10/940,935, filed Sep. 14, 2004 now U.S. Pat. No.
7,239,290, the disclosure of which is incorporated herein by
reference.

FIELD OF THE INVENTION

This invention generally relates to wireless communica-
tions and, more particularly, to a tunable capacitively-loaded
magnetic dipole antenna.

BACKGROUND OF THE INVENTION

The size of portable wireless communications devices,
such as telephones, continues to shrink, even as more func-
tionality is added. As a result, the designers must increase the
performance of components or device subsystems and reduce
their size, while packaging these components in inconvenient
locations. One such critical component is the wireless com-
munications antenna. This antenna may be connected to a
telephone transceiver, for example, or a global positioning
system (GPS) receiver.

State-of-the-art wireless telephones are expected to oper-
ate in a number of different communication bands. In the US,
the cellular band (AMPS), at around 850 megahertz (MHz),
and the PCS (Personal Communication System) band, at
around 1900 MHz, are used. Other communication bands
include the PCN (Personal Communication Network) and
DCS at approximately 1800 MHz, the GSM system (Groupe
Speciale Mobile) at approximately 900 MHz, and the JDC
(Japanese Digital Cellular) at approximately 800 and 1500
MHz. Other bands of interest are GPS signals at approxi-
mately 1575 MHz, Bluetooth at approximately 2400 MHz,
and wideband code division multiple access (WCDMA) at
1850 to 2200 MHz.

Wireless communications devices are known to use simple
cylindrical coil or whip antennas as either the primary or
secondary communication antennas. Inverted-F antennas are
also popular. The resonance frequency of an antenna is
responsive to its electrical length, which forms a portion of
the operating frequency wavelength. The electrical length of
a wireless device antenna is often at multiples of a quarter-
wavelength, such as 5\/4, 3M\/4, A/2, or A4, where A is the
wavelength of the operating frequency, and the effective
wavelength is responsive to the physical length of the antenna
radiator and the proximate dielectric constant.

Many of the above-mentioned conventional wireless tele-
phones use a monopole or single-radiator design with an
unbalanced signal feed. This type of design is dependent upon
the wireless telephone printed circuit boards groundplane and
chassis to act as the counterpoise. A single-radiator design
acts to reduce the overall form factor of the antenna. However,
the counterpoise is susceptible to changes in the design and
location of proximate circuitry, and interaction with proxi-
mate objects when in use, i.e., a nearby wall or the manner in
which the telephone is held. As a result of the susceptibility of
the counterpoise, the radiation patterns and communications
efficiency can be detrimentally impacted.
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2
SUMMARY OF THE INVENTION

A frequency-tunable capacitively-loaded magnetic dipole
radiator antenna is disclosed. The antenna is balanced, to
minimize the susceptibility of the counterpoise to detuning
effects that degrade the far-field electromagnetic patterns. A
balanced antenna, when used in a balanced RF system, is less
susceptible to RF noise. Both feeds are likely to pick up the
same noise and, thus, be cancelled. Further, the use of bal-
anced circuitry reduces the amount of current circulating in
the groundplane, minimizing receiver desensitivity issues.

The balanced antenna also acts to reduce the amount of
radiation-associated current in the groundplane, thus improv-
ing receiver sensitivity. The antenna loop is a capacitively-
loaded magnetic dipole, to confine the electric field and so
reduce the overall size (length) of the radiating elements.
Further, the antenna’s radiator is tunable, to as to be optimally
efficient at a plurality of channels inside a frequency band, or
to be optimal efficient in different frequency bands.

Accordingly, a frequency-tunable capacitively-loaded
magnetic dipole antenna is provided. The antenna includes a
transformer loop having a balanced feed interface, and a
capacitively-loaded magnetic dipole radiator with a tunable
effective electrical length. More specifically, the capacitively-
loaded magnetic dipole radiator includes a tunable electric
field bridge. For example, the capacitively-loaded magnetic
dipole radiator may comprise a quasi loop with a first end and
a second end, with the tunable electric field bridge interposed
between the quasi loop first and second ends. The electric
field bridge may be an element such as a ferroelectric (FE)
tunable capacitor or a microelectromechanical system
(MEMS) capacitor, to name a couple of examples. In this
manner, the electric field is tuned in response to adjusting the
capacitance of the FE or MEMS capacitor.

In certain embodiments, the capacitively-loaded magnetic
dipole radiator includes a quasi loop with a loop perimeter.
The effective electrical length of the radiator is changed by
adjusting the perimeter, using an element such as a MEMS
switch or a semiconductor switch. For example, a MEMS
switch can be used to connect in different lengths of perim-
eter. In one aspect, auxiliary loop sections can be switch in to
modify the quasi loop perimeter. In another aspect, the effec-
tive electrical length can be changed using a combination of
quasi loop perimeter and electric field bridge adjustments.

Additional details of the above-described antenna, a wire-
less device with a frequency-tunable capacitively-loaded
magnetic dipole antenna, and a method for frequency tuning
a capacitively-loaded magnetic dipole antenna are presented
below.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view of a frequency-tunable capacitively-
loaded magnetic dipole antenna.

FIG. 2 is a plan view of a capacitively-loaded magnetic
dipole antenna, where an FE capacitor is used as the tunable
electric field bridge.

FIGS. 3A and 3B are plan views of capacitively-loaded
magnetic dipole antennas with an adjustable quasi loop
perimeters.

FIGS. 4A and 4B are plan views showing a first variation of
a capacitively-loaded magnetic dipole antenna with an adjust-
able quasi loop perimeter.

FIG. 5 is a plan view showing a second variation of a
capacitively-loaded magnetic dipole antenna with an adjust-
able quasi loop perimeter.
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FIG. 6 is a plan view showing a third variation of a capaci-
tively-loaded magnetic dipole antenna with an adjustable
quasi loop perimeter.

FIG. 7 is a plan view showing a fourth variation of a
capacitively-loaded magnetic dipole antenna with an adjust-
able quasi loop perimeter.

FIG. 8 is a schematic block diagram of a wireless telephone
communications device with a frequency-tunable capaci-
tively-loaded magnetic dipole antenna.

FIG. 9 is a flowchart illustrating a method for frequency
tuning a capacitively-coupled magnetic dipole antenna.

DETAILED DESCRIPTION

FIG. 1 is a plan view of a frequency-tunable capacitively-
loaded magnetic dipole antenna. The antenna 100 comprises
a transformer loop 102 having a balanced feed interface 104.
The balanced feed interface 104 accepts a positive signal on
line 106 and a negative signal (considered with respect to the
positive signal) on line 108. In some aspects, the signal on line
108 is 180 degrees out of phase with the signal on line 106.
The antenna 100 also comprises a capacitively-loaded mag-
netic dipole radiator 110, having a tunable (variable) effective
electrical length. The effective electrical length is related to
the physical length of the radiator 110, and subject to the
influence of the adjacent dielectric through which the mag-
netic radiation propagates.

In one aspect, the capacitively-loaded magnetic dipole
radiator 110 comprises an electric field bridge 112. If enabled
as a dielectric gap, or lumped element capacitor for example,
the electric field across the bridge 112 remains fixed. How-
ever, the electric field bridge 112 can be made tunable, thus
affecting the effective electrical length and ultimately, the
frequency at which the radiator 110 is tuned.

The capacitively-loaded magnetic dipole radiator 110
comprises a quasi loop 114 with a first end 116 and a second
end 118. The tunable electric field bridge 112 is interposed
between the quasi loop first end 116 and the second end 118.
For example, the bridge 112 can be an element such as a
varactor diode, ferroelectric (FE) capacitor, PN Junction
diode, MOS transistor, or a microelectromechanical system
(MEMS) capacitor. Any one of the above-mentioned ele-
ments can vary capacitance sufficiently to permit the antenna
100 to be tuned between relatively narrow channels within a
larger overall frequency band.

The antenna 100 of FIG. 1 can be understood as a confined
electric field magnetic dipole antenna. That is, the antenna
can be considered as comprising a quasi loop 114 acting as an
inductive element, and a bridge 112 that confines an electric
field between the quasi loop first and second end sections
116/118. The magnetic dipole radiator 110 can be a balanced
radiator, or quasi-balanced. For simplicity, quasi-balanced
antennas are described herein that use an electric field bridge
to couple between the quasi loop sections. Balanced radiators
are described in the parent applications from which the
instant application continues, and they are incorporated
herein by reference.

Unlike conventional dipole antennas, which operate by
generating an electric field (E-field) between radiators, a
capacitively-loaded magnetic dipole operates by generating a
magnetic field (H-field) through the quasi loop 114. The
bridge 112, or confined electric field section, couples or con-
ducts substantially all the electric field between first and
second end sections 116/118. As used herein, “confining the
electric field” means that the near-field radiated by the
antenna is mostly magnetic. Thus, the magnetic field that is
generated has less of an interaction with the surroundings or
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proximate objects. The reduced interaction can positively
impact the overall antenna efficiency.

The transformer loop 102 has a radiator interface 120.
Likewise, the quasi loop 114 has a transformer interface 122
coupled to the transformer loop radiator interface 120. As
shown, the interfaces 120 is a first side of the transformer loop
102, and the quasi loop 114 has a perimeter that shares the first
side 120 with the transformer loop 102. That is, interfaces 120
and 122 are a shared perimeter portion from both the trans-
former loop 102 and the quasi loop 114. However, as pre-
sented in the parent applications from which this application
continues, and which are incorporated by reference, there are
other means of coupling the transformer loop 102 to the quasi
loop 114.

For simplicity the invention will be described in the context
of rectangular-shaped loops. However, the transformer loop
102 and quasi loop 114 are not limited to any particular shape.
For example, in other variations not shown, the transformer
loop 102 and quasi loop 114 may be substantially circular,
oval, shaped with multiple straight sections (i.e., a pentagon
shape). Further, the transformer loop 102 and quasi loop 114
need not necessary be formed in the same shape. Even if the
transformer loop 102 and the quasi loop 110 are formed in
substantially the same shape, the perimeters or areas sur-
rounded by the perimeters need not necessarily be the same.
Further, although the transformer loop 102 and quasi loop 114
are shown as coplanar for simplicity, it should be understood
that non-coplanar variations of the antennas described herein
can be enabled.

FIG. 2 is a plan view of a capacitively-loaded magnetic
dipole antenna, where an FE capacitor is used as the tunable
electric field bridge 112. The antenna 200 of FIG. 2 also
comprises a tunable balun 201. The balun 201 accepts an
unbalanced signal on line 202, referenced to a dc voltage such
as ground 204. The balun 201 “converts” the unbalanced
signal on line 202 to a balanced signal on lines 106 and 108.
The balun 201 is comprised of FE capacitors 206 and 208, as
well as inductors 210 and 212, which permit the balun imped-
ance to be controlled. Blocking capacitors 214 and 216 per-
mits the bridge capacitor 112 to be biased with a dc voltage on
line 218, while the balun capacitors 206/208 are biased via
line 220. A tunable balun 201 is desirable, since the input
impedance between lines 106 and 108 varies in response to
changing the effective electrical length of the radiator 110. A
tunable balun 201 acts as a variable impedance transformer,
which optimally matches between the antenna impedance
and the impedance on line 202.

FIGS. 3A and 3B are plan views of capacitively-loaded
magnetic dipole antennas with an adjustable quasi loop
perimeters. In this aspect of the antenna 300, the quasi loop
114 has an adjustable loop perimeter. As shown, the perimeter
of'the quasi loop 114 can be shortened by switching element
302 to disconnect line quasi loop perimeter segment 304 from
the quasiloop 114. In certain embodiments, the perimeter can
be lengthened by switching element 302 to connect segment
304. Element 302 may be a MEMS switch or a semiconductor
switch. In FIG. 3A, a MEMS switch is represented by refer-
ence designator 302. In FIG. 3B, a MOSFET source is con-
nected to line end 304 and the drain is connected to line end
306. The MOSFET gate can be used to control the impedance
between source and drain. In both figures, the electric field
bridge 112 is an air or dielectric gap capacitor. For example,
the transformer loop 102 and radiator 110 may be conductive
microstrip traces on a printer circuit board (PCB), in which
case the dielectric material is primarily the PCB dielectric.

As in FIGS. 1 and 2, an electric field bridge 112 is inter-
posed between quasi loop first ends 116 and second end 118.
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However, the position of second end can be one of two dif-
ferent positions: 118a or 1185, depending on the switch posi-
tion. In the aspect shown, the electric field bridge 112 is not
generally tunable, except to the extent that the switched line
segment 304 causes a change in capacitance across the elec-
tric field bridge 112. In other aspects the electric field bridge
112 can be a fixed-tuned element such as an interdigital gap
capacitor, a lumped element capacitor, or a surface-mounted
capacitor, to name a few possible examples, which may make
the field across the bridge 112 less susceptible to changes in
perimeter length. Although not specifically shown, this
antenna can be interfaced to a tunable balun, as described in
the explanation of FIG. 2.

FIGS. 4A and 4B are plan views showing a first variation of
a capacitively-loaded magnetic dipole antenna 400 with an
adjustable quasi loop perimeter. As show, the quasi loop 114
has a first end 401, a selectable second end 402, and a select-
ablethird end 404. MEMS switch 406 is a single-pole double-
throw (SPDT) switch that either connects the quasi loop
second end 402 in a first switch position, or connects the quasi
loop third end 404 in a second switch position. As shown, the
quasi loop 114 has a longer length (perimeter) when con-
nected in the first position to line 402, than it does when
connected to line end 404.

In FIG. 4A, line segments 408 and 410 are both aligned
above line segment 412. In FIG. 4B, connectable line seg-
ments 408 and 410 are shown respectively aligned “below”
and “above” line segment 412. However, it should be under-
stood that there are numerous arrangements of line segments
alignments possible. Further, although a SPDT switch as been
shown, the antenna is not limited to merely double throw
switches. Although not specifically shown, this antenna can
be interfaced to a tunable balun, as described in the explana-
tion of FIG. 2.

FIG. 5 is a plan view showing a second variation of a
capacitively-loaded magnetic dipole antenna with an adjust-
able quasi loop perimeter. In this aspect, the electric field
bridge 112 can be made tunable, as the bridges described in
the explanation of FIGS. 1 and 2. Large changes in the effec-
tive electric length of antenna 500 can be enabled by changing
the length of the quasi loop perimeter with elements 502.
Here, the perimeter length is changed by creating a bridge
between sections of the quasi loop 114, using 502q and 5025
to shorten the overall perimeter length. Note, when element
502a is closed, element 5025 is closed. Likewise, when ele-
ment 502q is open, element 5024 is open.

In certain embodiments, the perimeter length can be
changed using one of the approaches shown in FIG. 3A, 3B,
4A, or 4B. Smaller adjustments in effective electric length can
be obtained by tuning the electric field bridge 112. Again, it
should be understood that there are numerous arrangements
of line segments alignments, switch positions, and bridge
positions are possible. Further, although SPDT switches have
been shown, the antenna 500 is not limited to merely double
throw switches. Although not specifically shown, this antenna
can be interfaced to a tunable balun, as described in the
explanation of FIG. 2.

FIG. 6 is a plan view showing a third variation of a capaci-
tively-loaded magnetic dipole antenna 600 with a selectable
quasi loop perimeter. In this aspect, the capacitively-loaded
magnetic dipole radiator 110 includes a first (large) quasi loop
114a, which is formed by closing switches 603. Bridge 1124
is used when quasi loop 114a is selected. A second (smaller)
quasi loop 1145 is formed by opening switches 603. When
quasi loop 1145 is selected, then bridge 1125 is used. Two
SPDT switches either connect to the large loop or to a smaller
loop. The small loop has the same general characteristics as
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the large loop. Regardless of which quasi loop is selected, the
design remains quasi symmetrical. Thus, the balanced nature
of'the antenna is maintained, and the switches 603 can be used
is used to tune from one frequency to another. The electric
field bridges 112a and 11254 can either be a fixed value or
tunable as described in the explanation of FIGS. 1 and 2.
Although not specifically shown, this antenna can be inter-
faced to a tunable balun, as described in the explanation of
FIG. 2.

FIG. 7 is a plan view showing a fourth variation of a
capacitively-loaded magnetic dipole antenna 700 with an
adjustable quasi loop perimeter. In this aspect, the capaci-
tively-loaded magnetic dipole radiator 110 includes a quasi
loop 114 with a plurality of selectable connectable auxiliary
loop sections 600. As shown, there are two auxiliary loop
sections 602 selectively connectable using switch elements
603.

Note, auxiliary loop sections 602 can be placed either
inside (as shown) or outside the quasi loop 114, or both inside
and outside. The auxiliary loop section 602 may also be
connected to other sides of the quasi loop 114, besides the
sides 702 and 704 shown in the figure. The electric field
bridge 112 can either be a fixed value or tunable as described
in the explanation of FIGS. 1 and 2. As described above, the
auxiliary loop sections 602 can be connected with MEMS or
semiconductor switches, although the antenna is not limited
to any particular switch technology. Although not specifically
shown, this antenna can be interfaced to a tunable balun, as
described in the explanation of FIG. 2.

FIG. 8 is a schematic block diagram of a wireless telephone
communications device with a frequency-tunable capaci-
tively-loaded magnetic dipole antenna. The device 1000 com-
prises a housing 1002 and a telephone transceiver 1004
embedded in the housing 1002. A balanced feed capacitively-
loaded magnetic dipole antenna 1006 is embedded in the
housing 1002, and has a radiator with tunable effective elec-
trical length. As explained above, the effective electrical
length of the radiator can be varied by using a tunable electric
field bridge, an adjustable quasi loop perimeter, or an adjust-
able electric field bridge in combination with an adjustable
perimeter. Typically, the capacitively-loaded magnetic dipole
antenna 1006 has a radiation efficiency that is insensitive to
the proximity of the placement of a user’s hand on the housing
1002.

The invention is not limited to any particular communica-
tion format, i.e., the format may be Code Division Multiple
Access (CDMA), Global System for Mobile Communica-
tions (GSM), or Universal Mobile Telecommunications Sys-
tem (UMTS). Neither is the device 1000 limited to any par-
ticular range of frequencies. Details of antenna variations are
provided in the explanations of FIGS. 1 through 7, above, and
will not be repeated in the interests of brevity. Note, the
invention is also applicable to other portable wireless devices,
such as two-way radios, GPS receivers, Wireless Local Area
Network (WLAN) transceivers, to name a few of examples.

Functional Description

Balanced antennas do not make use of the ground plane in
order to radiate. This means that a balanced antenna can be
located in a very thin wireless device, without detrimental
affecting radiation performance. In fact, the antenna can be
located within about 2 to 3 mm of a groundplane with no
noticeable effect upon performance. The antenna is also less
sensitive to currents on the ground plane, such as noise cur-
rents, or currents that are related to Specific Absorption Rate
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(SAR). Since the antenna can be made coplanar, it can be
realized on a flex film, for example, at a very low cost.

FIG. 9 is a flowchart illustrating a method for frequency
tuning a capacitively-coupled magnetic dipole antenna.
Although the method is depicted as a sequence of numbered
steps for clarity, no order need be inferred from the number-
ing. It should be understood that some of these steps may be
performed in parallel, or performed without the requirement
of' maintaining a strict order of sequence. The method starts at
Step 900.

Step 902 provides a capacitively-loaded magnetic dipole
antenna with a transformer loop having a balanced feed inter-
face, and a capacitively-loaded magnetic dipole radiator con-
nected to the transformer loop, having an effective electrical
length (see FIGS. 1-7, and their explanations above). Step 904
varies the effective electrical length of the radiator. Step 906
changes the antenna operating frequency in response to vary-
ing the effective electrical length of the radiator.

In one aspect, Step 902 provides a capacitively-loaded
magnetic dipole radiator with an electric field bridge. Then,
Step 904 varies the effective electrical length of the radiator
by varying the electric field across the electric field bridge. In
another aspect, Step 902 provides a capacitively-loaded mag-
netic dipole radiator having a quasi loop with an adjustable
perimeter. Then, Step 904 varies the effective electrical length
of'the radiator by varying the quasi loop perimeter. In certain
embodiments, Step 904 varies the effective electric length is
response to both varying the quasi loop perimeter and the field
across the electric field bridge.

A balanced feed, frequency-tunable capacitively-loaded
magnetic dipole antenna has been provided. Some specific
examples of loop shapes, loop orientations, bridge and quasi
loop sections, physical implementations, and uses have been
given to clarify the invention. However, the invention is not
limited to merely these examples. Other variations and
embodiments of the invention will occur to those skilled in the
art.

What is claimed is:

1. A frequency-tunable capacitively-loaded magnetic
dipole antenna, the antenna comprising:

a transformer loop having a balanced feed interface; and

a capacitively-loaded magnetic dipole radiator connected

to the transformer loop, the capacitively-loaded mag-
netic dipole radiator having a tunable effective electrical
length and including at least a quasi loop with a selec-
tively connectable auxiliary loop section.

2. The antenna of claim 1 wherein the capacitively-loaded
magnetic dipole radiator comprises a tunable electric field
bridge.

3. The antenna of claim 2 wherein the quasi loop includes
at least a first end and a second end, and wherein the tunable
electric field bridge is interposed between the quasi loop first
and second ends.

4. The antenna of claim 3 wherein the tunable electric field
bridge is an element selected from the group consisting of a
varactor diode, ferroelectric (FE) capacitor, PN Junction
diode, MOS transistor, and a microelectromechanical system
(MEMS) capacitor.

5. The antenna of claim 1 wherein the quasi loop includes
at least an adjustable loop perimeter.

6. The antenna of claim 5 wherein the quasi loop adjustable
perimeter includes an element selected from the group con-
sisting of a MEMS switch and a semiconductor switch.

7. The antenna of claim 6 wherein the quasi loop has a first
end, a selectable second end, and a selectable third end;
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wherein the MEMS switch is a single-pole double-throw
switch to connect the quasi loop second end in a first
switch position, and to connect the quasi loop third end
in a second switch position.

8. The antenna of claim 5 wherein the quasi loop includes
a first end, a second end, and an electric field bridge inter-
posed between the quasi loop first and second ends.

9. The antenna of claim 8 wherein the electric field bridge
is an element selected from the group consisting of a dielec-
tric gap capacitor, an interdigital gap capacitor, a lumped
element capacitor, and a surface-mounted capacitor.

10. The antenna of claim 8 wherein the electric field bridge
is a tunable electric field bridge.

11. The antenna of claim 1 wherein the selectively con-
nectable auxiliary loop section includes an element selected
from the group consisting of a MEMS switch and a semicon-
ductor switch, to selectively connect an auxiliary loop to the
quasi loop.

12. The antenna of claim 1 wherein the selectively con-
nectable auxiliary loop section includes at least one of a
plurality of selectable connectable auxiliary loop sections.

13. The antenna of claim 1 wherein the quasi loop includes
a first end, a second end, and an electric field bridge inter-
posed between the quasi loop first and second ends.

14. The antenna of claim 1 further comprising:

a tunable balun having an unbalanced feed interface, the

tunable balun supplying the balanced feed interface with
a selectively controllable impedance.

15. A wireless telephone communications device with a
frequency-tunable capacitively-loaded magnetic dipole
antenna, the device comprising:

a housing;

a telephone transceiver embedded in the housing; and

a balanced feed capacitively-loaded magnetic dipole

antenna having a radiator with frequency-tunable elec-
trical length, the radiator including at least a quasi loop
with a selectively connectable auxiliary loop section.

16. The device of claim 15 wherein the capacitively-loaded
magnetic dipole radiator comprises a tunable electric field
bridge.

17. The device of claim 15 wherein the quasi loop includes
at least an adjustable loop perimeter.

18. A method for frequency tuning a capacitively-loaded
magnetic dipole antenna, the method comprising:

providing a capacitively-loaded magnetic dipole antenna

with a transformer loop having a balanced feed inter-
face, the capacitively-loaded magnetic dipole antenna
further including at least a capacitively-loaded magnetic
dipole radiator connected to the transformer loop, the
capacitively-loaded magnetic dipole radiator including
at least a quasi loop with a selectively connectable aux-
iliary loop section;

varying the effective electrical length of the radiator; and

in response to varying the effective electrical length of the

radiator, changing the antenna operating frequency.

19. The method of claim 18 wherein the capacitively-
loaded magnetic dipole radiator includes an electric field
bridge; and

wherein varying the effective electrical length of the radia-

tor includes varying the electric field across the electric
field bridge.

20. The method of claim 18 wherein quasi loop includes at
least an adjustable perimeter; and

wherein varying the effective electrical length of the radia-

tor includes varying the quasi loop perimeter.
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1
ANTENNA APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to an antenna appa-
ratus, and more particularly relates to a planar antenna appa-
ratus using UltraWideBand (UWB).

2. Description of the Related Art

In recent years, wireless communication technologies
using UltraWideBand (UWB) have gotten a lot of attention
because of UWB’s wide range of applications such as radar
positioning and high capacity transmission. In 2002, the Fed-
eral Communications Commission (FCC) of the United
States approved the use of UWB in the frequency band
between 3.1 and 10.6 GHz.

UWRB is a transmission system using ultrawideband signals
for communication. An antenna used for UWB must be
capable of sending/receiving ultrawideband signals.

An antenna, which is composed of a base board and a
power feeder, for use in the frequency band between 3.1 and
10.6 GHz approved by FCC has been proposed (non-patent
document 1).

FIGS. 1A and 1B are perspective views of exemplary con-
ventional antenna apparatuses. An antenna apparatus 10
shown in FIG. 1A has a structure where a power feeder 12
shaped like an inverted cone is placed on a base board 11. The
side surface of the cone-shaped power feeder 12 forms an
angle 0 with the axis of the antenna apparatus 10. The angle 6
provides characteristic features of the antenna apparatus 10.

An antenna apparatus 20 shown in FIG. 1B has a structure
where a teardrop-shaped power feeder 22 composed of an
inverted cone 22a and a sphere 225 is placed on a base board
11. The sphere 2256 is in contact with the internal surface of
the inverted cone 22a.

[Non-patent document 1] 2003 IEICE (The Institute of
Electronics, Information and Communication Engineers)
General Conference, Mar. 22, 2003, Room B201, B-1-133:
An Omnidirectional and Low-VSWR Antenna for the FCC-
Approved UWB Frequency Band, Takuya Taniguchi and
Takehiko Kobayashi (Tokyo Denki University)

[Patent document 1] Japanese Patent Application Publica-
tion No. 2000-196327

As described above, a conventional wide-band antenna
apparatus normally has a structure where a cone-shaped or
teardrop-shaped power feeder is placed on a base board.
Because of this structure, a conventional wide-band antenna
apparatus is normally large in size, and therefore there has
been demand for a more compact and thinner antenna appa-
ratus.

FIGS. 2A and 2B are perspective views of a planar UWB
antenna apparatus 30 disclosed in the specifications and
drawings of Japanese Patent Application No. 2006-91602
filed by the same applicant. The planar UWB antenna appa-
ratus 30 is a compact and thin antenna apparatus. The planar
UWB antenna apparatus 30 includes an antenna element pat-
tern 32, a stripline 33, and two ground patterns 34 and 35
formed on an upper surface 31a of a base 31 made of a
dielectric material. Also, a coaxial connector 50 is mounted
on an edge of the base 31.

The ground patterns 34 and 35 form ground potential
regions near the antenna element pattern 32 and thereby gen-
erate lines of electric force around the antenna element pat-
tern 32. Also, the ground patterns 34 and 35 constitute a part
of'a microwave transmission line 40 of a Coplanar waveguide

type.
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The stripline 33, the ground patterns 34 and 35, and the
base 31 form the microwave transmission line 40 of a Copla-
nar waveguide type. The coaxial connector 40 is soldered
onto the stripline 33 and the ground patterns 34 and 35 at the
end of the microwave transmission line 40 of a Coplanar
waveguide type extending from the antenna element pattern

The planar UWB antenna apparatus 30 is used in the fre-
quency band between 3 and 6 GHz.

The line Ia in FIG. 6 shows VSWR (voltage standing wave
ratio) vs. frequency characteristics of the planar UWB
antenna apparatus 30. A preferable value of VSWR is 1.4 or
lower. However, as indicated by the line Ia in FIG. 6, the
VSWR of the planar UWB antenna apparatus 30 is higher
than 3.0 around 3 GHz, and therefore there is demand for
improvement.

SUMMARY OF THE INVENTION

The present invention provides an antenna apparatus that
substantially obviates one or more problems caused by the
limitations and disadvantages of the related art.

According to an embodiment of the present invention, an
antenna apparatus includes a base made of a dielectric mate-
rial; an antenna element pattern formed on a surface of the
base; a ground pattern formed in a position adjacent to and
opposite to the antenna element pattern on the same surface of
the base; and a surface-mounted coaxial connector mounted
on the ground pattern in a position close to a feeding point of
the antenna element pattern.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are perspective views of exemplary con-
ventional antenna apparatuses;

FIGS. 2A and 2B are perspective views of a planar UWB
antenna apparatus disclosed in a patent application filed by
the same applicant;

FIGS. 3A and 3B are perspective views of an exemplary
planar UWB antenna apparatus according to a first embodi-
ment of the present invention;

FIGS. 4A, 4B, and 4C are drawings illustrating the exem-
plary planar UWB antenna apparatus shown in FIGS. 3A and

FIGS. 5A through 5¢ are drawings illustrating an exem-
plary socket coaxial connector;

FIG. 6 is a graph showing VSWR vs. frequency character-
istics of the exemplary planar UWB antenna apparatus shown
in FIGS. 3A and 3B; and

FIGS. 7A and 7B are drawings illustrating an exemplary
planar UWB antenna apparatus according to a second
embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Preferred embodiments of the present invention are
described below with reference to the accompanying draw-
ings.

1. First Embodiment

FIGS. 3A through 4C are drawings illustrating a planar
UWB antenna apparatus 100 according to a first embodiment
of the present invention. Arrows Z1-72 show the directions
along the axis of the planar UWB antenna apparatus 100
(directions along the length of a base 101), X1-X2 show
directions along the width of the base 101, and Y1-Y?2 show
directions along the thickness of the base 101.
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The planar UWB antenna apparatus 100 includes an
antenna element pattern 102, a short stripline 103 with a
length of about 1 mm, and a ground pattern 104 formed on an
upper surface 101a of a base 101 made of a dielectric mate-
rial. Also, a surface-mounted socket coaxial connector 200 is
placed in a position close to a projecting point (feeding point)
102a of the antenna element pattern 102 so as to span a gap
between the end of the stripline 103 and the ground pattern
104.

As shown in FIG. 4A, the antenna element pattern 102 is
shaped like a home plate. Each of the two inclined sides
extending from the projecting point (feeding point) 102a of
the antenna element pattern 102 forms an angle 6 of about 60
degrees with the axis of the planar UWB antenna apparatus
100. The stripline 103 has a length a and extends from the
projecting point (feeding point) 102a of the antenna element
pattern 102 in the Z2 direction. The length a is about 1 mm.
The ground pattern 104 is shaped like a rectangle and posi-
tioned adjacent to and opposite to the antenna element pattern
102. The ground pattern 104 has a recess 104a in a position
facing the feeding point 1024 of the antenna element pattern
102. The stripline 103 extends into the recess 104a.

The stripline 103, a part of the ground pattern 104 which
part faces the stripline 103, and the base 101 form a micro-
wave transmission line 110 of a Coplanar waveguide type.
The microwave transmission line 110 has an impedance of
about 50Q.

The ground pattern 104 forms ground potential regions
near the antenna element pattern 102 and thereby generates
lines of electric force around the antenna element pattern 102.

A land 120 is formed on the edge of the stripline 103 and a
land 121 is formed on an area surrounding the recess 1044q of
the ground pattern 104. The socket coaxial connector 200 is
mounted on the lands 120 and 121.

As shown in FIGS. 5A through 5C, the socket coaxial
connector 200 is surface-mountable and has a structure where
a shielding unit 2004 and a signal line connecting unit 2005
are integrated with a molded insulating part 200c.

The shielding unit 200q is made of a conductive material
and includes a connecting part 2004 and contacts 200e1,
200¢2, and 200e3. The connecting part 2004 is shaped like a
cylinder, protrudes in the Z1 direction, and engages a shield of
a plug connector. The contacts 200e1, 200¢2, and 2003 are
connected to the connecting part 2004 and exposed on the
bottom surface of the insulating part 200¢ (the surface in the
72 direction).

The signal line connecting unit 2005 is made of a conduc-
tive material and includes a connecting pin 200f'and a contact
200g. The connecting pin 200fis positioned within the con-
necting part 2004, protrudes from the insulating part 200c¢ in
the 71 direction, and is connected to a signal line of the plug
connector when the plug connector is inserted. The contact
200g is connected to the connecting pin 200f'and exposed on
the bottom surface of the insulating part 200c¢ (the surface in
the 72 direction).

The socket coaxial connector 200 is surface-mounted by
soldering the contact 200g onto the land 120 on the edge of
the stripline 103 and soldering the contacts 200e1 and 200¢2
onto the land 121 on the ground pattern 104.

Since the microwave transmission line 110 is a Coplanar
waveguide type, a line width s of the stripline 103 is as large
as 1 mm as shown in FIG. 4A. Therefore, the solder for
mounting the socket coaxial connector 200 does not extend
beyond the width of the stripline 103. Therefore, the imped-
ance of the part of the microwave transmission line 110 on
which part the socket coaxial connector 200 is soldered can be
maintained at around 50€2.
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The planar UWB antenna apparatus 100 is usable in the
frequency band between 3 and 6 GHz and is used by connect-
ing a plug coaxial connector (not shown) attached to one end
of'a coaxial cable (not shown) to the socket coaxial connector
200. A high-frequency signal is supplied to the antenna ele-
ment pattern 102 and the ground pattern 104 is held at ground
potential. As a result, lines of electric force are generated
between the antenna element pattern 102 and the ground
pattern 104.

In FIG. 6, the line I shows VSWR vs. frequency character-
istics of the planar UWB antenna apparatus 100.

The VSWR wvs. frequency characteristics of the planar
UWB antenna apparatus 100 and the planar UWB antenna
apparatus 30 shown in FIGS. 2A and 2B are compared below
in the frequency band between 3 and 6 GHz.

At around 3 GHz, the VSWR of the planar UWB antenna
apparatus 100 is about 1.4 and is about a half of the VSWR of
the planar UWB antenna apparatus 30.

At around 4 GHz, the VSWR of the planar UWB antenna
apparatus 100 is about 1.1 and is substantially the same as the
VSWR of the planar UWB antenna apparatus 30.

At around 5 GHz, the VSWR of the planar UWB antenna
apparatus 100 is about 1.5 and is about 0.2 lower than the
VSWR of the planar UWB antenna apparatus 30.

At around 6 GHz, the VSWR of the planar UWB antenna
apparatus 100 is substantially the same as the VSWR of the
planar UWB antenna apparatus 30.

The above results show that, in the frequency band between
3 and 6 GHz where the planar UWB antenna apparatuses are
used, the VSWR vs. frequency characteristics of the planar
UWB antenna apparatus 100 are better than the VSWR vs.
frequency characteristics of the planar UWB antenna appa-
ratus 30.

Possible reasons of the above improvement in VSWR vs.
frequency characteristics are as follows:

(1) The planar UWB antenna apparatus 100 includes only
one ground pattern, the ground pattern 104. Because of this
structure, a half of the ground pattern 104 corresponding to
the X1 side of the antenna element pattern 102 and the other
half of the ground pattern 104 corresponding to the X2 side of
the antenna element pattern 102 show the same ground poten-
tial.

(2) The socket coaxial connector 200 is mounted on the
ground pattern 104 in a position close to the antenna element
pattern 102. Because of this structure, the ground potential of
the half of the ground pattern 104 corresponding to the X2
side of the antenna element pattern 102 becomes stable.

2. Second Embodiment

FIGS. 7A and 7B are drawings illustrating a planar UWB
antenna apparatus 100A according to a second embodiment
of the present invention.

Unlike the planar UWB antenna apparatus 100, the planar
UWB antenna apparatus 100A does not have a microwave
transmission line of a Coplanar waveguide type. In the planar
UWB antenna apparatus 100A, the socket coaxial connector
200 is soldered onto the land 120 formed on the feeding point
102a of the antenna element pattern 102 and onto the land 121
formed on a part of the ground pattern 104 which part faces
the feeding point 1024 so as to span a gap between the antenna
element pattern 102 and the ground pattern 104. The contact
200g of the socket coaxial connector 200 is soldered directly
onto the feeding point 102a of the antenna element pattern
102.

The planar UWB antenna apparatus 100A shows substan-
tially the same VSWR vs. frequency characteristics as those
indicated by the line I shown in FIG. 6.
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A planar UWB antenna apparatus according to an embodi-
ment of the present invention includes an antenna element
pattern, one ground pattern, and a surface-mounted coaxial
connector mounted on the ground pattern in a position close
to a feeding point of the antenna element pattern. Such a
configuration stabilizes the ground potential of the ground
pattern and thereby improves the VSWR vs. frequency char-
acteristics of a planar UWB antenna apparatus.

The present invention is not limited to the specifically
disclosed embodiments, and variations and modifications
may be made without departing from the scope of the present
invention.

The present application is based on Japanese Priority
Application No. 2006-094459 filed on Mar. 30, 2006, the
entire contents of which are hereby incorporated by refer-
ence.

What is claimed is:

1. An antenna apparatus, comprising:

a base made of a dielectric material;

an antenna element pattern formed on a surface of the base;

a ground pattern formed in a position adjacent to and oppo-

site to the antenna element pattern on the same surface of
the base; and

a surface-mounted coaxial connector mounted on the

ground pattern in a position close to a feeding point of
the antenna element pattern,

wherein the antenna apparatus has a planar shape.

2. The antenna apparatus as claimed in claim 1, wherein the
coaxial connector is mounted on the ground pattern and spans
a gap between the antenna element pattern and the ground
pattern.
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3. The antenna apparatus as claimed in claim 1, wherein:

the coaxial connector is mounted on the ground pattern in
aposition to stabilize the ground potential of the ground
pattern.

4. The antenna apparatus as claimed in claim 1, wherein the
antenna apparatus is used in a frequency band between 3 and
6 GHZ.

5. The antenna apparatus as claimed in claim 1, wherein the
antenna element pattern is shaped like a home plate.

6. An antenna apparatus, comprising:

a base made of a dielectric material,;

an antenna element pattern formed on a surface of the base;

a ground pattern formed in a position adjacent to and oppo-
site to the antenna element pattern on the same surface of
the base;

a stripline extending from a feeding point of the antenna
element pattern into a recess formed in the ground pat-
tern; and

a surface-mounted coaxial connector soldered onto a part
of the ground pattern which part surrounds the recess
and onto a part of the stripline.

7. An antenna apparatus, comprising;

a base made of a dielectric material,;

an antenna element pattern formed on a surface of the base;

a ground pattern formed in a position adjacent to and oppo-
site to the antenna element pattern on the same surface of
the base; and

a surface-mounted coaxial connector soldered onto a feed-
ing point of the antenna element and onto a part of the
ground pattern which part faces the feeding point.

#* #* #* #* #*






