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ABSTRACT

A wireless device has a housing, a patch antenna, and an
open/shut sensing unit which senses the open/shut state of the
housing and forms an open/shut signal indicating the open/
shut state. The patch antenna has a first element which corre-
sponds to a first polarized wave, a second element which
corresponds to a second polarized wave and is to be added to
the first element, and a switching unit. The switching unit
disconnects and connects the second element from and to the
first element based on the open/shut signal to make the patch
antenna suitable for the first or second polarized wave.
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(57) ABSTRACT

An antenna carrier (10) with an antenna (14) for electromag-
netic radiation to be fastened to a wall (1) of a container
composed of steel plate and having ventilation openings (5)
which are covered on the exterior side of the container wall
(1) by a cover (3) which protects against sprayed water, and
which forms a cavity (6) in front of the ventilation openings
(5), in which the cover (3) is composed of plastic, the antenna
(14) projects through a ventilation opening (5) into the cavity
(6) formed by the cover, the antenna carrier (10) is fastened on
the interior side (9) of the container wall (1), and the antenna
carrier (10) is the ground reference surface of the antenna (14)
and is constructed as a magnetizable metal plate (11).
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1
ARRANGEMENT OF AN ANTENNA ON A
CONTAINER

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of international patent
application no. PCT/DE2007/000846, filed May 10, 2007
designating the United States of America and published in
German on Dec. 6, 2007 as WO 2007/137551, the entire
disclosure of which is incorporated herein by reference. Pri-
ority is claimed based on Federal Republic of Germany patent
application no. DE 10 2006 025 214 4, filed May 29, 2006.

BACKGROUND OF THE INVENTION

The present invention relates to an antenna carrier with an
antenna for electromagnetic radiation to be fastened on a wall
of a container made of steel plate and having ventilation
openings which are covered on the exterior side of the con-
tainer wall by a cover which protects against sprayed water,
with the cover forming a cavity in front of the ventilation
openings.

Containers comprised of steel plate are typical for the
worldwide transport of semifinished and finished products.
The containers have closable doors on a front side, which may
also be separately secured. The walls of the containers are
typically trapezoidally profiled for stabilization. The dimen-
sions of the containers are extensively standardized. The con-
tainers are stackable for ship transport, the stacks being lock-
able to one another. For rail and truck transport, the respective
containers are usually loaded individually.

To control the material flow of semifinished products and
also finished products, it is necessary to be able to track the
transport path and the particular location of the containers. In
addition, expensive container contents must possibly be
monitored against theft or manipulation of the products. The
most continuous possible monitoring and/or report upon
break-in of a container are desirable.

Determining the location of a container via GPS (global
positioning system) and reporting it via GSM (global system
for mobile communication), for example, are known. The
location report may also contain information about unautho-
rized opening of the container.

Electronic systems for location determination and report-
ing may be constructed in a robust and largely maintenance-
free and low-power design, so that they remain ready for use
over a long period of time when equipped with modern bat-
teries. A requirement for their verification function is that
they are affixed to the container so as to be secure against
manipulation, destruction, or loss. In addition, they need to be
easily and rapidly replaceable in case of maintenance. The
systems have suitable antennas for signal reception and signal
transmission.

Known systems for location determination and monitoring
of the containers are designed as flat closed boxes having
internal antennas. These boxes are externally fastened in suit-
able recesses on the container. Sensors, which detect an unau-
thorized opening of the door, may be associated with the
doors of the container. Other known systems are fastened to
the interior side of the door with their antennas being guided
out through sealing lips of the door panels and/or installed
therein.

An arrangement is known from US 2004/0066328 Al, in
which transmitter electronics having an antenna are provided
in a replaceable box. The box is placed outside the container
in the lock area of the container doors mechanically secured
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on a locking bar for the container doors. A door opening
sensor is extended through a door gap into the container
interior and connected to security electronics in the box.

Another arrangement is known from WO 2004/021299 A1,
in which an antenna arrangement is fastened on the exterior
container wall in an inward facing trapezoidal area and pro-
vided with a plastic cover so it is flush with the surface.

Itis known from US 2007/075075 A1 to situate transceiver
electronics inside a container and extend the connecting line
to the antenna outside of the container interior through an
existing ventilation opening in the container wall. The
antenna may be situated inside a cap covering the ventilation
openings and connected to the cap.

Systems attached to the exterior walls of the containers
may be damaged during loading and stacking of the contain-
ers. In addition, the outside location may not reliably prevent
an unauthorized intervention for manipulation of the system.
Internal systems require an antenna to extend outside the
container in any case because the container walls form a
nearly perfect shield for electromagnetic radiation. The
antennas extending between sealing lips of the door panels
may be damaged on their external ends when the doors are
closed, and are subject to additional strains when the door
panels are moved.

SUMMARY OF THE INVENTION

It is therefore an object of the invention to provide an
antenna arrangement for a steel container which is protected
against damage and unauthorized outside manipulation.

Another object of the invention is to provide an antenna
arrangement for a steel container which assures reliable com-
munication between the exterior world and electronic sys-
tems arranged in the interior of the container for determining
the container location and monitoring the container content.

A further object of the invention is to provide an antenna
arrangement for a steel container which may be retrofitted
and/or exchanged in a simple manner.

These and other objects are achieved in accordance with
the present invention by providing an antenna arrangement as
described above in which the cover for the ventilation open-
ings is comprised of synthetic resin material (plastic), the
antenna projects through a ventilation opening into a cavity
defined by the cover, the antenna carrier is secured to the
interior side of the container wall, and the antenna carrier
constitutes the ground reference surface of the antenna and is
constructed as a magnetizable metal plate. Advantageous fur-
ther preferred embodiments will become apparent from the
following description and claims.

The invention makes use of the fact that standardized con-
tainers are each provided on at least one side wall with ven-
tilation openings, which facilitate a temperature-related pres-
sure equalization of the container volume with the exterior
environment. The ventilation openings typically comprise a
pattern of holes having a diameter of approximately 8 mm. A
nonremovable cover which protects against water spray is
placed externally over this pattern. The cover forms a closed
cavity in front of the hole pattern, which is protected on the
bottom against penetration of water spray by webs arranged
offset in height and location relative to one another. The cover
is provided with slots for the air entry underneath. The cover
is inserted into an inwardly pointing profiled segment of the
container wall, so that it is protected against impacts during
loading. The cavity in front of the ventilation openings has a
height of approximately 2.5 cm.

Surprisingly, it has been found that the existing cavity in
front of the ventilation openings is sufficient, with appropri-
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ate construction and arrangement of the antenna carrier and
the antenna shape, to be able to send or receive a transmission
between the interior of the container and the outside. It is only
necessary to ensure that the cover is comprised of plastic. The
closing of individual ventilation openings by the antenna
arrangement does not affect the necessary pressure equaliza-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described in further detail hereinafter
with reference to an illustrative preferred embodiment of the
antenna arrangement according to the invention which is
depicted schematically in the accompanying drawing figures,
wherein:

FIG.11s apartial exterior view of a container provided with
a cover for ventilation openings; and

FIG. 2 is a cross-sectional view through the container wall
provided with an antenna arrangement according to the
present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

FIG. 1 shows a detail of a trapezoidally profiled container
wall 1 viewed from the outside. A cover 3 is inserted in an
inwardly facing profile segment 2 of the container wall 1. The
cover 3 is connected permanently to the container wall 1 by
fasteners (not shown in greater detail). Slots 4 are arranged in
the lower area of the cover 3 as air passages. A pattern of
ventilation openings 5, which are protected by the cover 3, is
depicted in the upper area.

FIG. 2 shows a cross-section through the container wall 1
in the area of the cover 3. Three ventilation openings 5, 5', 5"
from the pattern depicted in FIG. 1, which lie one underneath
another, are shown in the container wall 1. The cover 3 forms
a cavity 6 in front of the ventilation openings 5, 5', 5". Three
webs 7, which are arranged offset in height and laterally
relative to one another, are provided below the cavity 6. These
staggered webs 7 serve to prevent sprayed water from enter-
ing the cavity 6 through the slots 4. The cover 3 is also
protected by a circumferential seal 8 against the penetration
of water or dust. The seal 8 may alternatively be formed by a
bead of suitable adhesive for fastening the cover 3 to the
container wall 1.

Anantenna carrier 10 is situated on the interior side 9 of the
container wall 1. The antenna carrier 10 is formed by a mag-
netizable metal plate 11, which is provided with permanent
magnetic surfaces 12, 13. The magnetic surfaces 12, 13 are
used to adhere the antenna carrier 10 to the container wall 1.
In practice, the metal plate 11 should press against the con-
tainer wall 1 with as much planar contact as possible. The air
spacing shown in FIG. 2 is depicted only to more clearly
illustrate the parts of the antenna arrangement. In addition, it
is thus indicated that in reality an ideal planar contact may not
be achieved due to an uneven paint application on the con-
tainer wall 1 or other irregularities, unless the attachment
surface is machined flat beforehand.

An antenna 14 is fastened to the metal plate 11 in such a
way that it extends through an opening in the metal plate 11.
The antenna 14 is enclosed in a line area in a known manner
by a dielectric sheath 15 and otherwise by an abrasion-resis-
tant protective cover 16. The protective cover 16 is also used
so that the antenna 14 is not damaged upon insertion into one
of'the ventilation openings 5, 5', 5". In addition, a plastic ring
may be inserted into the ventilation opening to protect the
antenna.
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A plug terminal 17, which is conventional per se and which
has electrical contact to the metal plate 11, is provided around
the antenna 14 on the metal plate 11. The metal plate 11 thus
forms the ground reference surface for the antenna 14. The
connecting cable to be attached to the plug terminal 16 from
the antenna 14 to the transceiver electronics is not shown.

The metal plate 11 is angled perpendicularly to the con-
tainer wall 1 on one longitudinal side to form a flange 18. A
handle 19 is fastened on this flange 18 parallel to the container
wall 1. The handle 19 is used to lift the antenna carrier 10 off
the container wall 1. Other possible grip embodiments for
lifting the magnetically adhering metal plate 11 oft the con-
tainer wall 1 are within the skill of the art.

To situate the antenna carrier 10 having the antenna 14
fastened thereon on the container wall 1, the antenna end
provided with the protective envelope 16 is pushed through
one of the ventilation openings 5' and extended into the cavity
6. The length of the antenna 14 to be inserted into the cavity
6 is a function of the transmission frequency. For a predefined
height of the cover 3 in the area of the cavity 6, it is therefore
advantageous if the antenna 14 has a flexible construction, so
that longer antennas 14 may also bend and slide along the
cover 3 when they encounter it. Rod and helical antennas are
particularly suitable as flexible antenna shapes, which may
also be provided with a slight curvature before their insertion
into the cavity 6. Of course, other antenna shapes, e.g., chip
antennas, tuned to other transmission frequencies may also be
used, if they can be inserted through one of the ventilation
openings 5 into the cavity 6.

In the frequency ranges used for GPS and GSM, a helical
antenna is essentially a rod antenna shortened by coiling. The
total length of the coiled wire acts as a lambda/4 antenna. The
antenna may be tuned to two resonant frequencies, at which it
may be adjusted to 50 ohm antenna resistance, by the effec-
tive length of the helix in connection with an extended part as
arod antenna between the base point and the beginning of the
helix. However, it is simpler in application to provide separate
antenna carriers for different frequencies.

A minimum area, which is easy to ascertain by experi-
ments, is to be provided for the function of the metal plate 11
as the ground reference surface. It may thereby result that
when the metal plate 11 is attached to the container wall 1, it
will cover further ventilation openings 5, 5" in addition to the
ventilation opening 5' used for inserting the antenna into the
cavity 6. If this causes any interference with the pressure
equalization for the container interior, the metal plate 11 may
be provided with a hole pattern 20 matching the pattern of the
ventilation openings 5, 5', 5".

Instead of the magnetic adhesion of the antenna carrier 10
on the container wall 1, a mechanical fastening in the form of
aspreading device may also be provided, which is fastened on
the metal plate 11 in such a way that it engages in a further
ventilation opening upon insertion of an antenna in one of the
ventilation openings and may be locked therein, for example,
via a lever mechanism. If the metal plate 11 has additional
holes 20, a separate spreading element may also be provided
extending through registering holes in the metal plate 11 and
in the container wall 1 to fasten the antenna carrier 10 to the
container.

The described antenna carrier 10 represents a robust com-
ponent which may be adapted in its dimensions in manifold
ways to the conditions defined by the ventilation openings.

The foregoing description and examples have been set
forth merely to illustrate the invention and are not intended to
be limiting. Since modifications of the described embodi-
ments incorporating the spirit and substance of the invention
may occur to persons skilled in the art, the invention should be
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construed broadly to include all variations within the scope of
the appended claims and equivalents thereof.

The invention claimed is:

1. An antenna carrier with an antenna for electromagnetic
radiation to be fastened to a wall of a container comprised of
steel plate and having ventilation openings, wherein

the ventilation openings are covered on the exterior of the

container wall by a cover comprised of synthetic resin
material which protects against sprayed water and which
forms a cavity in front of the ventilation openings;

the antenna projects through a ventilation opening into the

cavity formed by the cover;

the antenna carrier is secured on the interior side of the

container wall; and

the antenna carrier is the ground reference plane of the

antenna and is constructed as a magnetizable metal
plate.

2. An antenna carrier as claimed in claim 1, wherein the
metal plate rests against the container wall in substantially
planar contact with the wall.

3. An antenna carrier as claimed in claim 1, wherein the
metal plate is provided with permanent magnetic surfaces for
adhering the metal plate to the container wall.

4. An antenna carrier as claimed in claim 3, wherein the
magnetic surfaces are constructed having opposite poles.

5. An antenna carrier as claimed in claim 3, wherein the
metal plate is provided with a handle to facilitate detaching
the magnetically adhered plate from the container wall.

6. An antenna carrier as claimed in claim 1, wherein the
metal plate is provided with a removable spreading device,
which is insertable into one of the ventilation openings.
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7. An antenna carrier as claimed in claim 1, wherein the
metal plate has a hole pattern matching the arrangement of the
ventilation openings.

8. An antenna carrier as claimed in claim 7, wherein the
antenna is inserted into one of the holes of the metal plate hole
pattern.

9. An antenna carrier as claimed in claim 8, wherein at least
the hole of the hole pattern in which the antenna is inserted is
provided with a plastic border which engages in the matching
ventilation opening.

10. An antenna carrier as claimed in claim 7, wherein a
spreading device, which is insertable into a hole of the hole
pattern and the matching ventilation opening, is provided for
fastening the metal plate to the container wall.

11. An antenna carrier as claimed in claim 1, wherein the
antenna comprises a flexible rod antenna.

12. An antenna carrier as claimed in claim 1, wherein the
antenna comprises a flexible helical antenna.

13. An antenna carrier as claim in claim 12, wherein the
antenna comprises a combination of helical and rod antennas
designed for two different resonant frequencies.

14. An antenna carrier as claimed in claim 1, wherein the
antenna is provided with an abrasion-resistant protective
envelope.

15. An antenna carrier as claimed in claim 1, wherein
multiple antennas, which are tuned to different frequencies,
are fastened on separate metal plates.
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PORTABLE TERMINAL APPARATUS WITH
TV FUNCTION AND TV ANTENNA WITH
FUNCTION AS INPUT PEN

This is a divisional of application Ser. No. 11/261,592 filed
Oct. 31, 2005, which claims priority from Japanese Patent
Application No. 2004-318615, filed Nov. 1, 2004. The entire
disclosure of the prior applications are considered part of the
disclosure of the accompanying divisional application and are
hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a portable terminal appa-
ratus with TV (television) program receiving function, and a
TV antenna with function as an input pen.

2. Description of the Related Art

There have been commercially available and popular por-
table terminal apparatuses with TV function, such as cellular
phone with TV function, which displays a TV (television)
image on the display and outputs voice from the speaker or the
like whereby a user can watch a TV program.

As such portable terminal apparatuses are increasingly
demanded to become further multifunctional, smaller and
lighter, it is important to use internal space of the apparatus as
effectively as possible.

In Japanese Patent Application laid open Nos. HEI7-
336759 and HEI11-284419, there is disclosed a portable ter-
minal with an input function by an input pen. The portable
terminal has a display capable of receiving an input from a
touch panel, by using an antenna integrated with a touch pen
to render the terminal smaller and lighter.

However, there is the following problem in the case of
providing an antenna integrated with an input pen for manual
input as described above to the above-mentioned conven-
tional portable terminal apparatuses with TV function.

Radio wave used for radio communication (900/1800,
1900 MHz in the case of GSM; 2000 MHz in the case of
W-CDMA; and 800 MHz in the case of CDMA) has a nar-
rower frequency range and a higher frequency than that used
for terrestrial TV broadcasting. Therefore, a TV receiving
antenna (TV antenna) requires a larger volume than such a
radio communication antenna, which also causes the space
required for storage to be larger.

Consequently, even if the radio communication antenna
provided separately from the TV antenna is servable as the
input pen, the effect on the small size and light weight of the
apparatus is reduced because the TV antenna is larger.

For this reason, and also for reducing radio wave radiation
to the user during the radio communication, a planar inverted
F antenna is often used in the conventional portable terminal
apparatuses with TV function. In this case, the radio commu-
nication antenna cannot be integrated with the input pen due
to its shape.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide
a portable terminal apparatus with TV function and a TV
antenna with function as an input pen, in which the TV
antenna is integrated with the input pen for the touch panel
while ensuring sufficient sensitivity so that the internal space
of the apparatus is effectively utilized, thus rendering the
apparatus smaller and lighter.

In accordance with the first aspect of the present invention,
to achieve the object mentioned above, there is provided a
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portable terminal apparatus with TV function comprising: a
display/input section capable of displaying a TV image and
receiving an input from a touch panel; a controller for con-
trolling the display/input section to display the TV image
thereon; and a TV receiving antenna formed of elastically
combined conductive materials and connected to the control-
ler, wherein the TV receiving antenna includes a TV antenna
with function as an input pen configuring at least a part of the
TV receiving antenna and functioning as an input pen for
providing input to the display/input section.

Preferably, the portable terminal apparatus with TV func-
tion further comprises a latch mechanism for supporting the
TV antenna with function as an input pen on the apparatus in
such a manner that the TV antenna is demountable from the
apparatus by being pushed into the apparatus in a longitudinal
direction when mounted on the apparatus. The TV antenna
with function as an input pen is pushed into the apparatus by
contracting a portion formed of elastically combined conduc-
tive materials and detachably mounted on the apparatus.

Preferably, when the TV antenna with function as an input
pen is pushed into and mounted on the apparatus, the latch
mechanism locks the TV antenna to prevent it from coming
off in the longitudinal direction, and releases the lock when
the TV antenna in the locked state is pushed into the apparatus
in the longitudinal direction thereof.

Preferably, the TV antenna with function as an input pen is
configured to be extendable and contractible in the longitu-
dinal direction thereof, and is mounted on the apparatus so
that, while the TV antenna is mounted on the apparatus, a
pushing portion of an operational member provided for push-
ing the TV antenna into the apparatus in the longitudinal
direction of the TV antenna is exposed outside the apparatus
and a portion of the TV antenna configured integrally with a
contact input portion contacted with the display/input section
to provide input cannot be pushed into the apparatus.

Preferably, the TV antenna with function as an input pen
has a movement lock concavity provided for limiting longi-
tudinal movement thereof by the latch mechanism. The latch
mechanism includes a sandwiching member for sandwiching
and supporting the TV antenna with function as an input pen
with the movement lock concavity. When the TV antenna is in
the locked state, the sandwiching member is fixed in a state of
sandwiching it from both sides in a direction substantially
vertical to the longitudinal direction of the TV antenna so as
to lock the TV antenna and prevent it from coming off the
apparatus.

Preferably, the latch mechanism releases the lock by open-
ing the sandwiching member sandwiching the TV antenna
with function as an input pen from both sides to lock it when
the TV antenna is pushed into the apparatus in the longitudi-
nal direction.

Preferably, the latch mechanism is placed at a position to be
pressed by the contact input portion in the longitudinal direc-
tion of the TV antenna with function as an input pen when the
TV antenna is pushed into the apparatus, and has a push
switch for opening and closing the sandwiching member at
the position to be pressed.

Preferably, when the push switch is pushed to release the
lock, the latch mechanism ejects the TV antenna with func-
tion as an input pen to the outside of the apparatus in the
longitudinal direction in reaction to the push switch pushed
back.

Preferably, the TV antenna with function as an input pen is
housed inside the apparatus so that, while the TV antenna is
mounted on the apparatus, the portion configured integrally
with the contact input portion is exposed only in one direction
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incapable of being sandwiched and held in the direction ver-
tical to the longitudinal direction of the TV antenna.

The TV antenna with function as an input pen may be
housed inside the apparatus so that, while the TV antenna is
mounted on the apparatus, the portion configured integrally
with the contact input portion is not exposed outside the
apparatus.

The TV antenna with function as an input pen may also be
housed inside the apparatus so that, while the TV antenna is
mounted on the apparatus, only the pushing portion of the
operational member provided for pushing the TV antenna
into the apparatus in the longitudinal direction of the TV
antenna is exposed.

Preferably, the TV receiving antenna includes: a multistage
antenna section of the TV antenna with function as an input
pen; and an in-apparatus antenna section configured to be
electrically conductive with the multistage antenna section
when the TV antenna with function as an input pen is
mounted on the apparatus, and connected to the controller.

Preferably, while the TV antenna is mounted on the appa-
ratus, the TV antenna with function as an input pen is pushed
into the apparatus only by contracting the multistage antenna
section and housing it completely inside TV antenna.

Preferably, the multistage antenna section is configured by
concentrically combining a plurality of cylindrical bodies.
The cylindrical body with the smallest radius in the concen-
tric circles is most distant from the contact input portion
contacted with the display/input section to provide input
while the multistage antenna section is extended and housed
inside the TV antenna with function as an input pen while the
multistage antenna section is contracted.

Preferably, the TV antenna with function as an input pen
includes an extension preventing section for preventing
extension of the multistage antenna section when the TV
antenna with function as an input pen is not mounted on the
apparatus.

Preferably, the extension preventing section is placed
inside the main body of a pen corresponding to the cylindrical
body portion of the TV antenna with function as an input pen
for housing the multistage antenna section while the multi-
stage antenna section is contracted, and locks the slide move-
ment of the thinnest cylindrical body of the multistage
antenna section to lock the slide movement of all the cylin-
drical bodies configuring the multistage antenna section.

Preferably, the extension preventing section is placed
inside one of the plurality of cylindrical bodies configuring
the multistage antenna section, and locks the slide movement
of the thinnest cylindrical body of the multistage antenna
section to lock the slide movement of the cylindrical body on
the further end side compared to the cylindrical body one step
thinner than the cylindrical body having the extension pre-
venting section placed therein.

Preferably, the extension preventing section is a plate
spring charged to have elastic resilience toward the center in
the radial direction of the cylindrical body having the exten-
sion preventing section placed therein, and, when subjected to
no pressure from the outside, presses the edge against a fixing
concavity provided to the thinnest cylindrical body of the
multistage antenna section by the resilience to lock the slide
movement of the thinnest cylindrical body.

Preferably, the portable terminal apparatus with TV func-
tion further comprises a lock releasing section for, when the
TV antenna with function as an input pen is mounted on the
apparatus, releasing the lock of the slide movement by press-
ing the plate spring toward the outside in the radial direction
of'the cylindrical body having the plate spring placed therein.
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Preferably, the lock releasing section exerts pressure to
release the lock by the plate spring in response to the insertion
of the releasing end into the TV antenna with function as an
input pen when the TV antenna is mounted on the apparatus,
and releases the pressure in response to the pull-out of the
releasing end from the TV antenna with function as an input
pen when the TV antenna is pulled out of the apparatus.

Preferably, the lock releasing section is supported on the
apparatus by a rotation axis further inside from the releasing
end and the end other than the releasing end so that the
support allows the lock releasing section to rotate against the
apparatus and charged by a spring to have elastic resilience in
such a direction that the releasing end moves away from the
TV antenna with function as an input pen. When the end other
than the releasing end is pushed by the mounting of the TV
antenna with function as an input pen on the apparatus, the
releasing end presses the plate spring toward the outside in the
radial direction of the cylindrical body to release the lock by
the plate spring by rotational movement about the rotation
axis. When the TV antenna with function as an input pen is
pulled out of the apparatus, the releasing end rotates, due to
the charge of the spring, about the rotation axis in such a
direction that the releasing end moves away from the TV
antenna so that the rotation causes the plate spring not to be
pressed toward the outside in the radial direction of the cylin-
drical body.

Preferably, the in-apparatus antenna section is a coil
antenna or a meander antenna.

Preferably, the multistage antenna section has an optimal
length for receiving VHF when extended to the maximum,
and has an optimal length for receiving UHF when contracted
to a predetermined length.

Preferably, the TV antenna with function as an input pen
has a bendable hinge freely rotatable with its central axis in
the longitudinal direction of the TV antenna at a position
exposed outside the apparatus when the TV antenna is
mounted on the apparatus and completely extended in the
longitudinal direction.

Preferably, the hinge is placed at a position to which the TV
antenna with function as an input pen moves when extended
and contracted.

Preferably, a portable terminal apparatus with TV function
further comprises a mounting state detecting section for
detecting whether or not the TV antenna with function as an
input pen is mounted on the apparatus, and the controller
controls the display/input section to display a message for
prompting adjustment of the reception state according to the
detection result obtained by the mounting state detecting
section when TV signal strength is lower than a predeter-
mined threshold.

Preferably, the controller controls the display/input section
to display a message for prompting adjustment of the recep-
tion state when TV signal strength is lower than a predeter-
mined threshold.

Preferably, the TV antenna with function as an input pen
has the portion, which is configured integrally with the con-
tact input portion contacted with the display/input section to
provide input, made of insulating material except for a con-
tact portion for rendering the elastically combined conductive
materials to function as the TV receiving antenna.

In accordance with the second aspect of the present inven-
tion, there is provided a TV antenna with function as an input
pen used for a portable terminal apparatus with a display/
input section capable of displaying a TV image and receiving
an input from a touch panel, comprising: a contact input
portion contacted with the display/input section to provide
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input; and a movement lock concavity by which the portable
terminal apparatus detachably support the TV antenna with
function as an input pen.

Preferably, the movement lock concavity is provided to
lock the longitudinal movement of the TV antenna with func-
tion as an input pen so that it does not come off the apparatus.

Preferably, the TV antenna with function as an input pen
includes an operational member for allowing the TV antenna
with function as an input pen to be pushed into the apparatus
when a portion formed of elastically combined conductive
materials is contracted.

Preferably, the TV antenna with function as an input pen
further comprises a multistage antenna section formed of
elastically combined conductive materials, and the multistage
antenna section is at least a part of the TV receiving antenna
of the portable terminal apparatus.

Preferably, the multistage antenna section is configured by
concentrically combining a plurality of cylindrical bodies.
The cylindrical body with the smallest radius in the concen-
tric circles is most distant from the contact input portion while
the multistage antenna section is extended and housed inside
the TV antenna with function as an input pen while the mul-
tistage antenna section is contracted.

Preferably, the TV antenna with function as an input pen
further comprises an extension preventing section for pre-
venting extension of the multistage antenna section when TV
antenna is not mounted on the apparatus.

Preferably, the extension preventing section is placed
inside the main body of a pen corresponding to the cylindrical
body portion of the TV antenna with function as an input pen
for housing the multistage antenna section while the multi-
stage antenna section is contracted, and locks the slide move-
ment of the thinnest cylindrical body of the multistage
antenna section to lock the slide movement of all the cylin-
drical bodies configuring the multistage antenna section.

The extension preventing section may be placed inside one
of the plurality of cylindrical bodies configuring the multi-
stage antenna section, and locks the slide movement of the
thinnest cylindrical body of the multistage antenna section to
lock the slide movement of the cylindrical body on the further
end side compared to the cylindrical body one step thinner
than the cylindrical body having the extension preventing
section placed therein.

Preferably, the extension preventing section is a plate
spring charged to have elastic resilience toward the center in
the radial direction of the cylindrical body having the exten-
sion preventing section placed therein, and, when subjected to
no pressure from the outside, presses the edge against a fixing
concavity provided to the thinnest cylindrical body of the
multistage antenna section by the resilience to lock the slide
movement of the thinnest cylindrical body.

Preferably, a lock releasing opening is formed to insert in
the apparatus the lock releasing section for, while the TV
antenna with function as an input pen is mounted on the
apparatus, pressing the plate spring toward the outside in the
radial direction of the cylindrical body having the plate spring
placed therein.

Preferably, the multistage antenna section has an optimal
length for receiving VHF when extended to the maximum,
and has an optimal length for receiving UHF when contracted
to a predetermined length.

Preferably, the TV antenna with function as an input pen
further comprises a bendable hinge freely rotatable with its
central axis in the longitudinal direction of the TV antenna at
a position exposed outside the apparatus when the TV
antenna is mounted on the apparatus and completely
extended.
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Preferably, the hinge is placed at a position moving to the
contact input portion when the TV antenna with function as
an input pen is expanded and contracted.

As described above, in accordance with the present inven-
tion, the TV antenna is integrated with the input pen for the
touch panel while ensuring sufficient sensitivity. Thus, the
internal space of the apparatus is effectively utilized, which
realizes the smaller and lighter apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view showing an example of the
appearance of a cellular phone according to the first embodi-
ment of the present invention;

FIG. 2 (a) is a plan view of the cellular phone;

FIG. 2 (b) is a front view of the cellular phone;

FIG. 2 (¢) is a bottom view of the cellular phone;

FIG. 2 (d) is a right side view of the cellular phone;

FIG. 3 is a perspective view showing an example of the
appearance of the cellular phone when a multistage antenna
section thereof is extended;

FIG. 4 is a perspective view showing an example of the
appearance of the cellular phone with a TV antenna with
function as an input pen 2 being pulled out of the cellular
phone;

FIG. 5 is a diagram showing the TV antenna with function
as an input pen 2 and a mounting portion 181 when the
multistage antenna section is housed;

FIG. 6 is a diagram showing the TV antenna with function
as an input pen 2 is mounted on the mounting portion 181
when the multistage antenna section is extended;

FIG. 7 is a block diagram showing the configuration of the
cellular phone according to the first embodiment of the
present invention;

FIG. 8 is a diagram showing the TV antenna with function
as an input pen 2 functioning as a TV receiving antenna;

FIG. 9 is an enlarged sectional view showing surroundings
of an antenna connection terminal 23a;

FIG. 10 is a diagram showing the TV antenna with function
as an input pen 2 being sandwiched and supported by a latch
switch 182;

FIG. 11 is a diagram for describing the operation of the
latch switch 182;

FIG. 12 is a diagram showing the operation to extend the
TV antenna with function as an input pen 2 for use as the TV
receiving antenna;

FIG. 13 is a diagram showing the pushing operation to use
the TV antenna with function as an input pen 2 as the input
pen;

FIG. 14 is a diagram showing a example of the configura-
tion of the TV antenna with function as an input pen 2 in
which the antenna extending and contracting operation con-
vexity 24 is placed on a first node of a multistage antenna
section 26;

FIG. 15 is a perspective view showing an example of the
appearance of a cellular phone according to the second
embodiment of the present invention;

FIG. 16 (a) is a plan view of the cellular phone;

FIG. 16 (b) is a front view of the cellular phone;

FIG. 16 (c) is a bottom view of the cellular phone;

FIG. 16 (d) is a right side view of the cellular phone;

FIG. 17 is a diagram showing the operation to extend a TV
antenna with function as an input pen 3 for use as the TV
receiving antenna;

FIG. 18 is a diagram showing the pushing operation to use
the TV antenna with function as an input pen 3 as an input
pen;





US 7,961,150 B2

7

FIG. 19 is a perspective view showing an example of the
appearance of a cellular phone according to a third embodi-
ment of the present invention;

FIG. 20 (a) is a plan view of the cellular phone;

FIG. 20 (b) is a front view of the cellular phone;

FIG. 20 (¢) is a bottom view of the cellular phone;

FIG. 20 (d) is a right side view of the cellular phone;

FIGS. 21A, 21B, 21C and 21D are diagrams showing the
operation to extend a TV antenna with function as an input
pen 4 for use as the TV receiving antenna;

FIG. 22 is a diagram showing a TV antenna with function
as an input pen 5 according to the fourth embodiment of the
present invention;

FIG. 23 is a diagram showing the action of an antenna
fixing spring 58 of the TV antenna with function as an input
pen 5;

FIG. 24 (a) is a diagram showing the operation of a lock
releasing member 183 to release the lock;

FIG. 24 (b) is a diagram showing the operation of the lock
releasing member 183 not to release the lock;

FIG. 25 is a diagram showing the action of an antenna
fixing spring 68 according to a fifth embodiment of the
present invention;

FIG. 26 is a diagram showing a TV antenna with function
as an input pen 6 in which only the first node of the multistage
antenna section 26 is extended to use it as an input pen;

FIG. 27 is a diagram showing the movement and connec-
tion to a TV receiving section 17 of the multistage antenna
section of a cellular phone according to the sixth embodiment
of the present invention;

FIG. 28 is a diagram showing the TV antenna with function
as an input pen 7 of the sixth embodiment is mounted on the
mounting portion 181 and a sectional view thereof;,

FIG. 29 is a partially enlarged view showing a hinge 79;

FIG. 30 is a perspective view showing an example of the
appearance of the cellular phone when a multistage antenna
section thereof is extended;

FIG. 31 (a) is a diagram showing a mounting state detect-
ing switch 184 when the TV antenna with function as an input
pen 2 is mounted on the mounting portion 181 according to a
seventh embodiment of the present invention;

FIG. 31 (b) is a diagram showing the mounting state detect-
ing switch 184 when the TV antenna with function as an input
pen 2 is not mounted on the mounting portion 181 according
to a seventh embodiment of the present invention;

FIG. 32 is a flowchart showing an example of operation for
displaying an operational message relating to TV antenna
state; and

FIG. 33 is a diagram showing examples of the operational
message relating to the TV antenna state.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to the drawings, a description of preferred
embodiments of the present invention will be given in detail.
In the embodiments, a portable terminal apparatus with TV
function and a TV antenna with function as an input pen of the
present invention are applied to a cellular phone.

First Embodiment

As shown in FIGS. 1 to 4, according to the first embodi-
ment of the present invention, a cellular phone 1 comprises a
display/input section 11 for displaying various kinds of infor-
mation and receiving an input from a touch panel, an opera-
tion input section 12 used for various input operations by a
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user such as input with a four-way key according to a screen
display, a call speaker 13a and a call microphone 14a for
conversation on the cellular phone 1, a speaker 135 for hear-
ing sound even in a distant place as for example when receiv-
ing TV, and a terminal connecting section 145 for connecting
an external microphone or an external speaker thereto. The
cellular phone 1 is also provided with a TV antenna with
function as an input pen 2 functioning as a TV receiving
antenna and an input pen for the display/input section 11
detachably mounted thereon.

Here, the main body of the cellular phone 1 indicates a
remaining portion (part of the cellular phone 1 other than the
TV antenna with function as an input pen 2) after the TV
antenna with function as an input pen 2 is pulled out of the
cellular phone 1.

The TV antenna with function as an input pen 2 functions
as a part of the TV receiving antenna when extended while
mounted on the main body as shown in FIG. 3, and also
functions as the input pen for manual input by being pressed
against the display/input section 11 when detached from the
main body as shown in FIG. 4.

As shown in FIGS. 4, 5 (a) and 6 (a), the TV antenna with
function as an input pen 2 comprises an input end portion
(contact input portion) 21 at the tip contacted with the display/
input section 11 for providing input by pressure, an fixing
portion (movement lock concavity) 22 for preventing the TV
antenna 2 from improperly falling oft the main body while it
is used as the antenna, a pen body 23 for the user to hold it as
the input pen by his/her hand, an antenna extending and
contracting operation convexity 24 provided on the pen body
23 as a convexity for facilitating extension and contraction of
the antenna, an antenna extending and contracting operation
member (operational member) 25 for performing extension
and contraction operation such as stretching the antenna, and
a multistage antenna section 26 for functioning as a Whip/
Rod TV antenna when extended.

The input end portion 21 is contacted with the display/
input section 11 to press it when the TV antenna with function
as an input pen 2 is detached from the main body to be used as
the input pen. The input end portion 21 may be made of the
same material as used for the fixing portion 22 and pen body
23.

On the antenna extending and contracting operation mem-
ber 25 are formed an mounting operation portion (pushing
portion) 254 for pushing the TV antenna with function as an
input pen 2 into the main body in a longitudinal direction of
the TV antenna and an antenna extending operation projec-
tion 255 for extending and contracting the antenna when the
TV antenna is mounted on the main body.

FIG. 7 is a block diagram showing the configuration of the
cellular phone 1.

As shown in FIG. 7, the cellular phone 1 of this embodi-
ment comprises, in addition to the above-mentioned compo-
nents, a recognition section 15 for recognizing input contents,
a main controller 16 for controlling the entire cellular phone
1, a TV receiving section 17, a mounting portion antenna 18,
a radio communication section 191 and a radio communica-
tion antenna 192.

If the display/input section 11 detects a handwriting input
operation to the touch panel surface with a sensor using
pressure, static electricity or the like, the recognition section
15 receives the detected input information to identify struc-
tural characteristics of input characters, numbers, etc., and
collates and associates them with the characters and numbers
registered in a character/number library in the cellular phone
1 so as to add positional information on the touch panel
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provided by a handwriting operation and interpret meaning of
the handwriting input operation.

The TV receiving section 17 selects a channel and restores
video and voice signals from a TV signal received by the TV
receiving antenna.

The TV receiving antenna of the cellular phone 1 is con-
figured of the mounting portion antenna 18 and the TV
antenna with function as an input pen 2 as shown in FIGS. 7
and 8. More specifically, the multistage antenna section 26 of
the TV antenna with function as an input pen 2 is connected
to the mounting portion antenna 18 via an antenna connection
terminal 23a and a mounting portion side connection terminal
181a while the TV antenna is inserted in the main body as
shown in FIG. 9. Since the mounting portion antenna 18 is
connected to the TV receiving section 17, the mounting por-
tion antenna 18 and the TV antenna with function as an input
pen 2 function as the TV receiving antennas.

As shown in an enlarged sectional view of FIG. 9, when the
TV antenna with function as an input pen 2 is mounted on the
main body, the connection between the multistage antenna
section 26 and the mounting portion antenna 18 is such that
the outer surface of the metallic multistage antenna section 26
contacts an inner surface of the antenna connection terminal
23a, and that the antenna connection terminal 23a contacts
the mounting portion side connection terminal 181« which is
a metallic portion of a mounting portion 181.

The mounting portion antenna 18 connected to the mount-
ing portion side connection terminal 181a is connected to the
TV receiving section 17 at the opposite end as shown in FIG.
8 so that the multistage antenna section 26 and mounting
portion antenna 18 are connected to the TV receiving section
17 to function as the TV receiving antenna.

As shown in FIGS. 5 (b) and 6 (a), the mounting portion
antenna 18 is a coil antenna wound around periphery of the
mounting portion 181 to mount the TV antenna with function
as an input pen 2 on the main body. The sum of the lengths of
the mounting portion antenna 18 and the multistage antenna
section 26 of the TV antenna with function as an input pen 2
provides an optimal length for the TV receiving antenna to
improve receiving efficiency.

The proper length of the TV receiving antenna is different
depending on various factors such as whether VHF (Very
High Frequency) or UHF (Ultra High Frequency) is received.
The user fine-tunes the length by extending or contracting the
multistage antenna section 26. Thereby, the antenna can be
adjusted to have the optimal length according to a radio wave
reception state.

The user may adjust the antenna to have the optimal length
by viewing a TV image displayed on the display/input section
11 or having the display/input section 11 display an indicator
for adjustment. The optimal length may be obtained accord-
ing to various methods, the extension or contraction by the
user being given as an example, such as a motor-operating or
fixing method.

The multistage antenna section 26 is configured by con-
centrically combining a plurality of metallic cylindrical bod-
ies to be extendable and contractible. The antenna extending
and contracting operation member 25 is provided at the end of
the cylindrical body with the smallest radius in the concentric
circles. Besides, the outer surface of the cylindrical body with
the largest radius in the concentric circles contacts the inner
surface of the antenna connection terminal 234 as described
above.

The cylindrical bodies are contracted to be accommodated
in the pen body 23 corresponding to the cylindrical body
portion of the TV antenna with function as an input pen 2.
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The input end portion 21, the fixing portion 22, the pen
body 23 and the mounting portion 181 are made of insulating
material such as plastic. More specifically, the portions con-
figured integrally with the input end portion 21 of the TV
antenna with function as an input pen 2 are made ofinsulating
material except for the antenna connection terminal 23a as a
contact portion for making the mounting portion antenna 18
and multistage antenna section 26 function as the TV receiv-
ing antennas.

Itis thereby possible to prevent unnecessary static electric-
ity from being brought into the main body from outside as
much as possible when the TV antenna with function as an
input pen 2 is inserted into the main body.

The TV receiving antenna and the radio communication
antenna 192 for radio communication other than TV receiv-
ing such as a call on the cellular phone are separately pro-
vided. Thus, it is possible to secure good radio sensitivity as
to both the radio communications through the antennas with
different optimal lengths.

The radio communication section 191 performs radio
transmission and reception of data via the radio communica-
tion antenna 192 under the control of the main controller 16 so
as to implement various known functions of the cellular
phone, such as a call function, a mail function and a data
communication function.

When mounted on the main body, as shown in FIG. 10, the
TV antenna with function as an input pen 2 is sandwiched and
fixed by a latch switch 182 having a latch mechanism in the
direction indicated by arrows (direction substantially vertical
to the longitudinal direction of the TV antenna 2).

As shown in FIG. 11, the latch switch 182 is configured to
allow a sandwiching member 1825 to switch between open
state and closed state alternately each time a push switch 182a
provided at the center of the surface on the sandwiching
member 1825 side is pushed.

When the TV antenna with function as an input pen 2 is
inserted and pushed as far as possible into the main body and
mounted thereon, the input end portion 21 pushes the push
switch 1824 of the latch switch 182 in the open state. There-
fore, the latch switch 182 is put in the closed state, and the TV
antenna with function as an input pen 2 is sandwiched by the
sandwiching member 1825 at the fixing portion 22 in the
direction indicated by arrows as shown in FIG. 10. Thus, the
slide movement of the TV antenna with function as an input
pen 2 in the longitudinal direction is limited, and it is sup-
ported against the main body so as not to fall off improperly
even if various operations such as antenna extension are per-
formed.

More specifically, the latch switch 182 is configured so
that, if put in the closed state as described above, the sand-
wiching member 1825 is fixed in a state of sandwiching and
supporting the TV antenna with function as an input pen 2.
Therefore, in the closed state, the TV antenna with function as
an input pen 2 can be pushed into the main body while it
cannot be pulled out therefrom.

Ifthe TV antenna with function as an input pen 2 is pushed
as far as possible into the main body in the longitudinal
direction when sandwiched and supported by the latch switch
182 and mounted on the main body, the input end portion 21
pushes the push switch 182a of the latch switch 182 in the
closed state. Therefore, the latch switch 182 is put in the open
state, and the lock by the sandwiching member 1824 at the
fixing portion 22 is released. At the same time, the TV antenna
with function as an input pen 2 is ejected to the outside of the
main body in the longitudinal direction in reaction to the push
switch 182a pushed back. Therefore, at least a part of the TV
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antenna with function as an input pen 2 pops out of the main
body so that the user can easily pull out the TV antenna 2.

Next, a description will be given of the operation on the
cellular phone 1 of this embodiment to manipulate the TV
antenna with function as an input pen 2 for performing vari-
ous operations, such as extending the TV receiving antenna to
watch TV and providing handwriting input with the input pen.

First, as shown in FIG. 12, in the case of using the TV
antenna with function as an input pen 2 as the TV receiving
antenna, the antenna extending operation projection 255 is
pulled up by applying force F thereto with a fingernail in the
direction indicated by arrow. Then, the antenna extending and
contracting operation member 25 is held and slid so as to
extend the multistage antenna section 26 housed in the pen
body 23.

Thus, the multistage antenna section 26 is extended and
connected to the mounting portion antenna 18 via the antenna
connection terminal 23a and mounting portion side connec-
tion terminal 181a as described above. Further, the mounting
portion antenna 18 is connected to the TV receiving section
17, and a TV wave is electrically transmitted from the TV
antenna with function as an input pen 2 and mounting portion
antenna 18 to the TV receiving section 17.

When the user performs necessary operation to view the
TV image, and the TV image is displayed on the display/input
section 11, the user can adjust the reception state by adjusting
the length of the multistage antenna section 26 according to
the display state.

In the case of using the TV antenna with function as an
input pen 2 as the input pen, as shown in FIG. 13, the mount-
ing operation portion 25a exposed from the main body as the
end portion of the TV antenna 2 in the longitudinal direction
is pushed with a fingertip in the direction indicated by arrow
(direction to push the portion 25« into the main body in the
longitudinal direction) to release the hold state (state of the
TV antenna 2 being locked by the sandwiching member
182b) by the function of the latch switch 182. Thus, the TV
antenna with function as an input pen 2 is pushed out and can
be pulled out of the main body.

Here, in the portion configured integrally with the input
end portion 21 for pushing the latch switch 182, only the
antenna extending and contracting operation convexity 24 is
exposed outside the main body while the TV antenna with
function as an input pen 2 is mounted on the main body as
shown in FIG. 1. Also, the antenna extending and contracting
operation convexity 24 is exposed only in one direction inca-
pable of being sandwiched and held so that it cannot be
pushed by normal operation of the user.

Consequently, to take out the TV antenna with function as
aninput pen 2 by pushing it in the direction indicated by arrow
in FIG. 13 and releasing the hold state by the latch switch 182
as described above, it is inevitable to push the mounting
operation portion 254 in the direction to push it into the main
body as normal operation of the user.

More specifically, the cellular phone of this embodiment
has the configuration in which the TV antenna with function
as an input pen 2 cannot be pushed to be detached from the
main body unless the user contracts the multistage antenna
section 26 and houses it completely in the pen body 23.

As described above, according to this embodiment, the TV
antenna with function as an input pen 2 can be prevented from
being improperly pulled out when used as a part of the TV
receiving antenna, and further, accommodate the multistage
antenna section 26 when used as the input pen for the manual
input.

With this configuration, while having entirely different
functions of the TV receiving antenna and the input pen, the
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TV antenna with function as an input pen 2 can be naturally
switched between the two functions so that the user can use
both the functions in an optimal state.

In addition, since the TV antenna with function as an input
pen 2 has entirely different functions of the TV receiving
antenna and the input pen as mentioned above, both the large-
volume TV receiving antenna and the input pen do not occupy
space, which allows the space in the main body to be used
effectively.

Further, while doubling as the TV receiving antenna and
the input pen, the TV antenna with function as an input pen 2
can be extended by pulling up the antenna extending opera-
tion projection 256 when used as the TV receiving antenna.
Besides, the TV antenna with function as an input pen 2 can
be pulled out of the main body just by pushing it when used as
the input pen. Thus, it is possible to provide the cellular phone
having the TV antenna with function as an input pen excellent
in operability.

In the aforementioned first embodiment, the antenna
extending and contracting operation convexity 24 is formed at
the end of the antenna extending and contracting operation
member 25 of the pen body 23 as shown in FIGS. 4, 5 (a) and
6 (a). However, the position of the antenna extending and
contracting operation convexity 24 is not so limited, and it
may be placed, for instance, at the end on the antenna extend-
ing and contracting operation member 25 side of the first node
(the thickest cylindrical body) of the multistage antenna sec-
tion 26 on the pen body 23 side as shown in FIG. 14.

That is, as shown in FIG. 14, the antenna extending and
contracting operation convexity 24 may be placed so as to be
at the end on the antenna extending and contracting operation
member 25 side even when the thickest first node of the
multistage antenna section 26 is extended.

Inthis case, it is also possible to form the antenna extending
and contracting operation convexity 24 made of a resin at the
end of the first node (the thickest cylindrical body) of the
metallic multistage antenna section 26 on the antenna extend-
ing and contracting operation member 25 side.

Ifthe antenna extending and contracting operation convex-
ity 24 is placed at the first node (the thickest cylindrical body)
of the multistage antenna section 26 on the pen body 23 side,
the TV antenna with function as an input pen 2 can be used
suitably as the input pen for the manual input even when the
thickest first node of the multistage antenna section 26 is
extended.

For this reason, even in the case where the length of'the TV
antenna with function as an input pen 2 has to be reduced
because the main body is extremely miniaturized, it is pos-
sible to ensure a suitable length as the input pen. Thus, the
main body can be miniaturized, and the usability of the input
pen can be improved.

Second Embodiment

Next, the second embodiment of the present invention will
be described. Differently from the first embodiment in which
the antenna is extended by catching the antenna extending
operation projection 256 with a fingernail, etc., in the second
embodiment, the antenna extending and contracting opera-
tion member juts out of the main body.

The cellular phone of the second embodiment is basically
similar in configuration to that of the first embodiment except
for the periphery of the antenna extending and contracting
operation member, and the same description will not be
repeated.

As shown in FIGS. 15 and 16, the cellular phone of the
second embodiment has a configuration in which an antenna
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extending and contracting operation member 35 of a TV
antenna with function as an input pen 3 juts out of the main
body to be pulled up directly by pinching it with fingertips.

The TV antenna with function as an input pen 3 of the
second embodiment also has the same configuration as that of
the first embodiment except the omission of the antenna
extending and contracting operation convexity 24 and the
periphery of the antenna extending and contracting operation
member 35. Therefore, like reference characters will refer to
corresponding portions, and the same description will not be
repeated.

Next, a description will be given of the operations on
manipulating the TV antenna with function as an input pen 3
for performing various operations, such as extending the TV
receiving antenna to watch TV and providing handwriting
input with the input pen.

First, as shown in FIG. 17, in the case of using the TV
antenna with function as an input pen 3 as the TV receiving
antenna, an antenna extending operation portion 3556 of the
antenna extending and contracting operation member 35 is
directly pinched with fingertips to pull up and slide it by
applying force F in the direction indicated by arrow so as to
extend the multistage antenna section 26 housed in the pen
body 23.

In this manner, the multistage antenna section 26 is
extended and thereby connected to the mounting portion
antenna 18 via the antenna connection terminal 234 and
mounting portion side connection terminal 181« as in the first
embodiment. The mounting portion antenna 18 is also con-
nected to the TV receiving section 17, and a TV wave is
electrically transmitted from the TV antenna with function as
an input pen 3 and the mounting portion antenna 18 to the TV
receiving section 17.

When the user performs the necessary operation to view
the TV image, and the TV image is displayed on the display/
input section 11, the user can adjust the reception state by
adjusting the length of the multistage antenna section 26
according to the display state.

In the case of using the TV antenna with function as an
input pen 3 as the input pen, as shown in FIG. 18, the mount-
ing operation portion 35a as the end portion of the TV antenna
3 in the longitudinal direction is pushed with a fingertip in the
direction indicated by arrow (direction to push the portion
35a into the main body in the longitudinal direction) to
release the TV antenna 3 from the hold state (state of being
locked by the sandwiching member 18254) by the function of
the latch switch 182 as in the first embodiment. Thus, the TV
antenna with function as an input pen 3 is pushed out and can
be pulled out of the main body.

Here, the portion making no movement against the input
end portion 21 for pushing the latch switch 182 by extension
and contraction of the antenna is not exposed outside the main
body while the TV antenna with function as an input pen 3 is
mounted on the main body. Therefore, to take out the TV
antenna with function as an input pen 3 by pushing it in the
direction indicated by arrow in FIG. 18 to thereby release the
hold state by the latch switch 182 as described above, it is
inevitable to push the mounting operation portion 25a in the
direction to push it into the main body as a normal operation
of the user.

In other words, the TV antenna with function as an input
pen 3 cannot be pushed to be detached from the main body
unless the user contracts the multistage antenna section 26
and houses it completely in the pen body 23.

As described above, according to the second embodiment,
the TV antenna with function as an input pen 3 can be pre-
vented from being improperly pulled out when used as a part
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of the TV receiving antenna, and further, accommodate the
multistage antenna section 26 when used as the input pen for
the manual input.

With this configuration, while having entirely different
functions of the TV receiving antenna and the input pen, the
TV antenna with function as an input pen 3 can be naturally
switched between the two functions so that the user can use
both the functions in an optimal state.

In addition, since the TV antenna with function as an input
pen 3 has entirely different functions of the TV receiving
antenna and the input pen as mentioned above, both the large-
volume TV receiving antenna and the input pen do not occupy
space, which allows the space in the main body to be used
effectively.

Further, while functioning as the TV receiving antenna and
the input pen, the TV antenna with function as an input pen 3
can be extended just by directly pinching and pulling up the
antenna extending and contracting operation member 35 with
fingertips when used as the TV receiving antenna. Besides,
the TV antenna with function as an input pen 2 can be pulled
out of the main body just by pushing it when used as the input
pen. Thus, it is possible to provide the cellular phone having
the TV antenna with function as an input pen excellent in
operability.

Third Embodiment

Next, the third embodiment of the present invention will be
described. Differently from the first embodiment in which the
antenna is extended by catching the antenna extending opera-
tion projection 255 with a fingernail, etc., in the third embodi-
ment, only the mounting operation portion as the upper part of
the antenna extending and contracting operation member juts
out of the main body.

The cellular phone of the third embodiment is basically
similar in configuration to that of the first embodiment except
for the periphery of the antenna extending and contracting
operation member, and the same description will not be
repeated.

As shown in FIGS. 19 and 20, the cellular phone of the third
embodiment has a configuration in which only an mounting
operation portion 454 as the upper part of an antenna extend-
ing and contracting operation member 45 of a TV antenna
with function as an input pen 4 is exposed outside the main
body while the TV antenna 4 is mounted on the main body.
Consequently, the cellular phone has an appearance of few
projections and concave and convexities.

The TV antenna with function as an input pen 4 of the
second embodiment also has the same configuration as that of
the first embodiment except the omission of the antenna
extending and contracting operation convexity 24 and the
periphery of the antenna extending and contracting operation
member 45. Therefore, like reference characters will refer to
corresponding portions, and the same description will not be
repeated.

Next, a description will be given of operations on manipu-
lating the TV antenna with function as an input pen 4 for
performing various operations, such as extending the TV
receiving antenna to watch TV and providing handwriting
input with the input pen for the manual input.

In the case of using the TV antenna with function as an
input pen 4 as the TV receiving antenna, as shown in FIG. 21
(a), the mounting operation portion 45a of the antenna
extending and contracting operation member 45 is pushed
with a fingertip in the direction indicated by arrow (direction
to push the portion 45a into the main body in the longitudinal
direction). Force F is thereby applied to the latch switch 182,
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as in the first embodiment, from the mounting operation
portion 45a as the end portion of the TV antenna with func-
tion as an input pen 4 in the longitudinal direction to release
the TV antenna 4 from the hold state (state of being locked by
the sandwiching member 18254) by the function of the latch
switch 182. Accordingly, the TV antenna with function as an
input pen 4 is pushed out.

The antenna extending operation portion 455 thus pushed
out is directly pinched with fingertips as shown in FIG. 21 (b)
to pull the TV antenna with function as an input pen 4 out of
the main body, and the multistage antenna section 26 is
extended as shown in FIG. 21 (c¢).

As shown in FIG. 21 (d), if the TV antenna with function as
an input pen 4 with the multistage antenna section 26 being
extended is inserted again into the main body and pushed in
the direction indicated by arrow, the TV antenna 4 is mounted
on the main body.

In this manner, when the TV antenna with function as an
input pen 4 with the multistage antenna section 26 being
extended is mounted on the main body, the multistage
antenna section 26 is connected to the mounting portion
antenna 18 via the antenna connection terminal 23a and the
mounting portion side connection terminal 181« as in the first
embodiment. The mounting portion antenna 18 is also con-
nected to the TV receiving section 17, and a TV wave is
electrically transmitted from the TV antenna with function as
an input pen 4 and mounting portion antenna 18 to the TV
receiving section 17.

When the user performs the necessary operation to view
the TV image, and the TV image is displayed on the display/
input section 11, the user can adjust the reception state by
adjusting the length of the multistage antenna section 26
according to the display state.

In the case of using the TV antenna with function as an
input pen as the input pen, as described above in connection
with FIGS. 21 (a) and 21 (), the TV antenna with function as
an input pen 4 is pulled out of the main body, and thereby can
be used as the input pen for the manual input.

As described above, also in the third embodiment, the TV
antenna with function as an input pen 4 is taken out by
pushing the mounting operation portion 45a as the end por-
tion of the TV antenna 4 in the longitudinal direction with a
fingertip, the TV antenna 4 cannot be pushed to be detached
from the main body unless the user contracts the multistage
antenna section 26 and houses it completely in the pen body
23.

Consequently, the TV antenna with function as an input
pen 4 can be prevented from being improperly pulled out
when used as a part of the TV receiving antenna, and further,
accommodate the multistage antenna section 26 when used as
the input pen for the manual input.

With this configuration, while having entirely different
functions of the TV receiving antenna and the input pen, the
TV antenna with function as an input pen 4 can be naturally
switched between the two functions so that the user can use
both the functions in an optimal state.

In addition, since the TV antenna with function as an input
pen 4 has entirely different functions of the TV receiving
antenna and the input pen as mentioned above, both the large-
volume TV receiving antenna and the input pen do not occupy
space, which allows the space in the main body to be used
effectively.

Furthermore, while functioning as the TV receiving
antenna and the input pen, the TV antenna with function as an
input pen 4 can be pulled out of the main body just by pushing
the mounting operation portion 45a. Thus, it is possible to
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provide the cellular phone excellent in operability and having
a neat appearance of few projections and concave and con-
vexities.

Fourth Embodiment

Next, the fourth embodiment of the present invention will
be described. Differently from the first and second embodi-
ments in which the multistage antenna section can be freely
extended when the TV antenna with function as an input pen
is pulled out of the main body, in the fourth embodiment, it
cannot be extended when the TV antenna is pulled out of the
main body and used as the input pen.

Like reference characters will refer to the same portions as
those in the first embodiment, and the same description will
not be repeated.

The cellular phone of the fourth embodiment has a lock
releasing opening 57 formed on a side of a TV antenna with
function as an input pen 5 as shown in FIG. 22.

As shown in FIG. 23, an antenna fixing spring 58 for
locking the slide movement of an endmost node (the thinnest
cylindrical body) of the multistage antenna section 26 is
placed in the portion for housing the multistage antenna sec-
tion 26 inside the pen body 23.

The antenna fixing spring 58 is a plate spring placed on the
inner surface of the pen body 23 and charged (energized;
reserving the resilience) to have elastic resilience toward the
center side in the radial direction inside the cylindrical body.
Due to this energization, the end portion of the antenna fixing
spring 58 is pressed and pushed against a fixing concavity
formed near the deepest part of the endmost node (the thinnest
cylindrical body) of the multistage antenna section 26 while
the TV antenna with function as an input pen 5 is detached
from the main body.

Thus, the slide movement of the endmost node of the
multistage antenna section 26 is locked so that the user can
not extend the multistage antenna section 26.

When the TV antenna with function as an input pen 5 is
mounted on the main body, the antenna fixing spring 58 is
pressed by a lock releasing member 183 toward the outside in
the radial direction of the pen body 23 which has a cylindrical
body concentric with the multistage antenna section 26. Thus,
the end portion of the antenna fixing spring 58 comes off the
fixing concavity on the endmost node of the multistage
antenna section 26 so as to release the lock.

Consequently, the user can freely extend the multistage
antenna section 26 while the TV antenna with function as an
input pen 5 is mounted on the main body.

As shown in FIG. 24, the lock releasing member 183 is
rotatably supported on the main body by a rotation axis 183a,
and charged (energized) by a spring 1835 to have elastic
resilience in a direction to move centering on the rotation axis
a portion inserted into the lock releasing opening 57 (releas-
ing end) away from the TV antenna with function as an input
penS.

Here, as shown in FIG. 24 (a), the rotation axis 183a is
placed further inside from the releasing end and the end other
than it. Therefore, while the TV antenna with function as an
input pen 5 is mounted on the main body, force F is exerted by
the end portion of the TV antenna 5 to the end other than the
releasing end of the lock releasing member 183 in the direc-
tion indicated by arrow in FIG. 24 (a). Force F rotates the lock
releasing member 183 about the rotation axis 1834, and the
rotational movement thereof moves the portion inserted into
the lock releasing opening 57 (releasing end) of the lock
releasing member 183 toward the TV antenna with function
as an input pen 5. Thus, the portion inserted into the lock
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releasing opening 57 of the lock releasing member 183 is
inserted from the lock releasing opening 57. The inserted
portion presses the antenna fixing spring 58 toward the out-
side in the radial direction of the inner pen body 23 which has
acylindrical body so as to release the lock as described above.

The latch switch 182 is arranged to support the TV antenna
with function as an input pen 5 by sandwiching the fixing
portion 22 with the sandwiching member 1825 on a plane not
overlapping the plane moving due to the rotation of the lock
releasing member 183 while the TV antenna 5 is mounted on
the main body.

As shown in FIG. 24 (), when the TV antenna with func-
tion as an input pen 5 is pulled out of the main body, the
portion inserted into the lock releasing opening 57 of the lock
releasing member 183 is pulled by the spring 1835 in the
direction away from the TV antenna with function as an input
pen 5. Thus, the inserted portion is pulled out of the lock
releasing opening 57, and lock is activated by the resilience of
the antenna fixing spring 58. Also, the TV antenna with func-
tion as an input pen 5 is smoothly pulled out.

As described above, according to the fourth embodiment,
the lock by the antenna fixing spring 58 is released and the
multistage antenna section 26 can be freely expanded and
contracted by the user while the TV antenna with function as
an input pen 5 is mounted on the main body. On the other
hand, when the TV antenna with function as an input pen 5 is
pulled out of the main body to be used as the input pen, the
lock is activated by the resilience of the antenna fixing spring
58 so that the user cannot expand the multistage antenna
section 26.

With this configuration, while having entirely different
functions of the TV receiving antenna and the input pen, the
user can use both the functions in an optimal state.

In addition, by limiting unnecessary expansion and con-
traction of the TV antenna with function as an input pen 5
used as the input pen, it is possible to improve operability for
the user and prevent damage or the like due to unnecessary
expansion.

Further, as in the first and second embodiments, the TV
antenna with function as an input pen 5 cannot be pushed to be
detached from the main body unless the user contracts the
multistage antenna section 26 and houses it completely in the
pen body 23. Consequently, the TV antenna with function as
an input pen 5 can be prevented from being improperly pulled
out when used as a part of the TV receiving antenna.

For this reason, the TV antenna with function as an input
pen 5 is prevented from being improperly pulled out or unnec-
essarily extended when used as either the TV receiving
antenna or the input pen. Thus, it is possible to provide an
optimal state of use to the user whichever function is used.

Fifth Embodiment

Next, the fifth embodiment of the present invention will be
described. Differently from the fourth embodiment in which
the multistage antenna section cannot be extended at all when
the TV antenna with function as an input pen is pulled out of
the main body and used as the input pen, in the fifth embodi-
ment, only one node ofthe TV antenna can be extended when
used as the input pen.

Like reference characters will refer to the same portions as
those in the first and forth embodiments, and the same
description will not be repeated.

The cellular phone of the fifth embodiment has a lock
releasing opening 67 formed on a side of a TV antenna with
function as an input pen 6 as described above in connection
with FIG. 22. As shown in F1G. 25, the lock releasing member
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183 is inserted in the first node (the thickest cylindrical body)
of the multistage antenna section 26 through the lock releas-
ing opening 67.

As shown in FIG. 25, an antenna fixing spring 68 for
locking the slide movement of the endmost node (the thinnest
cylindrical body) of the multistage antenna section 26 is
placed on the inner surface of the first node (the thickest
cylindrical body) of the section 26.

The antenna fixing spring 68 is a plate spring charged
(energized) toward the center side in the radial direction
inside the first node (the thickest cylindrical body) of the
multistage antenna section 26. Due to the energization of the
plate spring, the end portion of the antenna fixing spring 68 is
pressed and pushed against the fixing concavity formed near
the deepest portion of the endmost node (the thinnest cylin-
drical body) of the multistage antenna section 26 while the
TV antenna with function as an input pen 6 is detached from
the main body.

Thus, when the TV antenna with function as an input pen 6
is taken out of the main body and used as the input pen, the
slide movement of the endmost node of the multistage
antenna section 26 is locked so that the user can not extend the
multistage antenna section 26 except the first node (the thick-
est cylindrical body).

That is, as shown in FIG. 26, the user can use the TV
antenna with function as an input pen 6 as the input pen by
extending only the first node of the multistage antenna section
26 on the pen body 23 side and lock the extension of the other
nodes.

As shown in FIG. 26, in the TV antenna with function as an
input pen 6 of this embodiment, the antenna extending and
contracting operation convexity 24 is placed at the end on the
antenna extending and contracting operation member 25 side
of the first node (the thickest cylindrical body) of the multi-
stage antenna section 26.

In this case, the antenna extending and contracting opera-
tion convexity 24 may be made of a resin at the end of the first
node (the thickest cylindrical body) of the metallic multistage
antenna section 26 on the antenna extending and contracting
operation member 25 side.

When the TV antenna with function as an input pen 6 is
mounted on the main body, the antenna fixing spring 68 is
pressed by a lock releasing member 183 toward the outside in
the radial direction of the inner first node (the thickest cylin-
drical body) of the multistage antenna section 26. Thus, the
end portion of the antenna fixing spring 68 comes off the
fixing concavity on the endmost node of the multistage
antenna section 26 so as to release the lock.

Consequently, the user can freely extend the multistage
antenna section 26 while the TV antenna with function as an
input pen 6 is mounted on the main body.

As described above, according to the fifth embodiment, the
lock by the antenna fixing spring 68 is released and the mul-
tistage antenna section 26 can be freely expanded and con-
tracted by the user when the TV antenna with function as an
input pen 6 is mounted on the main body. On the other hand,
when the TV antenna with function as an input pen 6 is pulled
out of the main body and used as the input pen, the lock is
activated by the antenna fixing spring 68 so that the user
cannot expand the multistage antenna section 26 except the
first node (the thickest cylindrical body).

Since the TV antenna with function as an input pen 6 can be
made usable as the input pen by extending the multistage
antenna section 26 only by the first node on the pen body 23
side. Therefore, even in the case where the length of the TV
antenna with function as an input pen 6 has to be reduced
because the main body is extremely miniaturized, it is pos-
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sible to ensure a suitable length as the input pen. Thus, the
main body can be miniaturized, and the usability of the input
pen can be improved.

With this configuration, while having entirely different
functions of the TV receiving antenna and the input pen, the
TV antenna with function as an input pen 6 allows the user to
use both the functions in an optimal state as well as to adjust
the length of the TV antenna 6 to secure a suitable length as
the input pen.

In addition, extension and contraction of the TV antenna
with function as an input pen 6 are limited only by the first
node when it is used as the input pen. Accordingly, by limiting
unnecessary expansion and contraction of the TV antenna
with function as an input pen 6, it is possible to improve
operability for the user and prevent damage or the like due to
unnecessary expansion.

Further, as in the first and second embodiments, the TV
antenna with function as an input pen 6 cannot be pushed to be
detached from the main body unless the user contracts the
multistage antenna section 26 and houses it completely in the
pen body 23. Consequently, the TV antenna with function as
an input pen 6 can be prevented from being improperly pulled
out when used as a part of the TV receiving antenna.

That is, the TV antenna with function as an input pen 6 is
prevented from being improperly pulled out or unnecessarily
extended when used as either the TV receiving antenna or the
input pen. Thus, it is possible to provide an optimal state of
use to the user whichever function is used.

Incidentally, in the aforementioned fifth embodiment, the
antenna fixing spring 68 is placed on the inner surface of the
first node (the thickest cylindrical body) of the multistage
antenna section 26. However, according to the present inven-
tion, the position of the antenna fixing spring 68 is not so
limited, and it may be placed on the inner surface of another
node (cylindrical body) of the plurality of cylindrical bodies
configuring the multistage antenna section.

In this case, the slide movement of the cylindrical body on
the further end side compared to the cylindrical body one step
thinner than the cylindrical body having the antenna fixing
spring 68 placed therein is locked.

Sixth Embodiment

Next, the sixth embodiment of the present invention will be
described. The cellular phone of the sixth embodiment is
basically similar in configuration to that of the first embodi-
ment except for the presence of a hinge for rendering the
multistage antenna section of the TV antenna with function as
an input pen freely rotatable against the main body.

Like reference characters will refer to the same portions as
those in the first embodiment, and the same description will
not be repeated.

As shown in FIGS. 27 to 29, the cellular phone of the sixth
embodiment has a hinge 79 provided to a multistage antenna
section 76 of a TV antenna with function as an input pen 7.

When the TV antenna with function as an input pen 7 is
mounted on the main body and used as the TV antenna, the
hinge 79 renders the multistage antenna section 76 freely
rotatable with three-degree-of-freedom in three-dimensional
space to the extent of not hitting the main body as shown in
FIG. 27.

Since the hinge 79 is thus provided, it is possible to
improve the degree of freedom of adjustment so that the user
can easily adjust the reception state of the TV signal by the TV
antenna.

The main body can be placed rather freely as the degree of
freedom of adjustment of the TV signal reception state is
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improved by the TV antenna with function as an input pen 7.
Therefore, it is easer to adjust the reception state of the TV
signal by angle adjustment of the multistage antenna section
76 even if, for example, the display/input section 11 is placed
sideways as shown in FIG. 30.

As shown in FIGS. 27 and 28, the hinge 79 is provided in
aportion of the multistage antenna section 76 exposed outside
the main body when the antenna section 76 is extended. As
shown in FIG. 29, the multistage antenna section 76 bends at
a center 794 of the hinge 79, and is joined to the inside of the
pen body 23 to be freely rotatable with the central axis in the
longitudinal direction of the TV antenna with function as an
input pen 7. Therefore, the hinge 79 is also freely rotatable
with the central axis in the longitudinal direction of the TV
antenna with function as an input pen 7.

Thus, the portion of the multistage antenna section 76
further on the end side compared to the hinge 79 is freely
rotatable with three-degree-of-freedom in three-dimensional
space to the extent of not hitting the main body.

Besides, as in the first embodiment, the reception state can
be adjusted by extending and contracting the multistage
antenna section 76. In the case of using the TV antenna with
function as an input pen 7 as the TV antenna, it is possible to
adjust the TV wave reception state by extending and contract-
ing the antenna length as well as changing the direction
thereof.

The hinge 79 is configured by the conductive materials as
with the multistage antenna section 76. Therefore, in the case
of'using the TV antenna with function as an input pen 7 as the
TV antenna, as shown in FIGS. 27 and 28, the multistage
antenna section 76 is connected to the mounting portion
antenna 18 via the antenna connection terminal 23a and the
mounting portion side connection terminal 1814 as in the first
embodiment. Since the mounting portion antenna 18 is con-
nected to the TV receiving section 17, the mounting portion
antenna 18 and the TV antenna with function as an input pen
7 function as the TV receiving antennas.

In the case where the user uses the TV antenna with func-
tion as an input pen 7 as the input pen, as in the first embodi-
ment, the mounting operation portion 25¢ is pushed with a
fingertip in the direction to push it into the main body in the
longitudinal direction of the TV antenna 7 while the multi-
stage antenna section 76 is contracted. Thereby, the TV
antenna with function as an input pen 7 is released from the
hold state (state of being locked by the sandwiching member
1824) by the function of the latch switch 182 and pulled out of
the main body.

Here, it is assumed that the user tries to pull the TV antenna
with function as an input pen 7 out of the main body by
pushing the bent hinge 79 into the main body to release the
hold state by the latch switch 182. The hinge 79 is placed in a
portion of the multistage antenna section 76 exposed outside
the main body when it is extended as described above. There-
fore, even if the bent hinge 79 is pushed into the main body,
the multistage antenna section 76 is contracted, and the hold
state by the latch switch 182 cannot be released.

For this reason, to release the hold state by the latch switch
182 and pull the TV antenna with function as an input pen 7
out of the main body when the TV antenna 7 is mounted on the
main body, it is necessary to contract the multistage antenna
section 76, house it completely inside the pen body 23, and
then, push the mounting operation portion 25« into the main
body.

As described above, according to this embodiment, the
reception state of the TV signal by the TV antenna with
function as an input pen 7 can be freely adjust with three-
degree-of-freedom in three-dimensional space to the extent





US 7,961,150 B2

21

of not hitting the main body. It is thereby possible to improve
the degree of freedom of the placement of the main body as
well as the usability and operability for the user.

At the same time, as in the first embodiment, the TV
antenna with function as an input pen 7 can be prevented from
being improperly pulled out by the latch switch 182 when
used as the TV receiving antenna, and further, accommodate
the multistage antenna section 26 when used as the input pen
for the manual input.

Thus, it is also possible to achieve the same effects as those
described previously for the first embodiment.

Incidentally, in the above-mentioned sixth embodiment,
the hinge 79 is provided at a root portion of the extended
multistage antenna section 76 exposed outside the main body
when it is extended. However, the position of the hinge 79 is
not so limited, and may be placed at various positions accord-
ing to the form of the main body so long as the multistage
antenna section 76 can be rendered freely rotatable with
three-degree-of-freedom in three-dimensional space to
improve the degree of freedom of adjustment.

As in the first embodiment, the antenna extending and
contracting operation convexity 24 is not necessarily placed
at the end of the pen body 23 on the antenna extending and
contracting operation member 25 side, but may also be placed
at the end on the antenna extending and contracting operation
member 25 side of the first node (the thickest cylindrical
body) of the multistage antenna section 76 onthe pen body 23
side.

In this case, when the user uses the TV antenna with func-
tion as an input pen 7 as the input pen, the TV antenna 7 is
pulled out of the main body as described above, and then the
first node of the multistage antenna section 76 on the pen body
23 side is extended so as to use it with the optimal length.

Thereby, even in the case where the length of the TV
antenna with function as an input pen 7 has to be reduced
because the main body is extremely miniaturized, it is pos-
sible to ensure a suitable length as the input pen. Thus, the
main body can be miniaturized, and the usability of the input
pen can be improved. Further an improvement is achieved in
the degree of freedom of design.

Besides, in the above-mentioned sixth embodiment, the
hinge is provided to the cellular phone of the first embodi-
ment. However, the hinge may be provided to the cellular
phone of the respective second to fifth embodiments.

In the case of applying the hinge to the cellular phone of
each embodiment, the reception state of the TV signal by the
TV antenna with function as an input pen can be freely
adjusted with three-degree-of-freedom in three-dimensional
space to the extent of not hitting the main body. It is thereby
possible to improve the degree of freedom of the placement of
the main body. Thus, the usability and operability for the user
can be improved.

Seventh Embodiment

Next, the seventh embodiment of the present invention will
be described. The cellular phone of the seventh embodiment
is basically similar in configuration to that of the first embodi-
ment except for the presence of a mounting state detecting
switch for detecting whether or not the TV antenna with
function as an input pen is mounted on the main body.

Like reference characters will refer to the same portions as
those in the first embodiment, and the same description will
not be repeated.

As shown in FIG. 31, the cellular phone of the seventh
embodiment has a mounting state detecting switch 184 pro-
vided in the vicinity of an ejection opening on the periphery of
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the mounting portion 181. The mounting state detecting
switch 184 detects whether or not the TV antenna with func-
tion as an input pen 2 is mounted on the mounting portion 181
of the main body.

The mounting state detecting switch 184 is configured such
that a projection for detection is inserted inward from the
periphery of the mounting portion 181. If the TV antenna with
function as an input pen 2 is inserted into the main body, it
pushes up the projection for detection toward the outside in
the radial direction of the mounting portion 181 so that the
insertion is detected according to the condition of the projec-
tion for detection.

Next, referring to a flowchart of FIG. 32, a description will
be given of the operation of the cellular phone, when the user
watches TV by the phone, to display a suitable operational
message relating to TV antenna state based on the detection
result obtained by the mounting state detecting switch 184.

When starting the TV reception process, the main control-
ler 16 detects the level of a TV signal transmitted through the
TV receiving section 17 (step S1). In the case where the
strength of the detected TV signal is not weak (higher than a
preset threshold), the main controller 16 does not indicate a
message as to “check the mounting state of the TV antenna
with function as an input pen” but controls the display/input
section 11 to display the TV image (step S2).

In the case where the TV signal level detected in step S1 is
weak (lower than the preset threshold), the main controller 16
refers to the detection result of the mounting state of the TV
antenna with function as an input pen 2 obtained by the
mounting state detecting switch 184.

Ifthe detection result is “mounted” (step S3; Yes), the main
controller 16 causes the display/input section 11 to display a
message for prompting the user to check the reception state by
the TV antenna, for example, as shown in FIG. 33 (a).

If the detection result is “not mounted” (step S3; No), the
main controller 16 causes the display/input section 11 to
display a message for prompting the user to mount the TV
antenna with function as an input pen 2, for example, as
shown in FIG. 33 (b).

As described above, according to the seventh embodiment,
the mounting state detecting switch 184 detects whether or
not the TV antenna with function as an input pen is mounted.
Therefore, it is feasible to display a suitable operational mes-
sagerelating to the TV antenna state if the TV signal reception
state is poor.

Consequently, it is possible to prompt the user to mount the
TV antenna with function as an input pen when it is mounted
or prompt him/her to adjust the reception state when it is
mounted but the reception state is poor.

Since, in the seventh embodiment, the cellular phone ofthe
first embodiment further includes the mounting state detect-
ing switch 184, it is possible to achieve the same effects as
those in the first embodiment.

Incidentally, the message shown in FIG. 33 is given only as
an example ofthe one displayed when the TV signal reception
state is poor. The contents of the message may be varied
according to its purpose.

In the seventh embodiment, the mounting state detecting
switch 184 is placed in the vicinity of the ejection opening on
the periphery of the mounting portion 181. However, the
mounting state detecting switch 184 may be placed at any
position on the periphery of the mounting portion 181 accord-
ing to the purpose of the mounting state detection and the
contents of a display message.

The configuration for detecting the mounting state of the
TV antenna with function as an input pen 2 is not limited to
that of the mounting state detecting switch 184 described





US 7,961,150 B2

23

above in connection with FIG. 31. Various configurations
may be adopted so long as it is capable of detecting the
mounting state, as, for example, a detection switch may be
provided to the latch switch 182 to detect the open and closed
state.

With this configuration, it is possible to more reliably
detect whether or not the TV antenna with function as an input
pen 2 is mounted on the main body.

In addition, in the seventh embodiment, the mounting state
detecting switch is cited as an example of the means for
detecting the mounting state of the TV antenna with function
as an input pen 2 and without limitation. However, any means
may be adopted if capable of detecting the mounting state.
For instance, the detection may be performed only by the
strength of the TV signal from the TV receiving section 17,
and the main controller 16 may cause the display/input sec-
tion 11 to display the message for prompting the adjustment
of' the reception state if the strength of the detected TV signal
is lower than a predetermined threshold.

Further, in the seventh embodiment, the mounting state
detecting switch was provided to the cellular phone of the first
embodiment. However, the mounting state detecting switch
may be provided to the cellular phone of the respective second
to sixth embodiments.

In the case of applying the mounting state detecting switch
to the cellular phone of each embodiment, it is possible to
detect whether or not the TV antenna with function as an input
pen is mounted. Therefore, it is feasible to display a suitable
operational message relating to the TV antenna state ifthe TV
signal reception state is poor, prompt the user to mount the TV
antenna with function as an input pen if it is not mounted, and
prompt him/her to adjust the reception state if it is mounted
but the reception state is poor.

Incidentally, the foregoing is considered as illustrative only
of preferred embodiments of the present invention, and is not
intended to limit the scope of the invention. The embodiments
described above are susceptible to various modifications and
changes.

For example, in the above description, the input end por-
tion 21, the fixing portion 22, the pen body 23 and the mount-
ing portion 181 are made of insulating material such as plas-
tic. However, the insulating material may be an arbitrary
material such as various resin materials if insulative.

Also, in the above description, the mounting portion
antenna 18 and the multistage antenna section are configured
by the conductive materials to function as the TV receiving
antennas. The conductive materials may be any materials
having conductivity, such as iron, copper, alloys including
them and plated metals.

In the above description, the material of the input end
portion 21 may be the same material used for the fixing
portion 22 and the pen body 23. The material may be any
insulating material not damaging the display/input section
11, such as a material less hard than the display/input section
11 or a material rendered non-damaging to the display/input
section 11 by reducing its friction factor rather than its degree
of hardness.

In the above description, the mounting portion antenna 18
is a coil antenna wound around the periphery of the mounting
portion 181. However, the mounting portion antenna 18 may
be of various forms if capable of ensuring an optimal length as
the TV receiving antenna by being connected to the multi-
stage antenna section 26 of the TV antenna with function as
an input pen 2, such as a meander antenna.

In the case where it is possible to ensure the optimal length
as the TV receiving antenna only with a multistage antenna,
the mounting portion antenna may be omitted.
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According to the above-mentioned embodiments, the
antenna extending and contracting operation convexity 24
was placed at the end of the pen body 23 on the antenna
extending and contracting operation member 25 side or at the
end on the antenna extending and contracting operation mem-
ber 25 side of the first node (the thickest cylindrical body) of
the multistage antenna section 26 on the pen body 23 side.
However, the antenna extending and contracting operation
convexity 24 may be placed at any position according to the
size and design of the main body.

Thereby, even in the case where the length of the TV
antenna with function as an input pen has to be reduced
because the main body is extremely miniaturized, it is pos-
sible to ensure the suitable length as the input pen. Thus, the
main body can be miniaturized, and the usability and design
of'the input pen can be improved, resulting in an improvement
in the degree of freedom of design.

According to the above-mentioned embodiments, the
proper length of the TV receiving antenna is adjusted by
extending or contracting the multistage antenna section.
However, the multistage antenna section may also be config-
ured to have an optimal length for receiving VHF in the state
of’being extended to the maximum and have an optimal length
for receiving UHF when contracted to a predetermined
length.

The lock releasing member 183 may have an arbitrary
configuration if capable of releasing the lock of the slide
movement to the multistage antenna section 26 with the
antenna fixing spring. For example, the releasing end of the
lock releasing member 183 may be electrically inserted into
the lock releasing opening to release the lock.

Additionally, the antenna fixing spring may be compressed
toward the outside in the radial direction of the cylindrical
body by non-contact means such as an electromagnet to
release the lock of the slide movement.

In the above-mentioned embodiments, the user can view
and hear both the images and sounds of TV programs. How-
ever, it is not so limited if TV programs can be received. The
present invention is applicable to the case where only the
sounds or images of TV programs are received.

While the present invention has been described with refer-
ence to the particular illustrative embodiments, it is not to be
restricted by the embodiments but only by the appended
claims. It is to be appreciated that those skilled in the art can
change or modify the embodiments without departing from
the scope and spirit of the present invention.

What is claimed is:

1. A TV antenna which functions as an input pen used for
a portable terminal apparatus with a display/input section
capable of displaying a TV image and receiving an input from
a touch panel, the TV antenna comprising:

amain pen body configured as a cylindrical body portion of
the TV antenna which functions as the input pen;

a contact input portion which is fixed at one end of the main
pen body in order to contact with the display/input sec-
tion to provide input; and

a movement lock concavity which is located at a fixation
region between the main pen body and the contact input
portion in order that the portable terminal apparatus
detachably supports the TV antenna which functions as
an input pen;

wherein the main pen body, the contact input portion and
the movement lock concavity all have rotationally sym-
metric shapes.

2. The TV antenna which functions as an input pen accord-

ing to claim 1, wherein the movement lock concavity locks
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the longitudinal movement of the TV antenna which func-
tions as an input pen so that the TV antenna does not come off
the apparatus.

3. The TV antenna which functions as an input pen accord-
ing to claim 1, the TV antenna including an operational mem-
ber for allowing the TV antenna which functions as an input
pen to be pushed into the apparatus when a portion formed of
elastically combined conductive materials is contracted.

4. The TV antenna which functions as an input pen accord-
ing to claim 1, the TV antenna further comprising:

a multistage antenna section formed of elastically com-

bined conductive materials,

wherein the multistage antenna section is at least a part of

the TV receiving antenna of the portable terminal appa-
ratus.
5. The TV antenna which functions as an input pen accord-
ing to claim 4, wherein:
the multistage antenna section is configured by concentri-
cally combining a plurality of cylindrical bodies; and

acylindrical body with the smallest radius in the concentric
circles is most distant from the contact input portion
while the multistage antenna section is extended, and
housed inside the TV antenna which functions as an
input pen while the multistage antenna section is con-
tracted.

6. The TV antenna which functions as an input pen accord-
ing to claim 5, further comprising an extension preventing
section for preventing extension of the multistage antenna
section when TV antenna is not mounted on the apparatus.

7. The TV antenna which functions as an input pen accord-
ing to claim 6, wherein the extension preventing section is
placed inside the main pen body configured as the cylindrical
body portion of the TV antenna which functions as an input
pen for housing the multistage antenna section while the
multistage antenna section is contracted, and locks the slide
movement of the thinnest cylindrical body of the multistage
antenna section to lock the slide movement of all the cylin-
drical bodies configuring the multistage antenna section.

8. The TV antenna which functions as an input pen accord-
ing to claim 7, wherein the extension preventing section is a
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plate spring charged to have elastic resilience toward the
center in the radial direction of the cylindrical body having
the extension preventing section placed therein, and, when
subjected to no pressure from the outside, presses the edge
against a fixing concavity provided to the thinnest cylindrical
body of the multistage antenna section by the resilience to
lock the slide movement of the thinnest cylindrical body.

9. The TV antenna which functions as an input pen accord-
ing to claim 8, wherein a lock releasing opening is formed to
insert in the apparatus the lock releasing section for, while the
TV antenna which functions as an input pen is mounted on the
apparatus, pressing the plate spring toward the outside in the
radial direction of the cylindrical body having the plate spring
placed therein.

10. The TV antenna which functions as an input pen
according to claim 6, wherein the extension preventing sec-
tion is placed inside one of the plurality of cylindrical bodies
configuring the multistage antenna section, and locks the
slide movement of the thinnest cylindrical body of the mul-
tistage antenna section to lock the slide movement of the
cylindrical body on the further end side compared to the
cylindrical body one step thinner than the cylindrical body
having the extension preventing section placed therein.

11. The TV antenna which functions as an input pen
according to claim 4, wherein the multistage antenna section
has an optimal length for receiving VHF when extended to the
maximum, and has an optimal length for receiving UHF when
contracted to a predetermined length.

12. The TV antenna which functions as an input pen
according to claim 1, further comprising a bendable hinge
freely rotatable with its central axis in the longitudinal direc-
tion of the TV antenna at a position exposed outside the
apparatus when the TV antenna is mounted on the apparatus
and completely extended.

13. The TV antenna which functions as an input pen
according to claim 12, wherein the hinge is placed at a posi-
tion moving to the contact input portion when the TV antenna
which functions as an input pen is expanded and contracted.

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

An improved and more compact structure of a built-in
antenna for handheld terminals, improving radiation pattern
and efficiency. Provided is a planar inverted-F antenna having
a radiation part having an inductive radiation portion and a
parasitic radiation portion which are spaced in a certain dis-
tance apart from a ground surface, a power-supply part hori-
zontally spaced apart from the ground surface and for directly
supplying currents to the connected inductive radiation por-
tion, and connection parts for connecting the radiation por-
tions to the ground. The planar inverted-F antenna has an
inductive antenna portion and a parasitic antenna portion,
thereby reducing its volume compared to the conventional
inverted-F antenna. Complicated manufacturing and process-
ing procedures are simplified by connecting the power-sup-
plying part and a PCB.
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1
DUAL-BAND PLANAR INVERTED-F
ANTENNA

CROSS-REFERENCE OF RELATED
APPLICATIONS

This application is a Continuation Application of U.S.
application Ser. No. 11/347,217 filed Feb. 6, 2006, now U.S.
Pat. No. 7,733,271, which claims priority from Korean Patent
Application No. 10-2005-0010759, filed on Feb. 4, 2005 in
the Korean Intellectual Property Office, the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a built-in antenna for hand-
held terminals, and more particularly to a structure of a built-
in antenna for handheld terminals configured for efficient use
of the internal space of the handheld terminals and for
improvement of antenna radiation pattern and efficiency.

2. Description of the Related Art

Handheld terminals such as cellular phones, PDAs, or the
like refer to devices enabling users to send and receive data
while moving.

There are external antennas as antennas used for the con-
ventional handheld terminals. Such external antennas are
placed in an exterior space of a handheld terminal, and clas-
sified into mono-pole antennas, helical antennas, and the like.

Such mono-pole antennas are formed of a conductive pole,
the antenna length of which is determined based on a fre-
quency domain. Accordingly, such mono-pole antennas have
a disadvantage in that the length of the antennas becomes
longer than the handheld terminals as the handheld terminals
are getting smaller. Further, such mono-pole antennas have a
disadvantage of being damaged due to external shocks.

Such helical antennas are formed of a conductive coil
wound on a conductive plate. Such helical antennas have an
advantage of being structured short compared to the mono-
pole antennas, but have a disadvantage of being damaged due
to external shocks. Further, since such an external antenna is
placed near the head of a user when the user uses a handheld
terminal, electromagnetic waves can have adverse influence
on the user. In order to eliminate such disadvantages of the
external antennas, an inverted-F antenna (IFA) has been pro-
posed.

FIG. 1is a cross-sectional view for showing a conventional
general inverted-F antenna, and FIG. 2 is a perspective view
for showing the same. In FIGS. 1 and 2, the inverted-F
antenna is configured in a three-dimensional form with a
ground part 100, a radiation part 102, a connection part 104,
and a power-supply part 106. Hereinafter, description will be
made on the inverted-F antenna.

The radiation part 102 is disposed on the upper portion of
the ground part 100, and the connection part 104 connects the
ground part 100 and the radiation part 102, and is disposed on
the end portion of the radiation part 102. The power-supply
part 106 provides currents to the radiation part 102. Gener-
ally, impedance matching is determined based on the location
of'the power-supply part 106 and the length of the connection
part 104.

As discussed above, an inverted-F antenna is a built-in
antenna so that it can be built in a handheld terminal, thereby
considerably solving the disadvantages of an external
antenna. In addition, the inverted-F antenna has an advantage
of easy production compared with an external antenna.
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However, the inverted-F antenna has a problem of having a
limitation of maximum compactness and lightness in aspect
of'the size and the interval between the radiation part and the
ground part in light of the trend that the handheld terminals
are becoming more compact and lighter. Further, the conven-
tional handheld terminals have a disadvantage of a compli-
cated manufacture and production process due to the struc-
tures of the ground part and the power-supply part.

SUMMARY OF THE INVENTION

The present invention has been developed in order to
address the above drawbacks and other problems associated
with the conventional arrangement. An aspect of the present
invention is to provide a more compact and improved struc-
ture of a built-in antenna for handheld terminals capable of
improving antenna radiation patterns and efficiency at the
same time.

The foregoing and other aspects are substantially realized
by providing an inverted-F antenna, comprising a radiation
part having an inductive radiation portion and a parasitic
radiation portion which are spaced in a certain distance apart
from a ground surface; a power-supply part horizontally
spaced apart from the ground surface, and for directly sup-
plying currents to the connected inductive radiation portion;
and connection parts for connecting the radiation portions to
the ground.

In an exemplary embodiment, the inductive radiation por-
tion is formed in a shape of “r”, and the parasitic radiation
portion is formed in a shape of “—.

Further, the inductive radiation portion may be approxi-
mately 3 mm, spaced apart from the ground surface.

Further, the parasitic radiation portion may be approxi-
mately 5 mm, spaced apart from the ground surface.

Further, the connection part of the inductive radiation por-
tion may be approximately 24 mm, spaced apart from the
connection part of the parasitic radiation portion, and a length
of the inductive radiation portion may be approximately 18
mm, and a length of the parasitic radiator may be approxi-
mately 19 mm.

Further, the radiation portions may cause resonance in two
frequency bands.

Further, the inductive radiation portions may cause reso-
nance in a high-frequency band, and the inductive radiation
portion and the parasitic radiation portion cause resonance in
a low-frequency band.

Further, the high-frequency band may be approximately
5.4 GHz, and the low-frequency band is approximately 2.4
GHz.

Further, the inductive radiation portion and the parasitic
radiation portion may be formed in a folded shape.

Further, the inductive radiation portion may be spaced
apart from the parasitic radiation portion.

Further, a length of the inductive radiation portion may be
approximately 7 mm, and a length of the parasitic radiation
portion may be approximately 8 mm.

Further, the inductive radiation portion may be approxi-
mately 4 mm, and the parasitic radiation portion may be
approximately 1.5 mm, spaced apart from the ground surface.

BRIEF DESCRIPTION OF THE DRAWINGS

The above aspects and features of the present invention will
be more apparent by describing certain exemplary embodi-
ments of the present invention with reference to the accom-
panying drawings, in which:
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FIG. 1is a cross-sectional view for showing a conventional
general three-dimensional inverted-F antenna;

FIG. 2 is a perspective view for showing a conventional
general three-dimensional inverted-F antenna;

FIG. 3 is a view for showing a structure of a planar
inverted-F antenna according to an exemplary embodiment of
the present invention;

FIG. 4 is a view for showing a high-frequency resonance of
a planar inverted-F antenna according to an exemplary
embodiment of the present invention;

FIG. 5 is a view for showing a low-frequency resonance of
a planar inverted-F antenna according to an exemplary
embodiment of the present invention;

FIG. 6 is another view for showing a structure of a planar
inverted-F antenna according to an exemplary embodiment of
the present invention;

FIG. 7 is another view for showing a high-frequency reso-
nance of a planar inverted-F antenna according to an exem-
plary embodiment of the present invention;

FIG. 8 is another view for showing a low-frequency reso-
nance of a planar inverted-F antenna according to an exem-
plary embodiment of the present invention;

FIG.9is aview for showing losses at operating frequencies
of the planar inverted-F antenna shown in FIG. 3;

FIG. 10 is a view for showing losses at operating frequen-
cies of the planar inverted-F antenna shown in FIG. 6;

FIG. 11 is a view for showing the radiation pattern of the
planar inverted-F antenna shown in FIG. 3; and

FIG. 12 is a view for showing the radiation pattern of the
planar inverted-F antenna shown in FIG. 6.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS

Hereafter, description will be made on exemplary embodi-
ments of a planar inverted-F antenna proposed by the present
invention, with reference to the accompanying drawings.
That is, the present invention proposes a two-dimensional
inverted-F antenna rather than a conventional three-dimen-
sional inverted-F antenna. In addition, the present invention
proposes a method of directly connecting a power-supply part
to a PCB for easy manufacture or production.

FIG. 3 shows a planar inverted-F antenna according to an
exemplary embodiment of the present invention. In FIG. 3, a
planar inverted-F antenna is constructed with a ground part
100, a radiation part 102, a connection part 104, and a power-
supply part 106. In addition, the planar inverted-F antenna
shown in FIG. 3 has an inductive antenna portion A including
an inductive radiation portion, and a parasitic antenna portion
B including a parasitic radiation portion. The parasitic
antenna portion is used to accomplish the increase of a band-
width and the implementation of a dual band at the same time.

InFIG. 3, the power-supply part 106 is not connected to the
ground part 100, but directly connected to the PCB. The
inductive antenna portion connected to the power-supply part
106 is the same as that of a general planar inverted-F antenna.

Generally, the total length of an antenna is A/4. Accord-
ingly, the lower the operating frequency is, the longer the
length of an antenna becomes. The Equation 1 below shows
the length of an antenna at an operating frequency.

L=NA=v/4f, [Equation 1]

in here, L. denotes the length of an antenna, » a wavelength of
a radio wave, v the speed of the radio wave, and f the fre-
quency of the radio wave. As expressed in Equation 1, an
operating frequency is inversely proportional to the length of
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an antenna, so that the lower the frequency becomes, the
longer the length of an antenna becomes.

In FIG. 3, the parasitic antenna portion brings out the effect
of prolonging the length of an antenna. Accordingly, in order
to implement the total length of A/4 of an antenna, a planar
inverted-F antenna is manufactured to have the length of A/8
for the inductive antenna portion and the length of A/8 for the
parasitic antenna portion. <Table 1> shows the lengths of the
respective portions of a planar inverted-F antenna as an
example.

TABLE 1

Portions of a planar

inverted-F antenna Lengths(mm)

19
5
13
3
5

o & o o e

As in <Table 1>, the length ofthe planar inverted-F antenna
proposed by the invention is shortened compared with that of
the three-dimensional inverted-F antenna shown in FIG. 2.
That is, at the frequency of 2.4 GHz, a' and b' of the inverted-F
antenna shown in FIG. 2 are approximately 30 mm each, and
d of the same is approximately 6 mm. However, it can be seen
that the volume of the antenna decreases as shown in <Table
1> even though the operating frequency of the planar
inversed-F antenna is around 2 GHz (2.4 GHz) or 5 GHz (5.4
GHz).

Further, the inductive antenna portion connected to the
power-supply part 106 forms a high-frequency resonance as
shown in FIG. 4, and the extended inductive antenna portion
and the parasitic antenna portion form a low-frequency reso-
nance as shown in FIG. 5, so that the dual-band proposed by
the invention is implemented.

FIG. 6 shows another structure of a planar inverted-F
antenna according to an exemplary embodiment of the
present invention. In FIG. 6, a planar inverted-F antenna is
built with a ground part 100, a radiation part 102, a connection
part 104, and a power-supply part 106. Further, the planar
inverted-F antenna proposed in FIG. 6 has an inductive
antenna portion A and a parasitic antenna portion B. The
parasitic antenna portion is used to accomplish the increase of
a bandwidth and the implementation of a dual band at the
same time. In addition, different from FIG. 3, the radiation
part 102 of the inductive antenna portion is formed in a shape
of “. ” together with the radiation part 102 of the parasitic
antenna portion for shorter length.

InFIG. 6, the power-supply part 106 is not connected to the
ground part 100, but directly connected to the PCB.

Generally, since the total length of an antenna is A/4, the
parasitic antenna portion brings out the effect of prolonging
the length of an antenna. Accordingly, the total length of the
inductive antenna portion is A/8, and the length of the para-
sitic antenna portion is also A/8. However, since the radiation
part 102 is formed in the shape of “. ” with the inductive
antenna portion and the parasitic antenna portion, the actual
length of the antenna is further reduced. <Table 2> shows the
lengths of the respective portions of a planar inverted-F
antenna as an example.
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TABLE 2
Portions of a planar
inverted-F antenna Lengths(mm)
a’ 8
b" 7
¢ 4
d” 1.5

As shown in <Table 2>, the length of the planar inverted-F
antenna proposed by the present invention is shortened com-
pared with the length of the three-dimensional inverted-F
antenna shown in FIG. 2. Especially, <Table 2> exemplarily
shows when the operating frequency of a planar inverted-F
antenna is around 2 GHz (2.4 GHz) or 5 GHz (5.4 GHz).
Further, the gap of 0.2 mm is formed between the radiation
part 102 of the inductive antenna portion and the radiation
part 102 of the parasitic antenna portion, which facilitates the
coupling of the inductive antenna portion with the parasitic
antenna portion.

The dual band proposed by the invention is implemented as
below. The radiation part 102 is in a shape of “. ”, and the
inductive antenna portion connected to the power-supply part
forms a high-frequency (around 5 GHz) resonance as shown
in FIG. 7, and the extended inductive antenna portion and the
parasitic antenna portion form a low-frequency resonance
(around 2 GHz) as shown in FIG. 8.

FIG. 9 is a view for showing the losses at operating fre-
quencies of the planar inverted-F antenna proposed in FIG. 3,
and FIG. 10 is a view for showing the losses at operating
frequencies of the planar inverted-F antenna proposedin FIG.
6. In FIGS. 9 and 10, it can be seen that the losses drastically
occur at the frequencies around 2 GHz and 5 GHz. Therefore,
the planar inverted-F antenna proposed by the invention can
be used for a dual band.

FIG. 11 is a view for showing the radiation pattern of the
planar inverted-F antenna proposed in FIG. 3, and FIG. 12 is
a view for showing the radiation pattern of the planar
inverted-F antenna proposed in FIG. 6. As shown in FIGS. 11
and 12, it can be seen that the planar inverted-F antenna
proposed in the invention has uniform radiation patterns at the
frequencies around 2 GHz and 5 GHz.

As described above, the present invention proposes the
planar inverted-F antenna having an inductive antenna por-
tion and a parasitic antenna portion, reducing its volume
compared with a conventional inverted-F antenna. Further,
the inductive antenna portion and the parasitic antenna por-
tion are combined in use, which enables the antenna to be
used in two frequency bands. Furthermore, exemplary
embodiments of the present invention connects the power-
supply part to the PCB, thereby simply implementing com-
plicated manufacturing and processing procedures.

The foregoing embodiments and advantages are merely
exemplary and are not to be construed as limiting the present
invention. The present teaching can be readily applied to
other types of apparatuses. Also, the description of the exem-
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plary embodiments of the present invention is intended to be
illustrative, and not to limit the scope of the claims, and many
alternatives, modifications, and variations will be apparent to
those skilled in the art.

What is claimed is:

1. An inverted-F antenna, comprising:

a radiation part having an inductive radiation portion and a
parasitic radiation portion which are spaced in a certain
distance apart from a ground surface;

a power-supply part horizontally spaced apart from the
ground surface, and for directly supplying currents to the
inductive radiation portion which is connected to the
power-supply part; and

connection parts for connecting the inductive radiation
portion and the parasitic radiation portion to the ground
surface;

wherein the ground surface, the inductive radiation portion
and the parasitic radiation portion are arranged on a
same plane,

wherein the parasitic radiation portion is used for imple-
mentation of a dual band, and

wherein the inductive radiation portion comprises:

a first strip comprising a first end vertically connected to a
side of the ground surface;

a second strip comprising one end connected to the other
end of the first strip and disposed horizontal to the
ground surface;

a third strip comprising one end connected to the other end
of the second strip and disposed vertical to the ground
surface; and

a fourth strip comprising one end connected to the other
end of'the third strip and the other end open and disposed
horizontal to the ground surface, and

wherein the power supply part is connected to the second
strip.

2. The antenna as claimed in claim 1, wherein the inductive
radiation and the parasitic radiation portion are spaced
approximately 0.2 mm apart from each other.

3. The antenna as claimed in claim 1, wherein the radiation
part is formed in the shape of “. .

4. The antenna as claimed in claim 1, wherein the parasitic
radiation portion comprises:

a first strip comprising a first end vertically connected to a

side of the ground surface;

a second strip comprising one end connected to the other
end of the first strip and disposed horizontal to the
ground surface;

a third strip comprising one end connected to the other end
of the second strip and disposed vertical to the ground
surface; and

a fourth strip comprising one end connected to the other
end of'the third strip and the other end open and disposed
horizontal to the ground surface.
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1
PLANAR INVERTED-F ANTENNA

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 60/781,739 filed Mar. 14, 2006, which is
incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

The present invention relates generally to antennas and
more specifically to a Planar Inverted F-Antenna.

BACKGROUND OF THE INVENTION

Planar inverted F-antenna (PIFA) has many advantages. It
is easily fabricated, simple by design, and cost little to manu-
facture. Today, the PIFA is widely used in small communica-
tion devices such as personal digital assistants and mobile
phones. Its popularity is due to its compact size that makes it
easy to integrate into a device’s housing, yielding a concealed
antenna. PIFA also offers an additional advantage over mono-
pole or whip antenna in terms of radiation exposure. For
example, in a mobile phone, a whip antenna has an omnidi-
rectional radiation field, whereas a PIFA has a relatively small
radiation field toward the user. Thus making the PIFA more
favorable for the health conscious consumers.

FIG. 1 illustrates a conventional PIFA 100. PIFA 100 con-
sists of a ground plane 105, a radiating element 110, a feed
element 115, and a shorting or tuning element 120. PIFA 100
is generally produced on a printed circuit board with ground
plane 105 formed thereon. Feed element 115 supplies radio
frequency (RF) signals to radiating element 110 which is held
substantially parallel to ground plane 105 at a certain distance
125. The operating frequency or the resonance frequency of
the PIFA may be controlled by controlling the size (width or
length) of shorting element 120 and the dimensional ratio of
radiating element 110. However, these frequency tuning tech-
niques are less desirable because it may require the relocation
of the shorting pin and the redesign of the IC board (not
shown).

Impedance bandwidth is another important factor one must
consider when designing a PIFA. Generally, a PIFA’s band-
width may be controlled by capacitive or dielectric loading
means such as adding a parasitic shorted patch. The added
parasitic shorted patch helps increase the impedance band-
width because it introduces an additional resonant mode to
the PIFA’s resonance frequency band, thus creating dual-
resonance band PIFA. However, these techniques increase the
size and complexity of the antenna which lead to higher cost.
In general, the most frequently used technique for increasing
a PIFA’s impedance bandwidth is to increase the height
between radiating element 100 and ground plane 105, such as
height 125 in PIFA 100. However, this technique is subjected
to the size constraint of the antenna package; thus making it
very difficult to increase the PIFA’s bandwidth without
increasing the PIFA’s footprint.

Accordingly, what is needed is a PIFA where both the
resonance frequency and the impedance bandwidth can be
controlled and improved without increasing the size of the
PIFA and its manufacturing cost.

BRIEF DESCRIPTION OF THE
DRAWINGS/FIGURES

The present invention is described with reference to the
accompanying drawings.
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FIG. 1 illustrates a conventional PIFA.

FIG. 2 illustrates, in isometric view, an exemplary embodi-
ment of a PIFA according to an embodiment of the present
invention.

FIG. 3A illustrates, in isometric view, another exemplary
embodiment of a PIFA according to an embodiment of the
present invention.

FIG. 3B illustrates a magnified view of a portion of the
PIFA shown in FIG. 3A.

FIG. 4 illustrates a top view of the PIFA in FIG. 3A.

FIG. 5 illustrates, in isometric view, an exemplary embodi-
ment of a PIFA according to an embodiment of the present
invention.

FIG. 6 illustrates a top view of the PIFA in FIG. 5.

FIG. 7 illustrates, in isometric view, another exemplary
embodiment of a PIFA according to an embodiment of the
present invention.

FIG. 8 illustrates yet another embodiment of a PIFA
according to an embodiment of the present invention.

FIG. 9 illustrates a detailed view of an antenna portion of
the PIFA illustrated in FIG. 8.

The present invention will now be described with reference
to the accompanying drawings. In the drawings, like refer-
ence numbers generally indicate identical, functionally simi-
lar, and/or structurally similar elements. The drawing in
which an element first appears is indicated by the lefimost
digit(s) in the reference number.

DETAILED DESCRIPTION OF THE INVENTION

This specification discloses one or more embodiments that
incorporate the features of this invention. The embodiment(s)
described, and references in the specification to “one embodi-
ment,” “an embodiment,” “an example embodiment,” etc.,
indicate that the embodiment(s) described may include a
particular feature, structure, or characteristic, but every
embodiment may not necessarily include the particular fea-
ture, structure, or characteristic. Moreover, such phrases are
not necessarily referring to the same embodiment. Further,
when a particular feature, structure, or characteristic is
described in connection with an embodiment, it is understood
that it is within the knowledge of one skilled in the art to effect
such feature, structure, or characteristic in connection with
other embodiments whether or not explicitly described. An
embodiment of the present invention is now described. While
specific methods and configurations are discussed, it should
be understood that this is done for illustration purposes only.
A person skilled in the art will recognize that other configu-
rations and procedures may be used without departing from
the spirit and scope of the invention.

Generally, a PIFA such as PIFA 100 has the ability to send
and receive electromagnetic signals in both vertical and hori-
zontal polarized fields. For this reason, PIFA usage in mobile
phones has been very popular. On a high level, PIFA 100
sends and receives electromagnetic radiation by taking
advantage of its natural resonance frequency. PIFA’s 100
resonance frequency can be modified by adjusting the dimen-
sion and shape of radiating element 110 or by moving the
location of feed element 115 with respect to tuning element
120. Further, the resonance frequency of PIFA 100 can also be
slightly adjusted by modifying the width and height of short-
ing or tuning element 120.

As shown in FIG. 1, PIFA 100 resonance or operating
frequency is fixed by the shape, location, and size of radiating
element 110, feed element 115, and tuning element 120,
respectively. To this end, the FR4 substrate or the circuit
board (not shown) in which PIFA 100 is formed thereon must
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be specifically designed for PIFA 100. For example, a hole
must be formed in the circuit board underneath ground plane
105 at a certain location where feed element 115 is to be
connected to a coaxial feed line (not shown). Similarly, the
location of landing areas 135 and 140 must be taken into
account when designing and fabricating the circuit board.
Thus, from a manufacturing and designing perspective, it is
impractical and expensive to re-tune PIFA 100 to a resonance
frequency that is outside of its original design. Further, to
improve the impedance bandwidth of PIFA 100, height 125
must be made larger. However, an increase in height 125 leads
to an undesirable size increase of the overall antenna package
size.

The present invention incorporates a PIFA design where
the impedance bandwidth can be improved without increas-
ing the size of the antenna package. Additionally, the fre-
quency tuning process can be easily done without the need to
relocate the feed location and/or redesign the circuit board.

FIG. 2 illustrates a PIFA 200 according to an embodiment
of the present invention. PIFA 200 includes a ground plane
205 formed on a substrate 230, a radiating element 210, a feed
element 215, and a tuning or shorting element 220. Tuning
element 220 is coupled to a landing surface 235 that is elec-
trically coupled to ground plane 205. In an embodiment,
tuning element 220 is [.-shaped with one of the legs coupled
to surface 235 and the other leg coupled to feed element 215.
In this way, PIFA 200 may be tuned simply by changing the
height of the tuning element 220 without increasing the
height of the overall PIFA profile. Specifically, the height or
length of a leg portion 260 of tuning element 220 may be
increased or decreased. By varying the height of tuning ele-
ment 220, the current path length from surface 235 to surface
240 and to feed element 215 is varied. In this manner, the
inductive characteristic of PIFA 200 is affected thus allowing
PIFA 200 to be tuned.

In an alternative embodiment, tuning element 220 is
U-shaped (or V-shaped), with one of the legs coupled to
surface 235 and the other coupled to surface 240. Although L.
and U shapes are described, other shapes could also be used to
increase the current path length as would be understood by
one skilled in the art.

In PIFA 200, feed element 215 is coupled to a surface 240.
Surface 240 is electrically isolated from ground plane 205.
Although not shown, feed element 215 is coupled to a coaxial
feed line underneath ground plane 205 and substrate 230. The
coaxial feed line provides radio frequency (RF) signals to the
feed element which in turns feeds RF signals to radiating
element 210. In an alternative embodiment, feed element 215
is coupled to a microstrip line, embedded microstrip line,
slotline, or coplanar line located on the same layer or a layer
below of feed element 215.

Radiating element 210 is suspended above substrate 230 by
feed element 215 at a certain distance 225. For example, in
one embodiment, radiating element 210 is suspended in par-
allel with substrate 230. In general, the impedance bandwidth
of PIFA 200 may be affected by varying distance 225. Up to
a certain height threshold, an increase in distance 225 corre-
sponds to an increase in the impedance bandwidth of PIFA
200. However, this technique is disadvantageous because it
increases the overall antenna package size. Alternatively,
PIFA 200 may be capacitively or dielectrically loaded. These
techniques are also disadvantageous because they add com-
plexity and cost to the PIFA. In PIFA 200, the impedance
bandwidth is increased by suspending radiating element 210
such that an edge 245 of radiating element 210 extends pass
an edge 250 of ground plane 205. In other words, ground
plane 205 is retracted with respect to substrate 230 and/or
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radiating element 210. Further, from a different perspective,
edge 245 falls outside of a perimeter image of ground plane
205, if such an image is projected onto the same horizontal
plane of radiating element 210.

From yet another perspective, a portion of the perimeter of
radiating element 210 overhangs edge 250 of ground plane
205 if such perimeter portion is projected onto ground plane
205 horizontal plane. Stated another way, a portion of radiat-
ing element 210 is above ground plane 205 and a portion is
above substrate 230. In this way, PIFA 200 impedance band-
width is increased because a portion of radiating element 205
is further away from ground plane 205 as compared to when
radiating element 205 is fully inside of ground plane’s 205
perimeter. In an alternative embodiment, the radiating ele-
ment 210 is suspended such that substantially all of radiating
element 210 falls outside of ground plane 205 perimeter’s
projection. In other words, radiating element 210 is not
directly below or above ground plane 205. Additionally,
ground plane 205 may be sandwiched between substrate 230
and a dielectric layer (not shown) formed on top of ground
plane 205.

As illustrated in FIG. 2, PIFA 200 may be tuned simply by
replacing tuning element 220 with a smaller or larger tuning
element. For example, the length of leg portions 255 and 260
of tuning element 220 may be increased to affect the current
path. In this way, the positional change of feed element 215 is
simulated without having to actually reposition feed element
215 and surface 240 with respect to tuning element 220. Even
though tuning element 220 is shown to have a “L.” shape,
other shapes could also be used to increase the current path as
would be understood by one skilled in the art.

FIG. 3A, illustrates a PIFA 300 according to an embodi-
ment of the present invention. PIFA 300 includes a retracted
ground plane 305 and a retracted substrate 330 that corre-
sponds to ground plane 305. Ground plane 305 and substrate
330 are horizontally retracted with respect to radiating ele-
ment 310. In this way, an edge or portion 345 of radiating
element 310 is not directly above a surface of ground plane
305, and also is not above substrate 330. In PIFA 300, radi-
ating element 310 is C-shaped. In this configuration, PIFA
300 may be made smaller while radiating element 310 still
has a sizeable surface area. Further, retracted ground plane
305 and substrate 330 have a boundary line 350 that tracks
along the general shape of radiating element 310 along
boundary line 350. Further, PIFA 300 impedance bandwidth
is increased because radiating element 310 tracks boundary
line or edge 350.

As shown in FIG. 3B, feed element 315 in PIFA 300 is
shaped like the letter “U”. More specifically, feed element
315 shapes like an unbalanced “U”. The bottom feed element
315 is coupled to surface 340 and to a coaxial feed line (not
shown). The longer leg of feed element 315 is coupled to
radiating element 315. The shorter leg of feed element 315 is
coupled to tuning element 320. This leg portion is adjusted in
height according to the height of tuning element 320. In this
configuration, PIFA 300 may be tuned simply by changing
the shape and size of feed element 315 and tuning element
320 without having to move surfaces 335 and 340, and also
without effecting radiating element’s 310 height with respect
to ground plane 305.

FIG. 4 illustrates a top view of PIFA 300 that includes
radiating element 310 having a perimeter border line 410, and
ground plane 305 having a corresponding perimeter border
line 445. As shown in F1G. 4, border line 410 does not overlap
border line 445 and is completely outside of ground plane’s
305 perimeter. In an alternative embodiment, from the top
view perspective, radiating element 310 is partially located
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directly above ground plane 305 such that border line 410 can
be seen inside of ground plane 305. Even though radiating
element 310 is being described and shown as having a
C-shaped configuration, other shapes could also be used to
affect the PIFA resonance frequency as would be understood
by one skilled in the art.

FIG. 5 illustrates a PIFA 500 according to another embodi-
ment of the present invention. PIFA 500 may include all of the
features of PIFA 200. As shown, PIFA 500 includes a rectan-
gular ground plane 505, a radiating element 510, and a rect-
angular substrate 530. In PIFA 500, ground plane 505 and
substrate 530 are flushed with one another at the perimeter. As
illustrated in FIG. 6, a top view of PIFA 500, radiating ele-
ment 510 partially overhangs ground plane 505. In this con-
figuration, a edge 610 of radiating 510 is located, from a
horizontal perspective, beyond a edge 620 of ground plane
605. In this way, PIFA 500 can have an increased impedance
bandwidth without having to increase the vertical height of
the overall antenna package.

FIG. 7 illustrates a PIFA 700 according to another embodi-
ment of the present invention. PIFA 700 is similar to PIFA
200. PIFA 700 may include some or all of the features of PIFA
200. As illustrated in FIG. 7, PIFA 700 includes a top dielec-
tric layer 710, a support pad 720, and a support structure 730.
Dielectric layer 710 is formed on top of ground plane 205. In
this way, ground plane 205 is sandwiched between dielectric
layer 710 and substrate 230. Dielectric layer 710 provides a
couple of functions. One of the functions is to isolate feed pad
or surface 240 and support pad 720 from ground plane 205,
the other function is to provide a support surface.

As eluded to above, support pad 720 is anchored to dielec-
tric layer 710. Although not shown, no portion of ground
plane 205 is located beneath support pad 720. In this way,
current traveling through radiating element 210 and support
structure 730 remains isolated from ground plane 205. In an
embodiment, support pad 720 has a rectangular shape. In an
alternative embodiment, support pad 720 has a regular
polygonal or an irregular polygonal shape as shown in FIG. 7.
The shape and size of support pad 720 is primarily determined
by the tuning requirements of PIFA 700, which will be dis-
cussed below.

Support structure 730 provides additional support for radi-
ating element 210. In PIFA 200, radiating element 210 is
cantilevered from support structure 215. Considering the size
and scale of PIFA 200, the length of radiating element 210 is
very short. Thus structural integrity is not an issue. However,
through handling and packaging of the PIFA 200, radiating
element 210 may be accidentally bent for example. Support
structure 730 allows PIFA 700 to be more versatile. Thus
accidental bending or other physical deformation will less
likely occur during manufacturing and/or packaging process.
Another added benefit of support structure 730 is the
increased current path length. The additional current path
length may help to reduce the overall height of radiating
element 210 by allowing feed element 215 to be shorter, while
keeping the total current path length the same.

As previously discussed, PIFA 200 may be tuned by chang-
ing the length or height of leg portion 260 of tuning element
220. By varying the height of tuning element 220, the overall
current path length from surface 235 to surface 240 and to
feed element 215 is varied. In this manner, the inductive
characteristic of PIFA 200 is aftected thus allowing PIFA 200
to be tuned. Similarly, the inductive characteristic of PIFA
700 may also be varied by changing the height of support
structure 730.

In an embodiment, the inductive characteristic of PIFA 700
may be varied by changing the shape and/or size of support
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pad 720. In this way, PIFA 700 may be tuned simply by
extending a side of support pad 720. For example, as shown in
FIG. 7, aportion of a side of support pad 720 is extended. This
extension serves as an extension to radiation element 210
and/or support structure 730. In this way, the overall current
path length of PIFA 700 is changed, thus allowing PIFA 700
to be properly tuned to any desired frequency band. In an
alternative embodiment, instead of extending a portion of a
side of support 720, the full length of the side is extended.
Support structure 730 can be made with any conducting mate-
rial. Preferably, support structure 730 and radiating element
210 comprises the same material such as a wire element or
metal traces. Support pad 720 may also be made from the
same material as radiating element 210 and/or support struc-
ture 730.

FIG. 8 illustrates a PIFA 800 according to another embodi-
ment of the present invention. PIFA 800 is similar to PIFA 700
but also includes an extension (toe) 810 to support structure
730. In general, extension or toe 810 extends in the direction
radiating element 210. In other words, if radiating element
210 has a semi-circular shape, then extension 810 will also
take the form of an arc to add on to the semi-circular shape of
radiating element 210. As shown in FIG. 8, radiating element
210 has a rectangular shape. Thus, extension 810 is also a
rectangular structure that adds onto the length of radiating
element 210 and support structure 730. Extension 810 may
also have other shapes (i.e., shape substantially different than
radiating element 210), as long as the overall current path
length is changed. In this way, PIFA 800 may be tuned to any
desired frequency band.

FIG. 9 illustrates a detailed view of support structure 730
and extension 810. As shown, support structure 730 includes
an extended portion 910 that is used to anchor support struc-
ture onto substrate layer 230 below. This is accomplished by
threading portion 910 through a via in dielectric layer 710 and
support pad 720.

CONCLUSION

While various embodiments of the present invention have
been described above, it should be understood that they have
been presented by way of example only, and not limitation. It
will be apparent to persons skilled in the relevant art that
various changes in form and detail can be made therein with-
out departing from the spirit and scope of the invention. Thus,
the breadth and scope of the present invention should not be
limited by any of the above-described exemplary embodi-
ments, but should be defined only in accordance with the
following claims and their equivalents.

We claim:

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

a ground plane electrically coupled to a first pad;

a feed element electrically coupled to a second pad;

a radiating element coupled to the feed element, the radi-
ating element being suspended above and substantially
parallel to the ground plane such that at least a portion of
aperipheral rim of the radiating element extends beyond
an edge of the ground plane; and

a tuning element electrically coupled between the first pad
and the second pad, wherein the tuning element is
shaped such that the tuning element protrudes beyond
the ground plane from the first pad and loops back
toward the ground plane to the second pad.

2. The PIFA of claim 1, wherein more than 50% of the
peripheral rim extends beyond the edge of the ground plane,
whereby the peripheral rim foam a plane parallel to the
ground plane.
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3. The PIFA of claim 1, wherein the radiating element is
C-shaped.

4. The PIFA of claim 1, further comprising:

the first pad electrically coupling the tuning element to the
ground plane; and

the second pad being electrically isolated from the ground
plane.

5. The PIFA of claim 4, wherein the tuning element is
coupled to the feed element at the second pad and comprises
a L-shape.

6. The PIFA of claim 1, wherein the feed element com-
prises a U or V shape.

7. The PIFA of claim 1, further comprising:

adielectric layer located between first and second pads and
the ground plane,

a third pad on the surface of the dielectric layer; and

a support structure on the third pad configured to provide
support to the radiating element at an end opposite to the
feed element.

8. The PIFA of claim 7, further comprising:

an extra support portion attached to a side of the support
pad, wherein the extra support portion’s size and/or
shape is configured to tune the PIFA to a desired fre-
quency band.

9. The PIFA of claim 7, further comprising:

a radiating portion attached to a side of the support struc-
ture, wherein the radiating portion is substantially par-
allel to the dielectric layer, and wherein the radiating
portion’s shape and/or size is configured to tune the
PIFA to a desired frequency band.

10. A Planar Inverted F-Antenna comprising:

a ground plane electrically coupled to a first pad;

a feed element electrically coupled to a second pad;

a dielectric layer located between the first and second pads
and the ground plane;

a radiating element having a surface substantially parallel
to the ground plane, the radiating element being sus-
pended from the ground plane by the feed element such
that at least a portion of the surface extends beyond a
perimeter of the ground plane; and

atuning element electrically coupled to the ground plane at
the first pad and electrically coupled to the feed element
at the second pad, wherein the tuning element is shaped
such that the tuning element protrudes beyond the
ground plane from the first pad and loops back toward
the ground plane to the second pad.

11. The PIFA of claim 10, wherein more than 50% of the

surface extends beyond the perimeter of the ground plane.

12. The PIFA of claim 10, wherein the radiating element is
C-shaped.

13. The PIFA of claim 10, wherein:

the second pad being electrically isolated from the ground
plane.
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14. The PIFA of claim 10, wherein the tuning element
comprises a L-shape.

15. The PIFA of claim 10, wherein the feed element com-
prises a U or V shape.

16. A Planar Inverted F-Antenna comprising:

a ground plane electrically coupled to a first pad;

a feed element electrically coupled to a second pad;

a dielectric layer located between the first and second pads

and the ground plane;

a radiating element having a surface substantially parallel
to the ground plane, the radiating element being sus-
pended from the ground plane by the feed element such
that at least a portion of the surface intersects with a
projected image of the ground plane’s perimeter; and

atuning element electrically coupled to the ground plane at
the first pad and electrically coupled to the feed element
at the second pad, wherein the tuning element is shaped
such that the tuning element protrudes beyond the
ground plane from the first pad and loops back toward
the ground plane to the second pad.

17. The PIFA of claim 16, wherein more than 50% of the

surface is located outside of the projected image-plane.

18. The PIFA of claim 16, wherein the radiating element is
C-shaped.

19. The PIFA of claim 16, wherein:

the second pad is electrically isolated from the ground
plane.

20. The PIFA of claim 16, wherein the tuning element

comprises a L-shape.

21. A Planar Inverted F-Antenna comprising:

a ground plane having first and second pads, the first pad
being coupled to the ground plane, the second pad being
electrically isolated from the ground plane;

a feed element coupled to the second pad;

aradiating element being suspended from the ground plane
by the feed element; and

a tuning element coupled to the first and second pads, the
tuning element is shaped such that it protrudes beyond
the ground plane from the first pad and loops back
toward the ground plane to the second pad.

22. The PIFA of claim 21, wherein the radiating element
has a surface that is substantially parallel to the ground plane
and being suspended from the ground plane by the feed ele-
ment such that at least a portion of the surface intersects with
a projected image of the ground plane’s perimeter.

23. The PIFA of claim 21, wherein the radiating element
has a surface that is substantially parallel to the ground plane
and being suspended from the ground plane by the feed ele-
ment such that all of the surface extends beyond a projected
image of the ground plane’s perimeter.

24. The PIFA of claim 21, wherein the feed element com-
prises a U or V shape.

#* #* #* #* #*
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1
MULTIBAND ANTENNAS AND DEVICES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This is a continuation of U.S. Ser. No. 11/532,942, filed
Sep. 19, 2006 now U.S. Pat. No. 7,683,843, which is incor-
porated by reference. This application claims the benefit of
U.S. Provisional Application No. 60/734,403, filed on Nov. 8,
2005. This provisional application is incorporated herein by
reference in its entirety.

BACKGROUND

It is generally desirable to reduce the size of electronic
components and devices. For instance, a demand exists for
more compact antennas to be used in various wireless appli-
cations. In addition, there is a demand for antennas capable of
operating in multiple frequency bands.

A typical vehicular antenna system for cellular telephony
employs a large antenna element (e.g., three inches or greater)
to meet specified performance requirements. The large
antenna element is conventionally mounted on a base and is
typically enclosed by a flexible whip or rigid fin. This
arrangement can produce a relatively large profile on the
vehicle’s exterior surface. Unfortunately, such profiles are
inconsistent with typical vehicle design objectives and aes-
thetics.

Thus, there is a need to provide antennas and antenna
devices having reduced sizes, while still meeting specified
performance criteria. Moreover, as wireless applications
become more pervasive, there is a further need for compact
antennas that can operate in more than one frequency band.

SUMMARY

The present invention provides an apparatus having an
antenna (e.g., amonopole), a first load, and a second load. The
antenna, which extends substantially along an axis, has a first
end and a second end. The first load is coupled to the antenna
atthe first end, while the second load is coupled to the antenna
between the first end and the second end.

Both the first and second loads are symmetrical about the
aforementioned axis. Also, the first load may be substantially
linear and/or substantially orthogonal to the axis. However,
the second load may have various shapes. For instance, the
second load may include a U-shaped portion.

The apparatus is arranged to operate within at least two
frequency bands. Examples these bands include the
Advanced Mobile Phone System (AMPS) band from about
824 MHz to 894 MHz and the Personal Communications
Service (PCS) band from about 1850 MHz to 1990 MHz.
Further frequency bands include European Global System for
Mobile Communications (GSM) band from about 880 MHz
to about 960 MHz, and the European Digital Cellular System
(DCS1800) band from about 1850 MHz to about 1880 MHz.
However, the embodiments are not limited to these frequency
bands.

The antenna, the first load, and the second load may be
supported by a substrate, such as a printed circuit board. For
example, these elements may be on a surface of the substrate.
In turn, the substrate may be coupled or connected to a base
that is configured to attach to a vehicle’s surface. Moreover, a
radome may surround the substrate and the base.

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 a view of an antenna device in accordance with an
exemplary embodiment of the present invention;
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FIGS. 2A and 2B are views of a substrate supported
antenna device; and

FIG. 3 is a cut-away view of a substrate supported antenna
device enclosed by a radome.

FIG. 4 is a perspective view of a radome.

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. 11is a diagram of an antenna device 100 in accordance
with an exemplary embodiment of the present invention. This
device may be used to transmit and/or receive wireless signals
in two or more frequency bands. As shown in FIG. 1, device
100 includes a monopole antenna 102, a first load 110 and a
second load 112.

FIG. 1 shows monopole antenna 102 extending substan-
tially along an axis 103. This axis may be substantially ver-
tical. In addition, this drawing shows antenna 102 having a
first end 104 and a second end 106. The distance between
these ends is shown as a length, .. This length may be
approximately 25 to 26 millimeters (i.e., about one inch).
However, the embodiments are not limited to such. A feed
point 108 is located substantially at second end 106. At this
point, a signal conveying medium (such as a coaxial cable,
wire(s), or trace(s)) may be coupled to antenna 102.

First linear load 110 may be attached to antenna 102 at or
near first end 104. FIG. 1 shows first load 110 being sym-
metrical about antenna 102. First load 110 may be arranged
for the transmission and reception of vertically polarized
signals within a first frequency band. This first frequency
band may include the Advanced Mobile Phone System
(AMPS) band, which is from about 824 MHz to 894 MHz.
Additionally or alternatively, this first frequency band may
include the European GSM band from about 880 MHz to
about 960 MHz. However, the embodiments are not limited to
these exemplary frequency ranges.

As shown in FIG. 1, second linear load 112 is attached to
antenna 102 at a position between feed point 108 and the
location where first load 110 is attached. FIG. 1 also shows
second load 112 being symmetrical about antenna 102.

Second load 112 may be arranged to provide for transmis-
sion and reception of vertically polarized signals within a
second frequency band that is higher than the first frequency
band. More particularly, second load 112 operates as a choke.
This feature prevents currents at the second frequency band
from propagating along antenna 102 past second load 112.
This second frequency band may include the PCS band,
which is from about 1850 MHzto 1990 MHz. Alternatively or
additionally, this second frequency band may include the
European DCS1800 band from about 1710 MHz to about
1880 MHz. The embodiments, however, are not limited to
these examples.

As shown in FIG. 1, second load 112 comprises opposing
segments 114a and 1145, and opposing segments 116a and
11654. These segments are substantially perpendicular to axis
103. In addition, second load 112 comprises opposing seg-
ments 118a and 1185, which are substantially parallel to axis
103. Moreover, FIG. 1 shows that these segments are sym-
metrical about antenna 102.

Segments 116 and 118 provide second load 112 with a
U-shaped portion. This portion may increase the impedance
of device 100 at the first frequency band to a value that is
desirable for transmission and reception in the second fre-
quency band.
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FIG. 1 shows separations, S1, S2, and S3, which exist
between second load 112, and the other components of device
100 (i.e., antenna 102 and first load 110). These separations
may be set to affect the impedance of choke portion 114. In
embodiments, these separations are substantially equal in
magnitude.

As described above, loads 110 and 112 are symmetric with
reference to antenna 102. Such a symmetric arrangement of
loads in both the first and second frequency bands provides
for cancellation of radiation (e.g., horizontal radiation) that
would normally be emitted from asymmetrical loads. Other
types of loads, such as helical and spiral loads, do not typi-
cally provide such cancellation. As a result of this symmetry,
losses due to cross-polarization radiation are advantageously
reduced. More particularly, such loading reduces efficiency
losses attributed to conversions between vertically polarized
energy and horizontally polarized energy.

Moreover, through loads 110 and 112, antenna device 100
performs as though it is “electrically taller” than its actual
size. This feature may advantageously provide effective
radiation resistance as presented by loads. Further, coupling
between loads 110 and 112 serves to favorably alter the
impedance of the load 110. Additionally, loads 110 and/or
112 may further serve to improve the Voltage Standing Wave
Ratio (VSWR) bandwidth.

Also, a matching network (e.g., a passive network) may be
coupled to antenna device at feed point 108. Such a matching
network may be configured to further improve the VSWR.

Elements of antenna device 100 (such as antenna 102, first
load 110, and second load 112) may be made from one or
more suitable materials. Exemplary materials include con-
ductors such as copper, stainless steel, and aluminum. How-
ever, embodiments of the present invention are not limited to
these materials. Various thicknesses and cross sectional pro-
files may be employed with such conductors.

Various dimensions are shown in FIG. 1. For instance, FIG.
1 shows first load 110 having a width, W,. Furthermore,
second load 112 is shown having a height, H, and a width, W,.
Also, as described above, antenna 102 has a length L, and
spacings S, S,, and S; are associated with second load 112.

Embodiments of the present invention may include
antenna devices supported by substrates. For example, FIGS.
2A and 2B illustrate an exemplary arrangement in which
elements of antenna device 100 are supported by a printed
circuit board (PCB) 202. In particular, FIG. 2A is a side view
showing elements of antenna device 100 affixed or printed to
a surface 203 of PCB 202.

In addition, PCB 202 is attached to a base 204 at a surface
216. This attachment may be made in various ways, such as
with mechanical fasteners and/or adhesives. Substantial por-
tions of surface 216 may composed of a conductive material
to provide a ground plane.

FIG. 2A shows that base 204 has a surface 218 that is
opposite to surface 216. This surface of base 204 may be
attached to a vehicle, such as an automobile’s exterior sur-
face. This attachment may be made in various ways, such as
with mechanical fasteners, adhesives, suction cups, and/or
gaskets.

In embodiments, other antenna devices may also be
attached to base 204. For example, FIG. 2A shows antenna
devices 208 and 210. These devices may be of various types,
such as printed, patch or microstrip antennas. In addition,
devices 208 and 210 may support the transfer of various
signals, such as cellular or satellite telephony signals, global
positioning system (GPS) signals, video and/or radio broad-
cast signals (either analog or digital), and the like. For
instance, in an exemplary arrangement, device 208 is a GPS
patch antenna, device 210 is a digital satellite radio patch
antenna, and the elements of device 100 operate as a dual
band cellular antenna.
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As shown in FIG. 2A, connectors 206, 212, and 214 are
attached to base 204. These connectors provide electrical
connections to antenna devices. For instance, connector 206
may be connected to feed point 108, connector 212 may be
connected to antenna device 208, and connector 214 may be
connected to antenna device 210. Transmission lines, such as
coaxial cables, may attach to these connectors. In turn, such
lines are coupled to one or more devices within the vehicle.
Exemplary devices include cellular telephones, radio receiv-
ers, video receivers, computer devices (e.g., laptop comput-
ers, personal digital assistants (PDAs)), GPS receivers, and
the like.

In alternative arrangements, antenna devices may share
connectors through the employment of one or more diplexers.
This feature advantageously reduces the number of cables
needed to reach base 204.

Embodiments may include additional components. For
example, FIG. 2A shows that base 204 may include a con-
cealed inner cavity 220. Cavity 220 may contain various
circuitry and/or components. Examples of such circuitry and
components include amplifiers, diplexers, and/or matching
networks.

For instance, cavity 220 may contain a first active low noise
amplifier (LNA) coupled between device 208 and connector
212, a second active LNA coupled between device 210 and
connector 214. Also, cavity 220 may contain a diplexer
between feed point 108 and connector 206 to provide for
bidirectional operation. Further, cavity 220 may contain one
or more diplexers so that antenna devices may share connec-
tors on surface 218. Additionally or alternatively, a matching
network (e.g., an arrangement of one or more capacitors) may
be disposed between feed point 108 and connector 206.

Cavity 220 may be walled with a conductive material, such
as a zinc coating, to provide electromagnetic interference
(EMI) shielding. However, other materials may be employed.

In further arrangements, circuitry and/or components may
be placed in locations outside of cavity 220. Such locations
may include one or more surfaces on base 204 and/or sub-
strate 202. For example, a matching network may be placed
on surface 216 of base 204. As described above, such a
matching network may be coupled between feed point 108
and connector 206. Such circuitry and/or components may be
enclosed by conductive materials to provide EMI shielding.

FIG. 2B is a top view of the arrangement of FIG. 2A. This
view shows PCB 202 having a relatively narrow thickness.
When aligned with a direction of travel 222, the arrangement
provides reduced wind resistance. Also, FIG. 2B shows that a
conductive material 221 may be disposed on surface 216 to
provide a ground plane.

FIG. 3 is a cut away side view of an arrangement that that
is similar to the arrangement of FIGS. 2A and 2B. However,
this arrangement includes a radome 302 that covers elements
of FIGS. 2A and 2B, such as substrate 202, base 204, device
208, and device 210.

FIG. 4 is a perspective view of a further radome 400 that
may be employed to cover the elements of FIGS. 2A and 2B.
Radome 400 provides a low profile, aerodynamic shape. As
shown in FIG. 4, radome 400 includes a protrusion 402 to
accommodate substrate 202.

Radomes 302 and 400 may be made of various materials,
such as plastics having suitable microwave 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, such radomes may be composed of an ultra-
violet (UV) stable injection molded plastic.

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.
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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.

For instance, while an exemplary height of 25 to 26 mm is
disclosed, one of ordinary skill would be able to modify the
height and additionally as well as the size and location of the
loads to achieve an acceptable dual band performance. Addi-
tionally, while the dual bands described herein are in the
AMPS band and PCS band ranges, one would also be able to
modify the first and second loads of the antenna device (both
the size and shape of antenna and loads) to properly operate in
different dual band configurations. Examples of such bands
include the European Global System for Mobile Communi-
cations (GSM) band from approximately 880 to 960 MHz and
the European Digital Cellular System (DCS 1800) band from
approximately 1710 to 1880 MHz. Moreover, embodiments
of'the present invention may operate in more than two bands.
For instance, embodiments may include additional (e.g.,
symmetric) loads.

Although 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:

an antenna extending substantially along an axis, the
antenna having a first end and a second end;

a first load coupled to the antenna at the first end;

a second load coupled to the antenna between the first end
and the second end, wherein (i) the first load and the
second load are each symmetrical with reference to the
axis, and (ii) the first load and the second load are
arranged to exchange first wireless signals within a first
frequency band and second wireless signals within a
second frequency band; and

a substrate, wherein the substrate supports the antenna, the
first load, and the second load.

2. The apparatus of claim 1, wherein the antenna is a

monopole antenna.

3. The apparatus of claim 1, wherein the second load has a
U-shaped portion comprising a first 90° bend and a second
90° bend, wherein said U-shaped portion of said second load
increases the impedance of the antenna at the first frequency
band to a value desirable for transmission and reception in the
second frequency band.

4. The apparatus of claim 3, wherein the U-shaped portion
is symmetrical with reference to the axis.

5. The apparatus of claim 1, wherein the first load is sub-
stantially linear.

6. The apparatus of claim 5, wherein the first load (i) is
substantially orthogonal to the axis and (ii) is positioned in
line with a direction of travel of said antenna.

7. The apparatus of claim 1, wherein (i) the first frequency
band is from about 824 MHZ to 894 MHZ, and (ii) the second
frequency band is from about 1850 MHZ to 1990 MHZ.

8. The apparatus of claim 1, wherein (i) the first frequency
band is from about 880 MHZ to 960 MHZ, and (ii) the second
frequency band is from about 1710 MHZ to 1880 MHZ.
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9. The apparatus of claim 1, wherein the antenna has a
length of approximately one inch along the axis.

10. The apparatus of claim 1, wherein the axis is substan-
tially vertical.

11. The apparatus of claim 1, wherein the antenna operates
through said first load and said second load as though said
apparatus were electrically taller than a physical size of said
apparatus.

12. The apparatus of claim 1, wherein a matching network
is coupled to said antenna at said second end and said match-
ing network is configured to further improve a Voltage Stand-
ing Wave Ratio (VSWR).

13. An apparatus, comprising:

a substrate having a surface;

an antenna disposed on the surface, the antenna extending
substantially along an axis, and the antenna having a first
end and a second end;

a first load disposed on the surface, the first load coupled to
the antenna at the first end;

a second load disposed on the surface, the second load
coupled to the antenna between the first end and the
second end, wherein (i) the first load and the second load
are each symmetrical with reference to the axis, and (ii)
the first load and the second load are arranged to
exchange first wireless signals within a first frequency
band and second wireless signals within a second fre-
quency band; and

a radome enclosing the antenna, the first load, and the
second load.

14. The apparatus of claim 13, wherein the surface is sub-

stantially within a vertical plane.

15. The apparatus of claim 13, further comprising a base
coupled to the substrate, wherein the base is configured to
mount to an exterior surface of a vehicle.

16. The apparatus of claim 13, wherein the first load is
substantially linear.

17. The apparatus of claim 16, wherein the first load (i) is
substantially orthogonal to the axis and (ii) is positioned in
line with a direction of travel of said antenna.

18. The apparatus of claim 13, wherein the second load has
a U-shaped portion comprising a first 90° bend and a second
90° bend, wherein said U-shaped portion of said second load
increases the impedance of the antenna at the first frequency
band to a value desirable for transmission and reception in the
second frequency band and that is symmetrical with reference
to the axis.

19. An apparatus, comprising:

an antenna extending substantially along an axis, the
antenna having a first end and a second end;

a first load coupled to the antenna at the first end, the first
load arranged for the antenna to operate in a first fre-
quency band; and

a second load coupled to the antenna between the first end
and the second end, the second load arranged for the
antenna to operate in a second frequency band that is
higher than the first frequency band, wherein (i) the first
load and the second load are each symmetrical with
reference to the axis, and (ii) the first load and the second
load are arranged to exchange first wireless signals
within a first frequency band and second wireless signals
within a second frequency band; and

a substrate, wherein the substrate supports the antenna, the
first load, and the second load.

#* #* #* #* #*
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BOARD-TO-BOARD RADIO FREQUENCY
ANTENNA ARRANGEMENT

TECHNICAL FIELD

Embodiments of the subject matter described herein relate
generally to radio frequency (RF) antennas. More particu-
larly, embodiments of the subject matter relate to an RF
antenna arrangement suitable for use with a wireless elec-
tronic device such as a mobile communication device.

BACKGROUND

Computers, portable computing devices, and mobile wire-
less devices are becoming common appliances in homes,
offices, medical facilities, schools, manufacturing plants, and
elsewhere. Wireless data communication with such devices
and computer networks is becoming increasingly common.
Wireless data communication requires data transmission in
accordance with a specific data communication protocol, a
wireless transceiver, and a suitable antenna structure config-
ured to transmit and receive signals, typically via an RF data
communication link.

The prior art is replete with RF and microwave antenna
designs, structures, and configurations. Some mobile wire-
less devices, such as cellular telephones or mobile computing
devices, employ external antennas that protrude or extend
from the main housings ofthe devices. Other wireless devices
utilize internal antennas that reside within the confines of the
main housings. Internal antennas are often used to achieve a
compact footprint and to protect the antenna itself from physi-
cal damage. The trend toward miniaturization has made com-
pact antennas very desirable. Moreover, mobile device appli-
cations typically require a relatively rugged and robust
antenna design that can withstand rough handling, impacts
(caused by dropping or accidents), and the like.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the subject matter may
be derived by referring to the detailed description and claims
when considered in conjunction with the following figures,
wherein like reference numbers refer to similar elements
throughout the figures.

FIG. 1 is a perspective view of an exemplary electronic
device that includes an RF antenna structure (hidden from
view);

FIG. 2 is a perspective and partially phantom view of
internal structure of an exemplary electronic device;

FIG. 3 is a perspective and partially phantom view of an
exemplary embodiment of an inverted-F antenna structure for
an electronic device;

FIG. 41s a perspective view of a portion of a primary circuit
board suitable for use with an exemplary embodiment of an
antenna structure;

FIG. 5 is a perspective view of a portion of a secondary
circuit board suitable for use with an exemplary embodiment
of an antenna structure;

FIG. 6 is a top view of a portion of the secondary circuit
board shown in FIG. 5;

FIGS. 7 and 8 are perspective views of the antenna radiat-
ing element and the radiating leg element of an inverted-F
antenna structure configured in accordance with an exem-
plary embodiment;

FIG. 9 is a cross sectional view of the antenna radiating
element and the radiating leg element as viewed from line 9-9
shown in FIG. 5;
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FIG. 10 is a cross sectional view of a portion of the elec-
tronic device as viewed from line 10-10 shown in FIG. 2; and

FIG. 11 is a plot of return loss versus frequency for an
exemplary embodiment of an inverted-F antenna structure.

DETAILED DESCRIPTION

The following detailed description is merely illustrative in
nature and is not intended to limit the embodiments of the
subject matter or the application and uses of such embodi-
ments. As used herein, the word “exemplary” means “serving
as an example, instance, or illustration.” Any implementation
described herein as exemplary is not necessarily to be con-
strued as preferred or advantageous over other implementa-
tions. Furthermore, there is no intention to be bound by any
expressed or implied theory presented in the preceding tech-
nical field, background, brief summary or the following
detailed description.

The following description may refer to elements or nodes
or features being “coupled” together. As used herein, unless
expressly stated otherwise, “coupled” means that one ele-
ment/node/feature is directly or indirectly joined to (or
directly or indirectly communicates with) another element/
node/feature, and not necessarily mechanically.

In addition, certain terminology may also be used in the
following description for the purpose of reference only, and
thus are not intended to be limiting. For example, terms such
as “upper”, “lower”, “above”, and “below” refer to directions
in the drawings to which reference is made. Terms such as
“front”, “back”, “rear”, “side”, “outboard,” and “inboard”
describe the orientation and/or location of portions of the
component within a consistent but arbitrary frame of refer-
ence which is made clear by reference to the text and the
associated drawings describing the component under discus-
sion. Such terminology may include the words specifically
mentioned above, derivatives thereof, and words of similar
import. Similarly, the terms “first”, “second” and other such
numerical terms referring to structures do not imply a
sequence or order unless clearly indicated by the context.

The electronic devices described herein support wireless
communication using a suitably configured RF antenna
arrangement. The antenna arrangement utilizes conductive
metal traces formed on two circuit boards, which are coupled
together in a “sandwich” configuration. The antenna arrange-
ment includes an inverted-F antenna structure that uses a
conductive radiating element formed on one of the two circuit
boards and a conductive ground reference element formed on
the other circuit board. The antenna structure utilizes a con-
ductive contact element (e.g., a metal tab) rather than a
coaxial cable for board-to-board connectivity. This arrange-
ment eliminates cable losses and improves the efficiency of
the antenna. The improvement in performance is a direct
result of using the conductive contact as one leg of the
inverted-F antenna.

The conductive contact element can be soldered or other-
wise attached to the conductive radiating element by
machine, rather than by hand. This reduces the assembly time
and manufacturing cost associated with the fabrication of the
electronic device. Moreover, the inverted-F antenna arrange-
ment consumes less space than traditional designs that
require external elements and/or coaxial cable connections.

FIG. 1 is a perspective view of an exemplary electronic
device 100 that includes an internal RF antenna structure
(hidden from view). Electronic device 100 may be designed
and configured to suit the needs of the particular application.
In this regard, electronic device 100 may be, without limita-
tion: a cellular telephone; a personal digital assistant; a
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mobile computing device; a digital media player; a mobile
video game device; or the like. Electronic device 100 includes
a main housing 102 that surrounds and protects the internal
components and circuit boards of electronic device 100. Elec-
tronic device 100 may also include a keypad 104 (or other
user interface features) that is accessible from the exterior of
main housing 102. Although not shown in FIG. 1, keypad 104
includes or cooperates with a suitably configured circuit
board that is contained within main housing 102. This keypad
circuit board accommodates the buttons or keys of keypad
104, and provides electrical paths from keypad 104 to a main
or primary circuit board of electronic device 100, which is
also enclosed by main housing 102.

Although hidden from view in FIG. 1, electronic device
100 includes an RF antenna arrangement and structure that
supports wireless communication in accordance with the
desired data communication protocol(s) and using the desired
frequency band(s). For example, the RF antenna arrangement
may be suitably configured to support Bluetooth compatible
communication (which uses the 2400-2483.5 MHz band in
Europe and the United States). FIG. 2 is a perspective and
partially phantom view of internal structure of an exemplary
electronic device 200 that includes an internal RF antenna
arrangement 201, a primary circuit board 202, and a second-
ary circuit board 204. FIG. 3 is a perspective and partially
phantom view of an inverted-F antenna structure for elec-
tronic device 200, FIG. 4 is a perspective view of a portion of
primary circuit board 202, FIG. 5 is a perspective view of a
portion of secondary circuit board 204, and FIG. 6 is a top
view of a portion of secondary circuit board 204. For the sake
of brevity, conventional techniques related to wireless data
transmission, RF antenna design, RF antenna tuning and
impedance matching, wireless electronic device design,
manufacturing, and operation, and other functional aspects of
the devices (and the individual operating components of the
devices) may not be described in detail herein.

This particular embodiment of RF antenna arrangement
201 includes: a conductive antenna radiating element 216
formed on secondary circuit board 204; a conductive radiat-
ing leg element 224 attached to radiating element 216; an
electrical contact pin 212 mounted on primary circuit board
202; a conductive mounting leg 214; and a conductive ground
reference element 210 formed on primary circuit board 202.
These fundamental elements and features form, or are other-
wise associated with, an inverted-F antenna structure for elec-
tronic device 200. The dashed lines in FIG. 3 depict this
inverted-F structure—conductive mounting leg 214 corre-
sponds to the grounded leg (or the top of the letter F), radiat-
ing leg element 224 and electrical contact pin 212 together
correspond to the RF feed leg, and radiating element 216
connects the grounded leg and the RF feed leg.

For this embodiment, primary circuit board 202 represents
the main or basic circuit board of electronic device 200, and
secondary circuit board 204 represents the keypad circuit
board of electronic device 200. In alternate embodiments, the
form, configuration, and/or function of these circuit boards
may differ from that described here. Primary circuit board
202 may be realized as a printed circuit board having a dielec-
tric layer or substrate and a conductive layer (e.g., metal)
printed on the dielectric layer. In practice, primary circuit
board 202 may be manufactured using any suitable construc-
tion, such as an FR-4, ceramic, or other substrate. The con-
ductive layer resides on the inward-facing surface of primary
circuit board 202. In other words, the conductive layer of
primary circuit board 202 faces secondary circuit board 204.
The conductive layer of primary circuit board 202 is etched or
otherwise treated to create a desired pattern of conductive
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features. For example, the conductive layer is preferably
formed such that it has defined therein an RF signal transmis-
sion line 206, a tab 208 (see FIG. 4), and a ground reference
element 210 that is isolated from RF signal transmission line
206.

RF signal transmission line 206 is preferably realized as a
microstrip transmission line that is formed in primary circuit
board 202. RF signal transmission line 206 facilitates RF
signal propagation to and from RF antenna arrangement 201
in a manner that does not interfere with the radiation pattern
of RF antenna arrangement 201. In other words, little or no
RF energy is radiated from RF signal transmission line 206.
Although not depicted in the figures, RF signal transmission
line 206 leads to a suitably configured RF front end of elec-
tronic device 200 that performs transmit and receive func-
tions in a conventional manner.

As shown in FIG. 4, RF signal transmission line 206 ends
at tab 208, which is used to mount an electrical contact pin
212 for RF antenna arrangement 201. This electrical contact
pin 212 is described in more detail below. RF signal trans-
mission line 206 is separated from ground reference element
210, as depicted in FIG. 4. In practice, a portion of the con-
ductive layer of primary circuit board 202 is removed such
that a gap is formed between ground reference element 210
and RF signal transmission line 206. In this particular
embodiment, the dielectric material underneath RF signal
transmission line 206 and underneath ground reference ele-
ment 210 remains intact, but the dielectric material located
between RF signal transmission line 206 and ground refer-
ence element 210 is removed.

Notably, ground reference element 210 corresponds to the
chassis ground of electronic device 200. The chassis ground
may be established by connecting appropriate terminals of
electrical components to ground reference element 210 and/
or to conductive housing structure of electronic device 200.
For example, ground reference element 210 may be electri-
cally coupled to at least one conductive mounting leg 214
(also referred to herein as a conductive ground leg element)
that physically couples primary circuit board 202 to second-
ary circuit board 204. As shown in FIGS. 2, 3, and 10, con-
ductive mounting leg 214 serves as a physical spacer or stand-
off between primary circuit board 202 and secondary circuit
board 204, and conductive mounting leg 214 is located
between the two circuit boards.

Secondary circuit board 204 may also be realized as a
printed circuit board having a dielectric layer or substrate and
aconductive layer (e.g., metal) printed on the dielectric layer.
In practice, secondary circuit board 204 may be manufactured
using any of the constructions mentioned above for primary
circuit board 202. The conductive layer resides on the inward-
facing surface of secondary circuit board 204. In other words,
the conductive layer of secondary circuit board 204 faces
primary circuit board 202. The conductive layer of secondary
circuit board 204 is etched or otherwise treated to create a
desired pattern of conductive features. For example, the con-
ductive layer is preferably formed such that it has defined
therein a conductive antenna radiating element 216. This
conductive layer is also formed such that conductive mount-
ing leg 214 can establish electrical contact with antenna radi-
ating element 216. In other words, conductive mounting leg
214 electrically couples antenna radiating element 216 to
ground reference element 210 (as depicted in FIG. 3) via
physical contact between the upper and lower surfaces of
conductive mounting leg 214 and respective conductive
traces formed on primary circuit board 202 and secondary
circuit board 204.
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As best shown in FIG. 5 and FIG. 6, secondary circuit
board 204 terminates at an outer edge 218, and antenna radi-
ating element 216 includes a radiating strip 220 that is located
proximate to outer edge 218. Moreover, radiating strip 220 is
generally aligned with outer edge 218. In this embodiment,
outer edge 218 is straight and radiating strip 220 is parallel to
outer edge 218. Notably, antenna radiating element 216 has a
major longitudinal axis (which is a horizontal axis in FIG. 6)
and a free end 222. These features of antenna radiating ele-
ment 216 are described in more detail below.

RF antenna arrangement 201 also includes an electrical
contact pin 212 and a conductive radiating leg element 224
(also referred to herein as a “conductive antenna leg ele-
ment”). These features are shown better in FIGS. 7-10, where
FIGS. 7 and 8 are perspective views of antenna radiating
element 216 and radiating leg element 224, FIG. 9 is a cross
sectional view of antenna radiating element 216 and radiating
leg element 224 as viewed from line 9-9 (see F1G. 5), and FIG.
10 is a cross sectional view of a portion of electronic device
200 as viewed from line 10-10 (see FIG. 2).

Electrical contact pin 212 is coupled to RF signal transmis-
sion line 206. More specifically, the base of electrical contact
pin 212 is attached to tab 208 (see FIG. 4) in a manner that
accommodates the transmission of RF signals to and from RF
signal transmission line 206. For example, electrical contact
pin 212 could be soldered to tab 208 to establish a physical
and electrical connection. In preferred embodiments, electri-
cal contact pin 212 comprises or is realized as a pogo pin that
establishes electrical contact with radiating leg element 224
when primary circuit board 202 is coupled to secondary cir-
cuit board 204 using conductive mounting leg 214. Pogo pins
are commonly used in the electronics industry; a pogo pin is
typically a spring loaded contact that relies upon spring ten-
sion to establish and maintain an electrical connection. In this
regard, radiating leg element 224 bears down on the pogo pin
to establish electrical contact between radiating leg element
224 and the pogo pin when primary circuit board 202 is
coupled to secondary circuit board 204. This arrangement is
depicted in FIG. 10, where the inward-facing arrows repre-
sent the compressive force that is introduced when the circuit
boards are attached to conductive mounting leg 214. This
compressive force causes radiating leg element 224 to press
down on the pogo pin, thus creating a pressured electrical
contact without requiring soldering, bonding, welding, etc.
Thus, when electronic device 200 is assembled, electrical
contact pin 212 facilitates RF signal transmission to and from
radiating leg element 224 (i.e., electrical contact pin 212
serves as an RF feed between radiating leg element 224 and
RF signal transmission line 206).

Radiating leg element 224 is coupled to (or integrated with)
antenna radiating element 216, and it extends in a direction
away from secondary circuit board 204 (see FIG. 2 and FIG.
3). Although not required in all embodiments, radiating leg
element 224 has a generally C-shaped cross section, as shown
in FIG. 9 and FIG. 10. Here, the top (or bottom, depending
upon the perspective) section of radiating leg element 224 can
be soldered, bonded, or welded to antenna radiating element
216 at the desired location. The middle section of radiating
leg element 224 extends from antenna radiating element 216
toward primary circuit board 202 and toward ground refer-
ence element 210. In this particular embodiment, the free
section 226 of radiating leg element 224 defines a plane that
is parallel to the planes defined by primary circuit board 202
and secondary circuit board 204. For this exemplary embodi-
ment, free section 226 is approximately four millimeters
square and it extends approximately five millimeters from
antenna radiating element 216.
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Radiating leg element 224 may be formed as a solid, one-
piece, metal contact that is attached (soldered) to antenna
radiating element 216 at a designated feed point 228 (FIG. 6).
This feed point 228 is located along the major longitudinal
axis of antenna radiating element 216. Notably, the distance
between feed point 228 and free end 222 is defined as the
radiating length of antenna radiating element 216. Thus, the
radiating length is dependent upon the location of feed point
228 and the overall length of antenna radiating element 216.
In practice, the radiating length is adjusted or selected to
achieve the desired frequency tuning of RF antenna arrange-
ment 201. In this regard, a shorter radiating length tunes RF
antenna arrangement 201 for higher frequencies, while a
longer radiating length tunes RF antenna arrangement 201 for
lower frequencies. The position of feed point 228 along
antenna radiating element 216 is adjusted or selected to
achieve impedance matching (e.g., fifty Ohms). Notably, the
position of feed point 228 will also influence the correspond-
ing position of electrical contact pin 212 and the layout of
primary circuit board 202. In this manner, the radiating length
and feed point 228 of antenna radiating element 216 influence
frequency tuning and impedance matching of RF antenna
arrangement 201.

One exemplary design of RF antenna arrangement 201 is
suitable for a frequency range of about 2400-2483.5 MHz.
For this particular implementation, the overall length (L) of
antenna radiating element 216 is approximately 21.4 mm and
the width (W) of antenna radiating element 216 is approxi-
mately 2.0 mm (see FIG. 8). As mentioned above, free section
226 of radiating leg element 224 is about 4.0 mm by 4.0 mm
square, and the height (H) of radiating leg element 224 is
about 4.9 mm. Referring to FIG. 7, the length (S) of the stub
portion of antenna radiating element 216 is about 2.7 mm and
the length (R) of radiating strip 220 is about 15.7 mm for this
exemplary embodiment. These two sections of antenna radi-
ating element 216 may be separated by a tab 230 that accom-
modates soldering of radiating leg element 224; the length of
this tab 230 is about 3.0 mm in this embodiment. The distance
between the two circuit boards (i.e., the height of conductive
mounting leg 214) is about 8.0 mm. It should be appreciated
that these dimensions can be varied as needed to accommo-
date different frequencies and/or other RF characteristics.
The electromagnetic techniques and theory associated with
antenna tuning and adjustment are well known to those famil-
iar with RF devices and, therefore, such techniques and
theory will not be presented here.

FIG. 11 is aplot of returnloss (dB) versus frequency (GHz)
for an exemplary embodiment of RF antenna arrangement
201 having the dimensions described in the preceding para-
graph. As shown in FIG. 11, the return loss is about -16.9 dB
at a frequency of about 2.4 GHz, and the return loss is lowest
(about —27.5 dB) at a frequency of about 2.46 GHz. This plot
illustrates that RF antenna arrangement 201 is well matched
across its specified operating band, which indicates good
antenna efficiency.

RF antenna arrangement 201 requires less physical space
than traditional designs, and eliminates the need for a coaxial
RF cable between the two circuit boards. Elimination of the
coaxial cable reduces signal loss and, consequently, RF
antenna arrangement 201 operates in an efficient manner.
Moreover, the use of the chassis as the ground reference for
RF antenna arrangement 201 and the use of a pogo pin contact
results in a mechanically robust design that is resistant to
dropping and shaking.

While at least one exemplary embodiment has been pre-
sented in the foregoing detailed description, it should be
appreciated that a vast number of variations exist. It should
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also be appreciated that the exemplary embodiment or
embodiments described herein are not intended to limit the
scope, applicability, or configuration of the claimed subject
matter in any way. Rather, the foregoing detailed description
will provide those skilled in the art with a convenient road
map for implementing the described embodiment or embodi-
ments. It should be understood that various changes can be
made in the function and arrangement of elements without
departing from the scope defined by the claims, which
includes known equivalents and foreseeable equivalents at
the time of filing this patent application.

What is claimed is:

1. An electronic device comprising:

a primary circuit board having a first dielectric substrate
and a conductive layer printed on the first dielectric
substrate, the conductive layer having defined therein a
radio frequency (RF) signal transmission line and a
ground reference element that is isolated from the RF
signal transmission line;

a secondary circuit board having a second dielectric sub-
strate and a conductive antenna element printed on the
second dielectric substrate;

an electrical contact pin coupled to the RF signal transmis-
sion line;

aconductive antenna leg element coupled to the conductive
antenna element and extending in a direction away from
the secondary circuit board; and

a conductive mounting leg that physically couples the pri-
mary circuit board to the secondary circuit board, and
that electrically couples the conductive antenna element
to the ground reference element.

2. The electronic device of claim 1, wherein the conductive
antenna element, the ground reference element, the electrical
contact pin, the conductive antenna leg element, and the con-
ductive mounting leg are associated with an inverted-F
antenna structure.

3. The electronic device of claim 1, wherein:

the electrical contact pin comprises a pogo pin; and

the pogo pin establishes electrical contact with the conduc-
tive antenna leg element when the primary circuit board
is coupled to the secondary circuit board using the con-
ductive mounting leg.

4. The electronic device of claim 1, wherein the ground
reference element corresponds to chassis ground of the elec-
tronic device.

5. The electronic device of claim 1, wherein the RF signal
transmission line is realized as a microstrip transmission line
formed in the primary circuit board.

6. The electronic device of claim 1, wherein:

the primary circuit board is a main circuit board for the
electronic device; and

the secondary circuit board is a keypad circuit board for the
electronic device.

7. The electronic device of claim 1, wherein the conductive
antenna leg element is a solid, one-piece, metal contact that is
attached to the conductive antenna element.

8. The electronic device of claim 1, wherein:

the secondary circuit board terminates at an outer edge; and

the conductive antenna element comprises a radiating strip
proximate to and aligned with the outer edge.

9. A radio frequency (RF) antenna for an electronic device
having a primary circuit board with an inward-facing surface,
and having a secondary circuit board with an inward-facing
surface, the RF antenna comprising:

aradiating element printed on the inward-facing surface of
the secondary circuit board;
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a radiating leg element coupled to the radiating element
and extending from the radiating element toward the
inward-facing surface of the primary circuit board;

an electrical contact pin mounted on the primary circuit
board, the electrical contact pin in physical and electrical
contact with the radiating leg element, and the electrical
contact pin facilitating RF signal transmission to and
from the radiating leg element;

a ground reference element printed on the inward-facing
surface of the primary circuit board; and

a conductive mounting leg that physically couples the pri-
mary circuit board to the secondary circuit board, and
that electrically couples the radiating element to the
ground reference element.

10. The RF antenna of claim 9, wherein the radiating ele-
ment, the radiating leg element, the electrical contact pin, the
ground reference element, and the conductive mounting leg
are associated with an inverted-F antenna structure.

11. The RF antenna of claim 9, wherein the conductive
mounting leg serves as a physical spacer between the primary
circuit board and the secondary circuit board.

12. The RF antenna of claim 9, wherein the ground refer-
ence element corresponds to chassis ground of the electronic
device.

13. The RF antenna of claim 9, wherein:

the secondary circuit board comprises a dielectric substrate
and a conductive metal layer formed on the inward-
facing surface of the secondary circuit board; and

the radiating element is formed from the conductive metal
layer.

14. The RF antenna of claim 9, wherein:

the primary circuit board comprises a dielectric substrate
and a conductive metal layer formed on the inward-
facing surface of the primary circuit board; and

the ground reference element is formed from the conduc-
tive metal layer.

15. The RF antenna of claim 9, wherein:

the radiating element has a major longitudinal axis and a
free end;

the radiating leg element is coupled to the radiating ele-
ment at a feed point along the major longitudinal axis;

the radiating element has a radiating length defined
between the feed point and the free end; and

the radiating length and the feed point influence tuning and
impedance matching of the RF antenna.

16. A radio frequency (RF) antenna arrangement for an

electronic device, the RF antenna arrangement comprising:
afirst circuit board having a first inward-facing surface and
a conductive ground reference element formed on the
first inward-facing surface;

a second circuit board having a second inward-facing sur-
face and a conductive antenna radiating element formed
on the second inward-facing surface;

a conductive radiating leg element for the conductive
antenna radiating element, the conductive radiating leg
element extending away from the second inward-facing
surface and toward the first inward-facing surface;

an electrical contact pin mounted on the first circuit board,
the electrical contact pin in physical and electrical con-
tact with the conductive radiating leg element, and the
electrical contact pin facilitating RF signal transmission
to and from the conductive radiating leg element; and

a conductive ground leg element located between the first
circuit board and the second circuit board, the conduc-
tive ground leg element electrically coupling the con-
ductive antenna radiating element to the conductive
ground reference element.
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17. The RF antenna arrangement of claim 16, wherein the
conductive ground leg element physically couples the first
circuit board to the second circuit board.

18. The RF antenna arrangement of claim 17, wherein:

the electrical contact pin comprises a pogo pin; and

the conductive radiating leg element bears down on the

pogo pin to establish electrical contact between the con-
ductive radiating leg element and the pogo pin when the
first circuit board is coupled to the second circuit board
using the conductive ground leg element.

10

19. The RF antenna arrangement of claim 16, wherein the
conductive antenna radiating element, the conductive ground
reference element, the conductive radiating leg element, the
electrical contact pin, and the conductive ground leg element
together form an inverted-F antenna structure.

20. The RF antenna arrangement of claim 16, wherein the
conductive ground reference element corresponds to chassis
ground of the electronic device.

#* #* #* #* #*
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SUPER WIDE BANDWIDTH COUPLING
ANTENNA

FIELD OF THE INVENTION

The present invention relates to antennas, and particularly
to a super wide bandwidth coupling antenna, wherein an
isolation post serves for positioning the first radiation portion
and second radiation portion with an insulating gap between
the first radiation portion and second radiation portion. The
gap has a coupling effect so as to achieve an optimum fre-
quency response.

BACKGROUND OF THE INVENTION

There are four standards for the wireless local network,
which are IEEE802.11, IEEE802.11b and Bluetooth suitable
for 2.4 GHz, and IEEE802.11a suitable for 5 GHz. If a wire-
less electronic device is used for various standards with dif-
ferent wireless frequency bands, a wide band antenna is nec-
essary.

In one prior art for dual frequency antenna, an F type
antenna is used for receiving signals from a first frequency
and a second frequency. The antenna has a first plane conduc-
tion element and a second plane conduction element. The first
plane conduction element is an L type structure and the sec-
ond plane conduction element has a rectangular structure and
is connected to and vertically to the first plane conduction
element at a joint. The antenna is formed as a dipole antenna,
in that the bandwidth, impedance matching and gain are
adjusted by the shape of the first plane conduction element
and second plane conduction element. However the area of
the second plane conduction element will affect the gain of
the antenna. If an antenna with higher gain is necessary, the
area of a substrate thereof must be enlarged, but this is con-
fined by the device space. Thus the area of the substrate can
not be enlarged as desired.

Referring to FIG. 1, a schematic view about the super wide
bandwidth antenna of the present invention. In that the prior
art super wide bandwidth antenna has a first radiation portion
1A, a second radiation portion 1B and a ground portion 1C.
Slits 100 are formed between the first radiation portion 1A
and the second radiation portion 1B and between the second
radiation portion 1B and the ground portion 1C. Although this
kind of antenna can achieve the requirement of super wide
bandwidth, it is illustrated that the electric properties are not
stable. This can be got from the return lose. That, the area
between the 3.5 GHz~3.8 GHz has a return lose near —12 dB.
It is easy to be bent or break as it is installed to an electronic
device.

SUMMARY OF THE INVENTION

Accordingly, the primary object of the present invention is
to provide a super wide bandwidth coupling antenna, wherein
an isolation post serves for positioning the first radiation
portion and second radiation portion with an insulating gap
between the first radiation portion and second radiation por-
tion. The gap has a coupling effect so as to achieve an opti-
mum frequency response in the induction of the super wide
bandwidth coupling antenna of the present invention.

Another object of the present invention is that in the super
wide bandwidth coupling antenna, the first radiation portion,
second radiation portion and ground portion are adhered to
the surfaces of the isolation post by electroplating or electric
coating.
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A further object of the present invention is that in the super
wide bandwidth coupling antenna, the first radiation portion,
the second radiation portion and the ground portion are firstly
retained to a rubber film and then are adhered to the isolation
post.

A yet object of the present invention is that the first radia-
tion portion, second radiation portion and ground portion are
flushed with surfaces of the isolation post.

To achieve above objects, the present invention provides a
super wide bandwidth coupling antenna, comprising: a first
radiation portion made of electric conductor; the first radia-
tion having a body and a feeding frame extending from a body
of the first radiation portion; the body being formed with at
least one positioning groove; a second radiation portion
formed by an electric conductor; a supporting frame extend-
ing from a body of the second radiation portion; the second
radiation portion being formed with at least one positioning
groove; a ground portion made of electric conductor; one end
of the ground portion being connected to the supporting
frame of the second radiation portion; the ground portion
being formed with at least one positioning groove; the ground
portion 4 has the same potential to an antenna receiver; a
signal feeding wire having a main signal end wire which is
electrically connected to the feeding frame of the first radia-
tion portion; a ground end wire of the signal feeding wire
being electrically connected to the ground portion; an isola-
tion post for positioning the first radiation portion and second
radiation portion with an insulating gap between the first
radiation portion and second radiation portion; the gap having
a coupling effect so as to achieve an optimum frequency
response in the induction of the super wide bandwidth cou-
pling antenna; a surface of the isolation post having a plurality
of positioning ribs for engaging with the positioning groove
of the first radiation portion, the positioning groove of the
second radiation portion and the positioning groove of the
ground portion so as to retain the first radiation portion, the
second radiation portion and the ground portion to the isola-
tion post; the isolation post having the effects of avoiding the
noise interference and the decay from impedance matching
between the first radiation portion, the second radiation por-
tion and the ground portion; and the isolation post has a guide
groove for guiding the signal feeding wire.

The various objects and advantages of the present inven-
tion will be more readily understood from the following
detailed description when read in conjunction with the
appended drawing.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of the prior art antenna.

FIG. 2 is a schematic view about the super wide bandwidth
coupling antenna of the present invention.

FIG. 3 is an explosive schematic view of the super wide
bandwidth coupling antenna of the present invention.

FIG. 41is a schematic view showing the radiation path of the
present invention.

FIG. 5 is a schematic view about the ground portion of the
present invention.

FIG. 6 is another view about the ground portion of the
present invention.

FIG. 7 is a schematic view about the super wide bandwidth
coupling antenna of the present invention.

FIG. 8 is another schematic view about the antenna of the
present invention.
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FIG. 9 is a further schematic view about the antenna of the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

In order that those skilled in the art can further understand
the present invention, a description will be provided in the
following in details. However, these descriptions and the
appended drawings are only used to cause those skilled in the
art to understand the objects, features, and characteristics of
the present invention, but not to be used to confine the scope
and spirit of the present invention defined in the appended
claims.

Referring to FIGS. 2 and 3, the super wide bandwidth
coupling antenna of the present invention is illustrated. The
antenna of the present invention includes the following ele-
ments.

A first radiation portion 2 is made of electric conductor.
The first radiation portion 2 has a body and a feeding frame 21
approximately vertical to the body of the first radiation por-
tion 2. The body is formed with at least one positioning
groove 22.

A second radiation portion 3 is formed by an electric con-
ductor. A supporting frame 31 is approximately vertically
extended from a body of the second radiation portion 3. The
second radiation portion 3 is formed with at least one posi-
tioning groove 32.

A ground portion 4 is made of electric conductor. One end
of the ground portion 4 is connected to the supporting frame
31 of the second radiation portion 3. The ground portion 4 is
formed with at least one positioning groove 41. The ground
portion 4 has the same potential to an antenna receiver.

A signal feeding wire 5 has a main signal end wire 51
which is electrically connected to the feeding frame 21 of the
first radiation portion 2. A ground end wire 52 of the signal
feeding wire 5 is electrically connected to the ground portion
4.

Anisolation post 6 serves for positioning the first radiation
portion 2 and second radiation portion 3 with an insulating
gap between the first radiation portion 2 and second radiation
portion 3. The gap has a coupling effect so as to achieve an
optimum frequency response in the induction of the super
wide bandwidth coupling antenna 1 of the present invention.
A surface of the isolation post 6 has a plurality of positioning
ribs for engaging with the positioning groove 22 of the first
radiation portion 2, the positioning groove 32 of the second
radiation portion 3 and the positioning groove 41 of the
ground portion 4 so as to retain the first radiation portion 2,
second radiation portion 3 and ground portion 4 to the isola-
tion post 6. Preferably, the isolation post 6 is an isolation
rubber post. The isolation post 6 has the effects of avoiding
the noise interference and the decay from impedance match-
ing between the first radiation portion 2, the second radiation
portion 3 and the ground portion 4. The isolation post 6 has a
guide groove 61 for guiding the signal feeding wire 5.

Thus, by above mentioned structure, in the present inven-
tion, by adjusting the first radiation portion 2, second radia-
tion portion 3, ground portion 4 and the isolation post 6 to
have the effect of impedance matching, the bandwidth of the
antenna 1 can be increased. Furthermore, by the signal feed-
ing wire 5 installed at the ground portion 4 and the feeding
frame 21 of the first radiation portion 2, the signals feeding
from the signal feeding wire 5 have reduced reflection energy.
Thereby signals can be transferred to the first radiation por-
tion 2 and second radiation portion 3 completely. The imped-
ance matching of the antenna has an optimum effect. The
radiation path will affect the completeness of the radiation
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pattern. Referring to FIG. 4, the schematic view of the radia-
tion path of the present invention is illustrated. In the drawing,
the areas encircled by the width and slender dashed lines A, B
represent the radiation paths of a first induction optimum
frequency response and the second induction optimum fre-
quency response. The isolation post 6 serves to adjust the gap
between the first radiation portion 2 and second radiation
portion 3. Thus, after the signals fed into the signal feeding
wire 5, the output signals from the first radiation portion 2 and
second radiation portion 3 have the same phases. Thereby the
antenna has high gain.

Referring to FIGS. 5 and 6, it is illustrated that the ground
portion 4 is installed with a fixing hole 42 or a fixing ear 43 for
fixing the antenna of the present invention. Furthermore, the
ground portion 4 is further connected to a plane 44 or a net
unit 45 so as to cancel noises.

Referring to FIGS. 7, 8 and 9, it is illustrated that the first
radiation portion 2, second radiation portion 3 and ground
portion 4 are flushed with surfaces of the isolation post 6.

Furthermore, in the present invention, the first radiation
portion 2, second radiation portion 3 and ground portion 4 of
the present invention can be adhered to the surfaces of the
isolation post 6 by electroplating or electric coating.

Moreover, in the present invention, the first radiation por-
tion 2, the second radiation portion 3 and the ground portion
4 are firstly retained to a rubber film and then are adhered to
the isolation post 6.

Advantages of the present invention are that the present
invention has preferred bandwidth and gain. Furthermore, the
present invention has lower profile and is light. Further the
present invention has a compact size and is suitable for vari-
ous electronic communication devices.

The present invention is thus described, it will be obvious
that the same may be varied in many ways. Such variations are
not to be regarded as a departure from the spirit and scope of
the present invention, and all such modifications as would be
obvious to one skilled in the art are intended to be included
within the scope of the following claims.

What is claimed is:

1. A super wide bandwidth coupling antenna comprising:

a first radiation portion made of electric conductor, the first
radiation portion having a rectangular body and a T
shape feeding frame extending vertically to a lateral side
ofthe a body of the first radiation portion; the body being
formed with at least one positioning groove on the rect-
angular body;

a second radiation portion formed by an electric conductor
and having a rectangular body, a supporting frame
extending vertically to a body of the second radiation
portion, the second radiation portion being formed with
at least one positioning groove on the rectangular body;

a ground portion made of electric conductor, one end of the
ground portion being connected to the supporting frame
of'the second radiation portion, the ground portion being
formed with at least one positioning groove, the ground
portion having the same potential to an antenna receiver,
the ground portion being electrically connected to a
plane or a net unit for canceling noises, the ground
portion being formed with a retaining hole;

a signal feeding wire having a main signal end wire which
is electrically connected to the feeding frame of the first
radiation portion, a ground end wire of the signal feeding
wire being electrically connected to the ground portion;
and

an isolation post for positioning the first radiation portion
and second radiation portion with an insulating gap
between the first radiation portion and second radiation





US 7,969,362 B2

5

portion, the gap having a coupling effect so as to achieve
an optimum frequency response in induction of the
super wide bandwidth coupling antenna, a surface of the
isolation post having a plurality of positioning ribs for
engaging with the positioning groove of the first radia-
tion portion, the positioning groove of the second radia-
tion portion and the positioning groove of the ground
portion so as to retain the first radiation portion, the
second radiation portion and the ground portion to the
isolation post, the isolation post having effects of avoid-
ing noise interference and decay from impedance
matching between the first radiation portion, the second
radiation portion and the ground portion, and the isola-
tion post having a guide groove for guiding the signal
feeding wire;

the first radiation portion, the second radiation portion and

the ground portion being firstly retained to a rubber film
and then adhered to the isolation post;

the rectangular body of the first radiation portion and the
body of the second radiation portion being positioned at
an upper surface of the isolation post, the T shape feed-
ing frame of the first radiation portion and the supporting
frame of the second radiation portion being positioned

20

6

on a lateral surface of the isolation post, and the ground
portion being adhered to a lower surface of the isolation
post;

wherein by adjusting the first radiation portion, the second

radiation portion, the ground portion and the isolation
post to have eftect of impedance matching, bandwidth of
the antenna can be increased; by the signal feeding wire
installed at the ground portion, and the feeding frame of
the first radiation portion, signals feeding from the signal
feeding wire have reduced reflection energy thereby
enabling signals to be transferred to the first radiation
portion and the second radiation portion; and after sig-
nals fed into the signal feeding wire, output signals from
the first radiation portion and the second radiation por-
tion have same phases thus enabling the antenna to have
high gain.

2. The super wide bandwidth coupling antenna as claimed
in claim 1, wherein the isolation post is an isolation rubber
post.

3. The super wide bandwidth coupling antenna as claimed
in claim 1, wherein the first radiation portion, the second
radiation portion and the ground portion are flushed with
surfaces of the isolation post.

#* #* #* #* #*
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ABSTRACT

A wireless device has a housing, a patch antenna, and an
open/shut sensing unit which senses the open/shut state of the
housing and forms an open/shut signal indicating the open/
shut state. The patch antenna has a first element which corre-
sponds to a first polarized wave, a second element which
corresponds to a second polarized wave and is to be added to
the first element, and a switching unit. The switching unit
disconnects and connects the second element from and to the
first element based on the open/shut signal to make the patch
antenna suitable for the first or second polarized wave.

7 Claims, 6 Drawing Sheets
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1
PATCH ANTENNA

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the conventional priority based on
Japanese Patent Application No. 2006-347355, filed on Dec.
25,2006, the disclosures of which are incorporated herein by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a patch antenna and a
wireless device, and more particularly to a patch antenna
which has degenerate separation elements thereof and
switches between the degenerate separation elements accord-
ing to a polarized wave, and a wireless device which has the
above patch antenna.

2. Description of the Related Art

In these years, cell phones (or mobile phone) have been
increasing in functional versatility, and have been equipped
with various applications using radio. An example of such cell
phones is a cell phone having the function of identifying its
locationusing the GPS (Global Positioning System). This cell
phone has a circularly polarized wave patch antenna for
reception of GPS radio waves (a circularly polarized wave
patch antenna for the GPS) to receive a radio wave from a
GPS satellite.

It is desirable for a circularly polarized wave patch antenna
to efficiently receive a circularly polarized wave regardless of
whether it is left-hand circular polarization (LHCP) or right-
hand circular polarization (RHCP). For this purpose, a patch
antenna is proposed which is arranged on six faces of a
cube-shaped solid, thereby, without switching of a receivable
polarized wave, preventing the presence of a plane on which
areceivable polarized wave switches from one to another (see
Japanese Patent Laid-Open No. 2001-332929). A patch
antenna is also proposed which is allowed to easily deal with
left-hand circular polarization and right-hand circular polar-
ization by providing a dielectric for adjustment on a feeding
patch (see Japanese Patent Laid-Open No. 2003-347832).
Further, various shapes are proposed as candidates for the
shape of a patch element (see Japanese Patent Laid-Open No.
5-167335).

Inacell phone, a circularly polarized wave patch antenna is
optimized only for one of open and shut (or closed) states of
a housing, and is not optimized for the other. That is, the cell
phone cannot control a circularly polarized wave according to
the open/shut state of the housing. Accordingly, the cell phone
suffers a large loss and inefficiency for receiving weak radio
waves.

Since a radio wave from a GPS satellite is RHCP, for
example, assume that a flip cell phone is designed to effi-
ciently receive such a polarized wave in an open state (a state
in which a movable unit having a liquid crystal display is
opened). In this case, a polarization direction as viewed from
an antenna is a direction of right-hand rotation. That is, this
circularly polarized wave patch antenna for the GPS is an
antenna for RHCP reception. On the other hand, in a shut state
(a state in which the movable unit is shut or closed), a radio
wave from the GPS satellite is received from on the reverse
side of the antenna. In this case, the polarization direction as
viewed from the antenna is a direction of left-hand rotation,
and the reception is equal to reception of a LHCP radio wave
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by the antenna for RHCP reception. That is, cross polarization
occurs, and the antenna characteristics appear to be deterio-
rated.

Under the circumstances, there is a need for an antenna
capable of switching a polarized wave to be received accord-
ing to the open/shut state of a housing of a cell phone, regard-
less of the open/shut state of the housing. However, a patch
antenna to be mounted in a small terminal such as a cell phone
needs to be small. For example, it is very difficult to mount a
cube-shaped patch antenna described in Japanese Patent
Laid-Open No. 2001-332929 in a terminal such as a cell
phone.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a patch
antenna which can satisfactorily receive both left-hand circu-
lar polarization and right-hand circular polarization regard-
less of the open/shut state of a housing of a terminal.

It is an another object of the present invention to provide a
wireless device having a patch antenna which can satisfacto-
rily receive both left-hand circular polarization and right-
hand circular polarization regardless of the open/shut state of
a housing of a terminal.

A patch antenna of the present invention comprises a first
element which corresponds to a first polarized wave, a second
element which corresponds to a second polarized wave and is
to be added to the first element, and a switching unit which
disconnects the second element from the first element or
connects the second element to the first element to make the
patch antenna suitable for the first or second polarized wave.

Preferably, in one aspect of the present invention, the first
element comprises a conductor layer which has an outer
shape of a circular shape or a regular polygonal shape and has
two recessed regions formed by notching the outer shape in a
rectangular shape at two predetermined opposite positions.
The second element comprises two conductor layers pro-
vided at positions corresponding to the two recessed regions.
The switching unit comprises two switching elements which
connect the first element and the second element and are
provided in the two recessed regions.

A wireless device of the present invention comprises a
patch antenna, a housing having the patch antenna, and an
open/shut sensing unit which senses an open/shut state of the
housing and forms an open/shut signal indicating the open/
shut state. The patch antenna comprises a first element which
corresponds to a first polarized wave, a second element which
corresponds to a second polarized wave and is to be added to
the first element, and a switching unit which disconnects the
second element from the first element or connects the second
element to the first element to make the patch antenna suitable
for the first or second polarized wave. The switching unit
switches the disconnection of the second element from the
first element and the connection of the second element to the
first element based on the open/shut signal.

Preferably, in one aspect of the present invention, the wire-
less device comprise a cell phone which has a first housing
and a second housing, both of which are provided to be
openable and closable, and the patch antenna is provided in
the first or second housings.

Preferably, in one aspect of the present invention, the wire-
less device further comprises an attitude sensing unit which
senses a tilt of the housing and forms an attitude signal indi-
cating the tilt, and a control unit which forms a control signal
for the switching unit based on the open/shut signal and the
attitude signal. The switching unit switches the disconnection
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of the second element from the first element and the connec-
tion of the second element to the first element based on the
control signal.

According to the patch antenna of the present invention, the
second element which corresponds to the second polarized
wave is disconnected from or connected to the first element
which corresponds to the first polarized wave. This makes it
possible to bring the patch antenna in a state suitable for the
first polarized wave or a state suitable for the second polarized
wave.

Since a radio wave from a GPS satellite is RHCP (the first
polarized wave), for example, in a flip cell phone, an antenna
comprises the first element which corresponds to RHCP to
efficiently receive such a polarized wave in an open state (a
state in which a movable unit having a liquid crystal display is
opened). However, in a shut state (a state in which the mov-
able unit is shut or closed), the antenna receives a radio wave
from the GPS satellite on the reverse side. This is equal to
reception of a LHCP radio wave (the second polarized wave)
by the antenna for RHCP reception. Then, this state causes
cross polarization and causes the antenna characteristics to
appear to be deteriorated. Under the circumstances, in the
present invention, the second element which corresponds to
the second polarized wave is connected to the first element,
and an antenna comprises the second element which corre-
sponds to LHCP.

As described above, according to the present invention, the
patch antenna can be brought into the state suitable for the
first polarized wave or the state suitable for the second polar-
ized wave, as needed. This makes it possible in a wireless
device such as a cell phone to control a patch antenna to be
optimized for reception of circularly polarized waves accord-
ing to the open/shut state of a housing of the wireless device,
and to reliably receive weak radio waves with a small loss. It
is also possible to obtain a patch antenna (planar antenna)
which can be mounted on a small wireless device such as a
cell phone.

According to one aspect of the present invention, the first
element which comprises a patch element and a first degen-
erate separation element is formed by recessing (or notching)
the conductor layer in a rectangular shape, which has a cir-
cular shape or regular polygonal shape and using as the first
element. The second element is formed which comprises a
second degenerate separation element. The switching ele-
ments are provided in the recessed regions. This makes it
possible to construct the patch antenna, which can be brought
into the state suitable for the first or second polarized wave.

According to the wireless device of the present invention,
the second element which corresponds to the second polar-
ized wave is disconnected from or connected to the first
element which corresponds to the first polarized wave, on the
basis of the open/shut signal indicating the open/shut state of
the housing. This makes it possible to bring the patch antenna
into the state suitable for the first or second polarized wave.

According to one aspect of the present invention, in the cell
phone having the first and second housings, which are pro-
vided to be openable and closable, the patch antenna is pro-
vided in the first or second housing. This makes it possible to
bring the patch antenna into the state suitable for the first or
second polarized wave, based on whether the housings of the
cell phone are opened or closed (or shut).

According to one aspect of the present invention, the
switching unit switches the disconnection and connection of
the second element from and to the first element, based on the
attitude signal indicating the tilt of the housing and the open/
shut signal. This makes it possible to bring the patch antenna
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into the state suitable for the first or second polarized wave,
based on the state and the tilt of the housing.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing an example of a patch
antenna of the present invention and an example of a wireless
device.

FIGS. 2,3A, and 3B are views showing a cell phone which
is an example of the wireless device having the patch antenna
in FIG. 1.

FIG. 4 is a view for explaining the rotation direction of a
circularly polarized wave.

FIGS. 5A to 5C are plane views and FIGS. 6A and 6B are
sectional views showing an example of the patch antenna of
the present invention.

FIG. 7 is a block diagram showing another example of the
patch antenna or wireless device of the present invention.

FIG. 8 is a view showing a cell phone which is an example
of the wireless device in FIG. 7.

FIGS. 9A to 9C are tables for explaining the cell phone
which is the example of the wireless device in FIG. 7.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG.1is ablock diagram showing an example of a wireless
device having a patch antenna of the present invention. FIGS.
2, 3A, and 3B are views showing a cell phone which is an
example of the wireless device in FIG. 1.

A wireless device 1 according to an embodiment of the
present invention has a housing 2, a rotation support unit 3, a
patch antenna 4, a capacitor 5, a detection circuit for radio-
frequency signal (RF) 6, and an open/shut sensing unit 7, as
showninFIGS.1,2,3A and 3B. The capacitor 5 and detection
circuit 6 constitute feeding unit to feed a power to the patch
antenna 4.

The patch antenna 4 receives a radio wave W from a GPS
satellite, for example. A radio signal received by the patch
antenna 4 is supplied to the detection circuit 6 through a
feeder line 49. The feeder line 49 connects between the
capacitor 5 of the feeding unit and (a first element 41 of the
patch antenna 4. The capacitor 5 removes (or cuts) DC com-
ponent of the radio signal. The detection circuit 6 is a wave
detection circuit, detects a radio wave received by the patch
antenna 4, and outputs the detected signal to a signal process-
ing circuit (not shown) at a subsequent stage.

The wireless device 1 comprises the flip cell phone 1, as
shown in FIGS. 2, 3A, and 3B. That is, the housing 2 of the
cell phone 1 is provided to be openable and closable (or
foldable), and comprises a first housing 21 and a second
housing 22. More specifically, the housing 2 comprises a
fixed unit 21 which is the first housing, a movable unit 22
which is the second housing and movable relative to the fixed
unit21, and a rotation support unit 3 which is well-known and
rotatably couples the fixed unit 21 and movable unit 22. The
patch antenna 4 is housed in (or built in) the housing 2, and
provided one of the first housing 21 and second housing 22.

The patch antenna 4 of this embodiment can be applied to
a personal digital assistants (PDA) or the like, in addition to
the cell phone 1. The patch antenna 4 of this embodiment can
be applied not only to the flip cell phone 1 but also to a cell
phone having single housing, or to a cell phone in which a
movable unit can rotate by 180 degrees with respect to a fixed
unit in a plane parallel with the fixed unit.

The patch antenna 4 has a first element 41 which corre-
sponds to a first polarized wave, a second element 42 which
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corresponds to a second polarized wave and is to be added to
the first element 41, and a switching unit 43, as shown in FI1G.
1. The switching unit 43 brings the patch antenna 4 into a state
suitable for the first or second polarized wave by disconnect-
ing the second element 42 from the first element 41 or con-
necting the second element 42 to the first element 41.

The open/shut sensing unit 7 senses (or detects) the open/
shut state of the housing 2, and forms an open/shut signal
indicating the open/shut state. As is well known, the open/
shut sensing unit 7 senses whether the cell phone 1 is in an
open state or shut state, in conjunction with motion of the
rotation support unit 3. A method for sensing the open/shut-
state of the housing 2 by the open/shut sensing unit 7 is not
limited to the above-described one. For example, some cell
phones have several set options for an angle by which a
housing is opened. In such a cell phone, it is determined in
advance which angle of the cell phone is considered to be in
the open state or shut state. Although not shown, the open/
shut sensing unit 7 is provided on a print circuit board (to be
described later) on which the patch antenna 4 is formed, for
example.

The open/shut sensing unit 7 applies (or supplies) an open/
shut signal to the switching unit 43 through the feeder line 49,
which is originally used to connect the patch antenna 4 and
the detection circuit 6. An open/shut signal is composed only
of DC component, as will be described later. Thus, in this
embodiment, the feeder line 49, which propagates a radio-
frequency signal for the detection circuit 6, is also used to
apply a DC signal. Since the capacitor 5 is inserted at a
preceding stage of the detection circuit 6, it is possible to
remove an open/shut signal composed of DC component, and
to prevent the open/shut signal from affecting the detection
circuit 6.

The switching unit 43 switches disconnection of the sec-
ond element 42 from the first element 41 and connection of
the second element 42 to the first element 41, based on the
open/shut signal from the open/shut sensing unit 7. That is, it
can also be described that the open/shut signal is a control
signal for the switching unit 43, and the open/shut sensing
unit 7 is a control unit for the switching unit 43.

For example, due to the disconnection of the second ele-
ment 42 from the first element 41, the patch antenna 4 is
composed of the first element 41, which corresponds to the
first polarized wave. This brings the patch antenna 4 into a
state suitable for receiving the first polarized wave. Due to the
connection of the second element 42 to the first element 41,
the patch antenna 4 is composed of the first element 41 and the
second element 42, which corresponds to the second polar-
ized wave. This brings the patch antenna 4 into a state suitable
for receiving the second polarized wave.

In this example, the first polarized wave is RHCP. For
example, the radio wave W from a GPS satellite is RHCP.
FIG. 4 is a view for explaining a circularly polarized wave.
Each arrow in FIG. 4 indicates a polarization direction. In
FIG. 4, a circularly polarized wave coming from a direction A
is RHCP (right-hand rotation as viewed from the direction A).
When receiving the radio wave W in the wireless device 1, it
is preset to receive RHCP from the direction A at a surface of
the patch antenna 4 (or a patch element 411, described later).

In this example, the second polarized wave is LHCP. In
FIG. 4, a circularly polarized wave coming from a direction B
is LHCP (left-hand rotation as viewed from B). For example,
when the radio wave W from the GPS satellite is received on
a back (or a back surface) of the patch antenna 4 in the
wireless device 1, which is preset to receive RHCP on the
surface of the patch antenna 4, the radio wave W looks like
LHCP. As described above, the polarization direction of a
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circularly polarized wave changes from one direction to
another direction opposite thereto, due to change of direction
from which the circularly polarized wave is viewed, or
change of the direction of an antenna which receives the
circularly polarized.

The fixed unit 21 is a housing on which number buttons 211
are provided, as shown in FIG. 2. The movable unit 22 is a
housing on which a liquid crystal display 223 is provided, as
shown in FIG. 2. In this example, the patch antenna 4 is
provided inside the movable unit 22, as indicated by dotted
lines in FIGS. 2, 3A, and 3B.

FIGS. 2 and 3A show the open state of the cell phone 1, or
a state in which the movable unit 22 having the liquid crystal
display 223 is opened. For example, a user rotates the mov-
able unit 22 about the rotation support unit 3 in a direction of
the arrow A, while holding the fixed unit 21 by hand. With this
operation, the user opens the cell phone 1, and performs
communication. At this time, an inner surface 221 of the
movable unit 22 faces upward (in a direction of a GPS satel-
lite), and the cell phone 1 receives the radio wave W of the
GPS on the surface of the patch antenna 4. The inner surface
221 of the movable unit 22 is a surface having the liquid
crystal display 223.

As described above, the flip cell phone 1 is in the open state
during a call. For this reason, the cell phone 1 is designed to
efficiently receive a circularly polarized wave in the open
state (during a call). That is, the patch antenna 4 is provided to
receive the radio wave W of the GPS from a direction of the
surface thereof, when the housing 2 is in the open state. In
other words, the patch antenna 4 is provided to serve as an
antenna for RHCP reception, when the housing 2 is in the
open state.

FIG. 3B shows the shut state of the cell phone 1, or a state
in which the movable unit 22 is closed (or shut). For example,
a user rotates the movable unit 22 about the rotation support
unit 3 in a direction of the arrow B in FIG. 3A, while holding
the fixed unit 21 by hand. With this operation, the user closes
(or folds) the cell phone 1, and brings it on a desk. At this time,
an outer surface 222 of the movable unit 22 faces upward, and
the patch antenna 4 receives the radio wave W of the GPS on
the back thereof.

As described above, when the cell phone 1 is in the shut
state, the patch antenna 4 receives the radio wave W from the
GPS satellite on the back thereof. In other words, the patch
antenna 4 is provided to serve as an antenna for LHCP recep-
tion, when the housing 2 is in the shut state.

FIGS. 5A to 5C are views showing an example of the patch
antenna 4 of this embodiment. FIG. 5A shows the planar
structure of the patch antenna 4, and FIGS. 5B and 5C show
the conceptual structure of the patch antenna 4.

The patch antenna 4 has the first element 41, the second
element 42, the switching unit 43, choke coils 46, and a
dielectric layer 47, as shown in FIG. 5A. The first element 41
and second element 42 constitute antenna elements. The first
element 41 comprises the patch element 411 and first degen-
erate separation elements 412. Thus, the first element 41 is an
antenna conductor which has the first degenerate separation
elements 412. The second element 42 comprises the second
degenerate separation elements 42. The switching unit 43
comprises the switching elements 43. The first element 41,
second element 42, switching unit 43, and choke coils 46 are
formed on the dielectric layer 47.

The patch element 411 of the first element 41 is connected
to the feeder line 49 at a feeding point 45, as will be described
later. The patch element 411 is connected to the second ele-
ment or the second degenerate separation elements 42
through the switching elements 43. Each second degenerate
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separation element 42 is connected to a ground potential (or
reference potential) through the corresponding choke coil 46.

The first element 41 of the patch antenna 4 comprises a
conductor layer. The conductor layer has an outer shape of
circular or regular polygonal shape, and has recessed regions
formed by notching the outer shape in a rectangular shape at
two predetermined opposite positions. That is, the patch ele-
ment 411 is almost circular, as shown in FIG. 5A. As is
well-known, the patch element 411 is notched (or recessed) in
an almost rectangular shape at two positions symmetric about
apoint on the circumference of the patch element 411 to form
the two recessed regions 412. Each recessed region 412 is a
first degenerate separation element of rectangular shape, and
is a degenerate separation element for RHCP, for example.

The shape of the patch element 411 is not limited to a circle,
and may be a regular polygon (for example, a regular octa-
gon) as well-known. In this case, the recessed regions 412 are
formed by notching the regular polygon in a rectangular
shape at the centers of two opposite sides of the regular
polygon.

The second element 42 comprises two conductor layers
which are provided at positions corresponding to the two
recessed regions 412 and have shapes similar to those of the
recessed regions 412. That is, the second degenerate separa-
tion elements 42 are provided at two positions which is at the
outside of the circumference of the patch element 411 and
corresponds to the recessed regions 412. Each second degen-
erate separation element 42 is a projected rectangular shaped
degenerate separation element, and constitutes a part of a
degenerate separation element for LHCP. The second degen-
erate separation elements 42 have shapes of rectangular shape
similar to those of the recessed regions 412.

The switching unit 43 comprises the two switching ele-
ments 43. Each of the two switching elements 43 connects the
first element 41 and the two conductor layers which are the
second element 42. That is, each second degenerate separa-
tion element 42 is connected to the patch element 411 through
the corresponding switching element 43. As shown in FIG.
5A, each switching element 43 is provided in the region 412
recessed in a rectangular shape. The switching element 43
comprises a PIN diode 4 which is suitable for high-frequency
switching. Each of the switching elements 43 connects the
patch element 411 and the second degenerate separation ele-
ment 42 in the radial direction of the circular patch element
411.

Each of the two switching elements 43 comprises the PIN
diode 43 which has a cathode connected to the patch element
411 of the first element 41 and an anode connected to the
second element (or the second degenerate separation ele-
ment) 42. That is, the PIN diodes 43 are connected such that
a direction from the first element 41 to the second element 42
is the forward direction. This is because a control signal for
the switching unit 43 from the open/shut sensing unit 7 is
applied to the switching unit 43 from a direction of the first
element 41 through the feeder line 49, as will be described
later. The PIN diodes 43 are provided along a line connecting
the two opposite recessed regions 412.

The second element 42 is connected to each choke coil 46
at a position opposite to the position at which the element 42
is connected to the PIN diode 43, and connected to the ground
potential through the choke coil 46. The choke coil 46 cuts AC
signals, and conducts only DC signals. Accordingly, the sec-
ond element 42 is not grounded for AC signals, and is
grounded for DC signals. This makes it possible to constitute
a closed circuit for an open/shut signal composed of DC
component (or a control signal to be described later), without
affecting reception of radio waves in the second element 42.
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When the PIN diodes 43 are conducting and the first ele-
ment 41 and second element 42 are connected, the apparent
size of'a diameter of the patch antenna 4 becomes longer by an
amount of the projecting portions of the second element 42 at
which the second element 42 is provided.

In this example, the feeding point 45 is provided in a lower
right region of four equal regions, which are obtained by
dividing the circular patch element 411 by two dotted lines
passing through the center of the circle and intersecting at
right angles, as shown in FIGS. 5B and 5C. Actually, accord-
ing to the position of the feeding point 45, the relationship
between the degenerate separation elements and polarized
wave reception is changed. In other words, polarized wave
received at the circular patch element 411 is changed depend-
ing on which degenerate separation elements are added to the
element 411. However, since the position of the feeding point
45 is fixed, the relationship can be determined in advance.

Each switching element 43 is not limited to a diode. As the
switching element 43, a switching element like a transistor
such as a MOSFET may be used. In this case, it is necessary
to use a MOSFET with an excellent high frequency response
characteristic, depending on the frequency of a radio wave to
be received (for example, a radio wave from the GPS satel-
lite).

FIGS. 6A and 6B are configuration views showing the
example of the patch antenna 4 according to the embodiment
of the present invention. FIG. 6A shows the structure of a
section of the patch antenna 4 taken along line V-V shown in
FIG. 5A, and FIG. 6B shows the structure of a section of the
patch antenna 4 in the vicinity of the switching unit 43.

The patch antenna 4 has the dielectric layer 47, the patch
element 411 which comprises a conductor layer formed on a
surface of the dielectric layer 47, and a ground conductor 48
which comprises a conductor layer formed on a back of the
dielectric layer 47, as shown in FIG. 6A. The patch element
411 is connected to the feeder line 49. The feeder line 49 is
connected to the antenna conductor 411 at the feeding point
45 through a connecting hole (or a contact hole) 410 formed
in the dielectric layer 47. The ground conductor 48 is con-
nected to the ground potential (not shown).

The dielectric layer 47 comprises a print circuit board, for
example. Various other circuits such as the detection circuit 6
and open/shut sensing unit 7 are formed on the print circuit
board. The switching element (PIN diode) 43 is provided in
the recessed region 412 of the patch element 411, which is
formed by notching the patch element 411 in a rectangular
shape, as shown in FIG. 6B. Actually, the switching element
43 connects the patch element 411 and the second degenerate
separation element 42 through wires 44.

The relationship between the patch antenna 4 of this
embodiment and the open/shut state of the housing 2 of the
cell phone 1 will be explained next.

First, a case will be explained in which (the housing 2 of)
the cell phone 1 is in the open state. When the cell phone 1 is
in the open state, the first housing 21 and second housing 22
are opened, as shown in FIG. 3A. In response to this, the
open/shut sensing unit 7 senses the open/shut state of the first
housing 21 and second housing 22, forms a low level signal
(for example, OV) as an open/shut signal according to the
sensing result, and outputs the signal. The low level of the
open/shut signal turns off the PIN diodes 43. As a result, the
second element 42 is disconnected (or cut off) from the first
element 41, and the patch antenna 4 is brought into a state
suitable for the first polarized wave (RHCP).

Thatis, due to the low level of the open/shut signal, the PIN
diodes 43 are not forward biased (or are reverse biased), and
then the PIN diodes 43 are turned off. Accordingly, the second
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element 42 is disconnected from the first element 41. And, the
patch antenna 4 is brought into a state in which the second
degenerate separation elements 42 are disconnected. Thus,
the patch antenna 4 is composed of the first element 41 which
corresponds to the first polarized wave, or the patch element
411 to which the first degenerate separation elements 412 are
added.

Thus, as described above, the patch element 411 is made to
conceptually have a structure as shown in FIG. 5B. As aresult,
the patch antenna 4 is composed to serve as an antenna for
RHCP reception.

Second, a case will be explained in which (the housing 2 of)
the cell phone 1 is in the shut state. When the cell phone 1 is
in the shut state, the first housing 21 and second housing 22
are closed (or shut), as shown in FIG. 3B. In response to this,
the open/shut sensing unit 7 forms a high level signal (for
example, 5V) as an open/shut signal, and outputs the signal.
The high level of the open/shut signal turns on the PIN diodes
43. As aresult, the second element 42 is connected to the first
element 41, and the patch antenna 4 is brought into a state
suitable for the second polarized wave (LHCP).

That is, due to the high level of the open/shut signal, the
PIN diodes 43 are forward biased, and then the PIN diodes 43
are turned on. Accordingly, the second element 42 is con-
nected (or short-circuited) to the first element 41. And, the
patch antenna 4 is brought into a state in which the second
degenerate separation elements 42 are connected. Thus, the
patch antenna 4 becomes in a state suitable for the second
polarized wave. As a result, the patch antenna 4 is composed
of the first element 41 and the second element 42 which
corresponds to the second polarized wave, or is composed of
the patch element 411 and second degenerate separation ele-
ments 42.

In this case, a diameter of the patch antenna 4 is increased
at one part, as shown in FIG. 5C. The diameter of the circular
patch element 411 is important in reception of polarized
waves. Accordingly, the patch antenna 4 serves as an antenna
for LHCP reception, when the second degenerate separation
elements 42 (42') are added.

Thus, as described above, the patch element 411 is made to
conceptually have a structure having the second degenerate
separation elements 42, as shown in FIG. 5C. As a result, the
patch antenna 4 is composed to serve as an antenna for LHCP
reception.

As described above, the first (rectangular shaped) degen-
erate separation elements (recessed regions) 412 are added to
the patch element 411 when the housing 2 is in the open state,
and the second (projected rectangular shaped) degenerate
separation elements 42 are added to the patch element 411
when the housing 2 is in the shut state. As a result, the patch
element 411 appears to be an antenna (antenna conductor)
having recessed rectangular shaped degenerate separation
elements when the housing 2 is in the open state, and appears
to be, an antenna having projected rectangular shaped degen-
erate separation elements when the housing 2 is in the shut
state.

Therefore, it is possible to prevent cross polarization
regardless of the open/shut state of the housing 2, and to adapt
the circularly polarized wave patch antenna 4 to a polarized
radio wave from a satellite. In other words, the polarization of
the patch antenna 4 can be switched according to the open/
shut state of the housing 2. This makes it possible to prevent
the antenna characteristics from appearing to be deteriorated,
and to measure the antenna characteristics in an optimum
state. It is also possible to efficiently receive the radio wave W
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from a GPS satellite or the like even when the volume of the
patch antenna 4 is small and the gain is low, and to reduce the
size of the housing 2.

The above explanation is directed to a case that the patch
antenna 4 is provided in the movable unit 22 in such a manner
that its surface (on which the patch element 411 is formed)
faces toward the inner surface 221 (the housing’s rear direc-
tion), as shown in FIG. 3A. The present invention can also be
applied to a reverse case. That is, the present invention can
also be applied to a case that the patch antenna 4 is provided
in the movable unit 22 in such a manner that its surface faces
toward the outer surface 222 (the housing’s front direction).
More specifically, in the case that the surface faces to the
housing’s rear direction, the switching elements 43 are turned
off when the housing 2 is in the open state, and turned on
when the housing 2 is in the shut state. In the case that the
surface faces to the housing’s front direction, the reverse logic
is applied. That is, the switching elements 43 are turned on
when the housing 2 is in the open state, and turned off when
the housing 2 is in the shut state. Further, the present invention
can be applied to a case that the patch antenna 4 is provided in
the fixed unit 21 in such a manner that the surface faces toward
the inner surface or outer surface of the fixed unit 21. The
above description applies to the example below in FIGS. 7 to
9C.

FIGS. 7 to 9C show a second embodiment of the present
invention. FIG. 7 is a block diagram showing another
example ofthe wireless device 1 having the patch antenna 4 of
the present invention. FIG. 8 is a view showing a cell phone
which is an example of a wireless device 1 in FIG. 7. FIGS.
9A to 9C are tables for explaining the cell phone which is the
example of the wireless device 1 in FIG. 7. This example
shows a device obtained by adding an attitude sensing unit 10
(and an A/D 9) and a control unit 8 to the example shown in
FIGS. 1 to 6B. In other words, this example shows a device in
which a state of a patch antenna 4 is adjusted to correspond
not only to the open/shut state of the cell phone 1 but also to
the state (tilt) of the cell phone 1 at the time.

The attitude sensing unit 10 comprises a well-known three-
dimensional tilt sensor or acceleration sensor. The attitude
sensing unit 10 senses (or detects) the tilt of a housing 2,
forms an attitude signal (analog signal) indicating the tilt, and
inputs the attitude signal to the analog-to-digital converter
circuit (A/D) 9. The attitude signal is converted into a digital
signal by the A/D 9, and input to the control unit 8. An
open/shut signal described above from an open/shut sensing
unit 7 is input to the control unit 8. The control unit 8 forms a
control signal for a switching unit 43 based on the open/shut
signal and attitude signal. The switching unit 43 switches
disconnection of a second element 42 from a first element 41
and connection of the second element 42 to the first element
41 based on the control signal.

The attitude sensing unit 10 is provided in such a manner
that its tilt to the first and second polarized waves is equal to
that of the patch antenna 4, as shown in FIG. 8. For example,
in a movable unit 22, the attitude sensing unit 10 is provided
on a print circuit board (not shown) on which the patch
antenna 4 is provided.

As shown in FIG. 8, the attitude sensing unit 10 senses tilts
of'the patch antenna 4 (or the second housing 22 in which the
patch antenna 4 is provided) in the directions of three axes, the
X-axis (roll), Y-axis (pitch), and Z-axis (yaw) orthogonal to
one another, and forms three attitude signals indicating the
tilts for the X-axis, Y-axis and Z-axis. In the case shown in
FIG. 8, the X-axis is not relevant to reception of the first and
second polarized waves, and the Y-axis and Z-axis dominate
reception of polarized waves. This relationship is appropri-
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ately changed according to how the X-axis and the others are
assigned to the roll, pitch and yaw.

Then, the control unit 8 forms an intermediate signal which
is used as the basis for a control signal according to combi-
nations of a Y-axis attitude signal and a Z-axis attitude signal.
For this purpose, the control unit 8 has a table 81, as shown in
FIG. 9A. The table 81 stores information to define in advance
that the patch antenna 4 is to be made suitable for any one of
the first and second polarized waves, according to combina-
tions of the Y-axis attitude signal and Z-axis attitude signal.
The control unit 8 may have a table 82 (to be described later).

In the case shown in FIG. 8, a circularly polarized wave
reception state changes twice during 360 degree rotation
about the Y-axis. Accordingly, the Y-axis attitude signal is
divided (or classified) into two groups, each of which covers
180 degree according to tilt angle. Further, in the case shown
in FIG. 8, the circularly polarized wave reception state
changes four times during 360 degree rotation about the
Z-axis. Accordingly, the Z-axis attitude signal is divided into
four groups, each of which covers 90 degree according to tilt
angle. This division is appropriately changed according to
how the Y-axis and the others are assigned to the roll, pitch
and yaw. At this time, the first group of the Y-axis attitude
signal covers not 1 to 180 degree but O to 179 degree. The
same applies to the Z-axis attitude signal.

The control unit 8 refers to the table 81 according to a
combination of the Y-axis attitude signal and Z-axis attitude
signal, and forms an intermediate signal serving as the basis
for the control signal based on the table 81. For example,
when the Y-axis attitude signal falls within a range of O to 179
degree and the Z-axis attitude signal falls within a range of 0
to 89 degree, an intermediate signal is formed to be “F”
according to the table 81. The value means that this case is the
same as the case of the housing’s front direction described
above. For example, when the Y-axis attitude signal falls
within a range of 0 to 179 degree, and the Z-axis attitude
signal falls within arange 0of 90 to 179 degree, an intermediate
signal is formed to be “R” according to the table 81. The value
means that this case is the same as the case of the housing’s
rear direction described above.

The control unit 8 forms a control signal based on the
intermediate signal and open/shut signal. For this purpose,
the control unit 8 logically transforms the intermediate signal.
FIG. 9B shows an example of the intermediate signals logi-
cally transformed. FIG. 9C shows an example of the open/
shut signals.

When an intermediate signal is “F,” the control unit 8
converts the intermediate signal of “F”” into a high level signal
(H), as shown in FIG. 9B. This makes it possible to form a
control signal, which turns on and off the switching elements
43 when the housing 2 is in an open state and in a shut state,
respectively. Accordingly, it is possible to control the patch
antenna 4, as in the case of the housing’s front direction
described above.

On the other hand, when an intermediate signal is “R,” the
control unit 8 converts the intermediate signal of “R” into a
low level signal (L), as shown in FIG. 9B. This makes it
possible to form a control signal, which turns off and on the
switching elements 43 when the housing 2 is in the open state
and in the shut state, respectively. Accordingly, it is possible
to control the patch antenna 4, as in the case of the housing’s
rear direction described above. As a result, the circularly
polarized wave reception state of the patch antenna 4 can be
more precisely controlled according to the attitude of the cell
phone 1.

As has been explained above, according to the present
invention, a patch antenna can be brought into a state suitable

20

25

30

35

40

45

50

55

60

65

12

for a first polarized wave or a state suitable for a second
polarized wave, as needed. This makes it possible to, in a
wireless device such as a cell phone, reliably receive weak
radio waves with a small loss by controlling a patch antenna
to be optimized for reception of circularly polarized waves
according to the open/shut state of a housing. Also, this makes
it possible to obtain a patch antenna which can be mounted in
a small wireless device such as a cell phone. Accordingly, it is
possible to, without increasing the size, provide a function of
receiving a radio wave from a GPS satellite on a wireless
device, and expand the applicability of the GPS.

What is claimed is:

1. A wireless device comprising:

a patch antenna;

a first housing and a second housing, both of which are
provided to be openable and closable, and the patch
antenna being provided in the first or second housing;
and

an open/shut sensing unit which senses an open/shut state
of the first housing with respect to the second housing
and forms an open/shut signal indicating the open/shut
state,

wherein the patch antenna comprises:

a first element which corresponds to a first polarized
wave;

a second element which corresponds to a second polar-
ized wave and is to be added to the first element; and

a switching unit which disconnects the second element
from the first element or connects the second element
to the first element to make the patch antenna suitable
for the first or second polarized wave,

wherein the switching unit switches the disconnection of
the second element from the first element and the con-
nection of the second element to the first element based
on the open/shut signal;

wherein the switching unit comprises switching elements
which connect the first element and the second element;

wherein each of the switching elements comprises a diode
having a cathode connected to the first element and an
anode connected to the second element, and

wherein the second element is connected to a ground
potential through a choke coil,

wherein when the wireless device is in an open state, the
diodes are turned off according to the open/shut signal to
disconnect the second element from the first element,
thereby the patch antenna becomes in a state suitable for
the first polarized wave, and, when the wireless device is
in a shut state, the diodes are turned on according to the
open/shut signal to connect the second element to the
first element, thereby the patch antenna becomes in a
state suitable for the second polarized wave,

said wireless device further comprising:

an attitude sensing unit which senses a tilt of the housing
and forms an attitude signal indicating the tilt; and

a control unit which forms a control signal for the switch-
ing unit based on the open/shut signal and the attitude
signal,

wherein the switching unit switches the disconnection of
the second element from the first element and the con-
nection of the second element to the first element based
on the control signal.

2. The wireless device according to claim 1, wherein the
attitude sensing unit is provided in such a manner that a tilt of
the attitude sensing unit to the first and second polarized
waves is equal to a tilt of the patch antenna.

3. The wireless device according to claim 2,wherein the
attitude sensing unit senses tilts of the patch antenna in direc-
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tions of three axes of an X-axis, a Y-axis and a Z-axis orthogo-
nal to one another and forms attitude signals indicating the
tilts for the X-axis, Y-axis and Z-axis, and

wherein, when the X-axis is not relevant to reception of the

first and second polarized waves, the control unit forms
an intermediate signal serving as a basis for the control
signal according to a combination of the attitude signal
for the Y-axis and the attitude signal for the Z-axis and
forms the control signal based on the intermediate signal
and the open/shut signal.

4. The wireless device according to claim 3, wherein the
attitude sensing unit has a table which stores information to
define in advance that the patch antenna is to be made suitable
for any one of the first and second polarized waves according
to the combination of the Y-axis attitude signal and Z-axis
attitude signal, and forms the intermediate signal serving as
the basis for the control signal based on the table.

10

14

5. The wireless device according to claim 4, wherein one of
the attitude signal for the Y-axis and the attitude signal for the
Z-axis is divided into two groups each of which covers 180
degree, and the other is divided into four groups each of which
covers 90 degree.

6. The wireless device according to claim 1, wherein the
wireless device comprises a cell phone.

7. The wireless device according to claim 1, wherein the
patch antenna further comprises:

feeding unit for the patch antenna; and

a feeder line which connects the feeding unit and the first

element, and

wherein the open/shut sensing unit applies the open/shut

signal composed of DC component to the diodes
through the feeder line.

#* #* #* #* #*
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1
SMALL MONOPOLE ANTENNA HAVING
LOOP ELEMENT INCLUDED FEEDER

TECHNICAL FIELD

The present invention relates to a small monopole antenna
having a loop feeder; and more particularly, to a small mono-
pole antenna having a loop feeder for reducing a size of the
antenna by lengthening an electrical length of an antenna by
placing a feeder at a center of a loop element and for main-
taining omni-directional radiation pattern characteristic of a
vertically polarized wave in order to simultaneously transmit/
receive a wireless signal at anywhere.

BACKGROUND ART

In the present invention, a term “wire” denotes not only a
wire itself but also a cable.

In order to develop an antenna for a portable phone for
receiving data of mobile communication and digital multime-
dia broadcasting (DMB), various antenna technologies have
been introduced such as technologies for high efficiency, low
loss, omni-directional radiation pattern, impedance matching
for improving a radiation efficiency, a broad bandwidth char-
acteristic, alow power consumption, for reducing the size and
width of the antenna, and for simplifying a design, for pro-
tecting human from harmful radiated electromagnetic waves,
for an electromagnetic environment and for improving port-
ability.

Among technologies, the technology for making the
antenna smaller and light-weighted is a technology for
improving the portability and has been receiving attention in
an antenna field for a mobile communication terminal such as
a cellular phone, a personal communication station (PCS)
phone and a global system for mobile communication (GSM)
phone and a DMB phone for receiving data of digital multi-
media broadcasting (DMB).

Especially, an antenna for receiving data of digital multi-
media broadcasting (DMB) is generally very large. For
example, a length of an antenna for Korea DMB data which is
broadcasted at 200 MHz band is about 37 cm. Therefore, the
large antenna makes a user inconvenient to carry with a por-
table phone putted in a pocket and makes the appearance of
the portable phone detracted. Furthermore, the large antenna
makes a manufacturing process thereof complicated. There-
fore, demands of a small monopole antenna have increased.

As conventional antennas for a portable phone, a whip
antenna, a helical antenna, a slave antenna, an inverted-F
antenna, a planar inverted-F antenna, a diversity antenna, a
microstrip antenna, a chip antenna, a twisted loop antenna, a
EID antenna, a N-type antenna were introduced. They may be
classified into a monopole antenna group and other groups
according to a method of exciting an electromagnetic field.

The monopole antenna denotes an antenna having a suffi-
cient size of a ground plane and using image effects of the
opposite side of the ground plane. The monopole antenna
generally has an external structure to have a length of %
wavelength as like as a whip antenna, a helical antenna, a
slave antenna and an N-type antenna. In order to reduce the
size of the monopole antenna, a disk shaped top load is added
at the end of the antenna, the monopole antenna is twisted as
a meander type, or the monopole antenna is twisted as like as
a helical antenna. However, there is a limitation to reduce the
size of the monopole antenna smaller than a Yio wavelength
through the conventional technologies.

On the contrary, an inverted-F antenna, a planar inverted-F
antenna, a diversity antenna, a microstrip antenna, an EID
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antenna, a full short circuit planar inverted F antenna (FS-
PIFA) and a radiation coupled dual-I. antenna were intro-
duced as other types of antennas for a portable phone. The
planar inverted-F antenna, the microstrip patch antenna, a
dielectric antenna are manufactured as a small internal
antenna. In order to reduce the size thereof while lengthening
the electric length thereof, a dielectric may be used or the
antenna is bended or deformed to have a predetermined
shape. However, it is very difficult to reduce a size of an
antenna smaller than a Yio wavelength. It is also difficult to
maintain an omni-directional radiation pattern of a vertical
polarized wave because such antennas are disposed in a por-
table phone vertically coupled to a printed circuit board
(PCB).

Furthermore, a method of manufacturing a small internal
antenna having a long electric length by disposing a dielectric
block inside a main body of a portable phone and using more
than two sides of the dielectric block was introduced in a
Korea Patent Application No. 10-2003-0032258. However,
the method introduced in Korean Patent Application No.
10-2003-0032258 also has the same problems described
above.

Recently, a small monopole antenna having a size smaller
than a 10 wavelength was introduced. In order to reduce the
size of the antenna, an inductance element such as a helical
antenna is added at a disk monopole antenna. Although such
a monopole antenna maintains broadband characteristics, the
monopole antenna has a complicated structure and it is diffi-
cult to dispose the monopole antenna in a limited space such
as an inside space of a portable phone. Furthermore, a con-
ventional technology of miniaturizing an antenna by adding a
gap capacitor at a feeder of a loop antenna was introduced.
However, the conventional antenna has a narrowband char-
acteristic and has difficulty to maintain an omni-directional
radiation pattern which is commonly required for various
types of portable phones.

DISCLOSURE

Technical Problem

Itis, therefore, an object of the present invention to provide
a small monopole antenna having a loop feeder for reducing
a size thereof by further lengthening an electric length of an
antenna by placing a loop element at a center of a feeder, and
for maintaining omni-directional radiation pattern character-
istic of a vertical polarized wave to simultaneously receive/
transmit a wireless signal.

Technical Solution

In accordance with one aspect of the present invention,
there is provided a small monopole antenna having a loop
feeder including: a loop element forming a loop along a
predetermined plane and having a loop feeder at the center
thereof; a non-feeding type monopole antenna element
including one end connected to a wire of the loop element and
other end connected to a ground unit by being bended at the
center of the loop element; a ground unit for grounding other
end of the non-feeding type monopole antenna; and a first
connecting unit for connecting the non-feeding type mono-
pole antenna to an external device for feeding the loop feeder
of the loop element through the non-feeding type monopole
antenna.

Advantageous Effects

In a small monopole antenna having a loop feeder accord-
ing to the present invention, the loop feeder is placed at a
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center of a loop element to lengthen an electric length of the
antenna for reducing a size thereof and to maintain an omni-
directional radiation pattern of a vertical polarized wave for
simultaneously transmitting and receiving a wireless signal at
anywhere. Therefore, the usability of inside space of a por-
table phone is improved.

Also, the small monopole antenna having a loop feeder
according to the present invention is easy to be manufactured
and has a simple tuning method. Therefore, the manufactur-
ing cost can be reduced by reducing the time for manufactur-
ing the antenna. Also, the appearance of the portable phone is
improved.

Since the small monopole antenna having a loop feeder is
very small, it is possible to dispose an excitation region of a
radiated electric field to be far away from the head of the user.
Also, it is possible to reduce SAR because the small mono-
pole antenna has a structure easy to include an electromag-
netic field absorbing member. Furthermore, it is possible to
embody an antenna to provide various wireless services
because the small monopole antenna has a structure that can
be used with a helical antenna and a whips antenna.

DESCRIPTION OF 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:

FIGS. 1 and 2 are views illustrating a small monopole
antenna having a loop feeder vertically connected to a ground
plane and a small monopole antenna having a loop feeder
coupled to a ground plane in a L shape in accordance with a
preferred embodiment of the present invention;

FIGS. 3 to 5 are a front cross sectional view, a side cross
sectional view and a plan view of a small monopole antenna
having a vertical coupling type loop feeder in accordance
with a preferred embodiment of the present invention;

FIG. 6 is a graph showing a S11 parameter of a small
monopole antenna having a vertical coupling type loop feeder
in accordance with a preferred embodiment of the present
invention;

FIGS. 7 and 8 show an electric field pattern of a horizon-
tally polarized wave according to variation of wave angle and
azimuth of a small monopole antenna having a loop feeder
vertically coupled to a ground plate or PCB in accordance
with a preferred embodiment of the present invention;

FIG. 9 is a view showing a SAR reducing lowered hinge
type wireless communication terminal having a small mono-
pole antenna having a loop feeder vertically coupled to a
ground plate in accordance with a preferred embodiment of
the present invention;

FIGS. 10 and 11 are a front view and a rear view of a
notebook computer having a small monopole antenna having
a L coupling type feeder in accordance with a preferred
embodiment of the present invention;

FIG. 12 shows four embodiments of installing a small
monopoly antenna having a loop feeder according to the
present invention in a SAR reducing lowered hinge type
wireless communication terminal;

FIG. 13 shows another four embodiments of installing a
small monopole antenna having a loop feederina SAR reduc-
ing lowered hinge type wireless communication terminal in
accordance with the present invention;

FIG. 14 is a view illustrating a small monopole antenna
having a loop feeder having a dual layer structure in accor-
dance with another embodiment of the present invention;
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FIG. 15 is a view illustrating a small monopole antenna
having a loop feeder having a tail member in accordance with
another embodiment of the present invention;

FIG. 16 shows a small monopole antenna having a loop
feeder integrally formed with a tail member and a dielectric
member in accordance with a preferred embodiment of the
present invention; and

FIGS. 17 to 19 show wireless communication terminals
having a small monopole antenna having a loop feeder in
accordance with a preferred embodiment of the present
invention.

BEST MODE FOR 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.

FIGS. 1 and 2 are views illustrating a small monopole
antenna having a loop feeder vertically connected to a ground
plate and a small monopole antenna having a loop feeder
coupled to a ground plate in an L shape in accordance with a
preferred embodiment of the present invention.

As shown in FIG. 1, the small monopole antenna having a
loop feeder vertically connected to a ground plate or a printed
circuit board (PCB) according to the present embodiment,
which is called as a small monopole antenna having a vertical
coupling type loop feeder, includes a loop element 1A, a
non-feeding type monopole antenna element 1B, a ground
plate 2, a connector 3, a conductive wire 5 and a loop feeder
6.

The small monopole antenna the small monopole antenna
having the vertical coupling type loop feeder according to the
present embodiment is embodied by connecting the non-
feeding type monopole antenna element 2 disposed on the
ground plate 2 to the loop element 1A. The loop element 1A
is formed as a circular shape or a rectangular shape along a
horizontal plane, and a predetermined part of the loop ele-
ment 1A is embodied as wires or cables 4A and 4B. The
non-feeding type monopole antenna element 1B is connected
to the wire or the cable 4A and 4B. The non-feeding type
monopole antenna element 1B is placed at the same horizon-
tal plane of the loop element 1A and is connected to the
ground plate 2 by being bended at the center thereof. Herein,
the loop feeder 6 must be placed at the loop element 1A. By
placing the loop feeder 6 at the loop element 1A, the electric
length of the wire is further lengthened. Therefore, the small
monopole antenna according to the present invention can
have the target characteristics although it has a small size. The
loop element 1A may be formed of a feeding cable itselfor a
pipe with a coaxial cable passed through in order to feed
power to the loop element 1A. Also, power is fed to the loop
feeder 6 through the connector 3 and the non-feeding mono-
pole antenna element 1B.

The small monopole antenna according to the present
embodiment may be divided into two main parts, an antenna
unit 1¢ and a ground plate 2. In the antenna unit 1C, the cable
composed of an external conductive 4A and an internal con-
ductive 4B is arranged from the connector 3 to the loop feeder
6 as a one part of the loop element 1A, and a wire 5 is disposed
to form a loop by connecting one end of the wire 5 to the
internal conductive 4B and connecting other end of the wire 5
to the external conductive 4A as the remained part of the loop
element 1A. As a result, a monopole antenna form having a
loop feeder is formed. Therefore, the small monopole antenna
according to the present invention has an omni-directional
radiation characteristic of a vertical polarized wave in a radi-
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ated electromagnetic field characteristics as like as a mono-
pole antenna as shown in FIG. 4.

As shown in FIG. 2, the small monopole antenna includes
a loop feeder connected to the ground plate in an L shape in
parallel to the ground plate 2, which is called as the small
monopole antenna having an L. coupling type loop feeder. The
structure of the small monopole antenna having the L cou-
pling type loop feeder is similar to the small monopole
antenna having the vertical coupling type loop feeder of FIG.
1. That is, the small monopole antenna having the L coupling
type loop feeder includes a loop element 1A and an non-
feeding type monopole antenna element 1B connecting the
loop element 1A to the ground plate 2, where the loop element
1A composed of a cable 4A and 4B, a wire and a loop feeder
6. The cable is sealed in the non-feeding monopole antenna
element 1B to be passed through the non-feeding monopole
antenna element 1B. As shown in FIG. 2, an external conduc-
tive coupling member 7, which is a part of the external con-
ductive 4A, is disposed in parallel from the ground plate 2. A
connector 3 is projected from a center or a corner of the
ground plate 2 and connected to the external conductive cou-
pling member 7.

That is, the small monopole antenna having the L. coupling
type loop feeder according to the present invention has a
structure suitable to a printed circuit board (PCB) of a general
portable electronic equipment such as a mobile communica-
tion terminal, a personal data assistant (PDA), a digital mul-
timedia broadcasting (DMB) phone and a notebook com-
puter.

As shown in FIGS. 1 and 2, the small monopole antenna
having the vertical coupling type feeder and the small mono-
pole antenna having the L coupling type feeder according to
the present embodiment have the loop plane of the loop
element 1A that is formed in parallel or vertical to the ground
plate 2. However, the characteristics of the present invention
can be satisfied if the angle between the ground plate 2 and the
loop plane of the loop element 1A is in a range of —=45° to 45°
from a horizontal plane or a vertical plane.

Also, the electrical length of the small monopole antenna
according to the present invention can be lengthened with the
size of the small monopole antenna maintained by disposing
a metal plate or one or more wires between the ground plate
2 and the non-feeding type monopole antenna element 1B. In
this case, the small monopole antenna according to the
present embodiment can have the broadband characteristics.

Furthermore, the small monopole antenna having the loop
feeder according to the present invention can have the broad-
band characteristics by forming the non-feeding type mono-
pole antenna element 1B thicker than the loop element 1A or
by forming the wire or the cable of the non-feeding type
monopole antenna element 15 as a meander type or a helical
type.

FIGS. 3 to 5 are a front cross sectional view, a side cross
sectional view and a plan view of a small monopole antenna
having a vertical coupling type loop feeder in accordance
with a preferred embodiment of the present invention.

FIG. 3 is a front cross sectional view a small monopole
antenna having a vertical coupling type loop feeder in accor-
dance with a preferred embodiment of the present invention,
FIG. 4 is a side cross sectional view, and FIG. 5 is a plan view
of'a small monopole antenna having a vertical coupling type
loop feeder in accordance with a preferred embodiment of the
present invention.

FIGS. 3 to 5 clearly show that the cable composed of the
external conductive 4A and the internal conductive 4B is
connected to the loop feeder 6 of the loop element 1A that is
disposed at an upper portion of the antenna through the con-
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necting member 3. Although the small monopole antenna has
a structure disposing the cable inside a metal pipe, the overall
characteristics of the small monopole antenna according to
the present invention is not influenced thereby. As shown, the
conductive wire 5 is connected to the external conductive 4A
at a predetermined position 8 where the cable is bended in the
loop element 1A.

FIG. 6 is a graph showing a S11 parameter of a small
monopole antenna having a vertical coupling type loop feeder
in accordance with a preferred embodiment of the present
invention.

The graph of FIG. 6 shows the S11 parameter characteris-
tics of the small monopole antenna having the loop feeder
vertically coupled to the ground plate according to the present
invention that has a 0.8 cm of height, 2 0.7 cm of a width, and
a 2.4 cm of a length with a 0.2 cm of thickness. As shown in
FIG. 6, about 100 MHz is maintained at less than —10 dB, and
aresonance is generated at 1.8 MHz. The graph shows that the
height of the antenna is %20 wavelength, the width is about Y23
wavelength and the length is about /7 wavelength. As shown,
a small antenna can be manufactured according to the present
invention.

FIGS. 7 and 8 show an electric field pattern of a horizon-
tally polarized wave according to variation of wave angle and
azimuth of a small monopole antenna having a loop feeder
vertically coupled to a ground plate or PCB in accordance
with a preferred embodiment of the present invention.

FIG. 7 shows the electric field pattern of the horizontally
polarized element according to the wave angel variation (0
variation, and ®=90°), and FIG. 8 shows the eclectric field
pattern of the horizontally polarized element according to the
azimuth variation (@ variation, and 6=90°). That is, FIGS. 7
and 8 show that the small monopole antenna according to the
present invention has the omni-directional radiation charac-
teristics of the vertically polarized wave as like as the general
monopole antenna through the electric field pattern. Herein,
the small monopole antenna has a 1.7 dBi gain. If it assumes
that the S11 parameter has more loosened condition such as
-6 dB, the small monopole antenna has a sufficient bandwidth
suitable as an antenna for a personal communication service
(PCS) phone, a global system for mobile communication
(GSM) phone and a mobile communication terminal. A tech-
nology for obtaining a further broadband will be described in
later. If the small monopole antenna having the characteristics
shown in FIGS. 3 and 4 is installed inside a portable phone, a
bandwidth thereof should be further boarded because the
Quality Factor becomes lowered by a case, a printer circuit
board (PCB) and a cover. Therefore, the small monopoly
antenna according to the present invention is suitable for the
PCS phone and a GSM phone.

FIG. 9 is a view showing a SAR reducing lowered hinge
type wireless communication terminal having a small mono-
pole antenna having a loop feeder vertically coupled to a
ground plate in accordance with a preferred embodiment of
the present invention.

FIG. 9 shows the small monopole antenna having a loop
feeder vertically coupled to a ground plate embedded in a
portable phone introduced in Korean Patent Application No.
10-2001-0043929. As shown in FIG. 9, the shown portable
phone has inside spaces suitable for installing an internal
antenna such as an upper portion 12 of the covering holder, an
upper portion 11 of the main body where is connected to the
covering holder and not occupied by the PCB and the battery,
and a bottom portion of the main body.

In FIG. 9, the small monopoly antenna having the feeder
vertically connected to the ground plate 2 according to the
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present invention is embedded in the upper portion 11 that
connected to the covering holder and is not occupied by the
PCB and the battery.

In case of the conventional lowered hinge type portable
phone, since the covering holder 10 which influences the
antenna characteristics is separated far away from the
antenna, the antenna performance is less influenced when the
covering holder 10 is opened or closed. Therefore, the
antenna may maintain a stable operation. Also, the antenna is
separated far away from a head of a user. Therefore, the shown
portable phone is suitable to install the internal antenna.

FIGS. 10 and 11 are a front view and a rear view of a
notebook computer having a small monopole antenna having
an L coupling type feeder in accordance with a preferred
embodiment of the present invention.

As shown in FIG. 10, the notebook computer includes a
main body 15 and a cover 14, and the notebook computer is
generally used with the cover 14 folded in a shape of *=". Also,
the display unit is generally disposed at the inner surface of
the cover 14. The display unit such as a liquid crystal display
(LCD) may have electric characteristics similar to conductive
material. If the antenna is disposed at the back of the display
unit or at the side of the display unit, the radiation efficiency
is seriously reduced. Therefore, the antenna should be dis-
posed at an upper portion 16 of the cover 14 as like as the
portable phone. However, if the small monopole antenna
having a feeder vertically coupled to a ground plate of FIG. 1
is disposed in the notebook computer, the narrow bandwidth
problem may occur since the height ofthe antenna is very low
compared to the width of the loop element 1A include in the
loop feeder 6. Therefore, it is very difficult to secure a space
forinstalling a vertically disposed portion of a dipole antenna,
which is the wire.

However, the problem can be overcome by the small mono-
pole antenna having the L coupling type feeder. FIG. 11
shows the small monopole antenna having a feeder coupled to
a ground in an L shape installed at the notebook computer. As
shown FIG. 11, the loop feeder 6 of the loop element 1A is
disposed at the space 16 where is an upper portion of the
display unit in the notebook cover, and the metal ground plate
2 is disposed at the rear of the display unit. Then, the cable and
the connector 3 are disposed to connect the metal ground plate
2 and the loop feeder 6. The external conductive member 4A
is welded on the ground plate 2. Herein, the ground plate 2
may be allowed to be small. It is because the display unit
functions as the ground plate 2 sufficiently. Therefore, the
small monopole antenna according to the present invention
can be used as an antenna for receiving data of digital multi-
media broadcasting (DMB) in 200 MHz in 20 cmx30 cm
notebook.

FIG. 12 shows four embodiments of installing a small
monopoly antenna having a loop feeder according to the
present invention in a SAR reducing lowered hinge type
wireless communication terminal.

A view (a) of FIG. 12 shows a side cross-sectional view of
a portable phone having the small monopoly antenna having
the loop feeder vertically connected to the ground plate
according to the present invention as a first embodiment. As
shown, the connector 3 is directly connected to the printed
circuit board (PCB).

A view (b) of FIG. 12 shows a side cross-sectional view of
a portable phone having the small monopoly antenna having
the loop feeder connected to the ground plate in the L shape as
a second embodiment of the present invention. The connector
3 is connected at a middle of the PCB. In this case, since a
power amplifying unit that is directly connected to an antenna
transmitting terminal can be used as a center, the electromag-
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netic wave source is allowed to be disposed at any desired
locations. Therefore, the electromagnetic wave impediment
and the introspection problem can be advantageously elimi-
nated, and the antenna can be installed although the space for
the antenna is very small.

A view (¢) of FIG. 12 shows a side cross-sectional view of
a portable phone having the small monopoly antenna having
the loop feeder connected to the ground plate in the L shape as
a third embodiment of the present invention. As shown, the
small monopoly antenna having the loop feeder connected to
the ground plate in the L shape is disposed between the
printed circuit boards (PCBs). That is, the view (¢) shows that
the antenna can be differently arranged according to arrange-
ments of the circuits.

A view (d) of FIG. 12 shows a side cross-sectional view of
a portable phone having the small monopoly antenna having
the loop feeder connected to the ground plate in the L shape as
a fourth embodiment of the present invention. As shown, the
loop feeder 6 of the loop element 1A is disposed diagonally at
the portable phone, and an electromagnetic absorbing mem-
ber 19 is disposed at the covering folder of the portable phone.
Therefore, the electromagnetic (SAR) propagated to the head
of the user can be reduced.

That is, if the antenna is disposed at the portable phone as
shown in the view (d) in FIG. 12, it is possible to dispose the
antenna to be far away from the head of the user. Therefore,
the SAR is reduced due to decrement of intensity of the
electromagnetic field, and the radiation efficiency of the por-
table phone can be improved by controlling power ratio con-
sumed at the electromagnetic absorbing member 19 by con-
trolling the horizontal direction of the electromagnetic
absorbing member 19 and the polarizing direction of the
electric field generated at the antenna.

It is very important to secure a distance from the electro-
magnetic field absorbing member 19 to the antenna. If the
electromagnetic field absorbing member 19 is disposed too
close to the antenna in a horizontal direction, the radiation
quantity is abruptly decreased due to termination effect. The
antenna structure shown in the view (d) in FIG. 12 may be a
method of installing the antenna to overcome such a problem
because it is possible to dispose the loop element 1A to be far
away from the electromagnetic absorbing member 19 in a
given space.

FIG. 13 shows another four embodiments of installing a
small monopole antenna having a loop feederina SAR reduc-
ing lowered hinge type wireless communication terminal in
accordance with the present invention.

A view (a) of FIG. 13 shows a side cross-sectional view of
a portable phone having the small monopoly antenna having
the loop feeder vertically connected to the ground plate
according to a fifth embodiment of the present invention. As
shown, an angle formed between the ground plate 2 and the
loop plane is about 45°, and it can be embodied to use the
monopole antenna having the vertical coupling type loop
feeder shown in view (d) in FIG. 12. That is, the loop feeder
6 of the loop element 1A is disposed diagonally to the por-
table phone, and the electromagnetic absorbing member 19 is
disposed at the covering holder of the portable phone. Then,
the quantity of electromagnetic wave propagated to the head
can be reduced. As described above, it is possible to dispose
the antenna to be far away from the head of the user. There-
fore, the SAR is reduced due to decrement of intensity of the
electromagnetic field, and the radiation efficiency of the por-
table phone can be improved by controlling power ratio con-
sumed at the electromagnetic absorbing member 19 by con-
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trolling the polarizing direction of the electric field generated
at the antenna and the horizontal direction of the electromag-
netic absorbing member 19.

A view (b) of FIG. 13 shows a side cross-sectional view of
a portable phone having the small monopoly antenna having
the loop feeder vertically connected to the ground plate
according to a sixth embodiment of the present invention.
That is, the conductive wire 5 of the loop element 1A is
vertically bended as shown in the view (b) of FIG. 13. In this
case, the antenna can be disposed at a small space and far
away from the head of the user. Therefore, the influence of the
antenna impedance can be reduced and the SAR also reduced.

A view (c) of FIG. 13 shows a side cross-sectional view of
a portable phone having the small monopoly antenna having
the loop feeder connected to the ground plate in the L shape
according to a seventh embodiment of the present invention.
The loop feeder 6 of the loop element 1A is vertically con-
nected to the printed circuit board (PCB). Such an installing
method may be advantageously used when the thickness of
the portable phone is very thin.

A view (d) of FIG. 13 shows a side cross-sectional view of
a portable phone having the small monopoly antenna having
the loop feeder connected to the ground plate in a L. shape
according to a eighth embodiment of the present invention. As
shown, the loop feeder 6 of the loop element 1A is bended at
the center thereof. As shown above, the small monopole
antenna according to the present invention can be embedded
in the portable phone in various shapes of the portable phones.

FIG. 14 is a view illustrating a small monopole antenna
having a loop feeder having a dual layer structure in accor-
dance with another embodiment of the present invention.

As shown in FIG. 14, since the dual layer structure of the
present embodiment secures a further longer electrical
length, it is possible to manufacture an antenna for a further
lower frequency band in a small space. That is, it is possible
to manufacture the antenna further smaller. In FIG. 14, the
small monopole antenna has the dual layer structure, but the
small monopole antenna according to the present invention
may be manufactured to have a plurality of layers such as
three, four and five layers.

The small monopole antenna having the loop feeder having
the dual layer structure as shown in FIG. 14 can be manufac-
tured as follows. One end of a conductive wire is connected to
an opposite side 20 from where the loop element 14 and the
non-feeding type monopole antenna 15 are met, and other end
of'the conductive wire is connected to a position 21 of a upper
loop where is closest to the position of the lower loop where
the loop element 1a and the non-feeding type monopole
antenna 15 are met. Multiple layers antenna can be manufac-
tured to repeatedly connecting loops as described above.
Such a structure allows the antenna having less than Y20
wavelength to be manufactured. The dual layer structure can
be identically applied to the small monopole antenna having
the loop feeder connected to the ground plate in the L. shape.

FIG. 15 is a view illustrating a small monopole antenna
having aloop feeder having a tail member in accordance with
another embodiment of the present invention.

The dual structured small monopole antenna of FIG. 14 can
be manufactured to have the tail member as shown in FIG. 10.
If the tail member 23 is disposed, the electrical length is
lengthened to generate a low frequency lower than a resonant
frequency. Therefore, the antenna can be manufactured as
very small.

As shown in FIG. 15, in the small monopole antenna hav-
ing a loop feeder according to the present invention, the tail
member 23 is disposed to face internally to the loop element
1a and bended at the center of the loop. The bended end of the
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tail member 23 is connected to the opposite side of the loop
element 1a from where the loop element 1a is connected to
the ground plate 2.

Such a tail member 23 may be embodied in various shapes.
The tail member 23 may be disposed at out side of the loop.
That is, the tail member 23 may be disposed in any direction.

The tail member 23 may be used to tune the antenna. That
is, the length of the tail member 23 is controlled to tune the
antenna to have a desired characteristic. If the antenna having
the tail member 23 is installed in the portable phone, it is
possible to reduce time for tuning. Therefore, the manufac-
turing time thereof also can be reduced. The tail member 23
may be identically applied to the small monopole antenna
having the loop feeder coupled to the ground plate in the L
shape.

FIG. 16 shows a small monopole antenna having a loop
feeder integrally formed with a tail member and a dielectric
member in accordance with a preferred embodiment of the
present invention.

As shown in FIG. 16, the predetermined portion of the tail
member 23 is projected out of the dielectric member, and the
loop element 1A is only disposed inside the dielectric mem-
ber 24.

As shown in FIG. 16, it is possible to make the antenna
further smaller as like as a general dielectric antenna when the
dielectric member is used. In this case, the antenna may have
anarrowband characteristic. In order to eliminate the narrow-
band characteristic, the metal plate 25 is connected to an
antenna connected to the ground plate in the present embodi-
ment of FIG. 16. In this case, the broadband characteristics
can be obtained because the electrical length is lengthened by
connecting the metal plate 25. Furthermore, the broadband
characteristics can be obtained by forming the non-feeding
type monopole antenna 15 thicker than the loop element 1a. It
is possibleto apply the dielectric member 24 and the metal pin
25 into the above described embodiments of the present
invention to obtain the identical electrical characteristics.

FIGS. 17 to 19 show wireless communication terminals
having a small monopole antenna having a loop feeder in
accordance with a preferred embodiment of the present
invention.

FIGS. 17 to 19 show embodying of an antenna for different
frequency band and providing various wireless services using
a small monopole antenna having a loop feeder in accordance
with a preferred embodiment of the present invention. The
small monopole antenna having a loop feeder according to the
present invention generate a vertically polarized wave
because the polarizing direction is vertical, and it is possible
to use with a whip antenna, a helical antenna and a conical
antenna which are an antenna having a loop feeder at the
bottom thereof.

FIG. 17 shows a shape of an antenna of a personal potable
phone for an operating frequency in a range of 1.8 GHzt0 2.6
GHz which is a China DMB phone or a PCS phone. That is,
the helical antenna or a whips antenna 26 is controlled to
generate a resonant frequency in a frequency of a personal
portable phone. Herein, the small monopole antenna is not
connected to the helical antenna or the whips antenna 26. In
order to operate the helical antenna or the whip antenna only,
afeeder 27 is disposed to be close to the helical antenna or the
whips antenna.

FIG. 18 shows a shape of an antenna for a cellular mobile
communication terminal operated in the operating frequency
of the cellular mobile communication terminal or a radio
frequency identification (RFID) terminal. Since the fre-
quency band of the cellular mobile communication or the
RFID terminal which is about 900 MHz band is lower than
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that of the personal communication service (PCS) terminal
which is about 1.8 GHz band, the cellular mobile communi-
cation terminal requires a longer antenna than the PCS termi-
nal. Therefore, the loop feeder 28 is disposed at a position
corresponding to length of “whip antenna+helical antenna”
for the cellular service. That is, the antenna of FIG. 17
becomes the antenna for the frequency band of the RFID
terminal or the cellular mobile communication terminal if the
helical antenna is pulled out at half of it’s length as shown in
FIG. 18.

FIG. 19 shows a shape of an antenna for a Korea DMB
wireless communication terminal operated in the operating
frequency of the Korea DMB wireless communication termi-
nal which is 200 MHz band. That is, if the helical antenna and
whip antenna 26 are pulled out at it’s full length, the small
monopole antenna, the helical antenna and whip antenna 26
becomes in one line. Herein, if the loop feeder 6 of the small
monopole antenna is used at a feeding point, the size of the
antenna will be set further longer. In this case, the antenna
would have a higher receiving sensitivity compared to the
antenna embodied with a dual layer antenna and be suitable
for receiving a terrestrial DMB data.

In order to obtain broadband characteristics, a line element
30 may be disposed to connect the external conductive mem-
ber 4A of the coaxial cable to the ground plate 2 for length-
ening the electric length. It is possible to dispose more than
one line element and the broader broadband characteristics
may be obtained compared to the antenna without the line
element.

As described above, it is possible to manufacture a hybrid
antenna for multi-type portable phone as shown in FIGS. 17
to 19. As an embodiment, a low frequency band antenna can
be manufactured as like as a stubby type terrestrial DMB
antenna by connecting a small monopole antenna having a
loop feeder to a helical antenna. Herein, the loop feeder 6 may
be movably disposed from an upper layer of a dual layer
structure to a center thereof for impedance matching.

In order to further lengthen the electric length, a portion
connecting the external conductive member 4a of the coaxial
cable to the ground plate 2 is formed as a meander type or as
a twisted shape as like as a helical shape. In this case, the
electric length can be lengthened further than the using of the
line element 30. Therefore, the size of the antenna can be
reduced by inducing the resonance in low frequency band.

InFIGS. 171019, it is possible to connect three antennas by
pulling up the whip antenna with the helical antenna fixed. In
this case, the inconvenience of using a portable phone with an
antenna may be diminished because the helical antenna is not
placed to the top of the whip antenna. Although the helical
antenna is not placed on the top of the whip antenna, it would
have the identical polarizing direction of a radiation electric
wave. Therefore, the identical effect shown in FIGS. 17 to 19
can be obtained.

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 small monopole antenna having a loop feeder com-
prising:

aloop element forming a loop along a predetermined plane
and having a loop feeder at the center thereof;

a non-feeding type monopole antenna element including
one end connected to a wire of the loop element and
other end connected to a ground means by being bended
at the center of the loop element;
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a ground means for grounding other end ofthe non-feeding
type monopole antenna; and

a first connecting means for connecting the non-feeding
type monopole antenna to an external device for feeding
the loop feeder of the loop element through the non-
feeding type monopole antenna.

2. The small monopole antenna as recited in claim 1,
wherein the loop element and the ground means are disposed
to vertically arrange the loop plane of the loop element and
the ground plane of the ground means.

3. The small monopole antenna as recited in claim 1,
wherein the loop element and the ground means are disposed
to horizontally arrange the loop plane of the loop element and
the ground plane of the ground means.

4. The small monopole antenna as recited in claim 1
wherein an angle formed between the loop plane and the
ground plane of the ground means is in a range of —-45° to 45°
from the loop plane of the loop element or from a vertical
plane of the loop plane.

5. The small monopole antenna as recited in claim 1, fur-
ther comprising one or more wires for connecting the loop
element and the ground means.

6. The small monopole antenna as recited in claim 1, fur-
ther comprising a metal plate attached at the non-feeding type
monopole antenna element between the loop element and the
ground means.

7. The small monopole antenna as recited in claim 1,
wherein the non-feeding type monopole antenna element
includes one end connected to the loop element and other end
connected to the ground means without including a feeder for
feeding power, where an outer cover of a wire composing the
non-feeding type monopole antenna element is connected to
a ground plane of the ground means.

8. The small monopole antenna as recited in claim 1,
wherein the non-feeding type antenna element is thicker than
the loop element.

9. The small monopole antenna as recited in claim 1,
wherein the wire composing the non-feeding type monopole
antenna is a meander type.

10. The small monopole antenna as recited in claim 1,
wherein the wire composing the non-feeding type monopole
antenna is twisted as a helical shape.

11. The small monopole antenna as recited in claim 1,
further comprising:

a plurality of elements each forming a loop having a feeder
at a center thereof and formed above the loop element in
parallel sequentially; and

a plurality of second connecting means for connecting the
loop element and the elements which form a loop and is
formed above the loop elements,

wherein more than two loops are formed to form a dual
layer structure.

12. The small monopole antenna as recited in claim 1,

wherein the loop element includes a tail member.

13. The small monopole antenna as recited in claim 12,
wherein the tail member is disposed to face the inside of the
loop element, bended at the center of the loop element toward
the opposite direction of the ground means, and attached at a
predetermined position opposite from where the ground
means and the loop element are connected.

14. The small monopole antenna as recited in claim 12,
wherein the tail member is disposed at the outside of the loop.

15. The small monopole antenna as recited in claim 12,
wherein the tail member is disposed to be projected to the out
of a dielectric member where the loop element is installed.

16. The small monopole antenna as recited in claim 1,
wherein the small monopole antenna is used by being con-
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nected to one or more of a helical antenna, a conical antenna
and a whips antenna which are an antenna having a feeder
disposed under the antenna.

17. The small monopole antenna as recited in claim 1,
wherein the small monopole antenna includes a helical
antenna connected to an opposite side from where the loop
element and the non-feeding monopole antenna element are
connected.

18. The small monopole antenna as recited in claim 17,
wherein the small monopole antenna is manufactured to be
operated by being separated from the helical antenna.

19. The small monopole antenna as recited in claim 1,
wherein the small monopole antenna is operated by being
connected to a whips antenna at an opposite side from where
the loop element and the non-feeding monopole antenna ele-
ment are connected, and a helical antenna is connected to an
end portion of the whips antenna.

20. The small monopole antenna as recited in claim 1,
wherein the small monopole antenna is operated by being
connected to a helical antenna at an opposite side from where
the loop element and the non-feeding monopole antenna ele-
ment are connected, and a whips antenna is connected to an
end portion of the whips antenna.

20
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21. The small monopole antenna as recited in claim 1,
wherein the small monopole antenna is disposed inside a
wireless communication terminal with the loop plane of the
loop element diagonally disposed from a printed circuit board
of the wireless communication terminal.

22. The small monopole antenna as recited in claim 1,
wherein the small monopole antenna is disposed inside a
wireless communication terminal with the loop plane of the
loop element disposed in parallel from a printed circuit board
of the wireless communication terminal.

23. The small monopole antenna as recited in claim 1,
wherein the small monopole antenna is disposed inside a
wireless communication terminal with the loop plane of the
loop element bended at the center of the loop element to have
two sides orthogonally crossing one another.

24. The small monopole antenna as recited in claim 1,
further comprising a tail member, wherein a predetermined
portion of the small monopole antenna is integrally manufac-
tured with the dielectric substance.
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1
DUAL-BAND ANTENNA

RELATED APPLICATIONS

This application claims the benefit of U.S. provisional
patent application Ser. No. 60/762,644, filed Jan. 27, 2006,
entitled “Dual-Band Antenna” which is hereby incorporated
by reference in its entirety.

BACKGROUND

1. Field of the Invention

This invention relates to wireless communication systems,
in particular, directional antennas for use in wireless commu-
nication systems.

2. Background

In wireless communication systems, antennas are used to
transmit and receive radio frequency signals. In general, the
antennas can be omni-directional, receiving and transmitting
signals from any direction, or directional, with reception and
transmission of signals limited in direction. In general, direc-
tional antennas provided increased gain over an omni-direc-
tional antenna because the directional antenna’s coverage is
focused over a small spatial region. Because a directional
antenna covers a limited spatial region, the antenna needs to
be “pointed” so that it can transmit and receive signals in a
desired direction. Some conventional antenna systems
include multiple directional antennas, or elements, arranged
in an array such that individual elements “point™ in different
directions. By selecting desired elements of the array the
overall direction of the antenna system can be varied. In
addition, there exist antenna systems which provide directive
gain with electronic scanning, such as phased arrays, rather
than being fixed. However, many such electronic scanning
technologies are plagued with excessive loss and high cost. In
addition, many of today’s wireless communication systems
provide very little room for antennae elements.

One type of directional antenna that is popular is traditional
Yagi-Uda (“Yagi”) antenna. A traditional Yagi antenna
includes a driven element, the element a signal is fed to by a
transmitter or other signal source, called the driver or antenna
element, one or more reflectors, and one or more director
elements. The reflector and director elements are parasitic
elements that are not driven. By choosing the proper length
and spacing of a reflector element from the driven element, as
well as the length and spacing of director elements, the
induced currents on the reflector and director elements will
re-radiate a signal that will additively combine with the radia-
tion from the driven element to form a more directive radiated
beam compared to the radiation from the driven element
alone. The most common Yagi arrays are fabricated using a
dipole for the driven element, and straight wires for the reflec-
tor and director elements. The reflector element is placed
“behind” the driven element and the director elements are
placed in “front” of the driven element. The result is a linear
array of wires that together radiate a beam of radio frequency
(RF) energy in the forward direction. The directivity, and
therefore the gain, of the radiated beam can be increased by
adding additional director elements, but at the expense of
overall antenna size. The director element can be eliminated,
which leads to a smaller antenna with wider beam width
coverage compared to Yagi antennas utilizing director ele-
ments.

In conventional Yagi antennas, the driven element is a
dipole element that has a length that is nominally one-half of
a wavelength of the radio frequency (RF) signal transmitted
or received by the antenna. The reflector element is usually
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approximately five percent longer than the dipole and the
director elements are approximately five percent shorter than
the dipole. The spacing between the elements is critical to the
design of the Yagi and varies from one design to another, with
element spacing typically varying between one-eighth and
one-quarter wavelength. While the Yagi antenna dos provide
arelatively simple directional antenna design, the overall size
is usually relatively large because of the reflector and director
elements and the spacing between the elements.

There is a need in the art for improved antennas that can
provide directional gain and are compact in size.

SUMMARY

The present invention includes a method, apparatus and
system as described in the claims. In one embodiment, an
antenna system includes a dual-band strip line monopole
element. The monopole element includes a radio frequency
(RF) choke, such as a coplanar waveguide stub, located at one
end of the element above a lower portion of the element. The
overall length of the monopole element is selected so as to
resonate at a first desired frequency. For example, the overall
length of the monopole element can be selected to be about a
one quarter wavelength of the first desired frequency. The
length of the lower portion is selected so as to resonate at a
second desired frequency. For example, the length of the
lower portion of the monopole element can be selected to be
about a one-quarter wavelength of the second desired fre-
quency. The antenna system also includes a first reflector
element located at a distance from the monopole element
corresponding to a reflective distance of the first desired fre-
quency, wherein a length of the first reflector element is
selected so as to resonate at the first desired frequency. For
example the distance from the monopole element to the first
reflector and the length of the first reflect can be about a
quarter wavelength of the first desired frequency. The antenna
system includes a second reflector element located between
the monopole element and the first reflector, wherein the
second reflector element is located at a distance correspond-
ing to a reflective distance of the second desired frequency.
The length of the second reflector is selected so as to resonate
at the second desired frequency. For example, the distance
from the monopole element to the second reflector and the
length of the second reflector can be about a quarter wave-
length of the second desired frequency.

In another embodiment, an antenna system includes a first
and a second dual-band strip line monopole elements, and
each monopole element includes an RF chock, such as a
coplanar waveguide stub, located at one end of the element
above a lower portion of the element, An overall length of the
monopole element is selected so as to resonate at a first desire
frequency, for example, the overall length of the monopole
element can be selected to be about a one quarter wavelength
of'the first desired frequency. A length of the lower portion of
the monopole element is selected so as to resonate at a second
desired frequency, for example, the length of the lower por-
tion of the monopole elements can be selected to be about a
one-quarter wavelength of the second desired frequency. The
antenna system also includes a common reflector element
located between the first and second monopole elements. The
common reflector is located at a reflective distance of the first
desired frequency from each of the first and second monopole
elements. A length of the common reflector element is
selected so as to resonate at the first desired frequency, for
example the length of the common reflector is selected to be
about a quarter wavelength of the first desired frequency. The
antenna system includes a first and a second reflector ele-
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ments, wherein the first reflector element is located between
the first monopole element and the common reflector and the
second reflector element is located between the second mono-
pole element and the common reflector. The first and second
reflector elements are each located at a distance from the first
and second monopole elements corresponding to a reflective
distance of the second desired frequency. In addition, each of
the first and second reflector elements has a length selected so
as to resonate at the second desired frequency. For example,
the length of the first and second reflectors can be selected to
be about a quarter wavelength of the second desired fre-
quency.

In the embodiments of the antenna systems, a ratio of the
second desired frequency to the first desired frequency can be
anon-integer value. For example, if the monopoles include an
RF chock, such as a quarter wavelength choke or a coplanar
stub, then the ratio of the second desired frequency to the first
desired frequency can be greater than about 2. In another
embodiment, if a lumped RF choke is used then the ratio of
the second desired frequency to the first desired frequency
can be less than about 2. In one embodiment, the first desired
frequency is about 2.4 GHz and the second desired frequency
is about 5 GHz.

The antenna system can be implemented on a supporting
structure, for example, a cardbus card, or a PCMCIA card.

A method of varying a beam pattern of an antenna includes
having a first dual-band strip line monopole element reflec-
tively coupled to a first and second reflector and a second
dual-band strip line monopole element reflectively coupled to
the first and a third reflector. Applying a first signal at a
desired frequency to the first dual-band strip line monopole
element, wherein the frequency of the signal is selected to
cooperate with, and reflect from one of the first and second
reflectors to thereby radiate a radio frequency signal in a first
direction, and applying a second signal at a desired frequency
to the second dual-band strip line monopole element, wherein
the frequency of the signal is selected to cooperate with, and
reflect from one of the third reflector to thereby radiate a radio
frequency signal in a second direction.

In one embodiment, a wireless communication device can
include a dual-band antenna having a first monopole element
reflectively coupled to a first reflector and a second monopole
element reflectively coupled to a second reflector; wherein
the first monopole element and first reflector are configured to
form a radio frequency beam pattern in a first direction and
the second monopole element and second reflector are con-
figured to form aradio beam pattern in a second direction. The
wireless communication device also includes a radio module
configured to transmit and receive radio frequency signals,
and a switch configured to controllable couple the radio mod-
ule to the first or the second monopole elements.

In another embodiment, a wireless communication device
includes a dual-band antenna having a first monopole element
reflectively coupled to a first reflector and a second monopole
element reflectively coupled to a second reflector; wherein
the first monopole element and first reflector are configured to
form a radio frequency beam pattern in a first direction and
the second monopole element and second reflector are con-
figured to form aradio beam pattern in a second direction. The
wireless communication device also includes a radio module
comprising a plurality of radios, wherein a first radio is com-
municatively coupled to the first monopole element and a
second radio is communicatively coupled to the second
monopole element.
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Other features and advantages of the present invention will
become more readily apparent to those of ordinary skill in the
art after reviewing the following detailed description and
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects, advantages and details of the
present invention, both as to its structure and operation, may
be gleaned in part by a study of the accompanying drawings,
in which like reference numerals refer to like parts. The
drawings are not necessarily to scale, emphasis instead being
placed upon illustrating the principles of the invention.

FIG. 1 is a diagram illustrating an example embodiment of
a dual-band antenna.

FIG. 2 is a diagram illustrating directional beam patterns of
the example dual-beam antenna of FIG. 1.

FIG. 3 is a diagram illustrating a dual-band antenna system
located on a supporting structure.

FIG. 4 is diagram illustrating another example of a dual-
band antenna system located on a supporting structure.

FIG. 5 is a functional block diagram of an embodiment of
a wireless communication device that may use a dual-band
antenna, such as the dual-band antenna illustrated in FIG. 1.

FIG. 6 is a functional block diagram of another embodi-
ment of a wireless communication device that may use a
dual-band antenna, such as the dual-band antenna illustrated
in FIG. 1.

FIG. 7 is a functional block diagram of yet another embodi-
ment of a wireless communication device that may use a
dual-band antenna, such as the dual-band antenna illustrated
in FIG. 1.

DETAILED DESCRIPTION

Certain embodiments as disclosed herein provide for sys-
tems, methods, and apparatuses for a wireless communica-
tion device having a multi-beam, multi-band antenna and
methods for manufacturing the same. For example one sys-
tem and method described herein provides a plurality of
antenna elements where one or more elements are active and
other elements form reflectors for the one or more active
elements. As described, the active elements and reflector
cooperate to create directed transmissions, or direction of
positive gain for the antenna system, at one or more frequency
bands. The system can be used for various wireless commu-
nication protocols and at various frequency ranges. For
example, the system can be used at frequency ranges and
having bands centered around 2.4 Ghz, 5.0 Ghz, or other
desired frequency bands.

After reading this description it would become apparent to
one skilled in the art how to implement the invention in
various alternative embodiments and alternative applications.
However, although various embodiments of the present
invention will be described herein, it is to be understood that
these embodiments are presented by way of example only,
and not limitations. As such, this detailed description of vari-
ous embodiments should not be construed to limit the scope
or breadth of the present invention. In the description that
follows, an example is described for a dual-band antenna that
has two main directions of transmission and operates at two
primary radio frequency (RF) frequencies. It is noted that the
invention is not limited to two directions of transmission nor
two frequency bands, and this example is merely used to
illustrate aspects and features of the invention. Thus, the
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aspects and features described can be used to implement any
desired number of directions and any desired number of fre-
quency bands.

FIG. 1 is a diagram illustrating an example of a dual-band
antenna 102. The dual-band antenna 102 includes two dual-
band strip line monopole antenna elements 104 and 106. The
overall length of the monopoles 104 and 106 is chosen to
make them resonate at a first desired frequency. In one
embodiment, the overall length of'the monopoles 104 and 106
are a resonate length for a 2.4 GHz wavelength RF signal. In
one embodiment, each of the dual-band monopoles 104 and
106 is configured to include an RF choke. For example, each
monopole 104 and 106 may include a one quarter-wave-
length, at 5 GHz, coplanar waveguide stub 108 and 110 with
a shorted end 1114 and 113 located above a lower portion 112
and 114 of the monopole 104 and 106 with the length of the
lower portions 112 and 114 being a resonate length of a
second desired frequency, for example, a length of one quar-
ter of a wave length at 5 GHz. In another embodiment, each
monopole 104 and 106 may include a lumped RF choke, or a
short-circuited quarter wavelength coaxial or microstrip stub.

In one embodiment, because the RF chokes, such as copla-
nar waveguide stubs, 108 and 110 have capacitive impedance
at 2.5 GHz, the monopoles 104 and 106 may be a bit shorter
than a quarter of wavelength at 2.4 GHz. In one example, the
monopoles 104 and 106 are approximately 20% shorter that a
quarter wavelength at 2.4 GHz. As noted, the chokes, or stubs,
108 and 110 are located about a quarter of a wavelength 130
above a ground plane 120. The width and length of the mono-
poles 104 and 106 can be selected to achieve a desired imped-
ance. In one embodiment, the monopoles 104 and 106 width
and length can be selected to achieve an impedance close to
50 Ohms at 2.4 and 5 GHz.

In the example of FIG. 1, the dual-band antenna 102
includes a common reflector 122 located between the two
monopoles 104 and 106. The location and shape of the com-
mon reflector 122 is chosen to decouple the monopoles 104
and 106 at the first desired frequency. For example, the dis-
tance 132 and 134 between the common reflector 122 and
each of the two monopoles 104 and 108 may be selected to be
a reflective distance at the desired frequency. In one embodi-
ment, the location and shape of the common reflector are
selected to decouple the monopoles 104 and 106 at 2.4 GHz.
In other words, the common reflector 122 is configured to
have a length and shape selected so that it resonates at 2.4
GHz. The common reflector 122 keeps the energy radiated by
one of the monopoles from reaching the other monopole. In
one embodiment, the top portion of the common reflector 122
could have its shape changed, for example it could be made
thicker, thereby allowing the overall length of the common
reflector 122 be reduced.

In one embodiment, the distance 132 and 134 between the
common reflector and each of the two monopoles 104 and 108
may be approximately a quarter of a wavelength at 2.4 GHz.
The length 136 of the common reflector 122 can be a resonate
length at the first desired frequency, for example, about a
quarter of a wavelength at 2.4 GHz.

The example dual-band antenna 102 illustrated in FIG. 1
also includes two reflectors 124 and 126 located between the
monopoles 104 and 106 and the common reflector 122. In one
embodiment, the shape of the two reflectors 124 and 126 are
selected to resonate at the second desired frequency and the
two reflectors are located at a reflective distance of the second
frequency from the respective monopole 104 and 106. For
example, the two reflectors 124 and 126 may be a resonate
length for a 5 GHz RF signal and they maybe located between
the common reflector 122 and each of the monopoles 104 and
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106 and at a reflective distance of 5 GHz from each of the
respective monopoles 104 and 106. For example, the distan-
cel38 and 140 between each of the reflectors 124 and 126 and
the nearest monopole 104 and 106 respectively, may be a
reflective distance at the second desired frequency, for
example, about a quarter of wavelength at 5 GHz. The length
of'the reflectors 124 and 126 may be selected to resonate at the
second desired frequency, for example, a length of about
quarter of wavelength at 5 GHz.

In one embodiment, a coplanar waveguide stub is included
at the end of the common reflector 122. including a coplanar
waveguide stub at the end of the common reflector 122 adapts
the common reflector 122 into a dual-band reflector. In this
case, the lower portion of each monopole, that resonates, for
example at 5 GHz, will have two reflectors instead of one.
This configuration may increase the antenna gain at 5 GHz.

In the example of FIG. 1 the dual-band antenna 102 has a
first and a second RF input, 150 and 152 providing an RF
connection to each of the monopoles 104 and 106 respec-
tively. Separate RF inputs provide several advantages. For
example, having separate RF inputs eliminate the need for an
antenna switch. Also, with separate RF inputs 150 and 152 the
two monopoles 104 and 106 can be operated simultaneously.

As discussed further below, each RF input 150 and 152 can
provide a separate antenna beam. Providing separate antenna
beams provides many advantages. For example, the dual-
band antenna 102 can be used in multiple input multiple
output (MIMO) communication devices, such as a diversity-
switched antenna in a 2x2 MIMO.

The dual-band antenna 102 concept illustrated in FIG. 1
can be used to implement dual-band antennas when the ratio
of operating frequencies used (high frequency/low fre-
quency) is not an integer value. Typically, it is difficult to build
dual-band antennas with operating frequencies that are non-
integer ratios. The dual-band antenna 102 of FIG. 1 is appli-
cable to many high-to-low frequency ratios. For example,
when the monopole includes an RF choke, such as a quarter
wavelength coke or a coplanar stub, then the ratio can be
greater than about 2. In another embodiment, if a lumped RF
choke, which may be physically smaller than a quarter wave-
length, is used then the ratio of the second desired frequency
to the first desired frequency can be less than about 2. One
aspect is that the effective length of the monopole at low
frequency, typically should not be shorted than a half wave-
length of the higher frequency.

FIG. 2 is a diagram illustrating directional beam patterns of
the example dual-beam antenna 102 of FIG. 1. As shown in
FIG. 2, if an RF signal at the first desired frequency is fed into
the first RF input 150 then the first monopole 104 and the
common central reflector 122 will resonate. Similarly to atwo
element Yagi antenna, the first monopole 104 and the com-
mon central reflector 122 will cooperate to produce an
antenna beam pattern at the first desired frequency, generally,
to the left of the dual-band antenna 102. The reflector 124
located between the first monopole 104 and the common
reflector 122 does not resonate at the first desired frequency
because its length was selected to be a resonate length at the
second desired frequency, and therefore has minimal impact
on the antenna beam pattern 202.

Ifan RF signal at the second desired frequency is fed to the
first RF input 150 then only the lower portion 112 of the
monopole 104 will resonate because the upper portion of the
monopole 104 is a coplanar waveguide stub 108 that has a
very high impedance at the second desired frequency and
isolates the stub 108. For example, in one embodiment, the
input impedance of the coplanar waveguide stub 108 very
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high at 5 GHz. This high impedance at 5 GHz isolates the top
portion of the monopole from the bottom portion of the mono-
pole at 5 GHz.

Again, similarly to a two element Yagi antenna, the lower
portion 112 ofthe monopole 104 and the reflector 124 located
between the first monopole 104 and the common reflector 122
will cooperate to produce an antenna beam pattern 206 at the
second desired frequency, generally, to the left of the dual-
band antenna 102. The common reflector 122 does not reso-
nate at the second desired frequency because its length was
selected to be a resonate length at the first desired frequency,
and therefore has minimal impact on the antenna beam pat-
tern 206.

In a similar manner, an RF signal at the first desired fre-
quency that is fed into the second RF input 152 will produce
an antenna beam pattern 210 at the first desired frequency,
generally, to the right of the dual-band antenna 102. Also, an
RF signal at the second desired frequency fed into the second
RF input 152 will produce an antenna beam pattern 212 at the
second desired frequency, generally, to the right of the dual-
band antenna 102

In one embodiment of the example illustrated in FIG. 2, a
2.4 GHz RF signal is fed to the first RF input 150 and, because
of their selected shapes, the first monopole 104 and the com-
mon central reflector 122 will resonate. Similarly to a two
element Yagi antenna, because the common reflector is
located at a reflective distance for a 2.4 GHz signal from the
monopole 104, the common central reflector 122 will coop-
erate to produce a 2.4 GHz RF beam pattern 202 radiating,
generally, to the left of the dual-band antenna 102. The reflec-
tor 124 located between the first monopole 104 and the com-
mon reflector 122 is a size selected to resonate at 5 GHz, so it
does not resonate at 2.4 GHz, for example because it is too
short, and therefore has minimal impact on the radiate RF
beam 202.

If a 5 GHz RF signal is fed to the first RF input 150 then
only the lower portion 112 of the monopole 104, which has a
resonant size for a 5 GHz signal, will resonate because the
upper portion of the monopole 104 is an RF choke, such as a
coplanar waveguide stub, 108 that has a very high impedance
at 5 GHz and isolates the stub 108. Again, similarly to a two
element Yagi antenna, the lower portion 112 of the monopole
104 and the reflector 124 located between the first monopole
104 and the common reflector 122 that is a size selected to
resonate at 5 GHz, will cooperate to produce a 5 GHz RF
beam pattern 206 radiating, generally, to the left of the dual-
band antenna 102. The common reflector 122 that is a reso-
nate size for a 2.4 GHz signal does not resonate at 5 GHz, for
example because it is too long, and therefore has minimal
impact on the radiate RF beam 206.

In a similar manner, a 2.4 GHz RF signal fed into the
second RF input 152 will produce a 2.4 GHz RF beam pattern
210 radiating, generally, to the right of the dual-band antenna
102. Also, a 5 GHz signal fed into the second RF input 152
will produce a 5 GHz RF beam pattern 212 radiating, gener-
ally, to the right of the dual-band antenna 102

As illustrated in FIG. 2, the directional pattern of the dual-
band antenna 102 has two sets of opposite beams. Each set of
opposite beams can be formed on both frequencies simulta-
neously. In addition, both sets may be formed simultaneously.
Thus, in the example shown in FIG. 2, a 2.4 GHz beam 202
and a 5 GHz beam 206 can be formed radiating to the left, and
a 2.4 GHz beam 210 and a 5 GHz beam 212 can be form
radiating to the right, all at the same time as well as any
combination of the four beams.

While the example illustrated in FIG. 2 describes applying
RF signals to the RF inputs 150 and 152 and RF beam patterns
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radiating from the dual band antenna, such as signals being
transmitted from the antenna, similar patterns can be used to
receive signals by the dual-band antenna 102. For example, if
an 2.4 GHz RF signal is received from the left of the dual-
band antenna 102, the monopole 104 and the common central
reflector 12 will cooperate to induce a 2.4 GHz RF current in
the monopole 104 that can be sensed at the first RF input 150.
Likewise, if an 5 GHz RF signal is received from the left of the
dual-band antenna 102, the bottom portion 112 of the mono-
pole 104 and the 5 GHz reflector 124 will cooperate to induce
a5 GHz RF current in the monopole 104 that can be sensed at
the RF input 150. In a similar manner, 2.4 GHz and 5 GHz
signals can be received from the right of the dual-band
antenna and produce RF currents in the second RF input 152.

The discussion above described an antenna that operates at
two different frequencies and antenna patterns that are oppo-
site each other. Other configurations of frequencies and pat-
ters are possible. For example, different configurations of
monopoles and reflectors can operate at different frequencies.
Likewise, different arrangements of monopoles and reflectors
can produce various beam patterns. In addition, other con-
figurations can operate at more than two different frequen-
cies.

The dual-band antenna described herein can be used with
many different radio systems. For example, the antenna sys-
tem can be combined with the systems described in U.S.
patent application Ser. No. 11/209,358, filed Aug. 22, 2005
entitled “Optimized Directional Antenna System”, assigned
to the assignee of the present application and hereby incor-
porated by reference in its entirety. The dual-band antenna
described can also be used in MIMO applications, and other
applications where an antenna that can provide directionality
and operate at multiple frequencies would be useful.

The dual-band antenna can also be located on many differ-
ent support structures. For example, the dual-band antenna
can be located on a Cardbus card, or a PCMCIA card. FIG. 3
is a diagram illustrating a dual-band antenna system located
on a supporting structure. FIG. 3 illustrates a front view of a
supporting structure 306, for example, a printed circuit board,
such as a Cardbus card or a PCMCIA card. In the example of
FIG. 3, the ground plane and dual-band antenna are located on
the back side of the card 306 as indicated by the dashed lines.
In one embodiment, the support structure, or card, 306
includes the elements or components of a wireless network
card including a radio 310 and a controller 320 which are
located on the printed circuit board. In one example, the radio
may be coupled to the first and second RF feeds 150 and 152
via microstrip lines, strip lines, or coaxial cables, 332 and 334
which are coupled to corresponding strip lines 336 and 338 at
connectors 340 and 341. A first strip line 336 runs from a first
connector 340 to the first RF input 150. A second strip line
388 runs from the second connector 342 to the second RF
input 152.

FIG. 4 is diagram illustrating another example of a dual-
band antenna system located on a supporting structure. FI1G.
4 is similar to FIG. 3, with the addition of an antenna switch
402. In the example of FIG. 4, the radio 310 is coupled to the
switch 402 via a coaxial cable 404. The switch 402 can be
controlled by the controller 320 to selectively couples the
radio to either the left side of the dual band antenna via
microstrip lines, strip lines, or coaxial cable, 332, connector
340 and strip line 336, or the right side of the dual band
antenna via microstrip line, strip line, or coaxial cable, 334,
connector 344 and strip line 338.

FIG. 5 is a functional block diagram of an embodiment of
a wireless communication device 500 that may use a dual-
band antenna, such as the dual-band antenna illustrated in
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FIG. 1. The wireless device 500 can be, for example, a wire-
less router, amobile access point, a wireless network adapted,
or other type of wireless communication device. In addition,
the wireless device can employ MIMO (multiple-in multiple-
out) technology. The communication device 500 includes a
dual-band antenna system 502 which is in communication
with a radio system 504. In the example of FIG. 5, the dual-
band antenna includes a first portion 502a that radiates in a
first direction and a second portion 5025 that radiates in a
second direction different that the first direction. In the
example illustrated in FIG. 5, the dual-band antenna radiates
in two different directions, in other embodiments, the dual-
band antenna may be configured to radiate in more than two
directions.

The radio system 504 includes a radio sub-system 522. In
the example of FIG. 5, the radio sub-system 522 includes two
radios 510a and 5105. In other configurations different num-
bers of radios 510 may be included. The radios 5104 and 5105
are in communication with a MIMO signal processing mod-
ule, or signal processing module, 512. The radios 510a and
5106 generate radio signals which are transmitted by the
dual-band antenna system 502 and receive radio signals from
the antenna system. In one embodiment each directional por-
tion 502a and 5025 are coupled to a single corresponding
radio 510a and 5105. Although eachradio is depicted as being
in communication with a corresponding portion of the dual-
band antenna by a transmit and receive line 5084 and 5085,
more or fewer such lines can be used. In addition, in one
embodiment the radios can be controllably connected to vari-
ous portions of the dual-band antenna by multiplexing or
switching.

The signal processing module 512 implements the MIMO
processing. MIMO processing is well known in the art and
includes the processing to send information out over two or
more radio channels using the dual-band antenna system 502
and to receive information via multiple radio channels and
antennas as well. The signal processing module can combine
the information received via the multiple antenna into a single
data stream. The signal processing module may implement
some or all of the media access control (MAC) functions for
the radio system and control the operation of the radios so as
to act as a MIMO system. In general, MAC functions operate
to allocate available bandwidth on one or more physical chan-
nels on transmissions to and from the communication device.
The MAC functions can allocate the available bandwidth
between the various services depending upon the priorities
and rules imposed by their QoS. In addition, the MAC func-
tions operate to transport data between higher layers, such as
TCP/IP, and a physical layer, such as a physical channel. The
association of the functions described herein to specific func-
tional blocks in the figure is only for ease of description. The
various functions can be moved amongst the blocks, shared
across blocks and grouped in various ways.

A central processing unit (CPU) 514 is in communication
with the signal processor module 512. The CPU 514 may
share some of the MAC functions with the signal processing
module 512. In addition, the CPU can include a data traffic
control module 516. Data traffic control can include, for
example, routing associated with data traffic, such as a DSL
connection, and/or TCP/IP routing. A common or shared
memory 518 which can be accessed by both the signal pro-
cessing module 512 and the CPU 514 can be used. This allows
for efficient transportation of data packets between the CPU
and the signal processing module.

A signal quality metric for each received signal and/or
transmitted signal on a communication link can be monitored
to determine which portion of the dual-band antenna system
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502 is preferred, for example, which direction it is desired to
radiate or receive RF signals. The signal quality metric can be
provided from the MIMO signal processing module 512. The
MIMO signal processing module has the ability to take into
account MIMO processing before providing a signal quality
metric for a communication link between the wireless com-
munication device 500 and a station with which the wireless
communication device is communicating. For example, for
each communication link the signal processing module can
select from the MIMO techniques of receive diversity, maxi-
mum ratio combining, and spatial multiplexing each. The
signal quality metric received from the signal processing
module, for example, data through put or error rate, can vary
based upon the MIMO technique being used. A signal quality
metric, such as received signal strength, can also be supplied
from one or more of the radios 510a and 51054. The signal
quality metric can be used to determine or select which por-
tions of the dual-band antenna and which frequency it is
desired to use.

FIG. 6 is a functional block diagram of another embodi-
ment of a wireless communication device 600 that may use a
dual-band antenna, such as the dual-band antenna illustrated
in FIG. 1. The wireless device 600 can be, for example, a
wireless router, a mobile access point, a wireless network
adapted, or other type of wireless communication device. In
the embodiment of FIG. 6, the communication device 600
includes a dual-band antenna system 602 which is in commu-
nication with aradio system 604. In the example of FIG. 6, the
radio system 604 includes a radio module 606, a processor
module 608, and a memory module 610. The radio module
606 is in communication with the processor module 608. The
radio module 606 generates radio signals which are transmit-
ted by the dual-band antenna system 602 and receive radio
signals from the antenna system.

The processor module 608 may implement some or all of
the media access control (MAC) functions for the radio sys-
tem 604 and control the operation of the radio module 606. In
general, MAC functions operate to allocate available band-
width on one or more physical channels on transmissions to
and from the communication device 600. The MAC functions
can allocate the available bandwidth between the various
services depending upon the priorities and rules imposed by
their QoS. In addition, the MAC functions can operate to
transport data between higher layers, such as TCP/IP, and a
physical layer, such as a physical channel. The association of
the functions described herein to specific functional blocks in
the figure is only for ease of description. The various func-
tions can be moved amongst the blocks, shared across blocks
and grouped in various ways. The processor is also in com-
munication with a memory module 610 which can store code
that is executed by the processing module 608 during opera-
tion of the device 600 as well as temporary store during
operation.

In the example of FIG. 6, the dual-band antenna 602
includes a first antenna 612a that radiates in a first direction
and a second antenna 6125 that radiates in a second direction
different that the first direction. In the example illustrated in
FIG. 6, the dual-band antenna radiates in two different direc-
tions, in other embodiments, the dual-band antenna may be
configured to radiate in more than two directions. The dual-
band antenna 602 also includes a switch 614 and a control
module 616. In one embodiment, the switch is in communi-
cation with the first and second antennas 612a and 6125 and
the radio module 614 to communicate signals to and from the
radio to a selected one of the antennas 612 a or 61256. Opera-
tion of the switch is controlled by control module 616. For
example, the control module 616 may receive an indication,
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or feedback, from the switch 624 or the radio system 604,
indicating a desired antenna 612a or 6125 to be used. In
response to the feedback, the control module 616 can control
the operation of the switch.

FIG. 7 is a functional block diagram of yet another embodi-
ment of a wireless communication device 700 that may use a
dual-band antenna, such as the dual-band antenna illustrated
in FIG. 1. The wireless device 700 can be, for example, a
wireless router, a mobile access point, a wireless network
adapted, or other type of wireless communication device. In
the embodiment of FIG. 7, the communication device 700
includes a dual-band antenna system 702 which is in commu-
nication with aradio system 704. In the example of FIG. 7, the
radio system 704 includes a radio module 706, a processor
module 708, and a memory module 710. The radio module
706 is in communication with the processor module 708. The
radio module 706 generates radio signals which are transmit-
ted by the dual-band antenna system 702 and receive radio
signals from the antenna system.

In the example of FIG. 7, the dual-band antenna 702
includes a first antenna 712a that radiates in a first direction
and a second antenna 7125 that radiates in a second direction
different that the first direction and a switch 714. In the
example illustrated in FIG. 7, the dual-band antenna radiates
in two different directions, in other embodiments, the dual-
band antenna may be configured to radiate in more than two
directions. In one embodiment, the switch 714 is in commu-
nication with the first and second antennas 7124 and 7126 and
the radio module 704 to communicate signals to and from the
radio to a selected one of the antennas 7124 or 712b. Opera-
tion of the switch is controlled by processor module 708.

Operation of the switch 714 can be to select one of the
antennas 712a or 7125 in response to a signal quality metric,
such as received signal strength. In one embodiment, the
signal metric can be communicated from the radio 706 to the
processor module 708 and the processor module 706 operates
the switch 714 to select a desired antenna 712a or 7125.

Various characteristics of the antenna have been described
in embodiments herein. by way of example in terms of param-
eters such as wavelengths and frequency. It should be appre-
ciated that the examples provided describe aspects that appear
electrically to exhibit a desired characteristic.

The above description of the disclosed embodiments is
provided to enable any person skilled in the art to make or use
the invention. Numerous modifications to these embodiments
would be readily apparent to those skilled in the art, and the
principals defined herein can be applied to other embodi-
ments without departing from the spirit or scope of the inven-
tion. Thus, the invention is not intended to be limited to the
embodiment shown herein but is to be accorded the widest
scope consistent with the principal and novel features dis-
closed herein.

The various illustrative logical blocks, modules, and cir-
cuits described in connection with the embodiments dis-
closed herein can be implemented or performed with a gen-
eral purpose processor, a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a field pro-
grammable gate array (FPGA) or other programmable logic
device, discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to perform
the functions described herein. A general-purpose processor
can be a microprocessor, but in the alternative, the processor
can be any processor, controller, microcontroller, or state
machine. A processor can also be implemented as a combi-
nation of computing devices, for example, a combination of a
DSP and a microprocessor, a plurality of microprocessors,
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one or more microprocessors in conjunction with a DSP core,
or any other such configuration.

The steps of a method or algorithm described in connection
with the embodiments disclosed herein can be embodied
directly in hardware, in a software module executed by a
processor, or in a combination of the two. A software module
can reside in RAM memory, flash memory, ROM memory,
EPROM memory, EEPROM memory, registers, hard disk, a
removable disk, a CD-ROM, or any other form of storage
medium. An exemplary storage medium can be coupled to the
processor such the processor can read information from, and
write information to, the storage medium. In the alternative,
the storage medium can be integral to the processor. The
processor and the storage medium can reside in an ASIC.

Furthermore, those of skill in the art will appreciate that the
various illustrative logical blocks, modules, circuits, and
method steps described in connection with the above
described figures and the embodiments disclosed herein can
often be implemented as electronic hardware, computer soft-
ware, or combinations of both. To clearly illustrate this inter-
changeability of hardware and software, various illustrative
components, blocks, modules, circuits, and steps have been
described above generally in terms of their functionality.
Whether such functionality is implemented as hardware or
software depends upon the particular application and design
constraints imposed on the overall system. Skilled persons
can implement the described functionality in varying ways
for each particular application, but such implementation deci-
sions should not be interpreted as causing a departure from
the scope of the invention. In addition, the grouping of func-
tions within a module, block, circuit or step is for ease of
description. Specific functions or steps can be moved from
one module, block or circuit to another without departing
from the invention.

The invention claimed is:

1. An antenna system comprising:

a dual-band strip line monopole element that includes a
radio frequency choke located at one end of the clement
above a lower portion of the element, wherein an overall
length of the monopole element is selected so as to
resonate at a first desired frequency, and the length ofthe
lower portion of the monopole element is selected to
resonate at a second desired frequency;

a first reflector element located at a distance from the
monopole element corresponding to a reflective distance
of'the first desired frequency, wherein a length of the first
reflector element is selected so as to resonate at the first
desired frequency; and

a second reflector element located between the monopole
element and the first reflector, wherein the second reflec-
tor element is located at a distance from the monopole
element corresponding to a reflective distance of the
second desired frequency, and the second reflector ele-
ment has a length selected so as to resonant at the second
desired frequency.

2. The antenna system of claim 1, wherein a ratio of the
second desired frequency to the first desired frequency is a
non-integer value.

3. The antenna system of claim 1, wherein a ratio of the
second desired frequency to the first desired frequency is
greater than about 2.

4. The antenna system of claim 1, wherein the first desired
frequency is about 2.4 GHz and the second desired frequency
is about 5 GHz.

5. The antenna system of claim 1, wherein the radio fre-
quency choke has a high impedance at the second desired
frequency.
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6. The antenna system of claim 1, wherein the radio fre-
quency choke comprises coplanar waveguide stub.

7. The antenna system of claim 1, wherein the radio fre-
quency choke comprises a lumped radio frequency choke.

8. The antenna system of claim 1, wherein the overall
length of the monopole element is about a quarter of a wave-
length of the first desired frequency.

9. The antenna system of claim 1, wherein the reflective
distance of the first desired frequency is about a quarter of a
wavelength of the first desired frequency.

10. The antenna system of claim 1, wherein the overall
length of the lower portion of the monopole element is about
a quarter of a wavelength of the second desired frequency.

11. The antenna system of claim 1, wherein the reflective
distance of the second desired frequency is about a quarter of
a wavelength of the second desired frequency.

12. An antenna system comprising:

a first and a second dual-band strip line monopole ele-
ments, each monopole element comprises a radio fre-
quency choke located at one end of the element above a
lower portion of the element, wherein an overall length
of the monopole clement is selected so as to resonate at
a first desired frequency, and a length of the lower por-
tion of the monopole element is selected so as to resonate
at a second desired frequency:

a common reflector element located between the first and
second monopole elements, and at a distance from each
of the monopole elements corresponding to a reflective
distance of the first desired frequency, wherein a length
of the common reflector element is selected so as to
resonate at the first desired frequency; and

a first and a second reflector elements, wherein the first
reflector element is located between the first monopole
element and the common reflector and the second reflec-
tor element is located between the second monopole
element and the common reflector, wherein the first and
second reflector elements are each located at a distance
corresponding to a reflective distance of the second
desired frequency from the first and second monopole
elements respectively, and each of the first and second
reflector elements has a length selected so as to resonate
at the second desired frequency.

13. The antenna system of claim 12, wherein a ratio of the
second desired frequency to the first desired frequency is a
non-integer value.

14. The antenna system of claim 12, wherein a ratio of the
second desired frequency to the first desired frequency is
greater than about 2.

15. The antenna system of claim 12, wherein the first
desired frequency is about 2.4 GHz and the second desired
frequency is about 5 GHz.

16. The antenna system of claim 12, wherein the overall
lengths of the monopole elements are about a quarter of a
wavelength of the first desired frequency.

17. The antenna system of claim 12, wherein the reflective
distance of the first desired frequency is about a quarter of a
wavelength of the first desired frequency.

18. The antenna system of claim 12, wherein the overall
length of the lower portion of the monopole element is about
a quarter of a wavelength of the second desired frequency.

19. The antenna system of claim 12, wherein the reflective
distance of the second desired frequency is about a quarter of
a wavelength of the second desired frequency.

20. The antenna system of claim 12, wherein the length of
the common reflector is selected to be about a quarter of a
wavelength of the first desired frequency.
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21. The antenna of claim 12, wherein the length of the first
and second reflectors is selected to be about a quarter of a
wavelength of the second desired frequency.

22. The antenna system of claim 12, wherein the first
monopole element and the common reflector radiate are con-
figured to an RF beam at a frequency of about the first desired
frequency in a first direction, the first monopole element and
the first reflector are configured to radiate an RF beam at a
frequency of about the second desired frequency in the first
direction, the second monopole element and the common
reflector are configured to radiate an RF beam at a frequency
of'about the first desired frequency in a second direction, and
the second monopole element and the second reflector are
configured to radiate an RF beam at a frequency of about the
second desired frequency in the second direction.

23. The antenna system of claim 12, further comprising a
cardbus card.

24. The antenna system of claim 12, further comprising a
PCMCIA card.

25. The antenna system of claim 12, wherein the radio
frequency choke comprises coplanar waveguide stub.

26. The antenna system of claim 12, wherein the radio
frequency choke comprises a lumped radio frequency choke.
27. The antenna system of claim 12, further comprising

a radio module comprising a plurality of radios, wherein a
first radio is communicatively coupled to the first mono-
pole element and a second radio is communicatively
coupled to the second monopole element.

28. An antenna system comprising:

a dual-band strip line monopole element comprising a
radio frequency choke located at one end of the element
above a lower portion of the element, wherein an overall
length of the element is selected to be about a quarter of
awavelength a first desired frequency and a length ofthe
lower portion of the monopole element is selected to be
about a quarter of a wavelength of a second desired
frequency;

a first reflector element located at a distance from the
monopole element corresponding to a distance about a
quarter of a wavelength of the first desired frequency,
wherein a length of the first reflector element is about a
quarter of a wavelength of the first desired frequency:
and

a second reflector element located between the monopole
element and the first reflector wherein the second reflec-
tor element is located at a distance from the monopole
element corresponding to a distance about a quarter of a
wavelength ofthe second desired wherein a length ofthe
second reflector element is about a quarter of a wave-
length of the second desired frequency.

29. The antenna system of claim 28, wherein the first
desired frequency is about 2.4 GHz and the second desired
frequency is about 5 GHz.

30. The antenna system of claim 28, wherein the radio
frequency choke comprises coplanar waveguide stub.

31. An antenna system comprising:

a first and a second dual-hand strip line monopole ele-
ments, each monopole element comprising a radio fre-
quency choke located at one end of the element and a
lower portion of the element, wherein an overall length
of the stub and element is selected to be about a quarter
of a wavelength of a first desired frequency, and a length
of the lower portion of the monopole element is selected
to be about a quarter of a wavelength of a second desired
frequency;

a common reflector element located between the first and
second monopole elements, wherein the common
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reflector is a distance of about a quarter of a wavelength
from each of the monopole elements, and a length of the
common reflector element is about a quarter of a wave-
length of the first desired frequency; and

a first and a second reflector elements, wherein the first

reflector element is located between the first monopole
element and the common reflector and the second reflec-
tor element is located between the second monopole
element and the common reflector, wherein the first and
second reflector elements are each located at a distance
of'about a quarter of a wavelength of the second desired
frequency from the first and second monopole elements
respectively, and each of the first and second reflector
elements has a length of about a quarter of a wavelength
of'the second desired frequency.

32. The antenna system of claim 31, wherein a ratio of the
second desired frequency to the first desired frequency is a
non-integer value.

33. The antenna system of claim 31, wherein the radio
frequency choke comprises coplanar waveguide stub.

34. The antenna system of claim 31, wherein the first
desired frequency is about 2.4 GHz and the second desired
frequency is about 5 GHz.

35. The antenna system of claim 31, wherein the first
monopole clement and the common reflector are configured
to radiate an RF beam at a frequency of about the first desired
frequency in a first direction, the first monopole element and
the first reflector are configured to radiate an RF beam at a
frequency of about the second desired frequency in the first
direction, the second monopole element and the common
reflector arc configured to radiate an RF beam at a frequency

30
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of'about the first desired frequency in a second direction, and
the second monopole element and the second reflector are
configured to radiate an RF beam at a frequency of about the
second desired frequency in the second direction.

36. The antenna system of claim 31, further comprising a
cardbus card.

37. The antenna system of claim 31, further comprising a
PCMCIA card.

38. The antenna system of claim 31, further comprising

a radio module which transmits and receives radio fre-

quency signals;

a switch which controllable couples the radio module to the

first or the second monopole elements.

39. A method of varying a pattern of an antenna having a
first dual-hand strip line monopole clement reflectively
coupled to a first and a second reflector and a second dual-
band strip line monopole element reflectively coupled to the
first and a third reflector, the method comprising:

applying a first signal at a desired frequency to the first

dual-band strip line monopole element, wherein a fre-
quency of the signal is selected to cooperate with, and
reflect from one of the first and second reflectors to
thereby radiate a radio frequency signal in a first direc-
tion; and

applying a second signal at a desired frequency to the

second dual-band strip line monopole element, wherein
a frequency of the signal is selected to cooperate with,
and reflect from one of the first and third reflectors to
thereby radiate a radio frequency signal in a second
direction.
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1
ANTENNA WITH NEAR-FIELD RADIATION
CONTROL

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 11/774,383, which was filed on Jul. 6, 2007 (now U.S.
Pat. No. 7,541,991), which is a continuation of U.S. applica-
tion Ser. No. 10/940,869, which was filed on Sep. 14, 2004
(now U.S. Pat. No. 7,253,775), which is a continuation of
U.S. application Ser. No. 10/317,659, filed on Dec. 12, 2002
(now U.S. Pat. No. 6,791,500). The entire disclosure and the
drawing figures of these prior applications are hereby incor-
porated by reference.

FIELD OF THE INVENTION

This invention relates generally to the field of antennas.
More specifically, an antenna: is provided that is particularly
well-suited for use in wireless mobile communication
devices, generally referred to herein as “mobile devices”,
such as Personal Digital Assistants, cellular telephones, and
wireless two-way email communication devices.

BACKGROUND OF THE INVENTION

Many different types of antenna for mobile devices are
known, including helix, “inverted F”, folded dipole, and
retractable antenna structures. Helix and retractable antennas
are typically installed outside of a mobile device, and inverted
F and folded dipole antennas are typically embedded inside of
a mobile device case or housing. Generally, embedded anten-
nas are preferred over external antennas for mobile devices
for mechanical and ergonomic reasons. Embedded antennas
are protected by the mobile device case or housing and there-
fore tend to be more durable than external antennas. Although
external antennas may physically interfere with the surround-
ings of a mobile device and make a mobile device difficult to
use, particularly in limited-space environments, embedded
antennas present fewer such challenges. However, estab-
lished standards and limitations on near-field radiation tend to
be more difficult to satisty for embedded antennas without
significantly degrading antenna performance.

SUMMARY

According to an aspect of the invention, an antenna com-
prises a first conductor section electrically coupled to a first
feeding point, a second conductor section -electrically
coupled to a second feeding point, and a near-field radiation
control structure adapted to control characteristics of near-
field radiation generated by the antenna.

In accordance with another aspect of the invention, a wire-
less mobile communication device comprises a receiver con-
figured to receive communication signals, a transmitter con-
figured to transmit communication signals, and an antenna
having a first feeding point and a second feeding point con-
nected to the receiver and the transmitter. The antenna com-
prises a first conductor section connected to the first feeding
point, a parasitic element positioned adjacent the first con-
ductor section and configured to control characteristics of
near-field radiation generated by the first conductor section,
and a second conductor section connected to the second feed-
ing point and comprising a diffuser configured to diffuse
near-field radiation into a plurality of directions.
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Further features and aspects of the invention will be
described or will become apparent in the course of the fol-
lowing detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a top view of an antenna according to a first
embodiment of the invention.

FIGS. 2(a)-2(f) are top views of alternative parasitic ele-
ments;

FIG. 3 is a top view of an alternative diffusing element;

FIG. 4 is an orthogonal view of the antenna shown in FIG.
1 mounted in a mobile device; and

FIG. 5 is a block diagram of a mobile device.

DETAILED DESCRIPTION

FIG. 1 is a top view of an antenna according to a first
embodiment of the invention. The antenna 10 includes a first
conductor section 12 and a second conductor section 14. The
first and second conductor sections 12 and 14 are positioned
to define a gap 16, thus forming an open-loop structure known
as an open folded dipole antenna.

The antenna 10 also includes two feeding points 18 and 20,
one connected to the first conductor section 12 and the other
connected to the second conductor section 14. The feeding
points 18 and 20 are offset from the gap 16 between the
conductor sections 12 and 14, resulting in a structure com-
monly referred to as an “offset feed” open folded dipole
antenna. The feeding points 18 and 20 are configured to
couple the antenna 10 to communications circuitry. For
example, the feeding points 18 and 20 couple the antenna 10
to atransceiver in a mobile device, as illustrated in FIG. 4 and
described below.

Operating frequency of the antenna 10 is determined by the
electrical length of the first conductor section 12, the second
conductor section 14, and the position of the gap 16 relative to
the feeding points 18 and 20. For example, decreasing the
electrical length of the first conductor section 12 and the
second conductor section 14 increases the operating fre-
quency band of the antenna 10. Although the conductor sec-
tions 12 and 14 are electromagnetically coupled through the
gap 16, the first conductor section 12 is the main radiator of
the antenna 10.

As those familiar with antenna design will appreciate, the
second conductor section 14 in the folded dipole antenna 10
is provided primarily to improve the efficiency of the antenna
10. Environments in which antennas axe implemented are
typically complicated. The second conductor section 14 sig-
nificantly increases the overall size of the antenna 10 and thus
reduces the antenna dependency on its surrounding environ-
ment, which improves antenna efficiency.

Operation of an offset feed open folded dipole antenna is
well known to those skilled in the art. The conductor sections
12 and 14 are folded so that directional components of far-
field radiation, which enable communications in a wireless
communication network, generated by currents in different
parts of the conductor sections interfere constructively in at
least one of the conductor sections. For example, the first
conductor section 12 includes two arms 22 and 24 connected
as shown at 26. Current in the first conductor section 12
generates both near- and far-field radiation in each of the arms
22 and 24. The arms 22 and 24 are sized and positioned, by
adjusting the location and dimensions of the fold 26, so that
the components of the generated far-field radiation construc-
tively interfere, thereby improving the operating characteris-
tics of the antenna 10. The location of the gap 16 in the
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antenna 10 is adjusted to effectively tune the phase of current
in the arms 22 and 24, to thereby improve constructive inter-
ference of far-field radiation generated in the first conductor
section 12. Since the first conductor section 12 is the primary
far-field radiation element in the antenna 10, maintaining the
same phase of current in the arms 22 and 24 also improves
antenna gain.

The first and second conductor sections 12 and 14 generate
notonly far-field radiation, but also near-field radiation. From
an operational standpoint, the far-field radiation is the most
important for communication functions. Near-field radiation
tends to be confined within a relatively limited range of dis-
tance from an antenna, and as such does not significantly
contribute to antenna performance in communication net-
works. As described briefly above, however, mobile devices
must also satisfy various standards and regulations relating to
near-field radiation.

Although antennas generate near-field radiation in addition
to desired far-field radiation, near-field radiation tends to be
much more difficult to analyze in antenna design. Far-field
radiation patterns and polarizations for many types of antenna
are known and predictable, whereas strong near-field radia-
tion effects can be localized in an antenna. Generally, the
near-field region of an antenna is proportional to the largest
dimension of the antenna. However, simulation and other
techniques that are often effective for predicting far-field
radiation characteristics of an antenna have proven less reli-
able for determining near-field radiation patterns and polar-
izations.

A common scheme for reducing strong near-field radiation
to acceptable levels involves installing a shield in a mobile
device to at least partially block near-field radiation. Local-
ized shielding required to reduce strong near-field radiation to
acceptable levels also have more significant effects on far-
field radiation, and thereby degrade the performance of the
antenna. In accordance with an aspect of the invention, the
antenna 10 includes near-field radiation control structures.
These structures, labeled 34 and 36 in FIG. 1, provide another
control mechanism for localized near-field radiation.

The structure 34 is a parasitic element comprising a con-
ductor and a connection that electrically couples the conduc-
tor to the first conductor section of the antenna 10. The length
of the conductor in a parasitic element determines whether
the parasitic element is a director or deflector. As those skilled
in the art will appreciate, a parasitic deflector deflects near-
field radiation. Although the near-field radiation pattern
changes with a parasitic director, the direction of energy of
such near-field radiation can be enhanced toward the direc-
tion of a parasitic director, generally to a greater degree than
for a parasitic deflector. Near-field radiation is deflected or
directed by the parasitic element 34 to reduce near-field radia-
tion in particular directions.

As described above, near-field radiation tends to be more
difficult to predict and analyze than far-field radiation. For
far-field radiation, the length of a parasitic element is depen-
dent upon the wavelength of the radiation to be directed or
deflected, which is related to the operating frequency band of
an antenna. Parasitic elements having a length greater than
half'the wavelength act as deflectors, and shorter elements act
as directors. However, near-field radiation characteristics are
also affected by mutual coupling between elements of an
antenna. As such, near-field radiation directors and deflectors
in accordance with this aspect of the invention are preferably
adjusted as required during an antenna design and testing
process in older to achieve the desired effects. When the
dimensions and position of a parasitic element have been
optimized for a particular antenna structure, and its effects
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confirmed by testing and measurement, then the parasitic
element is effective for near-field radiation control in other
antennas having the same structure.

In a preferred embodiment, the antenna 10 is mounted on
the sides of a mobile device housing, with the feeding points
18 and 20 positioned toward a rear of the housing. Since
near-field radiation restrictions generally relate to a direction
out of the front of such devices, the parasitic element 34 is a
deflector in this embodiment of the invention, and deflects
near-field radiation toward the rear of the device. Depending
upon the desired effect in an antenna, which is often related to
the location of the antenna in a mobile device, the parasitic
element 34 is configured as either a deflector or a director in
alternate embodiments.

The first conductor section 12 is the primary far-field radi-
ating element in the antenna 10. As such, introducing the
parasitic element 34 also affects the operating characteristics
of'the antenna 10. The parasitic element 34, another conduc-
tor, electromagnetically couples to both arms 22 and 24 of the
first conductor section 12, and, to a lesser degree, to the
second conductor section 14. The impact of the parasitic
element 34 on far-field radiation can be minimized, for
example, by adjusting the shape and dimensions of the first
and second conductor sections 12 and 14, the size of the gap
16, and the offset between the gap 16 and the feeding points
18 and 20. It has also been found by the inventors that the
parasitic element 34 can be connected to the first conductor
section 12 with relatively little effect on far-field radiation.

The structure 36 in the second conductor section 14
includes a first diffuser 38 in the arm 28 and a second diffuser
40 in the arm 30. Bach diffuser 38 and 40 diffuses relatively
strong near-field radiation into a plurality of directions. In the
absence of the structure 36, the second conductor section 14
generate near-field radiation in a direction substantially per-
pendicular to the arms 28 and 30. In the above example in
which the antenna 10 is mounted along side walls of a mobile
device housing with the feeding points 18 and 20 toward the
back of the mobile device, this near-field radiation propagates
outward from the front of the mobile device. The diffusers 38
and 40 similarly generate near-field radiation, but not in a
direction perpendicular to the arms 28 and 30. Instead, the
near-field radiation becomes isotropic in nature. The diffusers
38 and 40 reduce the gain of near-field radiation in a direction
perpendicular to the arms 28 and 30. Each diffuser comprises
multiple conductor sections which extend in different direc-
tions, to thereby diffuse near-field radiation into multiple
directions perpendicular to the conductor sections. Those
skilled in the art will appreciate that the diffusers 38 and 40
also diffuse far-field radiation. However, the first conductor
section 12 is the main radiator of the antenna 10, such that
diffusing the far-field radiation generated by the second con-
ductor section 14 does not significantly impact antenna per-
formance.

The antenna 10 shown in FIG. 1 is intended for illustrative
purposes. The invention is in no way limited to the particular
structures 34 and 36. FIGS. 2(a)-2(f) are top views of alter-
native parasitic elements. As described above, a parasitic
element is configured as a director or deflector, depending
upon its desired effect on near-field radiation.

The T-shaped parasitic element 42 in FIG. 2(a) is substan-
tially the same as the element 34 in FIG. 1, except that the
conductor in the parasitic element, that is, the “top” of the T,
is not perpendicular to the connection 43 which electrically
couples the conductor to the first conductor section 12. In
FIG. 2(a), the arms 22 and 24 of the conductor section 12 are
not parallel, and the conductor in the parasitic element 42 is
parallel to the arm 24. Alternatively, the conductor may be
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parallel to the arm 22, or not parallel to either of the arms,
whether or not the arms themselves are parallel to each other.

In a further alternative embodiment, the parasitic element
comprises multiple conductor sections, each conductor sec-
tion being parallel to one of the arms of a folded dipole
antenna Thus, the conductor of a parasitic element need not
necessarily be straight. For example, the parasitic element 44
comprises a sawtooth-shaped conductor, as shown in FIG.
2(b).

Notonly the shape of a conductor in a parasitic element, but
also its connection point to the conductor section 12, can be
changed in alternate embodiments of the invention. In FIG.
2(c), the parasitic element 46 comprises a conductor which is
coupled to the conductor section 12 at one if its ends, to form
an L-shaped parasitic element.

As those familiar with antennas appreciate, the conductor
in any of the parasitic elements described above electromag-
netically couples with other parts of an antenna. Therefore,
near-field radiation control using parasitic elements can also
be achieved without electrically connecting the conductor in
a parasitic element to an antenna. Such a parasitic element is
shown in FIG. 2(d). The parasitic element 48 either directs or
defects near-field radiation into desired directions, preferably
away from the front of a mobile device.

The position of a parasitic element relative to the arms of a
folded conductor section can also be different in alternate
embodiments. For example, the parasitic element 47 in FIG.
2(e) is located at one side of the first conductor section 12
adjacent the arm 22, and the parasitic element 49 in FI1G. 2(f)
is positioned at the other side of the first conductor section 12,
adjacent the arm 24, instead of between the alms 22 and 24 as
in FIGS. 2(a)-2(d). Where physical limitations permit, more
than one parasitic element may be provided.

Diffusing elements can similarly be implemented having
shapes other than the generally V-shaped elements shown in
FIG. 1. FIG. 3 is a top view of an alternative diffusing ele-
ment, comprising a pair of curved diffusers 50 and 52 in the
arms 28 and 30 of the second conductor section 14. As
described above, a diffuser includes multiple conductor sec-
tions extending in different directions to diffuse near-field
radiation into directions perpendicular to the conductor sec-
tions. Although curved diffusers are shown in FIG. 3, other
shapes of diffusers, having straight and/or curved conductor
sections, are also contemplated.

FIG. 4 is an orthogonal view of the antenna shown in FIG.
1 mounted in a mobile device. Those skilled in the art will
appreciate that a front housing wall and a majority of internal
components of the mobile device 100, which would obscure
the view of the antenna 10, have not been shown in FIG. 4. In
an assembled mobile device, an embedded antenna such as
the antenna 10 is not visible.

The mobile device 100 comprises a case or housing having
a front wall (not shown), arear wall 68, atop wall 62, abottom
wall 66, and side walls, one of which is shown at 64. The view
in FIG. 4 shows the interior of the mobile device housing,
looking toward the rear and bottom walls 68 and 66 of the
mobile device 100.

The antenna 10 is fabricated on a flexible dielectric sub-
strate 60, with a copper conductor and using known copper
etching techniques, for example. This fabrication technique
facilitates handling of the antenna 10 before and during instal-
lation in the mobile device 100. The antenna 10 and the
dielectric substrate 60 are mounted to the inside of the hous-
ing of the mobile device 100. The substrate 60 and thus the
antenna 10 are folded from an original, flat configuration
illustrated in FIG. 1, such that they extend around the inside
surface of the mobile device housing to orient the antenna 10
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in multiple planes. The first conductor section 12 of the
antenna 10 is mounted along the side wall 64 of the housing
and extends from the side wall 64 around a front corner 65 to
the top wall 62. The feeding point 18 is mounted toward the
rear wall 68 and connected to the transceiver 70. In this
embodiment, the parasitic element 34 is preferably a parasitic
deflector, to deflect near-field radiation toward the rear wall
68, and thus away from the front of the mobile device 100.

The second conductor section 14 of the antenna 10 is
folded and mounted across the side wall 64, around the corner
67, and along the bottom wall 66 of the housing. The feeding
point 20 is mounted adjacent the feeding point 18 toward the
rear wall 68 and is also connected to the transceiver 70. The
structure 36, as described above, diffuses near-field radiation
into multiple directions, and thereby reduces the amount of
near-field radiation in a direction out of the front of the mobile
device 100.

Although FIG. 4 shows the orientation of the antenna 10
within the mobile device 100, it should be appreciated that the
antenna 10 may be mounted in different ways, depending
upon the type of housing, for example. In a mobile device
with substantially continuous top, side, and bottom walls, the
antenna 10 may be mounted directly to the housing. Many
mobile device housings are fabricated in separate parts that
are attached together when internal components of the mobile
device have been placed. Often, the housing sections include
a front section and a rear section, each including a portion of
the top, side and bottom walls of the housing. Unless the
portion of the top, side, and bottom walls in the rear housing
section is of sufficient size to accommodate the antenna 10
and the substrate 60, then mounting of the antenna 10 directly
to the housing might not be practical. In such mobile devices,
the antenna 10 is preferably attached to an antenna frame that
is integral with or adapted to be mounted inside the mobile
device, a structural member in the mobile device, or another
component of the mobile device. Where the antenna 10 is
fabricated on a substrate 60, as shown, mounting or attach-
ment of the antenna 10 is preferably accomplished using an
adhesive provided on or applied to the substrate 60, the com-
ponent to which the antenna 10 is mounted or attached, or
both.

The mounting of the antenna 10 as shown in FIG. 4 is
intended for illustrative purposes only. The antenna 10 or
other similar antenna structures may be mounted on different
surfaces of a mobile device or mobile device housing. For
example, housing surfaces on which an antenna is mounted
need not necessarily be flat, perpendicular, or any particular
shape. An antenna may also extend onto fewer or flier sur-
faces or planes than the antenna 10 shown in FIG. 4.

The feeding points 18 and 20 of the antenna 10 are coupled
to the transceiver 70. The operation of the mobile communi-
cation device 100, along with the transceiver 70, is described
in more detail below with reference to FIG. 5.

The mobile device 100, in alternative embodiments, is a
data communication device, a voice communication device, a
dual-mode communication device such as a mobile telephone
having data communications functionality, a personal digital
assistant (PDA) enabled for wireless communications, a
wireless email communication device, or a wireless modem.

In FIG. 5, the mobile device 100 is a dual-mode and dual-
band mobile device and includes a transceiver module 70, a
microprocessor 538, a display 522, a non-volatile memory
524, a random access memory (RAM) 526, one or more
auxiliary input/output (/O) devices 528, a serial port 530, a
keyboard 532, a speaker 534, amicrophone 536, a short-range
wireless communications sub-system 540, and other device
sub-systems 542.
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Within the non-volatile memory 524, the device 100 pret-
erably includes a plurality of software modules 524 A-524N
that can be executed by the microprocessor 538 (and/or the
DSP 520), including a voice communication module 524A a
data communication module 524B, and a plurality of other
operational modules 524N for carrying out a plurality of other
functions.

The mobile device 100 is preferably a two-way communi-
cation device having voice and data communication capabili-
ties. Thus, for example, the mobile device 100 may commu-
nicate over a voice network, such as any of the analog or
digital cellular networks, and may also communicate over a
data network. The voice and data networks are depicted in
FIG. 5 by the communication tower 519. These voice and data
networks may be separate communication networks using
separate infrastructure, such as base stations, network con-
trollers, etc., or they may be integrated into a single wireless
network.

The transceiver module 70 is used to communicate with the
networks 519, and includes a receiver 516, a transmitter 514,
one or more local oscillators 513, and a DSP 520. The DSP
520 is used to receive communication signals from the
receiver 514 and send communication signals to the transmit-
ter 516, and provides control information to the receiver 514
and the transmits 516. If the voice and data communications
occur at a single frequency, or closely-spaced sets of frequen-
cies, then a single local oscillator 513 may be used in con-
junction with the receiver 516 and the transmitter 514. Alter-
natively, if different frequencies are utilized for voice
communications versus data communications for example,
then a plurality of local oscillators 513 can be used to generate
a plurality of frequencies corresponding to the voice and data
networks 519. Information, which includes both voice and
data information, is communicated to and from the trans-
ceiver module 70 via a link between the DSP 520 and the
microprocessor 538.

The detailed design of the transceiver module 70, such as
frequency bands, component selection, power level etc., is
dependent upon the communication networks 519 in which
the mobile device 100 is intended to operate. For example, the
transceiver module 70 may be designed to operate with any of
avariety of communication networks, such as the Mobitex™
or DataTAC™ mobile data communication networks, AMPS,
TDMA, CDMA, PCS, and GSM. Other types of data and
voice networks, both separate and integrated, may also be
utilized where the mobile device 100 includes a correspond-
ing transceiver module 70.

Depending upon the type of network 519, the access
requirements for the mobile device 100 may also vary. For
example, in the Mobitex and DataTAC data networks, mobile
devices are registered on the network using a unique identi-
fication number associated with each mobile device. In GPRS
data networks, however, network access is associated with a
subscriber or user of a mobile device. A GPRS device typi-
cally requires a subscriber identity module (“SIM”), which is
required in order to operate a mobile device on a GPRS
network local or non-network communication functions (if
any) may be operable, without the SIM device, but a mobile
device will be unable to carry out any functions involving
communications over the data network 519, other than any
legally required operations, such as ‘911’ emergency calling.

After any required network registration or activation pro-
cedures have been completed, the mobile device 100 may the
send and receive communication signals, including both
voice and data signals, over the networks 519. Signals
received by the antenna 10 from the communication network
519 are routed to the receiver 516, which provides for signal
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amplification, frequency down conversion, filtering, channel
selection, for example, as well as analog to digital conversion.
Analog to digital conversion of the received signal allows
more complex communication functions, such as digital
demodulation and decoding to be performed using the DSP
520. In a similar manner, signals to be transmitted to the
network 519 are processed, including modulation and encod-
ing, for example, by the DSP 520, and are then provided to the
transmitter 514 for digital to analog conversion, frequency up
conversion, filtering, amplification and transmission to the
communication network 519 via the antenna 10.

In addition to processing the communication signals, the
DSP 520 also provides for transceiver control. For example,
the gain levels applied to communication signals in the
receiver 516 and the transmitter 514 may be adaptively con-
trolled through automatic gain control algorithms imple-
mented in the DSP 520. Other transceiver control algorithms
could also be implemented in the DSP 520 in order to provide
more sophisticated control of the transceiver module 70.

The microprocessor 538 preferably manages and controls
the overall operation of the dual-mode mobile device 100.
Many types of microprocessors or microcontrollers could be
used here, or, alternatively, a single DSP 520 could be used to
carry out the functions of the microprocessor 538. Low-level
communication functions, including at least data and voice
communications, are performed through the DSP 520 in the
transceiver module 70. Other, high-level communication
applications, such as a voice communication application
524A, and a data communication application 524B may be
stored in the non-volatile memory 524 for execution by the
microprocessor 538. For example, the voice communication
module 524 A may provide a high-level user interface oper-
able to transmit and receive voice calls between the mobile
device 100 and a plurality of other voice or dual-mode devices
via the network 519. Similarly, the data communication mod-
ule 524B may provide a high-level user interface operable for
sending and receiving data, such as e-mail messages, files,
organizer information, short text messages, etc., between the
mobile device 100 and a plurality of other data devices via the
networks 519.

The microprocessor 538 also interacts with other device
subsystems, such as the display 522, the non-volatile memory
524, the RAM 526, the auxiliary input/output (I/O) sub-
systems 528, the serial port 530, the keyboard 532, the
speaker 534, the microphone 536, the short-range communi-
cations subsystem 540, and any other device subsystems gen-
erally designated as 542.

Some of the subsystems shown in FIG. 5 perform commu-
nication-related functions, whereas other subsystems may
provide “resident” or on-device functions. Notably, some
subsystems, such as keyboard 532 and display 522 may be
used for both communication-related functions, such as
entering a text message for transmission over a data commu-
nication network, and device-resident functions such as a
calculator or task list or other PDA type functions.

Operating system software used by the microprocessor 538
is preferably stored in a persistent store such as non-volatile
memory 524. In addition to the operation system, which
controls all of the low-level functions of the mobile device
100, the non-volatile memory 524 may include a plurality of
high-level software application programs, or modules, such
as a voice communication module 524 A, a data communica-
tion module 524B, an organizer module (not shown), or any
other type of software module 524N. The non-volatile
memory 524 also may include a file system for storing data.
These modules are executed by the microprocessor 538 and
provide a high-level interface between a user and the mobile
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device 100. This interface typically includes a graphical com-
ponent provided through the display 522, and an input/output
component provided through the auxiliary /O 528, the key-
board 532, the speaker 534, and the microphone 536. The
operating system, specific device applications or modules, or
part thereof, may be temporarily loaded into a volatile store,
such as RAM 526 for faster operation. Moreover, received
communication signals may also be temporarily stored to
RAM 526, before permanently writing them to a file system
located in a persistent store such as the non-volatile memory
524. The non-volatile memory 524 may be implemented for
example, as a Flash memory component, or a battery backed-
up RAM.

An exemplary application module 524N that may be
loaded onto the mobile device 100 is a personal information
manager (PIM) application providing PDA functionality,
such as calendar events, appointments, and task items. This
module 524N may also interact with the voice communica-
tionmodule 524 A for managing phone calls, voice mails, etc.,
and may also interact with the data communication module
for managing e-mail communications and other data trans-
missions. Alternatively, all of the functionality of the voice
communication module 524A and the data communication
module 524B may be integrated into the PIM module.

The non-volatile memory 524 preferably provides a file
system to facilitate storage of PIM data items on the device.
The PIM application preferably includes the ability to send
and receive data items, either by itself, or in conjunction with
the voice and data communication modules 524A, 524B, via
the wireless networks 519. The PIM data items are preferably
seamlessly integrated, synchronized and updated, via the
wireless networks 519, with a corresponding set of data items
stored or associated with a host computer system, thereby
creating a mid system for data items associated with a par-
ticular user.

The mobile device 100 may also be manually synchronize
with a host system by placing the device 100 in an interface
cradle, which couples the serial port 530 of the mobile device
100 to the serial port of the host system. The serial port 530
may also be wed to enable a user to set preferences through an
external device or software application, or to download other
application modules 524N for installation. This wired down-
load path may be used to load an encryption key onto the
device, which is a more secure method than exchanging
encryption information via the wireless network 519. Inter-
faces for other wired download paths may be provided in the
mobile device 100, in addition to or instead of the serial port
530. For example, a USB port would provide an interface to a
similarly equipped personal computer.

Additional application modules 524N may be loaded onto
the mobile device 100 through the networks 519, through an
auxiliary I/O subsystem 528, through the serial port 530,
through the short-range communications subsystem 540, or
through any other suitable subsystem 542, and installed by a
user in the non-volatile memory 524 or RAM 526. Such
flexibility in application installation increases the functional-
ity of the mobile device 100 and may provide enhanced on-
device functions, communication-related functions, or both.
For example, secure communication applications enable
electronic commerce functions and other such financial trans-
actions to be performed using the mobile device 100.

When the mobile device 100 is operating in a data com-
munication mode, a received signal, such as a text message or
aweb page download, is processed by the transceiver module
70 and provided to the microprocessor 538, which preferably
further processes the received signal for output to the display
522, or, alternatively, to an auxiliary I/O device 528. A user of
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mobile device 100 may also compose data items, such as
email messages, using the keyboard 532, which is preferably
a complete alphanumeric keyboard laid out in the QWERTY
style, although other styles of complete alphanumeric key-
boards such as the known DVORAK style may also be used.
User input to the mobile device 100 is further enhanced with
a plurality of auxiliary /O devices 528, which may include a
thumbwheel input device, a touchpad, a variety of switches, a
rocker input switch, etc. The composed data items input by
the user are then stored in the non-volatile memory 524 or the
RAM 526 and/or transmitted over the communication net-
work 519 via the transceiver module 70.

When the mobile device 100 is operating in a voice com-
munication mode, the overall operation of the mobile device
is substantially similar to the data mode, except that received
signals are preferably be output to the speaker 534 and voice
signals for transmission are generated by a microphone 536.
Alternative voice or audio I/O subsystems, such as a voice
message recording subsystem, may also be implemented on
the mobile device 100. Although voice or audio signal output
is preferably accomplished primarily through the speaker
534, the display 522 may also be used to provide an indication
of the identity of a calling party, the duration of a voice call,
or other voice call related information. For example, the
microprocessor 538, in conjunction with the voice commu-
nication module and the operating system software, may
detect the caller identification information of an incoming
voice call and display it on the display 522.

A short-range communications subsystem 540 is also
included in the mobile device 100. For example, the sub-
system 540 may include an infrared device and associated
circuits and components, or a short-range RF communication
module such as a Bluetooth™ module or an 802.11 module to
provide for communication with similarly-enabled systems
and devices. Those skilled in the art will appreciate that
“Bluetooth™ and “802.11” to sets of specifications, available
from the Institute of Electrical and Electronics Engineers,
relating to wireless personal area networks and wireless local
am networks, respectively.

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

For example, although described above primarily in the
context of a single-band antenna, an antenna with near-field
radiation control structures may also include further antenna
elements to provide for operation in more than one frequency
band.

In alternative embodiments, other antenna designs may be
utilized, such as a closed folded dipole structure, for example.
Similarly, in an open loop structure, the feeding points 18 and
20 need not necessarily be offset from the gap 16, and may be
positioned to provide space for or so as not to physically
interfere with other components of a mobile device in which
the second antenna element is implemented.

Near-field radiation control structures preferably do not
preclude such antenna structures as loading structures and
meander structures that are commonly used to control oper-
ating characteristics of an antenna. Open folded dipole anten-
nas such as 10 also often include a stability patch on one or
both conductor sections, which affects the electromagnetic
coupling between the conductor sections.

The invention claimed:

1. A flexible substrate configured for use as an antenna in a
wireless mobile communication device having a transmitter
and receiver, the substrate having a first feeding point and a
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second feeding point for connection to the transmitter and the
receiver, the substrate comprising:

a first conductor section connected to the first feeding
point;

a parasitic element positioned adjacent the first conductor
section and configured to affect characteristics of near-
field radiation generated by the first conductor section;
and

a second conductor section connected to the second feed-
ing point and comprising a diffuser configured to diffuse
near-field radiation into a plurality of directions.

2. The flexible substrate of claim 1 wherein the parasitic

element includes a sawtooth-shaped conductor section.

3. The flexible substrate of claim 1 wherein the parasitic
element includes a parasitic element conductor section that is
substantially parallel to at least a portion of the first conductor
section.

4. The flexible substrate of claim 1 wherein the parasitic
element includes a parasitic element connection section that
electrically couples the parasitic element to the first conduc-
tor section.

5. The flexible substrate of claim 4 wherein the parasitic
element connection section is substantially perpendicularto a
portion of the first conductor section at which the parasitic
element connection section attaches.

6. The flexible substrate of claim 5 wherein the parasitic
element includes a parasitic element conductor section that is
substantially parallel to the portion of the first conductor
section at which the parasitic element connection section
attaches.

7. The flexible substrate of claim 6 wherein the parasitic
element connection section attaches at one end of the para-
sitic element connection section.

8. The flexible substrate of claim 6 wherein the parasitic
element connection section attaches substantially intermedi-
ate between the two ends of the parasitic element connection
section.

9. The flexible substrate of claim 1 wherein the first con-
ductor section includes a first arm electrically coupled to the
first feeding point and a second arm electrically coupled to the
first arm.
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10. The flexible substrate of claim 9 wherein at least a
portion of the first arm is substantially parallel to at least a
portion of the second arm.

11. The flexible substrate of claim 10 wherein the parasitic
element includes a parasitic element conductor section that is
substantially parallel to the portion of the first arm that is
substantially parallel to a portion of the second arm.

12. The flexible substrate of claim 9 wherein the parasitic
element includes a parasitic element conductor section that is
positioned between the first arm and the second arm.

13. The flexible substrate of claim 9 wherein the parasitic
element includes a parasitic element conductor section that is
positioned adjacent to the first arm.

14. The flexible substrate of claim 9 wherein the parasitic
element includes a parasitic element conductor section that is
positioned adjacent to the second arm.

15. The flexible substrate of claim 1 wherein the diffuser
includes multiple conductor sections extending in different
directions.

16. The flexible substrate of claim 15 wherein each of the
multiple conductor sections comprises a substantially
straight conductor.

17. The flexible substrate of claim 15 wherein the multiple
conductor sections comprise curved conductors.

18. The flexible substrate of claim 1 wherein the second
conductor section includes a first arm electrically coupled to
the second feeding point and a second arm electrically
coupled to the first arm.

19. The flexible substrate of claim 18 wherein the first arm
comprises a diffuser and the second arm comprises a diffuser.

20. The flexible substrate of claim 19 wherein each of the
diffusers includes multiple conductor sections extending in
different directions.

21. The flexible substrate of claim 20 wherein each of the
multiple conductor sections comprises a substantially
straight conductor.

22. The flexible substrate of claim 19 wherein each of the
diffusers comprises a curved conductor section.

23. The flexible substrate of claim 1 wherein the first con-
ductor section and the second conductor section are posi-
tioned to define a gap there between and form an open folded
dipole antenna.
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1
ANTENNA STRUCTURE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an antenna structure, and
more particularly to an antenna structure used in a commu-
nication device.

2. The Related Art

Antennas are widely used in various communication
devices, such as mobile phones and notebook computers.
Taking the mobile phones as an example, with the wireless
communication technology, outboard antennas have been
superseded gradually by built-in antennas. Furthermore,
accompanying with the trend of miniaturization for the com-
munication devices, the mobile phones are designed to be
more and more light and portable for consumers to use, then
the internal space of the mobile phones is limited. So the
dimension of the built-in antennas should be correspondingly
reduced to be small enough for being assembled in the limited
space of mobile phones.

Among the present wireless technologies, wireless com-
munication frequency bands for mobile phones include glo-
bal system for mobile communications (GSM) band about
850 MHz, extended global system for mobile communica-
tions (EGSM) band about 900 MHz, digital cellular system
(DCS) band about 1800 MHz and personal communication
services (PCS) band about 1900 MHz. However, if the con-
ventional antennas used in mobile phone support two or more
frequency bands, it may increase dimension, which is unde-
sirable in the circumstance where the sizes of the mobile
phones are limited.

SUMMARY OF THE INVENTION

Itis an object of the present invention to provide an antenna
structure which has reduced dimension can be assembled in
the limited space of the mobile phone. The antenna structure
includes a low frequency radiator, a high frequency radiator,
a connecting element, a feeding element and a grounding
element. The connecting element has a rear end and a front
end opposite to the rear end. The low frequency radiator
includes a first radiating part extended upward from the rear
end of the connecting element and then bent frontward to
show a substantially inverted-L. shape, a second radiating part
extended frontward from a front end of the first radiating part
to show a substantial meander, and a third radiating part
extended from a free end of the second radiating part to show
a substantially lying U-shape with a rearward opening. The
third radiating part includes an upper branch connected to the
second radiating part and a lower branch located under the
upper branch. The high frequency radiator includes a first
extension piece extended frontward from the front end of the
connecting element and located under the second radiating
part with a space. A front edge of the first extension piece is
spaced away from a rear edge of the lower branch ofthe third
radiating part.

As described above, the arrangement of the low frequency
radiator and the high frequency radiator makes the antenna
structure capable of transmitting/receiving frequency bands
covering 900 MHz, 1800 MHz and 1900 MHz. The second
radiating part of the low frequency radiator bent as a meander
line helps to shorten the whole length of the antenna structure.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be apparent to those skilled in
the art by reading the following description of an embodiment
thereof, with reference to the attached drawings, in which:
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FIG. 1 is a perspective view of an antenna structure in
accordance with the present invention; and

FIG. 2 is a test chart recording of Voltage Standing Wave
Ratio (VSWR) of the antenna structure as a function of fre-
quency.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

An antenna structure 100 according to a preferred embodi-
ment of the present invention is illustrated in FIG. 1. The
antenna structure 100 which may be formed by pattern etch-
ing a copper-plated sheet of synthetic material includes a low
frequency radiator 2, a high frequency radiator 3 and a con-
necting element 1 connecting the low frequency radiator 2
with the high frequency radiator 3.

The connecting element 1 formed as a substantial zigzag
structure has a rear end 11 where the low frequency radiator
2 is extended and a front end 12 opposite to the rear end 11
where the high frequency radiator 3 is extended. The antenna
structure 100 further includes a feeding element 4 and a
grounding element 5 extended from the front end 12 of the
connecting element 1. The feeding element 4 and the ground-
ing element 5 are adjacent to each other. And moreover, the
grounding element 5 is arranged closer to the high frequency
radiator 3 than the feeding element 4.

The low frequency radiator 2 includes a first radiating part
21, a second radiating part 22 and a third radiating part 23.
The first radiating part 21 is extended upward from the rear
end 11 of the connecting element 1 and bent frontward to
show a substantially inverted-L shape. The second radiating
part 22 is extended frontward from a front end of the first
radiating part 21 to show a substantial meander line with a
first downward extension and a final downward extension
close to the high frequency radiator 3. The third radiating part
23 is extended from a free end of the second radiating part 22
to show a substantially lying U-shape with a rearward open-
ing 230. The third radiating part 23 includes an upper branch
231 connected to the second radiating part 22 and a lower
branch 232 located under the upper branch 231.

The high frequency radiator 3 includes a first extension
piece 31, a second extension piece 32 and a third extension
piece 33. The first extension piece 31 is extended frontward
from the front end 12 of the connecting element 1 and located
under the second radiating part 22 with a space 310. A front
edge of'the first extension piece 31 is spaced away from a rear
edge of the lower branch 232 of the third radiating part 23.
The second extension piece 32 is extended and bent from a
lower edge of the first extension piece 31 to form an obtuse
angle between the first extension piece 31 and the second
extension piece 32. The third extension piece 33 is located
below the second extension piece 32 and connected with a
front end of the second extension piece 32 by a rear end
thereof. The third extension piece 33 is spaced away from the
lower branch 232 of the third radiating part 23. Because the
front edge of the first extension piece 31 is spaced away from
the rear edge of the lower branch 232 and the third extension
piece 33 is spaced away from the lower branch 232, the high
frequency radiator 3 and the second radiating part 23 of the
low frequency radiator 2 can generate a coupling effect ther-
ebetween. The coupling helps to increase the antenna gain
and improve the antenna efficiency.

Once an electric current is fed into the antenna structure
100 via the feeding element 4, the antenna structure 100 can
resonate different electromagnetic waves. When the electric
current is through the low frequency radiator 2, the low fre-
quency radiator 2 produces a resonance mode corresponding
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EGSM to transmit/receive a lower frequency band about 900
MHz. While the electric current is through the high frequency
radiator 3, the high frequency radiator 3 produces a resonance
mode corresponding DCS and PCS to transmit/receive a
higher frequency band about 1800 MHz and 1900 MHz.

In order to illustrate the effectiveness of the present inven-
tion, FIG. 2 sets a test chart recording of Voltage Standing
Wave Ratio (VSWR) of the antenna structure 100 as a func-
tion of frequency. The antenna structure 100 respectively
works in 880 MHz (Mkr 1), 960 MHz (Mkr 2), 1.71 GHz
(Mkr 3), 1.88 GHz (Mkr 4), and 1.99 GHz (Mkr 5), and the
values of the VSWR are 3.2058, 2.5160, 4.5207, 1.8585 and
3.7650, respectively. Note that the VSWR drops below the
desirable value “2” shows the antenna structure 100 obtains
great antenna gain and high antenna efficiency when operates
at frequency bands about 900 MHz, 1800 MHz and 1900
MHz.

As described above, the arrangement of the low frequency
radiator 2 and the high frequency radiator 3 makes the
antenna structure 100 capable of transmitting/receiving fre-
quency bands covering 900 MHz, 1800 MHz and 1900 MHz.
The second radiating part 22 of the low frequency radiator 2
bent as a meander line helps to shorten the whole length of the
antenna structure 100. The coupling between of the high
frequency radiator 3 and the second radiating part 23 of the
low frequency radiator 2 can increase the antenna gain and
improve the antenna efficiency.

What is claimed is:

1. An antenna structure, comprising:

a connecting element having a rear end and a front end

opposite to the rear end;

a low frequency radiator, including a first radiating part
extended upward from the rear end of the connecting
element and then bent frontward to show a substantially
inverted-L shape, a second radiating part extended front-
ward from a front end of the first radiating part to show
a substantial meander line, and a third radiating part
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extended from a free end of the second radiating part to
show a substantially lying U-shape with a rearward
opening, the third radiating part including an upper
branch connected to the second radiating part and lower
branch located under the upper branch;

a high frequency radiator, the high frequency radiator
including a first extension piece extended frontward
from the front end of the connecting element and located
under the second radiating part with a space, a front edge
of the first extension piece being spaced away from a
rear edge of the lower branch of the third radiating part;

a feeding element extended from the connecting element;
and

a grounding element extended from the connecting ele-
ment and adjacent to the feeding element.

2. The antenna structure as claimed in claim 1, wherein the
high frequency radiator further includes a second extension
piece extended and bent from a lower edge of the first exten-
sion piece, an obtuse angle formed between the first extension
piece and the second extension piece.

3. The antenna structure as claimed in claim 2, wherein the
high frequency radiator further includes a third extension
piece located below the second extension piece and con-
nected with a front end of the second extension piece by a rear
end thereof, the third extension piece is spaced away from the
lower branch of the third radiating part.

4. The antenna structure as claimed in claim 1, wherein the
grounding element and the feeding element are extended
from the front end of the connecting element, the grounding
element is arranged closer to the high frequency radiator than
the feeding element.

5. The antenna structure as claimed in claim 1, wherein the
meander-like second radiating part is extended from the first
radiating part with a first downward extension and a final
downward extension close to the high radiating radiator.

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

An electronic device includes a helical resilient member serv-
ing as an electrical inductance element. The electronic device
also includes an antenna, a signal feeding line, and a trans-
mitting/receiving module. The helical resilient member has
first and second ends with a predetermined number of turns of
coil arranged therebetween the first and second ends, and is
made of electrically conductive materials so that the turns of
coil defines an electrical inductance. The signal feeding line is
connected between the helical resilient member and a signal
feed point of the antenna. The transmitting/receiving module
is connected to the helical resilient member so as to couple the
inductance of'the helical resilient member to the transmitting/
receiving module.

9 Claims, 4 Drawing Sheets
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1
ELECTRONIC DEVICE HAVING HELICAL
RESILIENT MEMBER SERVING AS
ELECTRIC INDUCTANCE ELEMENT

FIELD OF THE INVENTION

The present invention relates to an electric inductance ele-
ment, and in particular to an electronic device that uses a
helical resilient member to serve as an electric inductance
element.

BACKGROUND OF THE INVENTION

An electronic device, such as a notebook computer and a
personal digital assistant, is often provided with various
mechanical elements to achieve various mechanical functions
that are desired to facilitate the operation and use of the
electronic device. For example, resilient elements, such
springs and reeds, are often used in the design of mechanism
for electronic devices. Taiwan Patent Publication No.
00565760 teaches a bi-directional latching device for note-
book computers, which comprises a bi-directional unit, com-
posed of a driving section and a latching section. The driving
section comprises an operation knob exposed outside an
enclosure of a liquid crystal display of a notebook computer,
and first and second pressing pieces connected to the opera-
tion knob. One side of the driving section engages a first
resilient member arranged inside the enclosure of the liquid
crystal display of the notebook computer. The latching sec-
tion has a first slot corresponding to the first pressing piece, a
connection member arranged at one side corresponding to the
second pressing piece, a depressing piece attached to the
connection member, and at least a latch exposed outside the
enclosure of the liquid crystal display of the notebook com-
puter. The latching section is connected to a second resilient
member arranged inside the enclosure of the liquid crystal
display of the notebook computer. A receiving section is
formed in a casing of the notebook computer for engaging the
latch when the enclosure of the liquid crystal display is closed
on the casing of the notebook computer. The bi-directional
latching device allows a user to operate in a dexterous or
sinistral manner.

The conventional device discussed above allows a user to
operate the knob in a dexterous manner or a sinistral manner,
but the resilient members used therein are only for providing
a biasing or returning force for opening or closing the note-
book computer.

On the other hand, some of the electronic devices are
equipped with additional electronics, such as an antenna for
transmitting/receiving electromagnetic waves. The addi-
tional electronics requires additional costs. Further, a space
must be provided in the electronic device for accommodating
the additional electronics. Both factors are against the current
trend of low cost and compactness for electronic devices,
such as notebook computers. This is a challenging issue for
the manufacturers of the electronic devices in question.

Apparently, the cost and overall side of the electronic
device can be substantially reduced if the resilient members
that are used for providing a biasing force in the electronic
device may provide a further function that was originally
effected by the additional electronics that requires additional
costs and space.

SUMMARY OF THE INVENTION

Thus, an objective of the present invention is to provide a
helical resilient member that serves as both a mechanical
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element and an electronic element so that the helical resilient
member can cooperate with a latch mechanism to selectively
open/close an electronic device in which the helical resilient
member is used and can be connected to a circuit module to
serve as an electrical inductor for the circuit.

Another objective of the present invention is to provide a
helical resilient member that serves as an electrical inductor
for a circuit, wherein the helical resilient member forms an
LC resonance circuit with an electrical capacitor for tuning
the output power and frequency for a wireless signal trans-
mitting/receiving module.

A further objective of the present invention is to provide a
helical resilient member that also serves as an antenna so that
when the helical resilient member is coupled to a wireless
signal transmitting/receiving module, the helical resilient
member can effect as an antenna for transmitting/receiving
wireless signals.

To achieve the above-mentioned objectives, in accordance
with the present invention, an electronic device that uses a
helical resilient member as an inductance element is pro-
vided. The electronic device comprises a helical resilient
member, an antenna, a signal feeding line, and a wireless
signal transmitting/receiving module. The helical resilient
member has first and second ends with a predetermined num-
ber of turns of coil arranged there between the first and second
ends, and is made of electrically conductive materials so that
the turns of coil defines an electrical inductance. The antenna
has a signal feed point. The signal feeding line is connected
between the first end of the helical resilient member and the
signal feed point of the antenna. The wireless signal transmit-
ting/receiving module is connected to the helical resilient
member so as to couple the inductance of the helical resilient
member to the wireless signal transmitting/receiving module.

When the helical resilient member serves as an electrical
inductor for a circuit module, the helical resilient member is
preferably coupled to an electrical capacitor of the circuit
module to form an LC resonance circuit.

Alternatively, the electronic device comprises a helical
resilient member and a wireless signal transmitting/receiving
module. The helical resilient member has a first end and a
second end, and is made of an electrically conductive mate-
rial. The wireless signal transmitting/receiving module has a
first signal connection terminal that is connected to the sec-
ond end of the helical resilient member so that the helical
resilient member serves as an antenna for transmitting/receiv-
ing wireless signals of a predetermined band.

Apparently, as compared to the conventional devices, the
present invention improves the usefulness of the helical resil-
ient member. In the present invention, the helical resilient
member is employed to cooperate with a latch mechanism for
opening/closing an electronic device, such as a notebook
computer, and is also used as an electrical inductor or alter-
natively, an antenna, whereby the helical resilient member
features both a mechanical element and an electric element
and thus the utilization thereof’is fully exploited. With such an
arrangement, costs of the electronic devices are reduced and
available space inside the electronic device is increased for
more effective use.

BRIEF DESCRIPTION OF THE DRAWINGS

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

FIG. 1 is a perspective view of an electronic device con-
structed in accordance with the present invention;
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FIG. 2 is an expanded view of the encircled portion desig-
nated A in FIG. 1;
FIG. 3 is an exploded view of FIG. 2; and
FIG. 4 is an exploded view of a portion of an electronic
device constructed in accordance with another embodiment
of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

With reference to the drawings and in particular to FIGS.
1-3, of which FIG. 1 is a perspective view of an electronic
device constructed in accordance with an embodiment of the
present invention, FIG. 2 is an expanded view of the encircled
portion designated A in FIG. 1, and FIG. 3 is an exploded
view of FIG. 2, the electronic device constructed in accor-
dance with the present invention, generally designated with
reference numeral 100, comprises a base portion 1, a hinge
mechanism 2, a cover portion 3, and a latch mechanism 4. The
base portion 1 has a first edge 11 and an opposite second edge
12.

A locking slot 13 is defined in a surface of the base portion
1 at a location close to the second edge 12. The hinge mecha-
nism 2 is arranged at the first edge 11 of the base portion 1.
The cover portion 3 has a coupling edge 31 that is rotatably
coupled to the first edge 11 of the base portion 1 by the hinge
mechanism 2. Besides the coupling edge 31, the cover portion
3 has a latching edge 32 as well, and defines a hole 33. The
cover portion 3 is rotatable around the hinge mechanism 2
with respect to the base portion 1 along a direction indicated
by arrow I to move away from the base portion 1 for opening
or approach to the base portion 1 for closing.

The latch mechanism 4 is arranged at the latching edge 32
of'the cover portion 3 and comprises a movable latch plate 41
and a positioning plate 42 that maintains the latch plate 41 at
apredetermined position, a helical resilient member 43, and a
movable operation knob 44. The latch plate 41 has a locking
tab 411 and a pressing tab 412. The helical resilient member
43 has first and second ends 431, 432, and a predetermined
number of turns of coils arranged between the ends 431, 432.
The helical resilient member 43 is fit over and thus encom-
passes a portion of the 41 with the first and second ends
thereof abutting against the pressing tab 412 of the latch plate
41 and the positioning plate 42, respectively. The helical
resilient member 43 is made of an electrically conductive
material and is constructed so that the number of the turns of
coil of the helical resilient member 43 defines a desired elec-
trical inductance value. The operation knob 44 is located
outside the cover portion 3 for user’s access and partially
extends into the cover portion 3 through the hole 33, which is
elongate in a direction of movement of the operation knob 44,
to attach to the latch plate 41, such as the pressing tab 412.
Thus, moving the operation knob 44 along the hole 33, the
latch plate 42 is thus driven by the pressing tab 412 that is
connected to the knob 44 to move in a direction indicated by
arrow II with a controlled stroke.

Those skilled in the art may know that when the cover
portion 3 is closed on the base portion 1, the locking tab 411
of the latch plate 41 is engageable with the locking slot 13.
The helical resilient member 43 provides a biasing force to
the locking tab 411 to have the locking tab 411 securely
engage the locking slot 13 of the base portion 1. To detach the
cover portion 1 from the base portion 1 for opening the cover
portion 1, the operation knob 44 is moved in the direction II
against the biasing force of the helical resilient member 43 to
a predetermined position so as to disengage the locking tab
411 of the latch plate 41 from the locking slot 13 of the base
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portion 1. At this moment, the helical resilient member 43 is
depressed against the positioning plate 42 by the pressing tab
412 of the latch plate 41 and the cover portion 3 is allowed to
move away from the base portion 1.

The electronic device 100 is also provided with a circuit
module 5, which is arranged inside the cover portion 3 and has
at least one signal connection terminal. In the embodiment
illustrated, the circuit module 5 comprises a wireless signal
transmitting/receiving module 51, which has a first signal
connection terminal 511a, a second signal connection termi-
nal 5115, and a capacitor 512. The first and second signal
connection terminals 511a, 5115 are respectively and electri-
cally coupled to two terminals of the capacitor 512, and are
also respectively connected to the first and second ends 431,
432 of the helical resilient member 43 so as to couple the
inductance of the helical resilient member 43 to the wireless
signal transmitting/receiving module 51. Further, the capaci-
tor 512 is electrically connected to the helical resilient mem-
ber 43, whereby the capacitor 512 and the helical resilient
member 43 both constitute an LC resonance circuit.

The wireless signal transmitting/receiving module 51 is
provided with an antenna module 6, which comprises a wire-
less signal transmitting/receiving antenna 61 and a signal
feeding line 62. The antenna 61 functions to transmit and/or
receive a wireless signal of a predetermined band and has a
signal feed point 611. The signal feeding line 62 is connected
to the first end 431 of the helical resilient member 43 and the
signal feed point 611 of the antenna 61.

It is apparent to those having ordinary skills of the art that
the wireless signal transmitting/receiving module 51 may
process a wireless signal that is received/transmitted by the
antenna module 6. Thus, the wireless signal generated by the
wireless signal transmitting/receiving module 51 can be con-
veyed by the signal feeding line 62 of the corresponding
frequency of transmission/receipt through the signal feed
point 611 to the wireless signal transmitting/receiving
antenna 61, by which the signal is transmitted.

The helical resilient member 43 and the capacitor 512 form
an LC resonance circuit so that when the wireless signal
transmitting/receiving module 51 is transmitting power, the
output power thereof can be completely transferred to the
wireless signal transmitting/receiving antenna 61. This
makes the wireless signal transmitting/receiving antenna 61
completely mating the output power of the wireless signal
transmitting/receiving module 51, namely one half of the
wavelength of a designated frequency. Thus, when the wire-
less signal transmitting/receiving antenna 61 receives signals
of'the designated frequency, the wireless signal transmitting/
receiving module 51 may have the best performance of signal
receipt for the designated frequency.

FIG. 4 shows an exploded view of a portion of an electronic
device constructed in accordance with another embodiment
of the present invention, comprising a circuit module 5', and
awireless signal transmitting/receiving module 51' which has
a first signal connection terminal 511', which replace the
circuit module 5, and the wireless signal transmitting/receiv-
ing module 51 comprising the first signal connection terminal
511a of the electronic device of the previous embodiment
illustrated in FIG. 3. The second end 432 of the helical resil-
ient member 43 is connected to the first signal connection
terminal 511' of the wireless signal transmitting/receiving
module 51' so that the helical resilient member 43 serves as an
antenna to replace the wireless signal transmitting/receiving
antenna 61 of the electronic device of the previous embodi-
ment illustrated in FIG. 3, and to perform transmission and/or
receipt of a wireless signal of a predetermined band.
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It is apparent to those having ordinary skills of the art that
the helical resilient member 43 can be further coupled to a
further antenna so that the helical resilient member 43 may
serve as a tuning element for the antenna whereby the antenna
can effectively receive signals of one half wavelengths at
designated frequency with reduced length. Further, the heli-
cal resilient member 43 can be a spring or an equivalent
element comprising resilient biasing and returning force.

Although the present invention has been described with
reference to the preferred embodiments thereof, it is apparent
to those skilled in the art that a variety of modifications and
changes may be made without departing from the scope of the
present invention which is intended to be defined by the
appended claims.

What is claimed is:

1. An electronic device comprising:

a helical resilient member arranged inside the electronic
device, comprising a first end, a second end, and a pre-
determined number of turns of coil arranged between the
first and second ends, the helical resilient member being
made of an electrically conductive material, the prede-
termined number of turns of coil defining an electrical
inductance;

a wireless signal transmitting/receiving antenna provided
for transmitting/receiving a wireless signal of a selected
band, the wireless signal transmitting/receiving antenna
comprising a signal feed point;

a signal feeding line connected between the first end of the
helical resilient member and the signal feed point of the
wireless transmitting/receiving antenna;

a wireless signal transmitting/receiving module compris-
ing a first signal connection terminal and a second signal
connection terminal, which are connected to the first and
second ends of the helical resilient member so as to
couple the inductance of the helical resilient member to
the wireless signal transmitting/receiving module;

a base portion comprising first and second edges, a locking
slot being formed in a surface of the base portion at a
location close to the second edge;

a hinge mechanism arranged at the first edge of the base
portion;

an openable cover portion comprising a coupling edge and
a latching edge, the coupling edge being connected to
the first edge of the base portion by the hinge mechanism
so that the cover portion is rotatable about the hinge
mechanism with respect to the base portion for opening/
closing the cover portion; and

a latch mechanism arranged at the latching edge of the
cover portion, comprising a movable latch plate, and at
least one positioning plate for maintaining the latch plate
at a predetermined position whereby when the cover
portion is closed on the base portion, arranged such that
the latch plate engages the locking slot defined in the
base portion and the engagement between the latch plate
and the locking slot is secured by a biasing force applied
to the latch plate by the helical resilient member.

2. The electronic device as claimed in claim 1, wherein the
helical resilient member is connected to an electrical capaci-
tor in such a way that the capacitor and the helical resilient
member together form an L.C resonance circuit.

3. The electronic device as claimed in claim 1, wherein the
helical resilient member is fit over and thus encompasses at
least a portion of the latch plate.

4. The electronic device as claimed in claim 1, wherein the
latch mechanism further comprises an operation knob that is
attached to the latch plate whereby the operation knob moves
the latch plate in a selected direction.
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5. An electronic device comprising:

a helical resilient member arranged inside the electronic
device, comprising a first end, a second end, and a pre-
determined number of turns of coil arranged between the
first and second ends, the helical resilient member being
made of an electrically conductive material, the prede-
termined number of turns of coil defining an electrical
inductance;

a circuit module comprising a signal connection terminal
connected to the second end of the helical resilient mem-
ber to couple the inductance of the helical resilient mem-
ber to the circuit module;

a base portion comprising first and second edges, a locking
slot being formed in a surface of the base portion at a
location close to the second edge;

a hinge mechanism arranged at the first edge of the base
portion;

an openable cover portion comprising a coupling edge and
a latching edge, the coupling edge being connected to
the first edge of the base portion by the hinge mechanism
so that the cover portion is rotatable about the hinge
mechanism with respect to the base portion for opening/
closing the cover portion; and

a latch mechanism arranged at the latching edge of the
cover portion, comprising a movable latch plate, and at
least one positioning plate for maintaining the latch plate
at a predetermined position whereby when the cover
portion is closed on the base portion, arranged such that
the latch plate engages the locking slot defined in the
base portion and the engagement between the latch plate
and the locking slot is secured by a biasing force applied
to the latch plate by the helical resilient member.

6. The electronic device as claimed in claim 5, wherein the
circuit module comprises a wireless signal transmitting/re-
ceiving module comprising a first signal connection terminal
and a second signal connection terminal, which are connected
to the first and second ends of the helical resilient member so
as to couple the inductance of the helical resilient member to
the wireless signal transmitting/receiving module.

7. The electronic device as claimed in claim 5, wherein the
helical resilient member is fit over and thus encompasses at
least a portion of the latch plate.

8. The electronic device as claimed in claim 5, wherein the
latch mechanism comprises an operation knob that is attached
to the latch plate whereby the operation knob moves the latch
plate in a selected direction.

9. An electronic device comprising:

a base portion;

a cover portion rotatably connected to the base portion by

a hinge mechanism;

a latch mechanism arranged to engage the cover portion to
the base portion, the latch mechanism including a helical
resilient member providing a biasing force to engage the
latch mechanism;

a wireless signal transmitting/receiving module compris-
ing a first signal connection terminal and a second signal
connection terminal;

a wireless signal transmitting/receiving antenna provided
for transmitting/receiving a wireless signal of a selected
band, the wireless signal transmitting/receiving antenna
comprising a signal feed point; and

a signal feeding line connected between the first end of the
helical resilient member and the signal feed point of the
wireless transmitting/receiving antenna;

wherein the helical resilient member comprises a first end,
a second end, and a predetermined number of turns of
coil arranged between the first and second ends, the





US 7,961,152 B2

7

helical resilient member being made of an electrically
conductive material, and wherein the first signal connec-
tion terminal and the second signal connection terminal
are connected to the first and second ends of the helical
resilient member; and

wherein the predetermined number of turns of coil of the
helical resilient member define an electrical inductance,

8

and wherein the first signal connection terminal and the
second signal connection terminal are connected to the
first and second ends of the helical resilient member so
as to couple the inductance of the helical resilient mem-
ber to the wireless signal transmitting/receiving module.
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that electronically connects between the hybrid circuit and
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1
HYBRID CIRCUIT WITH AN INTEGRAL
ANTENNA

RELATED APPLICATIONS

This application claims priority from Israeli application
No. 173941 filed on Feb. 26, 2006, the disclosure of which is
incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates generally to a hybrid circuit
with an integral antenna.

BACKGROUND OF THE INVENTION

Nowadays people make use of many electronic devices on
a daily basis, for example mobile telephones, GPS navigation
systems, radios, MP3 players, PDAs, laptop computers, digi-
tal cameras and many other devices. It is a common interest
for manufacturers to reduce the size of the circuits controlling
the devices since the users are interested in small lightweight
devices, which can easily be carried around. Additionally,
there is an interest in combining devices together so that a
single device can replace multiple devices. Thus a person can
carry a single lightweight device, which performs the func-
tions of a plurality of devices that they previously carried
around.

In order to miniaturize the devices manufacturers produce
hybrid circuits or multi-chip modules which provide the com-
plete functionality of the device in a single chip or miniatur-
ized package. Integration of a full device into a single chip or
package is generally advantageous in terms of cost, size,
weights power consumption and other factors.

One problem faced by manufacturers is integration of a full
wireless system (e.g. Wi-Fi, Bluetooth, mobile telephone)
into a single hybrid circuit package. Generally, the manufac-
turers integrate all circuit elements of the device into a single
chip or hybrid circuit encapsulation except the antenna. The
antenna is generally excluded because it is subject to size
constraints in order to provide satisfactory performance.
Additionally, the antenna is subject to interference, from the
circuit and to low gain because of the circuit and the packag-
ing.

US patent application publication No. 2006/0256018 to
Soler Castany et al. published on Nov. 16, 2006, the disclo-
sure of which is incorporated herein by reference, describes
an integrated circuit package including a miniature elongated
antenna, which is placed alongside the integrated circuit
inside the package.

SUMMARY OF THE INVENTION

An aspect of an embodiment of the invention, relates to a
hybrid circuit with an integral antenna packaged encapsu-
lated together. The antenna is provided as a planar patch
antenna and is positioned on top of the circuit with a conduct-
ing connection between them. In some embodiments of the
invention, the connection also serves as a mechanical support
for the antenna above the circuit. Alternatively or addition-
ally, other supports are provided on the substrate of the circuit
or other methods are used to couple the patch antenna to the
circuit and form a single physical unit. In an exemplary
embodiment of the invention, the patch antenna includes a
conductor plate and a ground plate with a dielectric material
between them. Optionally, the ground plate is positioned over
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the circuit so that the circuit is shielded from the conductor
plate and the conductor plate is shielded from the circuit.

In an exemplary embodiment of the invention, the volume
between the circuit and the ground plate is filled with a filling
material, for example an epoxy resin to form a robust solid
unit that can withstand external pressure. Optionally, the
patch antenna and the circuit are held together by the filling
material after it is cured. In some embodiments of the inven-
tion the patch antenna and circuit are surrounded by an
encasement and filled with the filling material to form a robust
monolithic package. Alternatively, the patch antenna and cir-
cuit are placed in a mold, when injecting the filling material
and cured to form a solid monolithic package.

In an exemplary embodiment of the invention, the short
distance between the circuit and the patch antenna helps to
reduce noise and prevent attenuation of the signal received by
the antenna.

In some embodiments of the invention, more than one
antenna is integrated into the circuit to provide a circuit for
multiple functions, for example an antenna for GPS and for
GPRS.

There is thus provided according to an exemplary embodi-
ment of the invention, a circuit with an integral antenna,
comprising: a hybrid circuit on a substrate; a patch antenna
that is adapted to be positioned at a pre-selected distance
above the hybrid circuit and coupled to the hybrid circuit to
form a single physical unit; a feeder that electronically con-
nects between the hybrid circuit and the patch antenna.
Optionally, the footprint of the single physical unit is smaller
than 100 mm by 100 mm. In an exemplary embodiment of the
invention, the width and length of the footprint of the single
physical unit are each at least twice the size of the thickness of
the single physical unit.

In an exemplary embodiment of the invention, the volume
between the hybrid circuit and the patch antenna is filled with
a filling material. Optionally, the filling material can be hard-
ened by a curing process. In an exemplary embodiment of the
invention, the filling material couples between the patch
antenna and the hybrid circuit. Optionally, the filling material
is applied in a mold to form a monolithic package for the
single physical unit. In an exemplary embodiment of the
invention, the hybrid circuit comprises one or more supports
to couple between the hybrid circuit and the patch antenna.
Optionally the feeder couples between the hybrid circuit and
the patch antenna. In an exemplary embodiment of the inven-
tion, the circuit further comprises an encasement that defines
the single physical unit. Optionally, the encasement couples
between the hybrid circuit and the patch antenna. In an exem-
plary embodiment of the invention the encasement comprises
holes for injecting a filling material between the hybrid circuit
and the patch antenna. Optionally, the top of the single physi-
cal unit is bound by the patch antenna. In an exemplary
embodiment of the invention, the bottom of the single physi-
cal unit is bound by the substrate. Optionally, the pre-selected
distance is not greater than 1 mm from the tallest element of
the hybrid circuit. In an exemplary embodiment of the inven-
tion, the patch antenna is adapted to handle GPS signals.

In an exemplary embodiment of the invention, multiple
patch antennas are integrated into the circuit. Optionally, two
patch antennas are integrated into the circuit. In an exemplary
embodiment of the invention, the patch antenna comprises a
conducting plate and a ground plate and wherein the conduct-
ing plate is formed as a wire frame in a single plane. Option-
ally, the patch antenna comprises a dielectric layer and a
ground plate, and the feeder electronically connects between
the dielectric layer to the hybrid circuit. In an exemplary
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embodiment of the invention, the single physical unit is
coated by a protective coating to protect it from environmen-
tal factors.

There is additionally provided according to an exemplary
embodiment of the invention, a method of creating a hybrid
circuit with an integral antenna, comprising: preparing a
hybrid electronic circuit on a substrate, preparing a patch
antenna for communicating with the hybrid electronic circuit,
attaching the patch antenna above the hybrid electronic cir-
cuit, filling the volume between the patch antenna and the
hybrid electronic circuit with a filling material to form a
monolithic packaged hybrid circuit with an integral antenna.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be understood and better appre-
ciated from the following detailed description taken in con-
junction with the drawings. Identical structures, elements or
parts, which appear in more than one figure, are generally
labeled with the same or similar number in all the figures in
which they appear, wherein:

FIG. 1A is a schematic illustration of a cross sectional view
of a hybrid circuit with an electronic circuit and an integral
patch antenna, according to an exemplary embodiment of the
invention;

FIG. 1B is a schematic illustration of a cross sectional view
of an alternative hybrid circuit with an electronic circuit and
integral patch antenna, according to an exemplary embodi-
ment of the invention;

FIG. 2 is a schematic illustration of a top view of a pack-
aged hybrid circuit with an integral patch antenna, according
to an exemplary embodiment of the invention; and

FIG. 3 is a schematic illustration of a cross sectional view
of a hybrid circuit with two patch antennas, according to an
exemplary embodiment of the invention.

DETAILED DESCRIPTION

FIG. 1A is a cross sectional schematic illustration (AA) of
a hybrid circuit 100 with an electronic circuit 180 and an
integral planar patch antenna 150, according to an exemplary
embodiment of the invention. In an exemplary embodiment
of'the invention, a substrate 110 (e.g. a PCB—yprinted circuit
board) is used as a base for preparing circuit 100. Alterna-
tively, other materials or constructions can be used to serve as
the base for circuit 100. In an exemplary embodiment of the
invention, various types of circuit elements 125 are used to
construct circuit 100, for example circuit elements 125 may
include:

1. Passive devices (e.g. resistors, capacitors);

2. Active devices, which require a power source for them to
operate (e.g. integrated circuits, transistors), or

3. Other elements, for example discrete elements (e.g.
diodes).

Optionally, some elements are embedded in substrate 110,
some elements are surface mounted on substrate 110 and
some are fitted into holes on substrate 110 and soldered
thereon, or connected to substrate 110 according to other
methods known in the art. Optionally, substrate 110 may be
provided from various materials, for example glass-epoxy,
Alumina, Teflon or other types of ceramic, glass ceramics,
polymers or provided as a metal lead frame. In an exemplary
embodiment of the invention, circuit 100 is provided with one
or more contacts 115 for connecting between the module
formed by hybrid circuit 100 and other circuits or devices. In
some embodiments of the invention, contacts 115 are ball grid
array contacts (BGA), land grid array (LGA) or other types of
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contacts. Optionally, the contacts may be at the corners of the
circuit, in the middle or in any other position under substrate
110.

In an exemplary embodiment of the invention, circuit 100
is implemented to provide functionality for a GPS (global
positioning system) device, a mobile telephone (e.g. GPRS/
GSM) device, a wireless network (Wi-Fi) device or other
types of devices, which require communication at frequen-
cies ranging between 0.01 GHz to 100 GHz, for example
radio frequency at about 80 MHz, GPS at about 1.5 GHz,
WI-FI at about 2.4 GHz and radar at about 70 GHz. In an
exemplary embodiment of the invention, patch antenna 150 is
mounted as a roof over elements 125 to provide the ability to
transmit and receive communications as an integral part of
hybrid circuit 100. In an exemplary embodiment of the inven-
tion, patch antenna 150 is formed from a conductor plate 155
and a parallel ground plate 140. Optionally, a feed line 160
serves as a conducting connection between conductor patch
plate 155 and electronic circuit 180 to handle the signal pro-
vided by antenna 150. In an exemplary embodiment of the
invention, conductor plate 155 is shaped as a square, a paral-
lelogram, a trapezoid, a quadrilateral, a circle, an ellipse or
other planar shapes, including a wire frame located in a single
plane. Optionally, ground plate 140 is of a similar shape as
conductor plate 155. In an exemplary embodiment of the
invention, a dielectric material 145 is placed between the
plates in order to allow reduction of the size required for the
plates (140,155) depending on the composition of the dielec-
tric material used. In some embodiments of the invention,
ground plate 140, conductor plate 155 and dielectric 145 are
all of equal size. Alternatively, one layer may be larger than
the other layers or all the layers may be different in size, for
example ground plate 140 may be larger than dielectric 145
and dielectric 145 may be larger than conductor plate 155 or
conductor plate 155 and dielectric 145 may be the same size
and ground plate 140 may be larger as shown in FIG. 1. In an
exemplary embodiment of the invention, patch antenna 150
may be provided as a dielectric antenna, wherein conductor
plate 155 is omitted and dielectric 145 serves as the antenna
receptor, or conductor plate 155 is a point of negligible size
relative to dielectric 145 or ground plate 140.

Typically, a patch antenna with a vacuum between the
plates generally requires conductor plate 155 to have a length
of about half the size of the wavelength of the transmission
signal used, for example for GPS that uses a frequency of
approximately 1.5-1.6 GHz, half a wavelength would be
about 95 mmn, which is slightly large for implementing as
patch antenna 150 in a hybrid circuit. Optionally, by using
dielectric material 145, for example a few layers of high k
tape CT765 (manufactured by Heraeus Inc. from PA USA) or
low temperature capacitor tapes from series 412XX (manu-
factured by ESL Electro-Science from PA, USA) or a com-
bination of other dielectric materials, the optimal size can be
reduced even tenfold. Thus a size of about 10 mm by 10 mm
for patch antenna 150 would suffice to serve as a GPS
antenna. The following equation provides a general calcula-
tion for determining the required length for a patch antenna
based on the dielectric constant: L=C/2f(€)"?

Wherein [=the patch size length, C=the speed of light,
f=the wave frequency under consideration, and € is the
dielectric constant.

In an exemplary embodiment of the invention, the thick-
ness of patch antenna 150 is dependent on the transmission
frequency, since the thickness is related to the amount of size
reduction required. Optionally, if less size reduction is
required a thinner dielectric material would suffice. Addition-
ally, the thickness of patch antenna 150 is also dependent on
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the materials used, some materials function with thinner
plates and a thinner layer of dielectric material 145, for
example conductor plate 155 may be provided from a thin
(e.g. from 1 micron to 1 mm) plate made from Cu (copper),
Au (Gold), Ag (Silver), AgPd (silver palladium) or other
metals, and ground plate 140 may also be provided from a thin
(e.g. from 1 micron to 1 mm) Cu, Au, Ag or AgPd plate.
Likewise, the thickness of the dielectric material may depend
on the type of dielectric material used, for example between
0.1 mm to 2 mm or even 5 mm or 10 mm may be required. In
some embodiments of the invention, conductor plate 155 and
ground plate 140 may be provided as a metal coating on the
dielectric material to reduce the thickness of conductor
antenna 150 (e.g. with a thickness of 1-100 micron). Option-
ally, the packaging of hybrid circuit 100 is selected to con-
form to modular packages available in the field so that it can
be readily implemented in other circuits. In an exemplary
embodiment of the invention, the size of the footprint of a
typical hybrid circuit 100 may vary from about 5 mmx5 mm
to about 100 mmx100 mm and the thickness may vary from
about 1 mm to about 10 mm. In some embodiments of the
invention, hybrid circuit 100 may be packaged with various
shaped footprints, for example as a rectangle, trapezoid,
circle, ellipse or other shapes. Optionally, the size of patch
antenna 150 is designed to be about the same as the size of
electronic circuit 180 and vice versa, for example electronic
circuit 180 may be enlarged to be about the same size as patch
antenna 150 or the size of patch antenna 150 may be enlarged
to be about the size of electronic circuit 180. In an exemplary
embodiment of the invention, the width and length of the
footprint of hybrid circuit 100 are at least twice as long as the
thickness of hybrid circuit 100.

Small patch antennas for GPS are available today as stand
alone antennas from many manufacturers, for example as
manufactured by EMTAC Technology Corp. from Taiwan
(www.emtac.com), which produces a 12 mmx12 mm patch
antenna for GPS with a thickness of 4 mm.

In an exemplary embodiment of the invention, hybrid cir-
cuit 100 is provided with mechanical supports 130 to hold
patch antenna 150 at a pre-selected distance above hybrid
circuit 100, for example 0.1 mm above the tallest element 125
in hybrid circuit 100. Additionally, hybrid circuit 100 has a
connection 120, which provides a signal to patch antenna 150
from electronic circuit 180 and receives signals from patch
antenna 150, via feed line 160. Optionally, supports 130 may
be conductors to ground the antenna or insulators to isolate it
from substrate 110, whereas connection 120 may or may not
provide mechanical support and is a conductor to transfer
signals between antenna 150 and electronic circuit 180. In
some embodiments of the invention, four supports 130 are
used to hold patch antenna 150 from four corners of patch
antenna 150. Alternatively, more or less supports 130 may be
used and their position on substrate 110 may vary depending
among other things on the number of supports used.

In some embodiments of the invention, volume 165, which
is bound by electronic circuit 180 from below and ground
plate 140 from above, is injected with a filler material, for
example an epoxy resin that is then cured to form a solid
unified hybrid circuit 100 that will not readily collapse under
external pressure. Optionally, an enclosure 170 which sur-
rounds electronic circuit 180 is used to provide support in
holding antenna 150 in place above electronic circuit 180 in
addition to or instead of supports 130. In some embodiments
of'the invention, enclosure 170 is formed from a non-conduc-
tive material (e.g. a polymer, polytetrafluoroethylene (Te-
flon™) or ceramics). Alternatively, enclosure 170 is formed
from a metal (e.g. aluminum) or a metal coated polymer.
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Optionally, enclosure 170 provides electromagnetic shield-
ing for circuit 100. In some embodiments of the invention,
enclosure 170 completely encapsulates patch antenna 150
and electronic circuit 180 to form a monolithic package. The
package may be filled with a filling material or not and the
filling material may or may not be able to harden by curing. In
some embodiments of the invention enclosure 170 does not
entirely encapsulate circuit 100 and the filling material is
cured to form a solid unit.

FIG. 1B is a schematic illustration of a cross sectional view
(AA) of an alternative hybrid circuit 101 with an integral
patch antenna 150, according to an exemplary embodiment of
the invention. In FIG. 1B enclosure 170 is shown to enclose
electronic circuit 180 and support patch antenna 150. Option-
ally, volume 190 is filled with a curable filler material either
during manufacture of patch antenna 150 or when coupling
between electronic circuit 180 and patch antenna 150.
Optionally, electronic circuit 180 and patch antenna 150 are
coupled to form a monolithic package by curing the filling
material or by applying an adhesive or other attaching
devices, for example screws or staples.

In some embodiments of the invention, electronic circuit
180 with patch antenna 150 coupled to it is placed in a mold
and a filling material is injected and cured to form a mono-
lithic modular package with antenna 150 on top and substrate
110 on the bottom, with or without additional mechanical
supports and/or enclosures. Some exemplary epoxy molding
compounds, which can be used as filling materials are
Hysol® GR9851M and Hysol® MG52F-99B from Henkel
Technologies from New-York, Canada and Brazil.

FIG. 2 is a schematic illustration of a top view of packaged
hybrid circuit 200 with electronic circuit 180 and integral
patch antenna 150, according to an exemplary embodiment of
the invention. In an exemplary embodiment of the invention,
packaged hybrid circuit 200 is provided as a monolithic rect-
angular shaped module bounded by substrate 110 from
below, conductor patch 155 from above and encasement 170
from the sides. Alternatively any other shape can be used for
packaged hybrid circuit 200. Optionally, the filling material
filling volume 165 and/or 190 (as in FIG. 1B) contributes to
the rigidness of the resulting monolithic package. In an exem-
plary embodiment of the invention, encasement 170 may
completely cover conductor patch 155 to protect it from the
environment for example from moisture. Alternatively, con-
ductor patch 155 may remain uncovered to enhance its ability
to transmit. In some embodiments of the invention, the mono-
lithic package may be coated by coating materials to protect
it from moisture or other environmental factors.

In an exemplary embodiment of the invention, integrating
patch antenna 150 into hybrid circuit 100 provides the fol-
lowing benefits:

1. It reduces the distance between patch antenna 150 and
electronic circuit 180 thereby improving the signal level and
signal level to noise.

2. It reduces the number of amplification elements
required, thus reducing the overall size of hybrid circuit 100.

3. The bottom of ground plate 140 serves as a shield for
electronic circuit 180 to protect it from external noise and
noise from conductor plate 155.

4. Hybrid circuit 100 simplifies construction of communi-
cation devices by providing a single circuit, which provides
all functions of the device (including the antenna).

In some embodiments of the invention, encasement 170
comprises one or more holes 210 for injecting a filling mate-
rial to fill in the volume left between patch antenna 150 and
electronic circuit 180. Optionally, hybrid circuit 100 is cured
with a heat process to solidify the filling material.
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In some embodiments of the invention, encasement 170 as
shown in FIGS. 1A, 1B and FIG. 2 is formed from the cured
filling material and is not an additional material surrounding
hybrid circuit 100.

FIG. 3 is a schematic illustration of a cross sectional view
of a hybrid circuit 300 with two patch antennas (310, 320),
according to an exemplary embodiment of the invention. In
some embodiments of the invention, more than one antenna is
positioned above electronic circuit 180 to provide communi-
cations for different applications, for example GPS and
GPRS for a mobile telephone. Thus hybrid circuit 300 serves
as a single element that provides functionality as a GPS
device and a GPRS device. Optionally, hybrid circuit 300 is
implemented as the same size as hybrid circuit 100 by reduc-
ing the size of each patch antenna. Alternatively, the encase-
ment of hybrid circuit 300 is twice as large as hybrid circuit
100 to accommodate for extra circuit elements 125 and for
two patch antennas 150.

It should be noted that the exact details of the circuit imple-
mentation described above are only exemplary and other
variations may be implemented to provide other options,
provide the same options in a different manner, or to remove
some of the options.

It should be appreciated that the above described methods
and apparatus may be varied in many ways, including omit-
ting or adding steps, changing the order of steps and the type
of devices used. It should be appreciated that different fea-
tures may be combined in different ways. In particular, not all
the features shown above in a particular embodiment are
necessary in every embodiment of the invention. Further
combinations of the above features are also considered to be
within the scope of some embodiments of the invention.

It will be appreciated by persons skilled in the art that the
present invention is not limited to what has been particularly
shown and described hereinabove. Rather the scope of the
present invention is defined only by the claims, which follow.

The invention claimed is:

1. A circuit with an integral antenna, comprising:

ahybrid circuit comprising multiple electrical elements on
a substrate;

a patch antenna that is adapted to be positioned at a pre-
selected distance above the hybrid circuit and coupled to
the hybrid circuit to form a single physical unit; wherein
said patch antenna comprises a conducting plate, a
ground plate isolated from said conducting plate and a
dielectric layer between the conducting plate and the
ground plate; and wherein the elements of the hybrid
circuit extend upward from the substrate toward the
patch antenna;

a feeder that electronically connects between said hybrid
circuit and the conducting plate of said patch antenna;
wherein said feeder is provided as a via hole with a feed
line that passes through the dielectric layer and the
ground plate.

2. A circuit according to claim 1, wherein the footprint of
said single physical unit is smaller than 100 mm by 100 mm
and adapted to handle GPS signals.

3. A circuit according to claim 1, wherein the width and
length of the footprint of said single physical unit are each at
least twice the size of the thickness of said single physical
unit.
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4. A circuit according to claim 1, wherein the volume
between the hybrid circuit and the patch antenna is filled with
a filling material.

5. A circuit according to claim 4, wherein said filling mate-
rial can be hardened by a curing process.

6. A circuit according to claim 5, wherein said filling mate-
rial couples between the patch antenna and the hybrid circuit.

7. A circuit according to claim 5, wherein said filling mate-
rial is applied in a mold to form a monolithic package for the
single physical unit.

8. A circuit according to claim 1, wherein said hybrid
circuit comprises one or more supports to couple between the
hybrid circuit and the patch antenna.

9. A circuit according to claim 1, wherein said feeder
couples between the hybrid circuit and the patch antenna.

10. A circuit according to claim 1, further comprising an
encasement that defines said single physical unit.

11. A circuit according to claim 10, wherein said encase-
ment couples between the hybrid circuit and the patch
antenna.

12. A circuit according to claim 10, wherein said encase-
ment comprises holes for injecting a filling material between
the hybrid circuit and the patch antenna.

13. A circuit according to claim 1, wherein the top of said
single physical unit is bound by said patch antenna.

14. A circuit according to claim 1, wherein the bottom of
said single physical unit is bound by said substrate.

15. A circuit according to claim 1, wherein said pre-se-
lected distance is not greater than 1 mm from the tallest
element of the hybrid circuit.

16. A circuit according to claim 1, wherein said patch
antenna is adapted to handle GPS signals.

17. A circuit according to claim 1, wherein multiple patch
antennas are integrated into said circuit.

18. A circuit according to claim 17, wherein two patch
antennas are integrated into said circuit.

19. A circuit according to claim 1, wherein said single
physical unit is coated by a protective coating to protect it
from environmental factors.

20. A method of creating a hybrid circuit with an integral
antenna, comprising:

preparing a hybrid electronic circuit comprising multiple

electrical elements on a substrate;

preparing a patch antenna for communicating with said
hybrid electronic circuit; wherein said patch antenna com-
prises a conducting plate, a ground plate isolated from said
conducting plate and a dielectric layer between the conduct-
ing plate and the ground plate; attaching said patch antenna
above said hybrid electronic circuit; wherein the elements of
the hybrid circuit extend upward from the substrate toward
the patch antenna;

connecting a feeder that electronically connects between

said hybrid circuit and the conducting plate of said patch
antenna; wherein said feeder is provided as a via hole
with a feed line that passes through the dielectric layer
and the ground plate,

filling the volume between said patch antenna and said

hybrid electronic circuit with a filling material to form a
monolithic packaged hybrid circuit with an integral
antenna.
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1
ANTENNA STRUCTURE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a Continuation of pending U.S. patent
application Ser. No. 12/183,014, filed on Jul. 30, 2008, which
claims priority of Taiwan Patent Application No. 096131466,
filed on Aug. 24, 2007, the entirety of which are incorporated
by reference herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to an antenna structure and, more
particularly, to an antenna structure which is directly printed
on a circuit board.

2. Description of the Related Art

Because of the demand of the market, the sizes of elec-
tronic devices such as notebook computers or mobile phones
become smaller and smaller. If the sizes of antennas in the
electronic devices also decrease correspondingly, it helps the
electronic devices to be small.

If an antenna used in a 2.4 GHz band is designed as one-
quarter of the wavelength, the volume of the antenna is about
720 mm?. As a result, the antenna is difficult to be applied to
a small electronic device. An antenna also can be made of
multilayer ceramic material, and then the antenna can have a
small size via the high dielectric coefficient of the ceramic
material. However, the cost of the antennas made of the
ceramic material is high, and the radiation efficiency is low
(about fifty percent). If the antenna made of the multilayer
ceramic material is disposed in a little casing, the working
bandwidth decreases, and then the communication quality of
part of the band decreases.

BRIEF SUMMARY OF THE INVENTION

The invention provides an antenna structure including a
circuit board and a printed antenna. The circuit board has a
ground surface. The printed antenna is arranged on the circuit
board, and the printed antenna includes a signal feed-in por-
tion, a first radiating unit and a second radiating unit. The first
radiating unit is connected to the signal feed-in portion, and
the first radiating unit has a first end and a second end. The
first radiating unit diverges and forms a first radiating element
and a second radiating element at the first end. The first
radiating element and the second radiating element are com-
bined at the second end, and the first radiating element has a
first turning portion. The second radiating unit is connected to
the first radiating unit. The second radiating unit includes a
third radiating element, a fourth radiating element, a second
turning portion and a third turning portion. The second turn-
ing portion is located between the third radiating element and
the second end. The third turning portion is located between
the third radiating element and the fourth radiating element,
and a distance is formed between the fourth radiating element
and the ground surface. The first radiating unit includes a first
printed thickness, and the second radiating unit includes a
second printed thickness. At least part of the second printed
thickness is larger than the first printed thickness.

The antenna structure of the invention has a tiny volume,
and the printed antenna can be directly printed on the circuit
board. Compared with a conventional multilayer ceramic
antenna, the cost of the antenna structure of the invention is
low, and the working bandwidth and the radiation efficiency
of the antenna structure of the invention greatly increase.
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These and other features, aspects, and advantages of the
present invention will become better understood with regard
to the following description, appended claims, and accompa-
nying drawings.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 is a schematic diagram showing an antenna struc-
ture of one embodiment of the invention;

FIG. 2 is a schematic diagram showing the measured work-
ing bandwidth of an antenna structure of one embodiment of
the invention; and

FIG. 3 is an exploded view of the first radiating unit and the
second radiating unit of the one embodiment of the invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

As shown in FIG. 1, an antenna structure 100 of one
embodiment of the invention is a circuit board antenna, and it
can be applied to any electronic device and a 2.4 GHz wireless
local area network (WLAN), a Bluetooth system or a radio
frequency identification (RFID) system.

The antenna structure 100 includes a substrate, such as a
circuit board 110 and a printed antenna 120 printed on the
circuit board 110. In the embodiment, the thickness of the
circuit board 110 is 0.81 mm, and the circuit board 110 has a
ground surface G.

The printed antenna 120 includes a signal feed-in portion
121, afirst radiating unit 122, a second radiating unit 123 and
a ground portion 124. The signal feed-in portion 121, the first
radiating unit 122, the second radiating unit 123 and the
ground portion 124 are printed on the circuit board 110. As
shown in FIG. 3, the first radiating unit 122 includes a first
printed thickness L,, and the second radiating unit 123
includes a second printed thickness L,. At least part of the
second printed thickness L, is larger than the first printed
thickness L. The signal feed-in portion 121 is used for
receiving or transmitting a signal received or transmitted by
the first radiating unit 122 and the second radiating unit 123.
The transmission path of the signal is denoted by arrows
shown in FIG. 1 (only one direction of the signal transmission
path is shown in FIG. 1, but the embodiment is not limited by
this.).

The signal feed-in portion 121 has a first end E1. The first
radiating unit 122 diverges and forms a first radiating element
1221 and a second radiating element 1222 at the first end E1.
The first radiating element 1221 and the second radiating
element 1222 are combined at a second end E2. The first
radiating element 1221 has a first turning portion T1, the
second radiating element 1222 is connected to the ground
portion 124. Then the printed antenna can be connected to the
ground surface G via the ground portion 124 to be connected
to ground.

The second radiating unit 123 includes a third radiating
element 1231, a fourth radiating element 1232, a second
turning portion T2 and a third turning portion T3. The second
radiating unit 123 is connected to the first radiating unit 122
via the third radiating element 1231. The second turning
portion T2 is located between the third radiating element
1231 and the first radiating unit 122, and the third turning
portion T3 is located between the third radiating element
1231 and the fourth radiating element 1232. A distance d is
formed between the fourth radiating element 1232 and the
ground surface G to generate a parasitic capacitance.
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The signal is sent by the signal feed-in portion 121. When
the signal is transmitted through the first radiating unit 122,
the signal can be selectively transmitted through the first
radiating element 1221 and the first turning portion T1 or
through the second radiating element 1222 to enter the second
radiating unit 123. Then, the signal enters the third radiating
element 1231 through the second turning portion T2 and
further enters the fourth radiating element 1232 through the
third turning portion T3. The first turning portion T1, the
second turning portion T2 and the third turning portion T3
have forty-five degree angles with the incident direction of the
signal, and then the signal can be rapidly transmitted.

The printed antenna 120 of the embodiment of the inven-
tion occupies an area of the circuit board, and the size of the
area is about 71.96 mm?. The ratio of the length D1 of the area
to the width D2 of the area is about 1.7:1. Ratios of the
distance d between the fourth radiating element 1232 and the
ground surface G to the length D1 and the width D2 ofthe area
are about 1:14 and about 1:8, respectively.

In another embodiment of the invention, the printed
antenna 120 includes a signal feed-in portion 121, a first
radiating unit 122, a second radiating unit 123 and a ground
portion 124. The signal feed-in portion 121, the first radiating
unit 122, the second radiating unit 123 and the ground portion
124 is printed on the circuit board 110. As shown in FIG. 3,
the first radiating unit 122 includes a first number of printed
layers, and the second radiating unit 123 includes a second
number of printed layers. The second number of printed lay-
ers is larger than the first number of printed layers. In this
embodiment, the first number of printed layers is one and the
second number of printed layers is three; however, it should
not be considered limiting.

As shown in F1G. 2, FIG. 2 is a schematic diagram showing
measured S11 data of an antenna according to a preferred
embodiment of the invention. The usable bandwidth of anten-
nas are generally required to satisfy S11<-10 dB (or voltage
standing wave ratio (VSWR)<1.92; the two parameters have
the same meaning and can be derived from each other). In
FIG. 2, S11 is -11.04 dB and the frequency is 2.35 GHz at
point 1 (V¥), and S11 is =10.75 dB and the frequency is 2.52
GHz at point 3( ). A bandwidth between the frequency 2.35
GHz and the frequency 2.52 GHzis 0.17 GHz, and S11 is less
than -10 dB, so that the bandwidth is a usable bandwidth
which is 170 MHz. The printed antenna 120 of the embodi-
ment of the invention occupies a small area, but its radiation
efficiency is above seventy percent, and the usable bandwidth
reaches 170 MHz.

From the above, the antenna structure 100 of the preferred
embodiment of the invention has a tiny volume, and the
printed antenna 120 can be directly printed on the circuit
board 110. Compared with a conventional multilayer ceramic
antenna, the cost of the antenna structure of the invention is
low, and the working bandwidth and the radiation efficiency
of'the antenna structure of the invention are greatly increased.

Although the present invention has been described in con-
siderable detail with reference to certain preferred embodi-
ments thereof, the disclosure is not for limiting the scope of
the invention. Persons having ordinary skill in the art may
make various modifications and changes without departing
from the scope and spirit of the invention. Therefore, the
scope of the appended claims should not be limited to the
description of the preferred embodiments described above.

The invention claimed is:

1. An antenna structure comprising:

a substrate; and

a printed antenna arranged on the substrate comprising:

a signal feed-in portion;
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a first radiating unit connected to the signal feed-in por-
tion, having a first printed thickness; and

a second radiating unit connected to the first radiating
unit, having a second printed thickness;

wherein, at least a part of the second printed thickness is

larger than the first printed thickness;

wherein the first radiating unit comprises a first end and a

second end, wherein the first radiating unit diverges and
forms a first radiating element and a second radiating
element at the first end, and the first radiating element
and the second radiating element are combined at the
second end; and

wherein the first radiating unit comprises a first turning

portion and the second radiating unit comprises a third
radiating element, a fourth radiating element, a second
turning portion and a third turning portion, wherein the
second turning portion is located between the third radi-
ating element and the second end, and the third turning
portion is located between the third radiating element
and the fourth radiating element.

2. The antenna structure according to claim 1, wherein the
substrate comprises a ground surface.

3. The antenna structure according to claim 2, wherein a
distance is formed between the second radiating unit and the
ground surface.

4. The antenna structure according to claim 1, wherein the
substrate is a circuit board.

5. The antenna structure according to claim 1, wherein the
printed antenna occupies an area of the substrate, and the ratio
of'the length of the area to the width of the area is about 1.7:1.

6. The antenna structure according to claim 5, wherein the
ratio of the distance to one length of the area is about 1:14.

7. The antenna structure according to claim 5, wherein the
ratio of the distance to one width of the area is about 1:8.

8. The antenna structure according to claim 1, wherein the
printed antenna further comprises a ground portion connected
to the first radiating unit.

9. The antenna structure according to claim 1, wherein the
printed antenna further comprises a ground portion connected
to the second radiating unit.

10. The antenna structure according to claim 1, wherein the
signal feed-in portion receives or transmits a signal, and the
first turning portion, the second turning portion and the third
turning portion have forty-five degree angles with the inci-
dence direction of the signal.

11. The antenna structure according to claim 1, wherein the
signal enters from the feed-in portion and is selectively trans-
mitted through the first radiating element or the second radi-
ating element of the first radiating unit to enter the second
radiating unit.

12. An antenna structure comprising:

a substrate; and

a printed antenna arranged on the substrate comprising:

a signal feed-in portion;
a first radiating unit connected to the signal feed-in por-
tion, having a first number of printed layers; and
a second radiating unit connected to the first radiating
unit, having a second number of printed layers;
wherein, the second number of printed layers is larger than
the first number of printed layers;

wherein the first radiating unit comprises a first end and a

second end, wherein the first radiating unit diverges and
forms a first radiating element and a second radiating
element at the first end, and the first radiating element
and the second radiating element are combined at the
second end; and
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wherein the first radiating unit comprises a first turning

portion and the second radiating unit comprises a third
radiating element, a fourth radiating element, a second
turning portion and a third turning portion, wherein the
second turning portion is located between the third radi-
ating element and the second end, and the third turning
portion is located between the third radiating element
and the fourth radiating element.

13. The antenna structure according to claim 12, wherein
the substrate comprises a ground surface.

14. The antenna structure according to claim 13, wherein a
distance is formed between the second radiating unit and the
ground surface.

15. An antenna structure comprising:

a substrate; and

a printed antenna arranged on the substrate comprising:

a signal feed-in portion;

a first radiating unit connected to the signal feed-in por-
tion, having a first printed thickness, and diverging a
firstradiating element and a second radiating element,
the first radiating element and the second radiating
element are combined at an end; and

a second radiating unit connected to the end of the first
radiating unit, having a second printed thickness;

6

wherein, the second printed thickness is larger than the
first printed thickness;
wherein the first radiating unit comprises a first end and
a second end, wherein the first radiating unit diverges
and forms a first radiating element and a second radi-
ating element at the first end, and the first radiating
element and the second radiating element are com-
bined at the second end; and
wherein the first radiating unit comprises a first turning
portion and the second radiating unit comprises a
third radiating element, a fourth radiating element, a
second turning portion and a third turning portion,
wherein the second turning portion is located between
the third radiating element and the second end, and the
third turning portion is located between the third radi-
ating element and the fourth radiating element.
16. The antenna structure according to claim 15, wherein
the substrate comprises a ground surface, and a distance is
formed between the second radiating unit and the ground

20 surface.
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1
LOW-PROFILE ANTENNA STRUCTURE

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The present invention relates to a low-profile antenna struc-
ture, and in particular to an antenna structure that can electri-
cally control the directivity thereof.

(2) Description of the Related Art

The directivity of an antenna can be changed by various
methods, such as by spatially slanting and rotating the
antenna, and using electricity. Examples of antennas known
for employing the latter method are: a diversity antenna,
which has multiple antennas with different directivities and
chooses one of them; and an array antenna disclosed in Patent
Reference 1 (Japanese Laid-Open Application No. 2002-
118414).

Further, Patent Reference 2 (Japanese Laid-Open Applica-
tion No. 2005-252406) discloses technology for making the
directivity variable by magnetically coupling an excited ele-
ment and a parasitic element provided on the back of a tele-
vision receiver and the like.

The technology disclosed in Patent Reference 2 is effective
when used in a situation where the direction from which the
television receiver and the like receive an electromagnetic
wave is limited to some extent. However, in the case of a
mobile communication system, an antenna that has a strong
directivity and does not limit the wave arrival direction is
required since the Space Division Multiplexing technology
(hereinafter, simply “SDM?”) is applied to the system. Espe-
cially, the system requires technology that controls beam-
forming and null-forming with great flexibility.

Moreover, in many cases, transceivers used in the mobile
communication system are mobile devices, and hence are
expected to become smaller. For example, antennas for RFID
(Radio Frequency Identification) use have become smaller
through the use of a high-frequency band at 2.45 GHz. Like in
this case, an antenna element can be made smaller by using
higher frequency bands. Thus, in prospect of the use of such
higher frequency bands in the future, there will be a demand
for an antenna structure that benefits from such a size advan-
tage.

The antenna element of the antenna disclosed in Patent
Reference 1 can be made smallerusing high frequency bands.
However, being composed of a dipole element or a monopole
element, this antenna needs to be placed either (i) far enough
from a metal case or a circuit board of the transceiver, or (ii)
standing straight up on the case or the circuit board, which are
regarded as ground planes. Either way, the antenna protrudes
outwardly far from the transceiver, making the transceiver
inconvenient to carry around.

SUMMARY OF THE INVENTION

In view of this, the present invention aims to provide a
low-profile antenna structure that benefits from a size advan-
tage gained with the use of a high frequency band, and that
can control its directivity with great flexibility.

The above object is fulfilled by an antenna structure com-
prising: multiple low-profile excited elements that are
arranged on a ground plane with a predetermined spatial
relationship therebetween; multiple low-profile parasitic ele-
ments that are arranged on the ground plane with another
predetermined spatial relationship therebetween, while main-
taining a yet another predetermined spatial relationship with
each excited element; multiple feed units each of which has
been connected to and feeds a signal to a different one of the

20

25

30

35

40

45

55

60

2

excited elements, in such a manner that phases of the signals
to be fed to the excited elements are different from each other
by a desired degree; and multiple variable reactors each of
which (i) is connected to a different one of the parasitic
elements and (ii) in accordance with a reactance value
thereof, changes an electrical length of the corresponding one
of the parasitic elements.

With the above configuration, the antenna structure of the
present invention can provide phased array antennas by
adjusting phase differences between the signals to be fed to
the excited elements, and can control its directivity in the
direction of the alignment of the excited elements. Mean-
while, the electrical length of each parasitic element can be
changed by adjusting the variable reactors between capaci-
tivity and inductivity. Here, each parasitic element has prop-
erties of a director when its electrical length is short, and
properties of a reflector when its electrical length is long.
Therefore, the antenna structure of the present invention can
control its directivity, further in the direction of the alignment
of the parasitic elements.

As such, the antenna structure of the present invention has
characteristics of both a phased array antenna and a Yagi-Uda
antenna, controlling its directivity with great flexibility.
Moreover, since the excited elements and the parasitic ele-
ments are both constructed low-profile, the antenna structure
of the present invention can be manufactured compact and
flat, and thus is suitable for use in a mobile device as a built-in.

The above-described antenna structure may be configured
as follows: a number of the excited elements and a number of
the parasitic elements may be two each; and in an xy-plane
formed by an x-axis and a y-axis that perpendicularly inter-
sect with each other at an origin of the xy-plane, the two
excited elements are arranged on the x-axis at equal distances
from the origin, one in a positive and the other in a negative
direction of the x-axis, whereas the two parasitic elements are
arranged on the y-axis at equal distances from the origin, one
in a positive and the other in a negative direction of the y-axis.

With the above configuration, the antenna structure can
control its directivity in the x-axis direction by adjusting the
phase differences between the signals to be fed to the excited
elements, and in the y-axis direction by adjusting the reac-
tance values of the variable reactors connected to the parasitic
elements.

Thus, although being composed of a few elements (the
number of the excited elements and the parasitic elements is
four in total), the antenna structure of the present invention
can steer the directivity thereof in various directions in the
plane including the x-axis and the y-axis.

The above-described antenna structure may also be con-
figured as follows: the excited elements and the parasitic
elements are each an inverted-F antenna of a same outer
dimension; and a distance between the origin and each
excited element is equal to a distance between the origin and
each parasitic element.

The above-described antenna structure may be configured
as follows: the inverted-F antenna is composed of (i) two
vertical conductors that stand perpendicular to the ground
plane, (ii) a parallel conductor that is parallel to the ground
plane and electrically connects top ends of the two vertical
conductors, and (iii) a long conductor that extends parallel to
the ground plane, one end thereof joined to one end of the
parallel conductor, and the other end thereof sticking out in
the air as an open end; the two vertical conductors and the
parallel conductor are together referred to as an element body
part, and the long conductor is referred to as an impedance
matching part; in each excited element, the element body part
is arranged on the x-axis, and the impedance matching part
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extends parallel to the y-axis; and in each parasitic element,
the element body part is arranged on the y-axis, and the
impedance matching part extends parallel to the x-axis.

The above-described antenna structure may also be con-
figured as follows: the impedance matching parts of the two
excited elements, as well as the impedance matching parts of
the two parasitic elements, extend in opposite directions from
each other; and one of the impedance matching parts of the
two excited elements and one of the impedance matching
parts of the two parasitic elements, which are adjacent to each
other, extend in such a manner that the former extends toward
the latter and the latter extends away from the former, or vice
versa.

The above configuration provides the following effects. In
the antenna structure of the present invention, the impedance
matching parts of the excited elements do not take much
space in the x-axis direction outside the area where their
element body parts are arranged. Likewise, the impedance
matching parts of the parasitic elements do no take much
space in the y-axis direction outside the area where their
element body parts are arranged. Due to such an element
design, this antenna structure takes up less space.

The above-described antenna structure may also be con-
figured as follows: in each excited element, one of the two
vertical conductors is connected to a feed source, whereas the
other one of the two vertical conductors is connected to the
ground plane; and in each parasitic element, one of the two
vertical conductors is connected to a variable reactor, whereas
the other one of the two vertical conductors is connected to
the ground plane.

The above-described antenna structure may also be con-
figured as follows: in each excited element, a total length from
a bottom end of the one of the two vertical conductors to the
open end is A/4, A being a wavelength of a signal to be
transmitted; and the excited elements and the parasitic ele-
ments are each arranged at a distance of A/8 from the origin of
the xy-plane.

The above-described antenna structure may also be con-
figured as follows: in each excited element and each parasitic
element, the impedance matching part has been bent near the
open end, in such a manner that a bent portion of the imped-
ance matching part is parallel to the ground plane and the
open end approaches the element body part of an adjacent one
of the parasitic elements and the excited elements, respec-
tively.

With the above configuration, it is possible to further
reduce the space for the impedance matching parts.

For example, the impedance matching parts can be bent
near their open ends, such that the bent portions are aligned
with sides of'a square that encloses the area where the element
body parts of the excited elements and the parasitic elements
are arranged. As a result, as shown in FIG. 30A, the antenna
structure of the present invention can fit in the square whose
sides are each A/4 long. This way the antenna structure of the
present invention is smaller in dimension (i.e., %2 in width and
1//3 in length smaller) than the invention of Patent Reference
1, which is shown in FIG. 30B.

Each feed unit may include a phase shifter that can change
a phase angle of a corresponding one of the signals to be fed
to the excited elements to at least nnt/2 radians, n being 1,2, 3
and 4, and to a phase angle that is other than nz/2 radians.

With the above structure, the excited elements can function
as various array antennas (e.g., an end-fire array and a broad-
side array), and the antenna structure can control its directiv-
ity in the xy-plane with much greater flexibility.

The above-described antenna structure may also be con-
figured as follows: the excited elements and the parasitic
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elements are each replaced by an antenna element with the
ground plane removed; and the antenna element is (i) formed
by connecting an inverted-F antenna part and an F antenna
part that together have mirror symmetry with respect to a
hypothetical ground plane provided therebetween, and (ii)
electrically equivalent to an inverted-F antenna arranged on
the ground plane.

Also, in the above-described antenna structure, at least one
of the excited elements and the parasitic elements may be an
inverted-L. antenna, a T antenna or a patch antenna.

BRIEF DESCRIPTION OF THE DRAWINGS

These and the other objects, advantages and features of the
invention will become apparent from the following descrip-
tion thereof taken in conjunction with the accompanying
drawings which illustrate a specific embodiment of the inven-
tion.

In the drawings:

FIG. 1 shows an antenna structure 1 pertaining to a first
embodiment;

FIG. 2A schematically illustrates a structure of an excited
element 11, and FIG. 2B schematically illustrates a structure
of a parasitic element 13;

FIG. 3 shows the antenna structure 1 as viewed perpen-
dicular to a ground plane 15 from above;

FIGS. 4A and 4B schematically illustrate the principle of
forming a beam in the x-axis direction with the antenna struc-
ture 1;

FIGS. 5A and 5B schematically illustrate the principle of
forming a beam in the y-axis direction with the antenna struc-
ture 1;

FIGS. 6 A through 6D illustrate directive gains Gd that are
achieved when beams are formed in the directions corre-
sponding to azimuthal angles of ®=0°-90°;

FIGS. 7A through 7E illustrate directive gains Gd that are
achieved when the beam is fixed in the direction correspond-
ing to an azimuthal angle of ®=0° while a null is formed in
other directions;

FIGS. 8A through 8F illustrate directive gains Gd that are
achieved when the beam is fixed in the direction correspond-
ing to an azimuthal angle of ®=30° while the null is formed in
other directions;

FIGS. 9A through 9F illustrate directive gains Gd that are
achieved when the beam is fixed in the direction correspond-
ing to an azimuthal angle of ®=60° while the null is formed in
other directions;

FIGS. 10A through 10E illustrate directive gains Gd that
are achieved when the beam is fixed in the direction corre-
sponding to an azimuthal angle of ®=90° while the null is
formed in other directions;

FIG. 11 shows one modification example of the first
embodiment;

FIG. 12 shows another modification example of the first
embodiment;

FIG. 13 shows yet another modification example of the first
embodiment;

FIG. 14 shows yet another modification example of the first
embodiment;

FIG. 15 shows yet another modification example of the first
embodiment;

FIG. 16 shows an antenna structure of a second embodi-
ment;

FIG. 17 shows one modification example of the second
embodiment;

FIG. 18 shows another modification example of the second
embodiment;





US 7,956,815 B2

5

FIG. 19 is a perspective view of an antenna structure 3
pertaining to the present invention;

FIG. 20 shows the antenna structure 3 when viewed from
above and perpendicular to a dielectric substrate 201;

FIG. 21 A schematically illustrates a cross-sectional struc-
ture of an excited element 211, the cross section including the
y-axis and being perpendicular to the dielectric substrate 201,
FIG. 21B schematically illustrates a cross-sectional structure
of a parasitic element 214, the cross section passing through
the centers of plate conductors of the parasitic element 214
and a central element 217 and being perpendicular to the
dielectric substrate 201, and FIG. 21C schematically illus-
trates across-sectional structure of the central element 217,
the cross section including the y-axis and being perpendicular
to the dielectric substrate 201;

FIG. 22 schematically illustrates the principle of forming a
beam in the direction of one excited element with the antenna
structure 3;

FIG. 23 schematically illustrates the principle of forming a
beam in the direction of one parasitic element with the
antenna structure 3;

FIG. 24 illustrates a directive gain that is achieved when the
beam is formed in the direction corresponding to the azi-
muthal angle of ®=30°;

FIG. 25 illustrates a directive gain that is achieved when the
beam is formed in the direction corresponding to the azi-
muthal angle of ©®=90°;

FIG. 26 illustrates a directive gain that is achieved when the
beam is formed in the direction corresponding to an azi-
muthal angle of ®=150°;

FIG. 27 illustrates a directive gain that is achieved when the
beam is formed in the direction corresponding to an azi-
muthal angle of ®=210°;

FIG. 28 illustrates a directive gain that is achieved when the
beam is formed in the direction corresponding to an azi-
muthal angle of ®=270°;

FIG. 29 illustrates a directive gain that is achieved when the
beam is formed in the direction corresponding to an azi-
muthal angle of ®=330°; and

FIG. 30 shows an advantage of the antenna structure of the
present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The following describes embodiments of the present
invention, with reference to the attached drawings.

First Embodiment

<Configuration>

FIG. 1 is a perspective view of an antenna structure 1
pertaining to the present invention.

The antenna structure 1 is composed of a metal plate (here-
inafter referred to as a ground plane) 15, and excited elements
11 and 12 and parasitic elements 13 and 14 that are arranged
on the ground plane 15.

In an xy-Cartesian coordinate system on the ground plane
15, the excited elements 11 and 12 are each arranged on the
y-axis at a distance of A/8 from the origin, respectively in the
positive and negative directions of the y-axis (A denotes a
free-space wavelength of a transmission or reception fre-
quency). The parasitic elements 13 and 14 are each arranged
on the x-axis at the distance of A/8 from the origin, respec-
tively in the positive and negative directions of the x-axis. For
example, when using a frequency of 2.45 GHgz, the distance
between the excited elements 11 and 12 is A/4=30.5 mm.
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In the present embodiment, the excited elements 11 and 12
and the parasitic elements 13 and 14 each have an inverted-F
antenna structure of the same dimension.

FIG. 2A schematically illustrates a structure of the excited
element 12.

The excited element 12 includes an element body part 12¢
and an impedance matching part 124.

The element body part 12¢ is composed of a first conductor
124 and a second conductor 124 that stand perpendicular to
the ground plane 15, and a parallel portion that is parallel to
the ground plane 15 and electrically connects top ends of the
first conductor 12a and the second conductor 124, The first
and second conductors 12a and 1254 stand perpendicular to
the y-axis, a distance of Lp apart from each other. A feed
circuit 22 feeds a signal to the bottom end of the first conduc-
tor 12a. The bottom end of the second conductor 125 is
grounded to the ground plane 15.

The feed circuit 22, which is connected to the first conduc-
tor 124, includes a phase shifter, and can feed the signal to the
excited element 12 after adjusting the excitation amplitude
and the excitation phase to given values.

Here, the parallel portion of the element body part 12¢ and
the impedance matching part 124 are parallel to the ground
plane 15. In general, components of an inverted-F antenna
element that are parallel to the ground plane are nonradiative
elements; hence, in the excited element 12, the first and sec-
ond conductors 12a and 125, which are perpendicular to the
ground plate 15, radiate a vertically polarized wave.

The impedance matching part 124 extends parallel to the
x-axis toward the negative direction of the x-axis, one end
thereof joined to the top end of the first conductor 12a, and the
other end thereof sticking out in the air as an open end. The
impedance matching part 124 bends near the open end, such
that a portion of the impedance matching part 124 that is
parallel to the x-axis is L1 long, and its open end is pointed in
the positive direction of the y-axis. With respect to the char-
acteristic impedance on the feed side, favorable matching
properties can be achieved by setting a total length from the
bottom end of the first conductor 12a to the open end of the
impedance matching part 124 (h+L141.2) to approximately
Ma.

In the present embodiment, the length h of the first and
second conductors 12a and 125, the distance Lp between the
first and second conductors 12a and 125, and a length of the
impedance matching part 12d (L1 plus L2) are adjusted as
follows, so that the imaginary part of the input impedance of
the excited element 12 becomes 0 when a frequency of 2.45
GHz is used.

h=11.0 mm (0.0900 1)

L1=17.8 mm (0.1452 1)

L.2=4.9 mm (0.0400 1)

Lp=2.5 mm (0.0202 1)

The other excited element 11 is approximately identical to
the excited element 12 in shape. The excited elements 11 and
12 are symmetrically arranged with respect to the origin of the
xy-coordinate. Therefore, contrary to the excited element 12,
the impedance matching part of the excited element 11
extends from the top end of the first conductor toward the
positive direction of the x-axis, and then bends toward the
negative direction of the y-axis.

The parasitic elements 13 and 14 are also approximately
identical to the excited element 12 in shape. However, as
shown in the example of the parasitic element 13 in FIG. 2B,
the parasitic elements 13 and 14 are different from the excited
element 12 in that the bottom end of the first conductor 13a is
grounded to the ground plane while being connected to a
variable reactor 23. With a control signal from a control
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circuit (not illustrated), the variable reactor 23 can adjust its
reactance value to a given value.

Also, in the parasitic element 13, the first and second con-
ductors 13a and 135 stand perpendicular to the x-axis, a
distance of Lp apart from each other. The impedance match-
ing part 13d of the parasitic element 13 extends from the top
end of the first conductor 13a toward the positive direction of
the y-axis, and then bends towards the positive direction of the
X-axis.

The parasitic elements 13 and 14 are symmetrically
arranged with respect to the origin of the xy-coordinate. Con-
trary to the parasitic element 13, the impedance matching part
of'the parasitic element 14 extends from the top end of the first
conductor toward the negative direction of the y-axis, and
then bends towards the negative direction of the x-axis.

As shown in FIG. 3, when viewed perpendicular to the
ground plane 15 from above, the antenna structure 1 with the
above-described configuration has the excited elements 11
and 12 and the parasitic elements 13 and 14 fit in the square
whose sides are each (A/4+2x.P)=35.5 mm long.
<Operation>

The following describes the principle of forming a beam in
the x-axis direction in the above-described configuration.

FIGS. 4A and 4B schematically illustrate the principle of
forming the beam in the x-axis direction with the antenna
structure 1.

The excited elements 11 and 12 function as a broadside
array when excitation phases ¢1 and ¢2 ofthe signals to be fed
are identical, causing the in-phase excitation of the signals.
Here, on the xy-plane, the excited elements 11 and 12 form
beams in both the positive and negative directions of the
X-axis.

By changing the reactance values X3 and X4 of the variable
reactors 23 and 24 connected to the parasitic elements 13 and
14, electrical lengths of the parasitic elements 13 and 14
change in accordance with the corresponding reactance val-
ues. More specifically, when the reactance values X3 and X4
are each adjusted to a negative value so as to make the variable
reactors 23 and 24 capacitive, electrical lengths of the para-
sitic elements 13 and 14 become shorter than those of the
excited elements, with the result that the parasitic elements 13
and 14 have properties of a director. On the other hand, when
the reactance values X3 and X4 are each adjusted to a positive
value so as to make the variable reactors 23 and 24 inductive,
the electrical lengths of the parasitic elements 13 and 14
become longer than those of the excited elements, with the
result that the parasitic elements 13 and 14 have properties of
a reflector.

Therefore, while the excited elements 11 and 12 are func-
tioning as the broadside array due to the in-phase excitation,
it is possible to cause the antenna structure 1 function the
same as a Yagi-Uda antenna by changing the electrical lengths
of the parasitic elements 13 and 14 toward the opposite
lengths, the parasitic elements 13 and 14 being arranged
opposite to each other in the positive and negative directions
of the x-axis respectively. This causes the parasitic elements
13 and 14 to respectively function as the director and the
reflector, or vise versa.

More specifically, as shown in FIG. 4A, it is possible to
form a beam in the positive direction of the x-axis by (i) the
feed circuits 21 and 22 feeding the in-phase signals and (ii)
increasing the reactance value X3 of the variable reactor 23
while reducing the reactance value X4 of the variable reactor
24. Conversely, as shown in FIG. 4B, it is possible to form a
beam in the negative direction of the x-axis by (i) the feed
circuits 21 and 22 feeding the in-phase signals and (ii) reduc-
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ing the reactance value X3 of the variable reactor 23 while
increasing the reactance value X4 of the variable reactor 24.

Described below is the principle of forming a beam in the
y-axis direction in the above-described configuration. FIGS.
5A and 5B schematically illustrate the principle of forming a
beam in the y-axis direction with the antenna structure 1.

The excited elements 11 and 12 are a distance of A/4 apart
from each other. Thus, when the excitation phases ¢1 and $2
of'the signals to be fed to the excited elements 11 and 12 are
set to be different from each other by 90°, the excited ele-
ments 11 and 12 function as an end-fire array and form a beam
in the positive or negative direction of the y-axis.

Therefore, it is possible to cause the antenna structure 1
function the same as a phased array antenna composed of two
excited elements, when the following is satisfied: (i) the reac-
tance values X3 and X4 of the variable reactors 23 and 24 are
adjusted to the same value, such that the parasitic elements 13
and 14 have the same properties and function with the y-axis
being their axis of symmetry; and (ii) the phase difference
between the excitation phases ¢1 and $2 is set to 90°, so as to
cause the excited elements 11 and 12 function as the end-fire
array.

More specifically, as shown in FIG. 5A, abeam can be
formed in the positive direction of the y-axis by matching the
reactance values X3 and X4 ofthe variable reactors 23 and 24,
and then delaying the phase of the signal fed by the feed
circuit 21 behind the phase of the signal fed by the feed circuit
22 by 90°. Conversely, as shown in FIG. 5B, a beam can be
formed in the negative direction of the y-axis by matching the
reactance values X3 and X4 ofthe variable reactors 23 and 24,
and then advancing the phase of the signal fed by the feed
circuit 21 ahead the phase of the signal fed by the feed circuit
22 by 90°.

Further, with the above-described configuration, the
antenna structure 1 can also control its directivity by adjusting
the excitation amplitudes A1l and A2 of the signals that the
feed circuits 21 and 22 feed to the excited elements 11 and 12.
Adjusting these excitation amplitudes A1 and A2 together
with the excitation phases ¢1 and $2 and the reactance values
X3 and X4 will result in the beam-forming control with
greater flexibility.

FIGS. 6A through 10E illustrate directive gains Gd of the
antenna structure 1 in a horizontal plane, which are calculated
by using NEC (Numerical Electromagnetic Code), a program
for the analysis of the electromagnetic field based on the
method of moments. Referring to FIGS. 6 A through 10E, the
unitof Al and A2 is [V], ¢1 and ¢2 [deg], X3 and X4 [Q2], and
Gd [dB]. An azimuthal angle ® can be measured on the basis
that the positive direction of the x-axis is 0°.

When parameters Al, A2, ¢1, $2, X3 and X4 are adjusted
to the values shown in FIGS. 6A through 6D, the antenna
structure 1 forms beams in the directions that correspond to
azimuthal angles of ®=0°,30°, 60° and 90°. When the param-
eters Al and A2, parameters ¢1 and ¢2, and parameters X3
and X4 shown in FIGS. 6 A through 6D are reversed between
the feed circuits and the variable reactors symmetrically posi-
tioned with respect to the y-axis, origin, or x-axis, the antenna
structure 1 can also form beams in the direction correspond-
ing to azimuthal angles of 90° through 180°, 180° through
270°, and 270° through 360°.

It can been seen from the foregoing that the antenna struc-
ture 1 can form a beam in an arbitrary direction in the hori-
zontal xy-plane, by properly adjusting the values of the exci-
tation amplitudes A1 and A2, the excitation phases ¢1 and ¢2,
and the reactance values X3 and X4.

Furthermore, when the parameters Al, A2, ¢1, $2, X3 and
X4 are adjusted to the values shown in FIGS. 7A through 7E,
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the antenna structure 1 forms a beam in the direction corre-
sponding to an azimuthal angle of ®=0° and nulls in various
directions as indicated by the black arrows.

Likewise, when the parameters A1, A2, ¢1, $2, X3 and X4
are adjusted to the values shown in FIGS. 8 A through 8F, 9A
through 9F, and 10A through 10E, the antenna structure 1
fixes beams in the directions corresponding to azimuthal
angles of ®=30°, 60° and 90°, and forms nulls in various
directions as indicated by the black arrows.

It can been seen from the foregoing that the antenna struc-
ture 1 can not only form a beam in an arbitrary direction, but
also control the direction of a null in the horizontal xy-plane
with great flexibility, by properly adjusting the values of the
excitation amplitudes A1 and A2, the excitation phases $1 and
$2, and the reactance values X3 and X4.

[Modifications of First Embodiment]

The following lists other configurations of the antenna
structure 1, which are fundamentally the same as the configu-
ration thereof as described in the first embodiment, but details
of which can be implemented in different ways from the first
embodiment.

(1) In the configuration shown in FIG. 11, impedance
matching parts of excited and parasitic elements are not bent.
Impedance matching parts of excited elements 31 and 32
extend parallel to the y-axis on a ground plane 35, whereas
impedance matching parts of parasitic elements 33 and 34
extend parallel to the x-axis. This antenna structure occupies
a larger space than that of the first embodiment; however, as
the excited and parasitic elements of this configuration are flat
in a two-dimensional way, they can be cut out from a metal
plate (copper, etc.). The excited and parasitic elements made
using this cutout technique are suited for mass production,
achieve cost reduction, and hence have practical value.
Instead of these cutout elements, it is acceptable to use a
printed board on which F-shaped patterns are formed.

(2) In the configuration shown in FIG. 12, element body
parts of excited elements 41 and 42 are arranged orthogonal to
the y-axis, whereas element body parts of parasitic elements
43 and 44 are arranged orthogonal to the x-axis. Here,
although the space occupied by the excited and parasitic
elements is equal in size to that of the first embodiment, each
impedance matching part does not need to extend perpen-
dicular to the parallel portion of the corresponding element
body part. Accordingly, both the excited and parasitic ele-
ments have simple shapes.

(3) In the configuration shown in FIG. 13, the excited
elements 11 and 12 and the parasitic elements 13 and 14 are
respectively replaced by excited elements 51 and 52 and
parasitic elements 53 and 54 that each have a shape of an
inverted-L antenna. Since an inverted-L antenna element can
be constructed more easily than an inverted-F antenna ele-
ment, such an antenna structure using the inverted-L. antenna
can achieve cost reduction.

(4) In the configuration shown in FIG. 14, the excited
elements 11 and 12 and the parasitic elements 13 and 14 are
respectively replaced by excited elements 61 and 62 and the
parasitic elements 63 and 64 that each have a shape of a T
antenna. Since a T antenna element can be constructed more
easily than the inverted-F antenna element used in the first
embodiment, such an antenna structure using the T antenna
can achieve cost reduction.

(5) In the configuration shown in FI1G. 15, excited elements
141 and 142 and parasitic elements 143 and 144 respectively
have the shapes of the excited elements and the parasitic
elements shown in FIG. 1, but are each joined to another
inverted-F antenna element so as to have mirror-image sym-
metry. There is no ground plane in this configuration.
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Each vertical conductor of excited and parasitic elements
141, 142, 143 and 144 is twice as long as each first/second
conductor of the elements pertaining to the first embodiment.
However, when viewed perpendicular to a support surface
145 from above, impedance matching parts fit in the square
whose sides are each 35.5 mm long, just like as described in
the first embodiment. Holders 146, 147, 148 and 149 of FIG.
15 respectively hold the excited and parasitic elements 141,
142, 143 and 144 at an appropriate distance from the support
surface 145. Unlike the first embodiment, the support surface
145 does not need to be a ground plane. The antenna structure
of this configuration has the same electric characteristics as
that of the first embodiment.

Second Embodiment

In the antenna structure 1 pertaining to the first embodi-
ment, two excited elements and two parasitic elements are
arranged on the ground plane. The second embodiment
describes an antenna structure that has more antenna ele-
ments and can control its directivity with greater subtlety.

More specifically, in an antenna structure 2 pertaining to
the second embodiment, three excited elements and three
parasitic elements are arranged alternately, each on a different
vertex of a regular hexagon on a ground plane 71. This con-
figuration is illustrated in FIG. 16.

Inthe antenna structure 2, each side of the regular hexagon,
on which the excited elements 72, 73 and 74 and the parasitic
elements 75, 76 and 77 are arranged, is A/4V3 long. The
distance between each excited element, as well as the distance
between each parasitic element, is A/4.

The excited elements 72, 73 and 74 and the parasitic ele-
ments 75, 76 and 77 each have a shape of an inverted-F
antenna, each of their impedance matching parts extending
parallel to the corresponding diagonal of the regular hexagon
passing through the center thereof.

A feed circuit (78, 79 and 80) is connected to one of the
vertical conductors of each excited element (72, 73 and 74).
On the other hand, a variable reactor (81, 82 and 83) is
connected to one of the vertical conductors of each parasitic
element (75, 76 and 77).

It is possible to make the excited elements 72, 73 and 74
function as a phased array, by changing the excitation ampli-
tudes and the excitation phases of the signals fed by the feed
circuits 78, 79 and 80. It is also possible to enable the parasitic
elements 75, 76 and 77 to demonstrate the properties of a
director and a reflector, by changing the reactance values of
the variable reactors 81, 82 and 83. These features are the
same as those of the antenna structure 1 pertaining to the first
embodiment, and thus the descriptions thereof are omitted.

With the above configuration, the antenna structure 2 has
more excited elements and parasitic elements than the
antenna structure 1 pertaining to the first embodiment. Con-
sequently, the adjustments of the excitation amplitudes, the
excitation phases and the reactance values become compli-
cated. Nonetheless, compared to the antenna structure 1, the
antenna structure 2 can control its directivity with great
subtlety, with the three excited elements functioning as the
phased array, and the three parasitic elements as directors or
the reflectors.

The antenna structure 2 occupies a larger space than the
antenna structure 1 pertaining to the first embodiment. How-
ever, since the thickness of the antenna structure 2 is nearly
the same as that of the antenna structure 1, the antenna struc-
ture 2 can be constructed low-profile, and thereby is benefi-
cial for built-in use.
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[Modifications of Second Embodiment]

(1) In the configuration shown in FIG. 17, four excited
elements and four parasitic elements are arranged alternately,
each on a different vertex of a regular octagon on a ground
plane 91. The distance between two excited elements stand-
ing on a diagonal passing through the center of the regular
octagon is A/4. Likewise, the distance between two parasitic
elements standing on a diagonal passing through the center of
the regular octagon is A/4 as well.

A feed circuit (100, 101, 102 and 103) is connected to one
of' the vertical conductors of each excited element (92, 93, 94
and 95). On the other hand, a variable reactor (104, 105, 106
and 107) is connected to one of the vertical conductors of each
parasitic element (96, 97, 98 and 99).

Itis possible to make the excited elements 92, 93, 94 and 95
function as a phased array, by changing the excitation ampli-
tudes and the excitation phases of the signals fed by the feed
circuits 100,101, 102 and 103. It is also possible to enable the
parasitic elements 96, 97, 98 and 99 to demonstrate the prop-
erties of a director and a reflector, by changing the reactance
values of the variable reactors 104, 105, 106 and 107. These
features are the same as those of the antenna structure 1
pertaining to the first embodiment.

(2) In the configuration shown in F1G. 18, excited elements
112 and 113 are arranged at a distance of A/4 from each other
on a ground plane 111. Impedance matching parts of the
excited elements 112 and 113 extend parallel to their align-
ment axis, but in the opposite direction. Assuming that the
excited elements 112 and 113 each stand on the center of two
different regular hexagons (i.e., on one of the vertices of the
other regular hexagon), parasitic elements 114 through 121
are each arranged on a different one of the rest of the vertices
of the two regular hexagons.

A feed circuit (122 and 123) is connected to one of the
vertical conductors of each excited element (112 and 113).
On the other hand, a variable reactor (124 through 131) is
connected to one of the vertical conductors of each parasitic
element (114 through 121).

It is possible to make the excited elements 112 and 113
function as a phased array, by changing the excitation ampli-
tudes and the excitation phases of the signals fed by the feed
circuits 122 and 123. It is also possible to enable the parasitic
elements 114 through 121 to demonstrate the properties of a
director and a reflector, by changing the reactance values of
the variable reactors 124 through 131.

Third Embodiment

According to the configurations described in the above first
and second embodiments and the modifications thereof, the
inverted-F antenna element is used both as the excited ele-
ment and the parasitic element. However, the antenna struc-
ture of the present invention is also constructible with other
types of low-profile antenna elements. The third embodiment
describes an antenna structure incorporating a patch antenna
element, which is one example of the other types of low-
profile antenna elements.

FIG. 19 is a perspective view of an antenna structure 3
pertaining to the present invention.

The antenna structure 3 is composed of a dielectric sub-
strate 201, one surface thereof (hereinafter, “lower surface™)
attached to a ground plane 202, and the other (hereinafter,
“upper surface”) having excited elements 211 through 213,
parasitic elements 214 through 216, and a central element 217
atop thereof.

The excited elements 211 through 213, the parasitic ele-
ments 214 through 216, and the central element 217 each have
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a patch antenna structure, which comprises a regular-hexa-
gon-shaped plate conductor of the same dimension.

FIG. 20 shows the antenna structure 3 when viewed from
above and perpendicular to the dielectric substrate 201 having
a given relative permittivity (€r). Here, the central element
217 is arranged at the origin of the xy-coordinate on the
dielectric substrate 201. With the positive direction of the
x-axis regarded as 0°, the excited elements 211 through 213
are respectively arranged in the directions of 270°, 30° and
150°; the centers of their plate conductors are arranged at
equal distances from the origin. On the other hand, the para-
sitic elements 214 through 216 are respectively arranged in
the directions of 210°,330° and 90°; the centers of their plate
conductors are arranged at equal distances from the origin.
Here, the distance between the origin and each center of the
plate conductors of the excited/parasitic elements (211
through 216) is preferably adjusted to approximately Ae/2
(he=AVET).

In the antenna structure 3 pertaining to the present embodi-
ment, the 5.6 GHz frequency is used, and the dielectric sub-
strate has a relative permittivity €r of 4.4 and a thickness of
1.5 mm. The regular-hexagon-shaped plate conductors,
whose sides are each 8 mm long, are placed at a distance of 1
mm from one another. Consequently, the distance between
the centers of two adjacent plate conductors is 14.9 mm.

In order to match the impedance on the feed side by using
the 5.6 GHz frequency in the present embodiment, the feed
circuits feed signals to vertical conductors 211a through 213a
that are each located at a distance of 11.36 mm from the origin
and vertically extend from the corresponding plate conduc-
tors toward the ground plane.

Similarly, vertical conductors 214a through 216a of the
parasitic elements 214 through 216 are each located at a
distance of 11.36 mm from the origin and vertically extend
toward the ground plane. A variable reactor is connected to
each of the vertical conductors 214a through 216a.

Located at the origin is a vertical conductor 217a of the
central element 217, which vertically extends from the center
of the corresponding plate conductor and is grounded to the
ground plane 202.

The following describes the structures of the excited ele-
ments, the parasitic elements and the central element in detail.

FIG. 21 A schematically illustrates a cross-sectional struc-
ture of the excited element 211, the cross section including
the y-axis and being perpendicular to the dielectric substrate
201. The excited element 211 is composed of the vertical
conductor 211a and a plate conductor 2115. As shown in FIG.
20, the vertical conductor 211a (i) is on the line that connects
the center of the plate conductor 2115 and the origin, (ii) is
11.36 mm away from the origin, (iii) extends vertically from
the plate conductor 2115, and (iv) penetrates through a via
that is provided in the dielectric substrate 201 and the ground
plate 202. A feed circuit 221 feeds a signal to the bottom end
of the vertical conductor 211a.

As with the feed circuit 21 of the first embodiment, the feed
circuit 211, which is connected to the vertical conductor
211a, includes a phase shifter, and can adjust the excitation
amplitude and the excitation phase to a given value before
feeding the signal to the excited element 211.

The excited elements 212 and 213 are constructed the same
as the excited element 211.

FIG. 21B schematically illustrates a cross-sectional struc-
ture of the parasitic element 214, the cross section passing
through the centers of the plate conductors of the parasitic
element 214 and the central element 217 and being perpen-
dicular to the dielectric substrate 201. The parasitic element
214 is composed of the vertical conductor 214a and a plate
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conductor 2145. The vertical conductor 214aq (i) is on the line
that connects the center of the plate conductor 2145 and the
origin, (ii) is 11.36 mm away from the origin, (iii) extends
vertically from the plate conductor 2145, and (iv) penetrates
through a via that is provided in the dielectric substrate 201
and the ground plate 202. The bottom end of the vertical
conductor 214a is connected to a variable reactor 224 and is
further grounded. The variable reactor 224 is constructed the
same as the variable reactor 23 of the first embodiment. The
electrical length of the parasitic element 214 can be changed
by adjusting the reactance value of the variable reactor 224 to
a given value.

The parasitic elements 215 and 216 are constructed the
same as the parasitic element 214.

FIG. 21C schematically illustrates a cross-sectional struc-
ture of the central element 217, the cross section including the
y-axis and being perpendicular to the dielectric substrate 201.

The central element 217 is composed of the vertical con-
ductor 217a and a plate conductor 2175. The vertical conduc-
tor 2174 is located at the center of the plate conductor 2176
and vertically extends therefrom, penetrating through a via
provided in the dielectric substrate 201. The bottom end of the
vertical conductor 217a is grounded to the ground plane 202.

The foregoing is the description of the configuration of the
antenna structure 3.
<Operation>

Described below is the principle of forming a beam in the
direction of one excited element in the above-described con-
figuration. FIG. 22 schematically illustrates the principle of
forming a beam in the direction of one excited element with
the antenna structure 3.

The excited elements 211 through 213 can control the
beam-forming direction in accordance with excitation phases
$221 through ¢223 of the signals fed by the feed circuits. In
other words, the excited elements 211 through 213 function
as so-called phased array antennas.

Here, the beam to be formed in the direction of the excited
element can be narrowed by adjusting the reactance values
X224 through X226 of the variable reactors 224 through 226,
such that (i) two parasitic elements located adjacent to and at
opposite sides of the excited element, toward which the beam
is to be formed, function as directors, and (ii) the parasitic
element located across the origin from the excited element,
toward which the beam is to be formed, function as a reflector.

More specifically, as shown in FIG. 22, when the excitation
phases $222 and ¢223 of the signals fed by the feed circuits
222 and 223 are adjusted to appropriate values so as to cause
the in-phase excitation of the excited elements 212 and 213,
the excited elements 211 through 213 function as a phased
array and form a beam along the y-axis. Furthermore, it is
possible to form the beam to the direction of the excited
element 211, by (i) reducing the reactance values X224 and
X225 of the variable reactors that are connected to the para-
sitic elements 214 and 215 located adjacent to the excited
element 211, and (ii) increasing the reactance value X226 of
the variable reactor 226 that is connected to the parasitic
element 216 located across the origin from the excited ele-
ment 211.

Next, described below is the principle of forming a beam in
the direction of one parasitic element in the above-described
configuration. FIG. 23 schematically illustrates the principle
of forming a beam in the direction of one parasitic element
with the antenna structure 3.

Inorder to form a beam in the direction of one of the excited
elements, two of the parasitic elements 214 through 216 need
to function as directors, while one of them needs to function
as a reflector. In contrast, in order to form a beam in the
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direction of one of the parasitic elements, the parasitic ele-
ment toward which the beam is to be formed needs to function
as a director, and the rest of the two parasitic elements need to
function as reflectors.

More specifically, as shown in FIG. 23, the excited ele-
ments 211 through 213 function as a phased array that form a
beam along the axis that is rotated 60° from the x-axis toward
the y-axis, when the following is satisfied: (i) the excitation
phases ¢$221 and ¢223 of the signals fed by the feed circuits
221 and 223 are identical, causing the in-phase excitation of
the excited elements 211 and 213; and (ii) the excitation phase
$222 of'the signal fed by the feed circuit 222 is set to a value
that is appropriate for the excitation phases $221 and $223.
Furthermore, itis possible to form the beam to the direction of
the parasitic element 214, by (i) reducing the reactance value
X224 of the variable reactor connected to the parasitic ele-
ment 214, and (ii) increasing the reactance values X225 and
X226 of the variable reactors 225 and 226 connected to the
parasitic elements 215 and 216, which are located adjacent to
and at opposite sides of the excited element 212 that lies
across the origin from the parasitic element 214.

The following is a specific example of forming a beam with
the antenna structure 3.

FIGS. 24 through 29 show directive gains of the antenna
structure 3 under different parameter conditions. In these
FIGs., the unit of $221 through ¢$223 is [rad.] and the unit of
X224 through X226 is [€2]. Also, regarding (6, ®) as an angle
from the Z-axis and an angle from the x-axis in a spherical
coordinate system, respectively, GO and G® indicate the
directive gain of the 6 component and the directive gain of the
@ component in a conical plane with 6=60°, respectively.

By adjusting the parameters ¢221 through ¢$223 and X224
through X226 to the values shown in FIGS. 24 through 29, the
antenna structure 3 forms a beam of the 6 component, which
is a co-polarized wave, in the directions of 30°, 90°, 150°,
210°, 270° and 330° as shown in these FIGs. (the x-axis
direction is regarded as 0°).

It can be seen from these FIGs. that the antenna structure 3
can control the beam-forming in an arbitrary direction in the
horizontal xy-plane, by properly adjusting the values of the
excitation phases ¢$221 through ¢223 and the reactance values
X224 through X226.

In the above-described configuration, with the use of an
antenna element having a shape of a patch antenna, the
antenna structure 3 can be constructed flat compared to the
antenna structures 1 and 2 of the first and second embodi-
ments.

[Modification of Third Embodiment]

Although the third embodiment has described the antenna
structure having three excited elements and three parasitic
elements that are all patch antenna elements, the present
invention can be implemented in other configurations.

For example, the present invention can be implemented
with an antenna structure having two excited elements and
two parasitic elements that are all patch antenna elements, the
excited and parasitic elements being located at even intervals
and at equal distances from the center of the antenna struc-
ture. Or the antenna structure may have four or more excited/
parasitic elements each.

[Other Modification]

The excited and parasitic elements used in the above
embodiments are of the same shape. This, however, is not the
limitation of the present invention. The present invention can
be implemented by any combination of low-profile antenna
elements, such as an inverted-F antenna element, an
inverted-L. antenna element, a T antenna element, and a patch
antenna element.
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INDUSTRIAL APPLICABILITY

As the antenna structure of the present invention is com-
pact and takes up a small space, it is suitable for use in a
mobile device as a built-in. This antenna structure can form a
beam/null with great flexibility in an arbitrary direction in a
horizontal plane, and thus is beneficial for use in a mobile
communication device for a mobile communication system
adopting the SDM technology.

Although the present invention has been fully described by
way of examples with reference to the accompanying draw-
ings, it is to be noted that various changes and modifications
will be apparent to those skilled in the art. Therefore, unless
otherwise such changes and modifications depart from the
scope of the present invention, they should be construed as
being included therein.

What is claimed is:
1. An antenna structure comprising:

two excited elements that are (i) low-profile inverted-F
antennas and (i) arranged on a ground plane in such a
manner that, out of an x-axis and a y-axis that perpen-
dicularly intersect with each other at an origin of the
xy-axes on the ground plane, the two excited elements
are on the x-axis, one in a positive and the other in a
negative direction of the x-axis;

two parasitic elements that are (i) low-profile inverted-F
antennas and (ii) arranged on the ground plane in such a
manner that the two parasitic elements are on the y-axis,
one in a positive and the other in a negative direction of
the y-axis;

two feed units each of which has been connected to and
feeds a signal to a different one of the two excited ele-
ments, in such a manner that phases of the signals to be
fed to the two excited elements are different from each
other by a desired degree; and

two variable reactors each of which (i) is connected to a
different one of the two parasitic elements and (ii) in
accordance with a reactance value thereof, changes an
electrical length of the corresponding one of the two
parasitic elements, wherein

the two excited elements and the two parasitic elements
have the same outer dimension and are at an equal dis-
tance from the origin of the xy-axes.

2. The antenna structure of claim 1, wherein

each of the inverted-F antennas is composed of (i) two
vertical conductors that stand perpendicular to the
ground plane, (ii) a parallel conductor that is parallel to
the ground plane and electrically connects top ends of
the two vertical conductors, and (ii) a long conductor
that extends parallel to the ground plane, one end thereof
joined to one end of the parallel conductor, and the other
end thereof sticking out in the air as an open end,

the two vertical conductors and the parallel conductor are
together referred to as an element body part, and the long
conductor is referred to as an impedance matching part,

in each excited element, the element body part is arranged
on the x-axis, and the impedance matching part extends
parallel to the y-axis, and

in each parasitic element, the element body partis arranged
on the y-axis, and the impedance matching part extends
parallel to the x-axis.
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3. The antenna structure of claim 2, wherein the impedance

matching parts of the two excited elements, as well as the

impedance matching parts of the two parasitic elements,
extend in opposite directions from each other, and

one of the impedance matching parts of the two excited
elements and one of the impedance matching parts ofthe
two parasitic elements, which are adjacent to each other,
extend in such a manner that the former extends toward
the latter and the latter extends away from the former, or
vice versa.

4. The antenna structure of claim 3, wherein in each excited

element, one of the two vertical conductors is connected to a
feed source, and a total length from a bottom end of the one of
the two vertical conductors to the open end is A/4, A being a
wavelength of a signal to be transmitted, and

the excited elements and the parasitic elements are each
arranged at a distance of A/8 from the origin of the
xy-plane.

5. The antenna structure of claim 4, wherein

in each excited element and each parasitic element, the
impedance matching part has been bent near the open
end, in such a manner that a bent portion of the imped-
ance matching part is parallel to the ground plane and the
open end approaches the element body part of an adja-
cent one of the parasitic elements and the excited ele-
ments, respectively.

6. The antenna structure of claim 1, wherein

each feed unit includes a phase shifter that can change a
phase angle of a corresponding one of the signals to be
fed to the excited elements to at least nm/2 radians, n
being 1, 2, 3 and 4, and to a phase angle that is other than
nm/2 radians.

7. The antenna structure of claim 1, wherein

the excited elements and the parasitic elements are each
replaced by an antenna element with the ground plane
removed, and

the antenna element is (i) formed by connecting an
inverted-F antenna part and an F antenna part that
together have mirror symmetry with respect to a hypo-
thetical ground plane provided therebetween, and (ii)
electrically equivalent to an inverted-F antenna arranged
on the ground plane.

8. An antenna structure comprising:

n low-profile excited elements, n being an integer equal to
or greater than 2;

n low-profile parasitic elements;

n feed units each of which has been connected to and feeds
a signal to a different one of the n excited elements, in
such a manner that phases of the signals to be fed to the
n excited elements are different from each other by a
desired degree; and

n variable reactors each of which (i) is connected to a
different one of the n parasitic elements and (ii) in accor-
dance with a reactance value thereof, changes an elec-
trical length of the corresponding one of the n parasitic
elements, wherein

provided that a polygon having 2n vertices is plotted on a
ground plane and that the vertices are numbered clock-
wise starting at one of the vertices, each excited element
is arranged on a different one of the vertices that are
odd-numbered, whereas each parasitic element is
arranged on a different one of the vertices that are even-
numbered, and

at least one of the excited elements and the parasitic ele-
ments is an inverted-I, antenna, a T antenna or a patch
antenna.
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9. The antenna structure of claim 8, wherein with each excited element and each parasitic element
the excited elements and the parasitic elements are each a arranged on the corresponding one of the vertices of the
patch antenna that includes a plate conductor, and polygon plotted on the ground plane, an empty space is
in each excited element and each parasitic element, a center left in the center of the polygon, and
of the plate conductor is located at an equal distance 5 the plate conductor, which is grounded to the ground plane,
from a center of the polygon. is arranged in the empty space.

10. The antenna structure of claim 9 further comprising a
plate conductor, wherein I T S






_1370942559.pdf
US007953371B2

a2 United States Patent 10) Patent No.: US 7,953,371 B2
Lee et al. (45) Date of Patent: May 31, 2011
(54) LOCAL WIRELESS COMMUNICATION (56) References Cited
MODULE COMBINED WITH ANTENNA AND
MOBILE TERMINAL HAVING THE SAME U.S. PATENT DOCUMENTS
7,629,767 B2* 12/2009 Kang .......ccccooevvirenn. 320/112
(75) Inventors: Sang Tae Lee, Seongnam-si (KR); Jae 2005/0101342 Al* 522005 Chuang ........cccoeeneee 455/550.1
Hyou Lee, Seoul (KR) FOREIGN PATENT DOCUMENTS
. . Jp 2006-067254 3/2006
(73) Assignee: Samsung Electronics Co., Ltd (KR) KR 102004000703 12004
) ) o ) KR 102004003514 4/2004
(*) Notice:  Subject to any disclaimer, the term of this KR 102005005670 6/2005
patent is extended or adjusted under 35 KR 102006002543 3/2006
U.S.C. 154(b) by 886 days. * cited by examiner
(21) Appl. No.: 11/854,452 Primary Examiner — Lana N Le
) Assistant Examiner — Ping Y Hsieh
(22) Filed: Sep. 12, 2007 (74) Attorney, Agent, or Firm — The Farrell Law Firm, P.C.
(65) Prior Publication Data (57) ABSTRACT
US 2008/0081614 A1l Apr. 3, 2008 A mobile terminal having a local wireless communication
module combined with an antenna is disclosed that eliminates
(30) Foreign Application Priority Data the inconvenience of carrying a data cable for connecting ofa
mobile terminal to a computer and enabling easy connection
Oct. 2,2006  (KR) .eoevvreeene 10-2006-0096901 of the mobile terminal to a computer whenever necessary. A
local wireless communication module combined with an
(31) Int.Cl. antenna for a mobile terminal Is provided that is usable as an
p
H04B 7/00 (2006.01) RF communication antenna when joined to a USB socket of
(52) US.CL ...cevee 455/41.2; 455/557; 455/575.1 the mobile terminal or as a local wireless communication
(58) Field of Classification Search ................. 455/41 .l, module for executing local wireless communication between

455/41.2, 41.3, 550.1, 552.1, 553.1, 556.1,
455/557, 426.1, 575.1, 575.2, 575.6, 575.7,
381/370, 374,376, 320/112, 114
See application file for complete search history.

the mobile terminal and a computer when detached from the
mobile terminal and joined to a USB socket of the computer.

18 Claims, 4 Drawing Sheets





U.S. Patent May 31, 2011 Sheet 1 of 4 US 7,953,371 B2

FIG. 1

o "~ 20






U.S. Patent May 31, 2011 Sheet 2 of 4 US 7,953,371 B2

FIG. 2

e 20






U.S. Patent

May 31, 2011 Sheet 3 of 4

US 7,953,371 B2

43

/
USB

RF ANTENNA

FIG. 3
?
48 46
/
LOCAL WIRELESS
SECOND LOCAL WIRELESS
COMMUNICATION
ANTENNA COMMUNICATION MODULE 12
/
a SWITCH
'

GONNECTOR






U.S. Patent May 31, 2011 Sheet 4 of 4 US 7,953,371 B2

FIG. 4

a3 V4 : /i -
N 8
o
y ~#
’I
40

/
F__v-\\ f:_\&, = \/ '.. "
3 Ey
2 .
(=]
=





US 7,953,371 B2

1
LOCAL WIRELESS COMMUNICATION
MODULE COMBINED WITH ANTENNA AND
MOBILE TERMINAL HAVING THE SAME

PRIORITY

This application claims priority to an application entitled
“LOCAL WIRELESS COMMUNICATION MODULE
COMBINED WITH ANTENNA AND MOBILE TERMI-
NAL HAVING THE SAME? filed in the Korean Intellectual
Property Office on Oct. 2, 2006 and assigned Serial No.
2006-96901, the contents of which are incorporated herein by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a mobile terminal, and,
more particularly, to a local wireless communication module
combined with an antenna and a mobile terminal having the
same.

2. Description of the Related Art

With rapid development in communication technology,
mobile voice communication can be conducted, essentially
without restriction of time and place. Additionally, with an
increased memory capacity of mobile terminals, various
functions, such as character data, image data, MP3 data, and
games, are provided to a user. The mobile terminal may
include a mobile communication terminal, Personal Digital
Assistant (PDA), and Portable Multimedia Player (PMP).

The mobile terminal may be connected to a desktop com-
puter or a notebook computer using a data cable, and data or
programs may thereby be transmitted through the data cable.

For this, a conventional mobile terminal requires a data
cable for connection to a computer. However, carrying a data
cable all times is inconvenient.

If both the mobile terminal and the computer are digital
devices supporting wireless communication, desired data or
programs may be easily transmitted. However, in this case, an
inconvenient authentication process is necessary for connec-
tion between the mobile terminal and the computer.

SUMMARY OF THE INVENTION

The present invention has been made in view of the above
problems, and an object of the present invention is to elimi-
nate an inconvenience of carrying a data cable for connecting
of'a mobile terminal to a computer.

Another object of the present invention is to enable easy
connection of a mobile terminal to a computer whenever
necessary.

In order to achieve the above objects, the present invention
provides a local wireless communication module combined
with an antenna for a mobile terminal, for use as an RF
communication antenna when connected to a Universal Serial
Bus (hereinafter USB) socket of the mobile terminal or as a
local wireless communication module for executing local
wireless communication between the mobile terminal and a
computer when detached from the mobile terminal and con-
nected to a USB socket of the computer.

A local wireless communication module combined with an
antenna for a mobile terminal having a first local wireless
communication module according to the present invention
includes a USB connector; a Radio Frequency (hereinafter
RF) antenna for transmitting and receiving an RF signal when
the USB connecter is joined to a USB socket of the mobile
terminal; a second local wireless communication module for
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executing local wireless communication between the mobile
terminal and a computer when the USB connector is detached
from the mobile terminal and joined to a USB socket of the
computer; and a switch for connecting the USB connector to
the RF antenna or to the second local wireless communication
module according to whether the USB connector is joined to
the USB socket of the mobile terminal or detached from the
USB socket of the mobile terminal.

The local wireless communication module combined with
an antenna preferably further includes a local wireless com-
munication antenna connected to the second local wireless
communication module. The switch, RF antenna, second
local wireless communication module, and local wireless
communication antenna are preferably protected by a module
body. The USB connector preferably protrudes outside of the
module body with a predetermined length.

A mobile terminal according to another embodiment of the
present invention includes a USB socket; a terminal body
installed with a first local wireless communication module;
and a local wireless communication module combined with
an antenna, having a USB connector able to be joined to the
USB socket of the mobile terminal body. The local wireless
communication module combined with an antenna includes a
USB connector; an RF antenna for transmitting and receiving
an RF signal when the USB connecter is joined to the USB
socket of the mobile terminal; a second local wireless com-
munication module for executing local wireless communica-
tion between the mobile terminal and a computer when the
USB connector is detached from the mobile terminal and
joined to a USB socket of the computer; and a switch for
connecting the USB connector to the RF antenna or to the
second local wireless communication module according to
whether the USB connector is joined to the USB socket of the
mobile terminal or detached from the USB socket of the
mobile terminal.

The terminal body preferably includes a first terminal body
having the USB socket of the mobile terminal and the first
local wireless communication module; and a second terminal
body joined to the first terminal body, and having a display
unit. Alternatively, the terminal body includes the first termi-
nal body having a first local wireless communication module;
and a second terminal body joined to the first terminal body,
and having a display unit and the USB socket of the mobile
terminal. As another alternative, the terminal body includes a
first terminal body having the USB socket of the mobile
terminal; and a second terminal body joined to the first ter-
minal body, and having a display unit and the first local
wireless communication module. In another alternative, the
terminal body includes a first terminal body; and a second
terminal body joined to the first terminal body, and having a
display unit, the USB socket of the mobile terminal, and the
first local wireless communication module. The USB socket
may be formed on the outer surface of the terminal body.

The mobile terminal preferably further includes a cover for
surrounding the USB socket of the terminal body. The mobile
terminal can be either bar type terminal, flip type terminal,
folder type terminal, slide type terminal, and swing type
terminal.

The terminal body preferably generates an alarm if the
local wireless communication module combined with an
antenna is detached and displaced further than a predeter-
mined distance from the terminal body. The terminal body
generates an alarm if sensitivity of local wireless communi-
cation between the terminal body and the local wireless com-
munication module combined with an antenna is less than a
predetermined level. The predetermined distance may be one
meter.
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BRIEF DESCRIPTION OF THE DRAWINGS

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

FIG. 1 is a schematic view showing a mobile terminal
having a local wireless communication module combined
with an antenna according to the present invention;

FIG. 2 is a schematic view showing an assembled state of
the mobile terminal shown in FIG. 1;

FIG. 3 is a block diagram showing a configuration of the
local wireless communication module combined with the
antenna shown in FIG. 1; and

FIG. 4 is a schematic view showing an environment of a
local wireless communication between a computer and the
mobile terminal having a local wireless communication mod-
ule combined with the antenna shown in FIG. 1.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Hereinafter, preferred embodiments of the present inven-
tion are described in detail with reference to the accompany-
ing drawings. The same reference numbers are used through-
out the drawings to refer to the same or like parts. Detailed
descriptions of constructions or processes known in the art
may be omitted to avoid obscuring the subject matter of the
present invention.

FIG. 1 is a schematic view showing a mobile terminal 50
having a local wireless communication module 40 combined
with an antenna according to the present invention. FIG. 2 is
a schematic view showing an assembled state of the mobile
terminal 50 shown in FIG. 1. FIG. 3 is a block diagram
showing a configuration of the local wireless communication
module 40 combined with the antenna shown in FIG. 1.

In FIGS. 1 to 3, the mobile terminal 50 is shown as a sliding
type mobile terminal that includes terminal bodies 10 and 20
and the local wireless communication module 40 (hereinafter
‘module’) combined with an antenna. The module 40 is
detachably installed onto the terminal bodies 10 and 20. The
mobile terminal has a USB socket 13 and a first local wireless
communication module (not shown). A local wireless com-
munication protocol enabling communication between the
module 40 and the mobile terminal may be selected from
Bluetooth, Zigbee, infrared, UWB (Ultra Wide Band), NFC
(Near Field Communication), and Rubee.

The mobile terminal bodies are configured with a first
terminal body 10, with a second terminal body 20 joined to
and slidably moving along the first terminal body 10.

The first terminal body 10 includes a PCB (Printed Circuit
Board) mounted with the first local wireless communication
module and the USB socket 13 electrically connected to the
PCB. Akey inputunit 15 (FIG. 4) is formed at a surface of the
first terminal body 10 facing towards the second terminal
body 20, and a battery pack 30 for supplying electric power to
the mobile terminal 50 is installed at an opposite surface of
the first terminal body 10.

The second terminal body 20 includes a display unit 21
installed on a surface of the second terminal body 20 on a side
opposite to another side that faces towards the first terminal
body 10 and a navigation key 23 installed under the display
unit21. The second terminal body 20 covers the key input unit
15 by sliding towards the first terminal body 10, and uncovers
the key input unit 15 by sliding away from the first terminal
body 10.
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The module 40 includes a module body 41 and a USB
connector 43 protruding from one surface of the module body
41 by a predetermined length. The module body 41 includes
a switch 42, RF antenna 44, second local wireless communi-
cation module 46, and local wireless communication antenna
48. The module 40 provided with the mobile terminal 50 as a
package may be supplied to a user after completing authen-
tication for local wireless communication, or the user may
execute the authentication after receiving the mobile terminal
50.

The surface of the module 40 furthest from the first termi-
nal body 10 when the module 40 is joined therewith is a
module upper surface 45, which may be formed such that the
module upper surface 45 is located at the same level as a
second terminal body upper surface 25 when the second
terminal body 20 is fully slid towards and installed in the first
terminal body 20. If the module upper surface 45 is higher
than the second terminal body upper surface 25 when the
module 40 is joined to the first terminal body 10, the USB
connector 43 may be damaged by an external force applied
from the second terminal body upper surface 25 to the module
40. However, If sufficient connection strength between the
first terminal body 10 and the module 40 is secured, the
module 40 may be designed such that the module upper
surface 45 is higher than the second terminal body upper
surface 25.

The USB connector 43 is formed such that the USB con-
nector 43 conforms with and may easily be joined to the USB
socket 13. Although a USB connector is shown in the figure as
anexposed connection, the USB connector 43 may be formed
with a cover surrounding the connection part. The USB con-
nector 43 shown with the exposed connection part minimizes
the thickness of the mobile terminal 50.

According to the connection state of the USB connector 43
with the USB socket 13 of the first terminal body 10, the
switch 42 connects the USB connector 43 to one of the RF
antenna 44 and the second local wireless communication
module 46. That is, if the USB connector 43 is joined to the
USB socket 13 of the first terminal body 10, the switch 42
connects the USB connector 43 to the RF antenna 44. If the
USB connector 43 is detached from the USB socket 13 of the
first terminal body 10, the switch 42 connects the USB con-
nector 43 to the second local wireless communication module
46.

The RF antenna 44 is connected to the USB connector 43
through the switch 42, and receives an RF signal when the
USB connector 43 is joined to the USB socket 13 of the first
terminal body 10.

The second local wireless communication module 46 is
connected to the USB connector 43 through the switch 42,
and performs local wireless communication between a com-
puter and the mobile terminal 50 when the USB connector 43
is detached from the USB socket 13 of the first terminal body
10 and joined to a USB socket of the computer.

Transmission and reception of a signal for local wireless
communication is performed through the local wireless com-
munication antenna 48 connected to the second local wireless
communication module 46. The RF antenna 44 and the local
wireless communication antenna 48 may be installed together
or may be separately installed.

Accordingly, if the module 40 is joined to the USB socket
13 of the first terminal body 10, the module 40 is used as an
RF antenna, and if the module 40 is detached from the USB
socket 13 of the first terminal body 10 and joined to a com-
puter USB socket, the module 40 is used as a communication
module for performing local wireless communication
between the mobile terminal 50 and the computer.





US 7,953,371 B2

5

In addition, an alarm is generated when the module 40
detached from the mobile terminal body 50 moves further
than a predetermined distance away from the mobile terminal
50. The distance between the mobile terminal 50 and the
module 40 may be indirectly identified by checking sensitiv-
ity of radio reception, because the sensitivity of radio recep-
tion differs according to the distance between the mobile
terminal 50 and the module 40. Accordingly, the alarm is
generated by the mobile terminal 50 when the sensitivity of
radio reception is less than a predetermined limit value. The
limit value of the sensitivity preferably corresponds to a dis-
tance of one meter between the mobile terminal 50 and the
module 40. The alarm may be generated by using a sound or
vibration that can be output by the mobile terminal 50. The
purpose of generating an alarm is to prevent the detached
module 40 from being lost.

Additionally, the mobile terminal 50 may further include a
cover 17 for protecting the exposed USB socket 13 from
contamination by dust or other contaminants when the mod-
ule 40 is detached from the first terminal body 10. The cover
17 may be formed on the first terminal body upper surface 11
such that the entrance of the USB socket 13 may be covered
or uncovered.

In addition to the above-described embodiment, those of
skill in art will recognize that the first local wireless commu-
nication module or the USB socket 13 may be installed in the
second terminal body 20, and that the USB socket 13 may be
formed at another location of the first terminal body 10 and
the second terminal body 20 where an installation space is
available. However, the USB socket 13 is preferably formed
on the first terminal body upper surface 11 or on the second
terminal body upper surface 25, allowing use of the module
40 as an RF antenna 44 when joined to the first terminal body
10 or the second terminal body 20.

Those of skill in the art will recognize that the present
invention may also be applied to a mobile terminal of a bar
type terminal, flip type terminal, or swing type terminal.

FIG. 4 is a schematic view showing an environment of a
local wireless communication between a computer 60 and the
mobile terminal 50 having the local wireless communication
module 40 combined with the antenna. The module 40 is
normally joined to the first terminal body 10, and the mobile
terminal 50 is used as a mobile communication terminal for
transmitting and receiving an RF signal through the RF
antenna 44 of the module 40.

When data transmission between the mobile terminal 50
and the computer 60 is required, a local wireless communi-
cation environment may be provided by using the module 40
of the mobile terminal 50. For this, the module 40 is detached
from the first terminal body 10 and the USB connector 43 of
the detached module 40 is joined to a computer USB socket
61 of the computer 60. Here, the distance between the mobile
terminal 50 and the module 40 connected to the computer 60
must be in a serviceable range of the local wireless commu-
nication.

A local wireless communication environment between a
mobile terminal and a computer is thereby provided by
detaching a local wireless communication module combined
with an antenna from the mobile terminal and assembling
with a USB socket of the computer.

Accordingly, an inconvenience of carrying a data cable to
connect a mobile terminal to a computer is eliminated, and an
environment of data transmission between the mobile termi-
nal and the computer is provided easily.

Although exemplary embodiments of the present invention
have been described in detail hereinabove, it should be under-
stood that many variations and modifications of the basic

6

inventive concept herein described, which may appear to
those skilled in the art, will still fall within the spirit and scope
of the exemplary embodiments of the present invention, as
defined in the appended claims.

5 What is claimed is:

1. A local wireless communication module combined with
an antenna for a mobile terminal having a first local wireless
communication module and a Universal Serial Bus (USB)
socket, the local wireless communication module compris-

10 ing:

a USB connector;

an RF (Radio Frequency) antenna for transmitting and

receiving an RF signal when the USB connector is

joined to the USB socket of the mobile terminal;

15 asecond local wireless communication module for execut-
ing local wireless communication with the first local
wireless communication module of the mobile terminal
when the USB connector is detached from the USB
socket of the mobile terminal and joined to a USB socket

20 of the computer; and

a switch for connecting the USB connector to the RF

antenna or to the second local wireless communication

module according to whether the USB connector is
joined to the USB socket of the mobile terminal or

25 detached from the USB socket of the mobile terminal.

2. The local wireless communication module combined
with an antenna of claim 1, further comprising a local wire-
less communication antenna connected to the second local
wireless communication module.

30 3. The local wireless communication module combined
with an antenna of claim 2, further comprising a module body
for protection of the switch, RF antenna, second local wire-
less communication module, and local wireless communica-
tion antenna.

35 4. The local wireless communication module combined
with an antenna of claim 3, wherein the USB connector
protrudes outside of the module body by a predetermined
length.

5. A mobile terminal comprising:

40  aterminal body installed with a USB socket and a first local
wireless communication module; and

a local wireless communication module combined with an

antenna, having a USB connector able to be joined to the

USB socket of the mobile terminal;

45 wherein the local wireless communication module com-
bined with the antenna comprises:

the USB connector;

an RF antenna for transmitting and receiving an RF signal

when the USB connector is joined to the USB socket of

50 the mobile terminal;

a second local wireless communication module for
executing local wireless communication with the first
local wireless communication module of the mobile
terminal when the USB connector is detached from

55 the USB socket of the mobile terminal and joined to a

USB socket of the computer; and

a switch for connecting the USB connector to the RF
antenna or to the second local wireless communica-
tion module according to whether the USB connector

60 is joined to the USB socket of the mobile terminal or

detached from the USB socket of the mobile terminal.

6. The mobile terminal of claim 5, wherein the local wire-
less communication module combined with the antenna fur-
ther comprises a local wireless communication antenna con-

65 nected to the second local wireless communication module.

7. The mobile terminal of claim 6, wherein the local wire-
less communication module combined with the antenna fur-
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ther comprises a module body for protection of the switch, RF
antenna, second local wireless communication module, and
local wireless communication antenna.

8. The mobile terminal of claim 7, wherein the USB con-
nector protrudes outside of the module body by a predeter-
mined length.

9. The mobile terminal of claim 5, wherein the terminal
body comprises:

a first terminal body having the USB socket of the mobile
terminal and the first local wireless communication
module; and

asecond terminal body joined to the first terminal body, the
second terminal body having a display unit.

10. The mobile terminal of claim 5, wherein the terminal

body comprises:

afirst terminal body having the first local wireless commu-
nication module; and

asecond terminal body joined to the first terminal body, the
second terminal body having a display unit and the USB
socket of the mobile terminal.

11. The mobile terminal of claim 5, wherein the terminal

body comprises:

a first terminal body having the USB socket of the mobile
terminal; and

asecond terminal body joined to the first terminal body, the
second terminal body having a display unit and the first
local wireless communication module.

20

25

8

12. The mobile terminal of claim 5, wherein the terminal
body comprises:

a first terminal body; and

a second terminal body joined to the first terminal body, the

second terminal body having a display unit, the USB
socket of the mobile terminal, and the first local wireless
communication module.

13. The mobile terminal of claim 5, wherein the USB
socket is formed on an outer surface of the terminal body.

14. The mobile terminal of claim 13, further comprising a
cover for surrounding the USB socket of the terminal body.

15. The mobile terminal of claim 13, wherein the mobile
terminal is one of a bar type terminal, flip type terminal, folder
type terminal, slide type terminal, and swing type terminal.

16. The mobile terminal of claim 5, wherein the terminal
body generates an alarm if the local wireless communication
module is detached and moved more than a predetermined
distance away from the terminal body.

17. The mobile terminal of claim 16, wherein the terminal
body generates an alarm if sensitivity of local wireless com-
munication between the terminal body and the local wireless
communication module is less than a predetermined level.

18. The mobile terminal of claim 16, wherein the predeter-
mined distance is one meter.
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ANTENNA AND ANTENNA SET WITH
LOWER HEIGHT

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority benefit of Taiwan
application serial no. 97114257, filed on Apr. 18, 2008. The
entirety of the above-mentioned patent application is hereby
incorporated by reference herein and made a part of this
specification.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to an antenna and
an antenna set, and more particularly, to an antenna and an
antenna set adapted for a wireless communication system.

2. Description of Related Art

Currently, people’s communication technology has been
developed into a new era of wireless communication, in
which there are a variety of wireless communication appara-
tuses developed correspondingly. An antenna is critical com-
ponent for a wireless communication apparatus which and
necessary for receiving signals from a wireless channel. As
such, the design of antenna is always an important subject
concerned by many research institutes and enterprises in the
art.

When a wireless signal is transmitted in the air, a direction
of an electric field thereof is usually divided into vertical
polarization and horizontal polarization. When the direction
of the electric field is perpendicular to the ground plane, the
wireless signal is identified as vertical polarized, and when
the direction of the electric field is parallel with the ground
plane, the wireless signal is identified as horizontal polarized.
When a received antenna and an emitted antenna correspond
to cross polarization directions, a signal loss will be caused
thereby. As such, the received antenna and the emitted
antenna must be designed corresponding to a same polariza-
tion direction.

The polarization direction of a client end antenna can be
either vertical polarization or horizontal polarization. As
such, an ordinary wireless fidelity (Wi-Fi) router typically
employs a monopole antenna, and configures a movable joint
at aterminal thereof. When a base of the monopole antenna is
fixed, the monopole antenna can be disposed either vertically
or horizontally by adjusting the movable joint. When the
monopole antenna is vertically disposed, the polarization
direction is vertical polarization, and when the monopole
antenna is horizontally disposed, the polarization direction is
horizontal polarization. Such an external monopole antenna
has the disadvantages of a higher cost, a higher height, and is
incapable of being integrated in the wireless product, so that
it cannot be designed as an embedded antenna or a hidden
antenna.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to an
antenna, for receiving and emitting wireless signals of a ver-
tical polarization direction and a horizontal polarization
direction.

Further, the present invention is further directed to an
antenna set, for receiving or emitting wireless signals of a
vertical polarization direction and a horizontal polarization
direction. The antenna set includes three antennae disposed
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2

ona substrate, having characteristics of polarization diversity,
pattern diversity, and space diversity.

The present invention provides an antenna. The antenna
includes a first rectangular sheet member, a horseshoe sheet
member, and a second rectangular sheet member, all of which
are made of metal materials. The horseshoe sheet member has
an opening end configured with two branches. One of the two
branches is connected with the first rectangular sheet mem-
ber. A plane where the horseshoe sheet member is located is
substantially perpendicular with a plane where the first rect-
angular sheet member is located. A top of the second rectan-
gular sheet member is connected with the first rectangular
sheet member. A direction extending from a bottom side of
the second rectangular sheet member to the top of the second
rectangular sheet member is substantially equivalent with a
direction of the opening of the horseshoe sheet member. A
plane where the second rectangular sheet member is located
is substantially perpendicular with the plane where the first
rectangular sheet member is located, and is substantially par-
allel with the plane where the horseshoe sheet member is
located.

According to an embodiment of the present invention, the
antenna has a first resonant frequency, and a second resonant
frequency. The antenna is adapted for obtaining a wider fre-
quency bandwidth channel in accordance with resonant fre-
quency ranges of the first resonant frequency and the second
resonant frequency, and receiving or emitting signals in such
a frequency bandwidth channel.

According to an embodiment of the present invention, the
horseshoe sheet member is composed of a third rectangular
sheet member, a fourth rectangular sheet member, and a fifth
rectangular sheet member, and the third, fourth and fifth rect-
angular sheet members are connected together. The third and
the fifth rectangular sheet members configure the two
branches of the horseshoe sheet member, respectively. The
fifth rectangular sheet member is connected to the first rect-
angular sheet member, and the fourth rectangular sheet mem-
ber is connected between the third rectangular sheet member
and the fifth rectangular sheet member. Lengths of the sec-
ond, the third, the fourth, and the fifth rectangular sheet mem-
bers are correspondingly related to the first resonant fre-
quency, and lengths of the first, the second, and the fifth
rectangular sheet members are correspondingly related to the
second resonant frequency.

The present invention further provides an antenna set
including three antennae and a substrate. Each of the three
antennae includes a first rectangular sheet member, a horse-
shoe sheet member, and a second rectangular sheet member,
all of which are made of metal materials. The horseshoe sheet
member has an opening end and a closing end. The opening
end is configured with two branches. One of the two branches
is connected with the first rectangular sheet member. The
closing end is configured with a signal connection terminal. A
plane where the horseshoe sheet member is located is sub-
stantially perpendicular with a plane where the first rectan-
gular sheet member is located. The second rectangular sheet
member has a top and a bottom side. The top of the second
rectangular sheet member is connected with the first rectan-
gular sheet member. The bottom side of the second rectangu-
lar sheet member is configured with a ground connection
terminal. A direction extending from the bottom side to the
top of the second rectangular sheet member is substantially
equivalent with a direction of the opening of the horseshoe
sheet member. A plane where the second rectangular sheet
member is located is substantially perpendicular with the
plane where the first rectangular sheet member is located, and
is substantially parallel with the plane where the horseshoe
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sheet member is located. All of the three antennae are dis-
posed on the substrate. The plane where the horseshoe sheet
member of the first antenna is located is substantially perpen-
dicular with the plane where the horseshoe sheet member of
the third antenna is located. The plane where the horseshoe
sheet member of the second antenna is located substantially
configures an angle of 45° with the plane where the horseshoe
sheet member of the first antenna is located.

According to an embodiment of the present invention, the
first and the third antennae are received antennae, and the
second antenna is an emitted antenna.

According to an embodiment of the present invention, the
substrate includes three microstrip lines allowing wireless
signals to be fed in the antennae, and the three microstrip lines
are coupled to the three signal connection terminals. The
ground connection terminal of each of the second rectangular
sheet members of the antennae is connected to a ground.

According to an embodiment of the present invention, each
of the antennae has a first resonant frequency, and a second
resonant frequency, so that the antenna is adapted for obtain-
ing a wider frequency bandwidth channel in accordance with
resonant frequency ranges of the first resonant frequency and
the second resonant frequency, and receiving or emitting
signals in such a frequency bandwidth channel.

According to an embodiment of the present invention, each
horseshoe sheet member of the antennae is composed of a
third rectangular sheet member, a fourth rectangular sheet
member, and a fifth rectangular sheet member, and the third,
fourth and fifth rectangular sheet members are connected
together. The third and the fifth rectangular sheet members
configure the two branches of the horseshoe sheet member,
respectively. The fifth rectangular sheet member is connected
to the first rectangular sheet member, and the fourth rectan-
gular sheet member is connected between the third rectangu-
lar sheet member and the fifth rectangular sheet member.
Lengths of the second, the third, the fourth, and the fifth
rectangular sheet members are correspondingly related to the
first resonant frequency, and lengths of the first, the second,
and the fifth rectangular sheet members are correspondingly
related to the second resonant frequency.

The antenna according to the embodiment of the present
invention, employs a horseshoe configuration, and therefore
is adapted to emit or receive wireless signals of vertical polar-
ization direction and horizontal polarization direction. Such
an antenna has a lower height than the conventional antenna,
and can be made of tinplate which is cheap. Further, the
antenna set provided by the embodiment of the present inven-
tion employs three antennae disposed on a substrate, having
characteristics of polarization diversity, pattern diversity, and
space diversity. As such, the antenna set can have a better
performance, a lower cost, and lower antennae heights than
the conventional antenna set.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the invention, and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments of the invention and, together with the
description, serve to explain the principles of the invention.

FIG. 1A is a solid structural view of an antenna 10 accord-
ing to an embodiment of the present invention.

FIG. 1B is a side view of the antenna 10.

FIG. 2 is a reflectivity-frequency curve of the antenna 10.

FIG. 3A is a solid structural view of an antenna set 30
according to an embodiment of the present invention.

FIG. 3B is a side view of the antenna set 30.
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FIG. 4 is a schematic diagram illustrating a current direc-
tion of a horizontal current in a second antenna 302.

FIG. 5A is a pattern measurement diagram of a horizontal
polarization of the second antenna 302.

FIG. 5B is a pattern measurement diagram of a vertical
polarization of the second antenna 302.

FIG. 6A is a pattern measurement diagram of a horizontal
polarization of a first antenna 301.

FIG. 6B is a pattern measurement diagram of a vertical
polarization of the first antenna 301.

FIG. 7A is a pattern measurement diagram of a horizontal
polarization of a third antenna 303.

FIG. 7B is a pattern measurement diagram of a vertical
polarization of the third antenna 303.

DESCRIPTION OF THE EMBODIMENTS

Reference will now be made in detail to the present pre-
ferred embodiments of the invention, examples of which are
illustrated in the accompanying drawings. Wherever pos-
sible, the same reference numbers are used in the drawings
and the description to refer to the same or like parts.

The present invention provides an antenna and an antenna
set, adapted for simultaneously receiving or emitting wireless
signals in a vertical polarization direction and a horizontal
polarization direction. Embodiments of the present invention
are going to be discussed below in details without restricting
the scope of the present invention.

FIG. 1A is a solid structural view of an antenna 10 accord-
ing to an embodiment of the present invention. FIG. 1B is a
side view of the antenna 10. Referring to FIGS. 1A and 1B,
the antenna 10 includes a first rectangular sheet member 101,
a horseshoe sheet member 110, a second rectangular sheet
member 102 and a substrate 120. The first rectangular sheet
member 101, the horseshoe sheet member 110, and the sec-
ond rectangular sheet member 102 are all made of metal
materials, such as tinplate or copper or the like. The substrate
120 is made of a glass fiber material, such as flame retardant
4 (Frd).

The horseshoe sheet member 110 has an opening end con-
figured with two branches 110A and 110B. A branch 110A is
connected to the first rectangular sheet member 101. A plane
where the horseshoe sheet member 110 is located is substan-
tially perpendicular with a plane where the first rectangular
sheet member 101 is located. A top side of the second rect-
angular sheet member 102 is connected with the first rectan-
gular sheet member 101. A direction extending from a bottom
side of the second rectangular sheet member 102 to the top of
the second rectangular sheet member 102 is substantially
equivalent with a direction of the opening of the horseshoe
sheet member 110. A plane where the second rectangular
sheet member 102 is located is substantially perpendicular
with the plane where the first rectangular sheet member 101 is
located, and is substantially parallel with the plane where the
horseshoe sheet member 110 is located.

Referring to FIG. 1B, it is preferred in the embodiment,
that the branch 110A of the opening end of the horseshoe
sheet member 110 is connected with one side edge of the first
rectangular sheet member 101, and the second rectangular
sheet member 102 is connected with another side edge of the
first rectangular sheet member 101. However, it should be
noted that the above preferred connection is not for restricting
the scope of the present invention.

Referring to FIGS. 1A and 1B, the horseshoe sheet mem-
ber 110 further has a closing end. The closing end includes a
signal connection terminal 110C. The bottom side of the
second rectangular sheet member 102 includes a ground con-
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nection terminal 102A. The substrate 120 includes a micros-
trip line for feeding in a signal. The ground connection ter-
minal 102A is connected to a ground.

The horseshoe sheet member 110 is composed of a third
rectangular sheet member 103, a fourth rectangular sheet
member 104, and a fifth rectangular sheet member 105, and
the third, fourth and fifth rectangular sheet members 103, 104,
105 are connected together. The third rectangular sheet mem-
ber 103 and the fifth rectangular sheet member 105 configure
the two branches 110B and 110A of the horseshoe sheet
member 110, respectively. The fifth rectangular sheet mem-
ber 105 is connected to the first rectangular sheet member
101, and the fourth rectangular sheet member 104 is con-
nected between the third rectangular sheet member 103 and
the fifth rectangular sheet member 105.

The antenna 10 has a structure configured at both the ver-
tical direction and the horizontal direction, and therefore is
adapted for receiving or emitting wireless signals of the ver-
tical polarization direction and the horizontal polarization
direction. Further, the antenna 10 has a first resonant fre-
quency and a second resonant frequency. Taking advantages
of resonant frequency ranges of the first resonant frequency
and the second resonant frequency, the antenna 10 achieves a
wider frequency bandwidth than usual, and is thus capable of
receiving or emitting wireless signals in a channel of such a
frequency bandwidth. Lengths of the second rectangular
sheet member 102, the third rectangular sheet member 103,
the fourth rectangular sheet member 104, and the fifth rect-
angular sheet member 105 are correspondingly related to the
first resonant frequency, and lengths of the first rectangular
sheet member 101, the second rectangular sheet member 102,
and the fifth rectangular sheet member 105 are correspond-
ingly related to the second resonant frequency.

Referring to FIG. 2, it shows a reflectivity-frequency curve
of the antenna 10. As shown in FIG. 2, the first resonant
frequency is about 2.2 GHz, and the second resonant fre-
quency is about 2.5 GHz. As such, the antenna 10 has a
frequency bandwidth of about 300 MHz. In the embodiment
of FIG. 2, the first resonant frequency is defined to be about
2.2 GHz by designing the lengths of the second rectangular
sheet member 102, the third rectangular sheet member 103,
the fourth rectangular sheet member 104, and the fifth rect-
angular sheet member 105, and the second resonant fre-
quency is defined to be about 2.5 GHz by designing the
lengths of the first rectangular sheet member 101, the second
rectangular sheet member 102, and the fifth rectangular sheet
member 105.

FIG. 3A is a solid structural view of an antenna set 30
according to an embodiment of the present invention. FIG. 3B
is a side view of the antenna set 30. Referring to FIGS. 3A and
3B, the antenna set 30 includes three antennae 301, 302, 303,
and a substrate 320. The antennae 301, 302, 303 are structur-
ally identical one to another. The antenna 301 is taken as an
example for illustrating the antennae 301, 302, 303. The
antenna 301 includes a first rectangular sheet member 341, a
horseshoe sheet member 346, and a second rectangular sheet
member 342, all of which are made of metal materials, such as
tinplate or copper.

The horseshoe sheet member 346 has an opening end and
a closing end. The opening end is configured with two
branches 346A and 346B. One branch 346A is connected
with the first rectangular sheet member 341. The closing end
includes a signal connection terminal 346C. A plane where
the horseshoe sheet member 346 is located is substantially
perpendicular with a plane where the first rectangular sheet
member 341 is located. The second rectangular sheet member
342 has a top and a bottom side. The top of the second
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rectangular sheet member 342 is connected with the first
rectangular sheet member 341. The bottom side of the second
rectangular sheet member 342 includes a ground connection
terminal 342A (sheltered and invisible in FIG. 3A). A direc-
tion extending from the bottom side to the top of the second
rectangular sheet member 342 is substantially equivalent with
adirection of the opening ofthe horseshoe sheet member 346.
A plane where the second rectangular sheet member 342 is
located is substantially perpendicular with the plane where
the first rectangular sheet member 341 is located, and is
substantially parallel with the plane where the horseshoe
sheet member 346 is located.

The substrate 320 is made of a glass fiber material, i.e.,
flame retardant 4 (Fr4). The substrate 320 includes three
microstrip lines 320A, 320B, 320C, for allowing wireless
signals to be fed in the antennae. The three microstrip lines
320A, 320B, 320C are connected with three signals connec-
tion terminals 346C of the three antennae 301, 302, 303,
respectively. The ground connection terminal 342 A of each of
the antennae 301, 302, 303 is connected to a ground.

The plane where the horseshoe sheet member 346 of the
first antenna 301 is located is substantially perpendicular with
the plane where the horseshoe sheet member 346 of the third
antenna is located 303. The plane where the horseshoe sheet
member 346 of the second antenna 302 is located substan-
tially configures an angle of 45° with the plane where the
horseshoe sheet member 346 of the first antenna 301 is
located.

According to the embodiment, it is preferred that the
branch 346 A of the opening end of the horseshoe sheet mem-
ber 346 is connected with one side edge of the first rectangular
sheet member 341, and the second rectangular sheet member
342 is connected with another side edge of the first rectangu-
lar sheet member 341. However, it should be noted that the
above preferred connection is not for restricting the scope of
the present invention.

Further, the horseshoe sheet member 346 is composed of a
third rectangular sheet member 343, a fourth rectangular
sheet member 344, and a fifth rectangular sheet member 345,
and the third, fourth, and fifth rectangular sheet member 343,
344, 345 are connected together. The third rectangular sheet
member 343 and the fifth rectangular sheet member 345
configure the two branches 346B and 346 A of the horseshoe
sheet member 346, respectively. The fifth rectangular sheet
member 345 is connected to the first rectangular sheet mem-
ber 341, and the fourth rectangular sheet member 344 is
connected between the third rectangular sheet member 343
and the fifth rectangular sheet member 345.

According to the embodiment, the first antenna 301 and the
third antenna 303 are received antennae, and the second
antenna 302 is an emitted antenna. The antennae 301, 302,
303 are featured as the antenna 10 of FIG. 1A. In the current
embodiment, it is preferred to provide a first resonant fre-
quency and a second resonant frequency as that of FIG. 2, so
asto allow the antenna set 30 to achieve a 300 MHz frequency
bandwidth.

FIG. 4 is a schematic diagram illustrating a current direc-
tion of a horizontal current in the second antenna 302. Refer-
ring to FIG. 4, a horizontal polarization gain can be adjusted
by adjusting the length of the first rectangular sheet member
341 of the second antenna 302. The current direction of the
horizontal current in the second antenna 302 shown in F1G. 4
can be achieved by adjusting the horizontal polarization gain.
FIG. 5A is a pattern measurement diagram of a horizontal
polarization of the second antenna 302. As shown in FIG. 5A,
the maximum gain of the horizontal polarization is 0.71 dBi.
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In order to increase a vertical polarization gain of the
antenna 302, heights of the second rectangular sheet member
342, the third rectangular sheet member 343, and the fifth
rectangular sheet member 345 should be increased. The ver-
tical electric field is increased as the increased heights of that,
so that the vertical polarization gain can also be increased.
FIG. 5B is a pattern measurement diagram of a vertical polar-
ization of the second antenna 302. Referring to FIG. 5B, a
maximum gain as shown in FIG. 5B which is 3.4 dBi hereby,
can be achieved by designing the heights of the second rect-
angular sheet member 342, the third rectangular sheet mem-
ber 343, and the fifth rectangular sheet member 345.

A horizontal polarization antenna is incapable of receiving
a vertical polarization wave. As such, it is conventional to
provide a vertical polarization antenna and a horizontal polar-
ization antenna, and switch between the vertical polarization
antenna and the horizontal polarization antenna with an elec-
tronic switch, so as to control the antenna of a same polariza-
tion direction with the signals transmitted thereby. However,
on the contrary, the antenna set 30 is composed of a multiple
of antennae 301 through 303 which are capable of receiving
or emitting a dual polarization wave having both a horizontal
polarization and a vertical polarization. As such, the antenna
set 30 according to the embodiment ofthe present invention is
adapted for polarization diversity.

Generally, an antenna often achieves a greater gain at a
certain angle. As such, two or more antennae are often
employed for compensating the angles corresponding to
weaker signals. The two or more antennae are usually dis-
posed to configure a 90° angle therebetween. An electronic
switch is used to fast switch between the antennae, and when
the weaker one corresponding to the signals is detected by
comparison, the stronger one corresponding to the signals is
maintained in operation.

FIG. 6A is a pattern measurement diagram of a horizontal
polarization of a first antenna 301. FIG. 6B is a pattern mea-
surement diagram of a vertical polarization of the first
antenna 301. FIG. 7A is a pattern measurement diagram of a
horizontal polarization of a third antenna 303. FIG. 7B is a
pattern measurement diagram of a vertical polarization of the
third antenna 303. Referring to FIGS. 6A through 7B, the
antenna set 30 employs two antennae 301 and 302 for receiv-
ing signals. The antennae 301 and 302 gain at different direc-
tions, and accordingly, the foregoing method can be used for
the antenna set 30 to achieve a pattern diversity.

Further, the antennae 301 and 302 are located at different
positions. Therefore, after detecting the one corresponding to
the weaker signals by comparison, the antenna set 30 can
achieve a space diversity by controlling to use the stronger
one corresponding to the signals.

The antenna set 30 can be used in a WiFi wireless network
card communication system. The antenna set 30 is capable of
receiving a dual polarization wave having a Vertical polariza-
tion and a horizontal polarization, and therefore no matter the
emitted antenna is a horizontal polarization antenna or a
vertical polarization antenna, the antenna set 30 can receive
the signals. Further, because the antenna set 30 is adapted for
space diversity and pattern diversity, it can be employed in the
WiFi wireless network card communication system so as to
improve the performance of the WiFi wireless network card
communication system.

In summary, the antenna according to the embodiment of
the present invention, employs a horseshoe configuration, and
therefore is adapted to emit/receive wireless signals of verti-
cal polarization direction and horizontal polarization direc-
tion. Such an antenna has a lower height than conventional
antennae, and can be made of tinplate which is cheap. Further,
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the antenna set provided by the embodiment of the present
invention employs three antennae disposed on a substrate,
having characteristics of polarization diversity, pattern diver-
sity, and space diversity. As such, the antenna set has a better
performance, a lower cost, and a lower antenna height than
the conventional antenna set.

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

What is claimed is:

1. An antenna set, comprising:

three antennas, each comprising:

a first rectangular sheet member, made of a metal material;

a horseshoe sheet member, made of a metal material, hav-

ing an opening end and a closing end, wherein the open-
ing end is configured with two branches, one of which
being connected with the first rectangular sheet member,
and the closing end is configured with a signal connec-
tion terminal, wherein a plane where the horseshoe sheet
member is located is substantially perpendicular with a
plane where the first rectangular sheet member is
located; and

a second rectangular sheet member, made of a metal mate-

rial, and having a top and a bottom side, wherein the top
of the second rectangular sheet member is connected
with the first rectangular sheet member, the bottom side
of the second rectangular sheet member is configured
with a ground connection terminal, wherein a direction
extending from the bottom side to the top of the second
rectangular sheet member is substantially equivalent
with a direction of the opening of the horseshoe sheet
member, and a plane where the second rectangular sheet
member is located is substantially perpendicular with
the plane where the first rectangular sheet member is
located, and is substantially parallel with the plane
where the horseshoe sheet member is located; and

a substrate, on which the three antennae are disposed,

wherein the plane where the horseshoe sheet member of

the first antenna is located is substantially perpendicular
with the plane where the horseshoe sheet member of the
third antenna is located, and the plane where the horse-
shoe sheet member of the second antenna is located
substantially configures an angle of 45° with the plane
where the horseshoe sheet member of the first antenna is
located.

2. The antenna set according to claim 1, wherein the sub-
strate comprises three microstrip lines coupled to the signal
connection terminals respectively and adapted for allowing
wireless signals to be fed in the antennae, and the ground
connection terminal of each of the second rectangular sheet
members of the antenna is connected to a ground.

3. The antenna set according to claim 1, wherein the first
and the third antennae are received antennas, and the second
antenna is an emitted antenna.

4. The antenna set according to claim 1, wherein the sub-
strate is made of a glass fiber material.

5. The antenna set according to claim 1, wherein each of the
antennas has a first resonant frequency, and a second resonant
frequency.

6. The antenna set according to claim 5, wherein each of the
antennas achieves a wider frequency bandwidth in accor-
dance with resonant frequency ranges of the first resonant
frequency and the second resonant frequency.
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7. The antenna set according to claim 5, wherein each of the
horseshoe sheet members is composed of a third rectangular
sheet member, a fourth rectangular sheet member, and a fifth
rectangular sheet member, the third, fourth and fifth rectan-
gular sheet members are connected together, wherein the
third and the fifth rectangular sheet members configure the
two branches of the horseshoe sheet member, respectively,
the fifth rectangular sheet member is connected to the first
rectangular sheet member, and the fourth rectangular sheet
member is connected between the third rectangular sheet
member and the fifth rectangular sheet member.

8. The antenna set according to claim 7, wherein lengths of
the second, the third, the fourth, and the fifth rectangular sheet
members are correspondingly related to the first resonant

10

frequency, and lengths of the first, the second, and the fifth
rectangular sheet members are correspondingly related to the
second resonant frequency.

9. The antenna set according to claim 1, wherein the branch
of the opening end of the horseshoe sheet member of each
antenna is connected with one side edge of the first rectangu-
lar sheet member, and the second rectangular sheet member is
connected with another side edge of the first rectangular sheet
member.

10. The antenna set according to claim 1, wherein the first
rectangular sheet member, the second rectangular sheet mem-
ber, and the horseshoe sheet member of each antenna are
made of tinplate or copper.

#* #* #* #* #*
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1
WIDE-BAND ANTENNA AND
MANUFACTURING METHOD THEREOF

This application claims priority based on a Taiwanese
patent application No. 097130719, filed on Aug. 12, 2008,
and a Taiwanese patent application No. 097141360, filed on
Oct. 28, 2008, the disclosures of which are incorporated
herein by reference in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a wide-band antenna and a
manufacturing method thereof. More particularly, the present
invention relates to a wide-band antenna for transmitting
wireless communication network signals and a manufactur-
ing method thereof.

2. Description of the Related Art

With the progress of science and technology, human’s
technology in wireless communication keeps progressing. In
recent years, a variety of wireless communication network
technologies and standards have been continuously released,
which includes, for example, the Wi-Fi wireless network
standard defined in IEEE 802.11 by IEEE earlier and the
Worldwide Interoperability for Microwave Access (WiMAX)
standard defined in IEEE 802.16 lately. Therefore, the quality
and the quantity of wireless communications are both
improved enormously. Especially for WiMAX, the transmis-
sion distance has been increased from meters to kilometers,
and the bandwidth becomes wider over the prior art.

In order to comply with the progress of wireless commu-
nication network technology, the antennas for receiving/
transmitting wireless signals therefore need to be enhanced.
FIG. 1 illustrates a conventional dual-frequency antenna
which is disclosed in U.S. Pat. No. 6,861,986. This dual-
frequency antenna includes a first radiator 31 and a second
radiator 32, both connected to a ground surface 4. Signals are
fed through the core conductor 61 directly to excite the first
radiator 31 to form a high frequency mode with a center
frequency of 5.25 GHz. The direct-feed-in signal can also
excite the second radiator 32 to form a low frequency mode
with a center frequency of 2.45 GHz. Besides, the length of
the second radiator 32 is about a quarter (%) of a wavelength
at its operating frequency.

The antenna is fed with signals by the direct-feed-in with a
bandwidth of about 200 MHz in the low frequency mode, and
accordingly, the demand for wider bandwidth of WiMAX can
not be fulfilled. Moreover, for compliance with the operating
frequency of the low frequency mode, the length of the sec-
ond radiator 32 can not be reduced to accommodate the
demand for miniaturization of electronic devices.

SUMMARY OF THE INVENTION

An object of this invention is to provide an antenna with a
wider bandwidth and manufacturing methods thereof.

Another object of this invention is to provide a wide-band
antenna of a smaller size and lesser demand for space and a
manufacturing method thereof.

A wide-band antenna includes a substrate, a first radiator, a
second radiator, a grounding portion, and a signal feeding
portion. The substrate has a first surface and a second surface
which are opposite to each other. The first radiator is disposed
on the first surface of the substrate, while the second radiator
is selectively disposed on the first surface or the second sur-
face of the substrate. The second radiator and the first radiator
are spaced apart by a predetermined distance. The grounding
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portion is disposed on the first surface or the second surface
and coupled with the second radiator. The projections of the
second radiator and the grounding portion on the first surface
define a semi-open region, and at least a portion of the first
radiator extends into the semi-open region.

The signal feeding portion feeds the signals from a signal
source to excite the first radiator and the second radiator to
produce operating modes for receiving/transmitting wireless
signals. Because the antenna of this invention makes use of
the coupling effect to feed signal, the signal feeding portion
includes a coupling unit. In one embodiment, the coupling
unit is disposed on the second surface of the substrate, i.e. the
surface different from the first radiator, and at least partially
overlaps the first radiator. The signal feeding portion is
coupled with the grounding portion and feeds signals to excite
the first radiator to form a first band mode through the cou-
pling effect by the coupling unit. The first radiator further
feeds signals to excite the second radiator to form a second
band mode by coupling effect.

The manufacturing method of a wide-band antenna
includes the following steps: disposing a first radiator on a
first surface of a substrate; disposing a second radiator on the
first surface or a second surface of the substrate to be spaced
apart from the first radiator by a predetermined distance;
disposing a grounding portion on the substrate to couple with
the second radiator; disposing a signal feeding portion includ-
ing a coupling unit; feeding signals to excite the first radiator
to form a first band mode through coupling effect by the
coupling unit; and enabling the first radiator to feed signals to
excite the second radiator to form a second band mode by
coupling effect.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a schematic view of a conventional dual-
frequency antenna;

FIG. 2A illustrates a schematic view of a first surface of a
wide-band antenna in accordance with one embodiment of
the invention;

FIG. 2B illustrates a schematic view of a second surface of
the embodiment shown in FIG. 2A;

FIG. 3 illustrates a schematic view of the distribution ofthe
voltage standing wave ratio of a wide-band antenna in accor-
dance with one embodiment of the invention;

FIG. 4 illustrates a schematic view of an embodiment of a
first radiator;

FIG. 5 illustrates a schematic view of the bandwidth dis-
tribution of a first sub-band mode and a second sub-band
mode in accordance with one embodiment of the invention;

FIG. 6A illustrates a schematic view of the first surface of
the wide-band antenna in accordance with another embodi-
ment of the invention;

FIG. 6B illustrates a schematic view of the second surface
of the embodiment shown in FIG. 6A;

FIG. 7 illustrates a schematic view of another embodiment
of a wide-band antenna;

FIG. 8A illustrates a schematic view of the first surface of
awide-band antenna in accordance with another embodiment
of the invention;

FIG. 8B illustrates a schematic view of the second surface
of the embodiment shown in FIG. 8A;

FIG. 9 illustrates a flow chart of a method for manufactur-
ing a wide-band antenna in accordance with one embodiment
of the invention;

FIG. 10 illustrates a schematic view of an embodiment of a
wide-band antenna having a coupling radiator;
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FIG. 11 illustrates a schematic view of another embodi-
ment of a wide-band antenna having a coupling radiator;

FIG. 12 illustrates a schematic view of an embodiment of a
three-dimensional coupling radiator.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

The present invention provides a wide-band antenna and a
manufacturing method thereof. In a preferred embodiment,
the wide-band antenna of the invention is applicable to vari-
ous electronic devices to receive/transmit wireless signals.
The electronic devices preferably include notebook comput-
ers, desktop computers, motherboards, mobile phones, per-
sonal digital assistants, electronic game devices, etc. The
applications of the wireless signal received/transmitted
include wireless local area network (WLAN), Worldwide
Interoperability for Microwave Access (WIMAX), other
wireless communication protocols, global positioning sys-
tem, short-term wireless device connection, and other tech-
nologies in need of antennas.

FIG. 2A and FIG. 2B illustrate schematic views of a wide-
band antenna in accordance with one embodiment of the
invention. As shown in FIG. 2A and FIG. 2B, the wide-band
antenna includes a substrate 100, a first radiator 310, a second
radiator 320, a grounding portion 500, and a signal feeding
portion 700. The substrate 100 is preferably made of plastics,
such as polyethylene terephthalate (PET) or other dielectric
materials. For example, printed circuit boards (PCBs), flex-
ible printed circuit boards (FPC), etc. can be adopted as the
substrate 100. In an embodiment, the thickness of the sub-
strate 100 is larger than, but not limited to, 0.1 mm. The
substrate 100 includes a first surface 110 and a second surface
120 which are opposite to each other. FIG. 2A illustrates an
embodiment of the first surface 110, while FIG. 2B illustrates
a corresponding arrangement of the second surface 120.

As shown in FIG. 2A, the first radiator 310 is disposed on
the first surface 110 of the substrate 100. In an embodiment,
the first radiator 310 is a metal wire or a metal microstrip in
other geometric shapes which is formed on the first surface
110. The first radiator 310 is preferably formed on the first
surface 110 through printing. However, in other embodi-
ments, the first radiator 310 can be formed by any suitable
methods. Besides, the area and the shape of the first radiator
310 canbe adjusted in accordance with the impedance match-
ing requirement.

The second radiator 320 can be disposed on either the first
surface 110 or the second surface 120 and is preferably a
printed metal wire or a metal microstrip formed by printing.
The size and the shape of the second radiator 320 can be
adjusted in accordance with the impedance matching require-
ment. As shown in FIG. 2A and FIG. 2B, the second radiator
320 is disposed on the second surface 120. In such a case, the
second radiator 320 and the first radiator 310 are located on
two opposite surfaces respectively. In one embodiment, the
second radiator 320 and the first radiator 310 are spaced apart
by a predetermined distance. As shown in FIG. 2A, there is no
overlap between the projections of the second radiator 320
and the first radiator 310, and a distance is kept between the
two radiators 310 and 320. However, in another embodiment,
when the second radiator 320 and the first radiator 310 are
disposed on different surfaces, the two radiators 310 and 320
can be spaced apart by the thickness of the substrate 100. In
this situation, the projections of the second radiator 320 and
the first radiator 310 on either the first surface 110 or the
second surface 120 can partially overlap. By arranging the
first radiator 310 and the second radiator 320 to be spaced
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apart by a predetermined distance, the first radiator 310 can
feeds signals to excite the second radiator 320 to form an
operating mode for receiving/transmitting wireless signals
through coupling effect.

As shown in FIG. 2B, the grounding portion 500 is dis-
posed on the substrate 100 and coupled with the second
radiator 320. The grounding portion 500 is preferably dis-
posed on at least one of the first surface 110 and the second
surface 120. In this embodiment, the grounding portion 500 is
a grounding surface formed of a metal slice which is disposed
on the first surface 110. As shown in FIG. 2A, the projections
of the second radiator 320 and the grounding portion 500 on
the first surface 110 define a semi-open region 400, and the
first radiator 310 extends at least partially into the semi-open
region. In this embodiment, the semi-open region 400 is an
elongated region and the first radiator 310 extends parallel to
the edge of the elongated region. Furthermore, the first radia-
tor 310 partially extends outside the coverage of the semi-
open region 400. For space utilization, a portion of the first
radiator 310 close to an end of the semi-open region 400 is
bent to form a folding portion 311, which is bent to extend
toward an end ofthe second radiator 320. However, in another
embodiment, the first radiator 310 can be extended out
directly without any bends. In the case of not considering the
coupling effect between the folding portion 311 and the end
of the second radiator 320, the folding portion 311 and the
second radiator 320 have to be spaced apart by a suitable
distance, such as a distance larger than 1.5 mm. However, in
another embodiment, the coupling effect between the ends of
the folding portion 311 and the second radiator 320 can be
taken into consideration.

In the embodiment shown in FIG. 2A and FIG. 2B, the
grounding portion 500 is formed as a rectangular metal sur-
face. The second radiator 320 extends out from a corner of the
grounding portion 500. The second radiator 320 includes a
root portion 321 and a branch portion 323. An end of the root
portion 321 connects to the grounding portion 500, while the
other end extends to bend as the branch portion 323. As shown
in FIG. 2B, the root portion 321 is perpendicular to the top of
the grounding portion 500, while the branch portion 323 is
parallel to the top of the grounding portion 500. The root
portion 321 and the branch portion 323 together form an
inversed L-shape. The root portion 321, the branch portion
323, and the ground portion 500 together define the semi-
open region 400 in a shape of a long strip. The semi-open
region 400 includes an open for the first radiator 310 extend-
ing out. Through the inversed L-shaped design, the volume of
the wide-band antenna can be reduced for the purpose of
space-saving. However, an inversed F-shape, an S-shape or
other geometric shapes can be adopted in the design of the
second radiator 320.

The signal feeding portion 700 feeds signals to excite the
first radiator 310 and the second radiator 320 to form operat-
ing modes for receiving/transmitting wireless signals. As
shown in FIG. 2A and FIG. 2B, because the coupling feed-in
technique is adopted by the antenna of this invention for
feeding signals, the signal feeding portion 700 includes a
coupling unit 710. The coupling unit 710 is disposed on the
second surface 120 of the substrate 100. The coupling unit
710 is preferably in the form of a metal slice and has an area
smaller than that of the first radiator 310. The coupling unit
710 at least partially overlaps the first radiator 310, so that the
signal feeding portion 700 feeds signals though the coupling
unit 710 to excite the first radiator 310. In other words, the
projection of the coupling unit 710 on the first surface 110 at
least partially overlaps with the area of the first radiator 310.
In this embodiment, the overlap region is within the coverage
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of the semi-open region 400. Furthermore, by adjusting the
shape or the size of the overlap region between the coupling
unit 710 and the first radiator 310 can achieve a desired
impedance matching.

The signal feeding portion 700 is coupled with the ground-
ing portion 500, and feeds signals to excite the first radiator
310 to form a first band mode through coupling effect by the
coupling unit 710. FIG. 3 illustrates a schematic view of the
distribution of the voltage standing wave ratio (VSWR) of the
wide-band antenna in accordance with one embodiment of
the invention. As shown in FIG. 3, a first band mode 610 is a
higher frequency mode with a frequency range between 3.3
GHz and 6 GHz. In this embodiment, the voltage standing
wave ratio within the frequency range of the first band mode
610 can be controlled under 2. The above-mentioned fre-
quency range is only an exemplary portion of the frequency
range of the first band mode 610. Due to the coupling feed-in
technique, as shown in FIG. 3, the actual frequency range may
exceed the above-mentioned range.

The first radiator 310 further feeds signals to the second
radiator 320 to form a second band mode 620 by coupling
effect. As shown in FIG. 3, the second band mode 620 is a
lower frequency mode compared with the first band mode
610. As shown in FIG. 3, the frequency range of the second
band mode 620 is between 2.3 GHz and 2.7 GHz. The above-
mentioned range is just an exemplary portion of the frequency
range of the second band mode 620. Due to the coupling
feed-in technique, as shown in FIG. 3, the actual frequency
range may exceed the above-mentioned range.

Furthermore, in this embodiment, the frequency ranges of
the first band mode 610 and the second band mode 620
partially overlap to form a wider frequency range. In other
words, as shown in FIG. 3, because the frequency ranges of
the first band mode 610 and the second band mode 620
partially overlaps, the possible wave peaks produced between
each mode can be eliminated, and the voltage standing wave
ratio can be controlled under 2. Therefore, an operating mode
with the overall frequency range can be considered as a wide-
band mode which includes the first band mode 610 and the
second band mode 620.

In the embodiment shown in FIG. 4, the first radiator 310
includes a first arm 351 and a second arm 352. In this embodi-
ment, because the first radiator 310 has an elongated shape,
the first arm 351 and the second arm 352 represent the left
portion and the right portion of the first radiator 310 respec-
tively. The coupling unit 710 overlaps the first radiator 310
including parts ofthe first arm 351 and the second arm 352. In
other words, the first arm 351 and the second arm 352 are
respectively located on two sides of the first radiator 310 and
extended to two ends. The coupling unit 710 feeds the signal
to excite the first arm 351 and the second arm 352 to form a
first sub-band mode and a second sub-band mode respec-
tively. In order to adjust the frequency ranges of the first
sub-band mode and the second sub-band mode, the overlap
position between the coupling unit 710 and the first radiator
310 can be changed to adjust the length or other geometry
features of the first arm 351 and the second arm 352. More-
over, the impedance matching can be adjusted by changing
the area, the shape, or other geometry features of the overlap
region, the first arm 351, and the second arm 352.

As shown in FIG. 5, the frequency ranges of the first
sub-band mode 611 and the second sub-band mode 612 par-
tially overlap and together form the first band mode 610. The
first sub-band mode 611 is a mode with a higher frequency
which has a frequency range from 5 GHz to 6 GHz. The
above-mentioned frequency range is just an exemplary por-
tion of the frequency range of the first sub-band mode 611.
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Due to the coupling feed-in technique, as shown in FIG. 5, the
actual frequency range may exceed the above-mentioned
range. Compared with the first sub-band mode 611, the sec-
ond sub-band mode 612 is a mode with a lower frequency. As
shown in FIG. 5, the second sub-band mode 612 has a fre-
quency range from 3.3 GHz to 3.8 GHz. The above-men-
tioned frequency range is just an exemplary portion of the
frequency range of the second sub-band mode 612. Due to the
coupling feed-in technique, as shown in FIG. 5, the actual
frequency range may exceed the above-mentioned range.
Because the frequency ranges of the first sub-band mode 611
and the second sub-band mode 612 partially overlap, the
possible wave peaks produced between each mode can be
eliminated. Therefore, an operating mode with the overall
frequency range can be considered as the first band mode 610
which includes the first sub-band mode 611 and the second
sub-band mode 612.

FIG. 6A and FIG. 6B illustrate another embodiment of a
wide-band antenna. As shown in FIG. 6A, the second radiator
320 is disposed on the first surface 110 of the substrate 100. In
other words, the second radiator 320 and the first radiator 310
are disposed on the same surface in this embodiment. As
shown in FIG. 6A, the branch portion 323 of the second
radiator 320 is preferably parallel to the main body of the first
radiator 310 and spaced apart from the first radiator 310 by an
appropriate distance to induce the coupling effect. Since the
second radiator 320 and the signal feeding portion 700 are
both connected to the grounding portion 500, the grounding
portion 500 includes a first grounding surface 510 and a
second grounding surface 520 disposed on the first surface
110 and the second surface 120 of the substrate 100 respec-
tively. That is, the signal feeding portion 700 connects to the
second grounding surface 520 on the second surface 120,
while the second radiator 320 connects to the first grounding
surface 510 on the first surface 110. The second grounding
surface 520 and the first grounding surface 510 are preferably
electrically connected by a conductive hole in the substrate
100. However, the second grounding surface 520 and the first
grounding surface 510 can be electrically connected through
an external connector in other embodiments. In this embodi-
ment, the first grounding surface 510 and the second ground-
ing surface 520 preferably have same area and same shape
and are disposed symmetrically on the first surface 110 and
the second surface 120. However, in another embodiment,
different geometric shapes and arrangements can be adopted
to design the first grounding surface 510 and the second
grounding surface 520.

FIG. 7 illustrates another embodiment of a wide-band
antenna. In this embodiment, the first radiator 310 and the
second radiator 320 are disposed on the first surface 110 and
the second surface 120 respectively. However, this embodi-
ment can be applied to the situation when the two radiators are
disposed on a same surface. As shown in FIG. 7, the root
portion 321 of the second radiator 320 is disposed in the
back-and-forth direction on the second surface 120. That is,
the root portion 321 is a metal wire disposed in a zigzag-like
manner. Through this design, the path length of the second
radiator 320 can be increased without increasing space
requirement and in turn increase or change the frequency
range of the second band mode. Because the portion on the
second radiator 320 near the grounding portion 500 has a
stronger current distribution, when the zigzag-like design is
applied to the root portion 321 near the grounding portion
500, a better performance can be achieved. In another
embodiment, the zigzag design can be applied to the branch
portion 323 of the second radiating portion 320.
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FIG. 8A and FIG. 8B illustrate another embodiment of a
wide-band antenna. Compared with the previous embodi-
ment, a zigzag-like design is also applied to the first radiator
310 of this embodiment. Through this design, the path length
of the first radiator 310 can be increased without increasing
space requirement and in turn increase or change the fre-
quency range of the first band mode. Because a zigzag-like
design is adopted by the first radiator 310 and the second
radiator 320, the frequency range of a larger antenna can be
achieved by a smaller antenna resulting in the size reduction
of'the antenna. Additionally, in the previous embodiment, the
tail end of the first radiator 310 extends outside the semi-open
region 400 to form a folding portion 311; however, in the
instant embodiment, the folding portion 311 is located in the
semi-open region 400 between the zigzag portion of the first
radiating portion 310 and the branch portion 323 of the sec-
ond radiator 320, as shown in FIG. 8A.

FIG. 9 illustrates a flow chart of a method for manufactur-
ing the wide-band antenna in accordance with one embodi-
ment of the invention. Step 910 includes disposing a first
radiator on a first surface of a substrate. Inan embodiment, the
first radiator is a metal wire or a metal microstrip in other
geometric shapes formed on the first surface and preferably
formed on the first surface by printing. However, in other
embodiments, other methods such as welding or adhering can
be adopted to form the first radiator. Step 920 includes dis-
posing a second radiator on the first surface or a second
surface of the substrate, wherein the second radiator and the
first radiator are spaced apart by a predetermined distance. In
an embodiment, the second radiator is also a metal wire or a
metal microstrip with other geometric shapes and preferably
formed on the first surface or the second surface by printing.
However, in other embodiment, other methods such as weld-
ing or adhering can be adopted to form the second radiator.

Step 930 includes disposing a grounding portion on the
substrate to couple with the second radiator. In one embodi-
ment, the grounding portion is disposed so that the projec-
tions of the second radiator and the grounding portion on the
first surface define a semi-open region, and the first radiator
extends at least partially into the semi-open region. The
grounding portion is preferably formed as a metal slice on the
second surface. However, in other embodiments, the ground-
ing portion can be formed by disposing grounding metal
slices on the first surface and the second surface simulta-
neously and coupling the two metal slices by a conductive
hole in the substrate or by other suitable manners. Moreover,
the first radiator partially extends outside the coverage of the
semi-open region. For space utilization, a portion of the first
radiator extending outside an end of the semi-open region is
bent to form a folding portion which extends toward an end of
the second radiator.

Step 940 includes disposing a signal feeding portion
including a coupling unit. The signal feeding portion couples
with the grounding portion. The coupling unit is disposed on
the second surface and at least partially overlaps the first
radiator. Step 950 includes feeding signals to excite the first
radiator to form a first band mode through coupling effect by
the coupling unit. Step 960 includes enabling the first radiator
to feed signals to excite the second radiator to form a second
band mode through coupling effect. The frequency ranges of
the first band mode and the second band mode partially over-
lap. Because the frequency ranges of the first band mode and
the second band mode partially overlap, the possible wave
peak produced between each mode can be eliminated, and an
operating mode with the overall frequency range can be con-
sidered as a wide-band mode which includes the first band
mode and the second band mode.
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In step 940, in order to make the frequency ranges of the
first band mode and the second band mode partially overlap,
the frequency ranges of the first band mode and the second
band mode can be changed by adjusting the shape, the area, or
other geometry features of the overlap region between the
coupling unit and the first radiator.

In an embodiment, the step 940 includes overlapping the
coupling unit with the first radiator between two ends of the
first radiator to define the first radiator with a first arm and a
second arm on two sides of the coupling unit respectively. The
step 950 includes feeding signals to excite the first arm and
the second arm respectively to form a first sub-band mode and
a second sub-band mode. The frequency ranges of the first
sub-band mode and the second sub-band mode partially over-
lap and together form the first band mode. In other words,
because the frequency ranges of the first sub-band mode and
the second sub-band mode partially overlap, the possible
wave peak produced between each modes can be eliminated,
and an operating mode with the overall frequency range can
be considered as the first band mode which includes the first
sub-band mode and the second sub-band mode.

Furthermore, in this embodiment, in order to adjust the
frequency ranges of the first sub-band mode and the second
sub-band mode, the overlap position between the coupling
unit and the first radiator can be changed by adjusting the
length or other geometry features of the first arm and the
second arm. Furthermore, the impedance matching can be
adjusted by changing the area, the shape, or other geometry
features of the overlap region, the first arm, and the second
arm.

FIG. 10 illustrates a schematic view of the wide-band
antenna in accordance with another embodiment of the inven-
tion. As shown in FIG. 10, the antenna further includes a
coupling radiator 330. The coupling radiator 330 and the
second radiator 320 are disposed on opposite surfaces of the
substrate 100 respectively. For example, in this embodiment,
when the second radiator 320 is disposed on the second sur-
face 120 of the substrate 100, the coupling radiator 330 is
disposed on the first surface 110. Furthermore, the coupling
radiator 330 at least partially overlaps the projection of the
second radiator 320 on the first surface 110. In this embodi-
ment, the coupling radiator 330 is parallel to the branch
portion 323 of the second radiator 320 and has a length across
the substrate 100. The first radiator 310 can be disposed in a
step shape in the semi-open region 400. Besides, the width of
the coupling radiator 330 is preferably larger than or equal to
the width of the second radiator 320 or the branch portion
323. However, in other embodiments, the coupling radiator
330 can be disposed in other manners to produce different
coupling effect.

Since the second radiator 320, the first radiator 310, and the
coupling unit 710 can excite the coupling radiator 330 by
coupling effect, the coupling radiator 330 can produce radia-
tion effect to increase the overall radiation area. Hence, the
impedance matching in a system can be improved through the
employment of the coupling radiator unit 330, and the effi-
ciency is accordingly enhanced.

In the embodiment as shown in FIG. 11, a portion of the
first radiator 310 away from the coupling unit 710 is bent to
form a folding portion 311 within the semi-open region 400.
The folding portion 311 extends parallel to the branch portion
323 of'the second radiator 320. In other words, in this embodi-
ment, the folding portion 311 is also parallel to the coupling
radiator 330. Besides, in an embodiment, the area of the
coupling radiator 330 is smaller than the sum of the areas of
the second radiator 320 and the grounding portion 500. Com-
pared with the embodiment in FIG. 10, the coupling radiator
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330 of FIG. 11 has a larger width and extends outside the
substrate 100 to increase the radiation area.

In the embodiment as shown in FIG. 12, the coupling
radiator 330 includes a main portion 331 and a wing portion
332. As shown in FIG. 12, the coupling radiator 330 is defined
as the main portion 331 and the wing portion 332 which is
bent from the middle in the extension direction. The main
portion 331 connects to the surface of the substrate 100 and at
least partially overlaps the projection of the second radiator
320 on the surface. In this embodiment, the main portion 331
is parallel to the branch portion 323 of the second radiator 320
and flatly disposed on the substrate 100. The wing portion 332
is formed through bending an end of the main portion 331.
Hence, the coupling radiator 330 has an [-shaped cross-
section. An angle is formed between the wing portion 332 and
the substrate 100, and the angle is preferably a right angle.
That is, the wing portion 332 is preferably perpendicular to
the substrate 100. In other words, the wing portion 332
extends out of the surface of the substrate 100 and forms a
three-dimensional structure.

Although the present invention has been described through
the above-mentioned related embodiments, the above-men-
tioned embodiments are merely the examples for practicing
the present invention. What need to be indicated is that the
disclosed embodiments are not intended to limit the scope of
the present invention. On the contrary, the modifications
within the essence and the scope of the claims and their
equivalent dispositions are all contained in the scope of the
present invention.

What is claimed is:

1. A wide-band antenna, comprising:

a substrate including a first surface and a second surface,
wherein said first and second surfaces are opposite to
each other;

a first radiator disposed on said first surface;

a second radiator disposed on either said first surface or
said second surface and spaced apart form said first
radiator by a predetermined distance;

agrounding portion disposed on said substrate and coupled
with said second radiator; wherein the projections of
said second radiator and said grounding portion on said
first surface define a semi-open region, said first radiator
at least partially extends into said semi-open region; and

a signal feeding portion including a coupling unit, said
coupling unit disposed on said second surface and at
least partially overlapping said first radiator; wherein
said signal feeding portion couples with said grounding
portion and feeds signals to excite said first radiator to
form a first band mode through coupling effect by said
coupling unit, and said first radiator feeds signals to
excite said second radiator to form a second band mode
by coupling effect.

2. The wide-band antenna of claim 1, wherein a frequency
range of said first band mode and a frequency range of said
second band mode partially overlap.

3. The wide-band antenna of claim 1, wherein the overlap
region between said first radiator and said coupling unit is
within said semi-open region.

4. The wide-band antenna of claim 1, wherein the area of
said coupling unit is smaller than that of said first radiator.

5. The wide-band antenna of claim 1, wherein said semi-
open region defined by said second radiator and said ground-
ing unit is an elongated region, and said first radiator extends
parallel to said elongated region.
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6. The wide-band antenna of claim 5, wherein said first
radiator extends outside an end of said semi-open region to
form a folding portion, and said folding portion extends
toward said second radiator.
7. The wide-band antenna of claim 1, wherein said second
radiator includes a root portion and a branch portion, an end
of said root portion is connected to said grounding portion,
while the other end is bent to form said branch portion, and
said branch portion, said root portion, and said grounding
portion define said semi-open region.
8. The wide-band antenna of claim 7, wherein said root
portion is disposed in the back-and-forth direction on said
substrate.
9. The wide-band antenna of claim 1, wherein said second
radiator and said grounding portion are disposed on said
second surface.
10. The wide-band antenna of claim 9, wherein the prede-
termined distance between said second radiator and said first
radiator is the thickness of said substrate, and the projections
of said second radiator and said first radiator on said first
surface partially overlaps.
11. The wide-band antenna of claim 1, wherein said second
radiator is disposed on said first surface, said grounding por-
tion includes a first grounding surface and a said second
grounding surface, said first and second grounding surfaces
are disposed on said first surface and said second surface
respectively, said second radiator is connected to said first
grounding surface, and said second grounding surface is elec-
trically connected to said first grounding surface.
12. The wide-band antenna of claim 1, wherein a frequency
range of said first band mode is between 3.3 GHz and 6 GHz,
and a frequency range of said second band mode is between
2.3 GHz and 2.7 GHz.
13. The wide-band antenna of claim 1, wherein said first
radiator includes a first arm and a second arm, said coupling
unit overlaps said first radiator including a part of said first
arm and a part of said second arm, said first arm and said
second arm is fed with signals and excited respectively to
form a first sub-band mode and a second sub-band mode by
coupling effect, frequency ranges of said first sub-band mode
and said second sub-band mode partially overlap and together
form said first band mode.
14. The wide-band antenna of claim 13, wherein a portion
of'the frequency range of said first sub-band mode is between
5 GHz and 6 GHz, and a portion of the frequency range of said
second sub-band mode is between 3.3 GHz and 3.8 GHz.
15. A method for manufacturing a wide-band antenna,
comprising:
disposing a first radiator on a first surface of a substrate;
disposing a second radiator on either said first surface or a
second surface of said substrate to be spaced apart from
said first radiator by a predetermined distance;

disposing a grounding portion on said substrate to couple
with said second radiator, wherein the projections of
said second radiator and said grounding portion on said
first surface define a semi-open region, and said first
radiator at least partially extending into said semi-open
region;

disposing a signal feeding portion including a coupling

unit, said coupling unit disposed on said second surface
and at least partially overlapping said first radiator,
wherein said signal feeding portion is coupled with said
grounding portion;

feeding signals to excite said first radiator to form a first

band mode through coupling effect by the coupling unit;
and
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enabling said first radiator to excite said second radiator to
form a second band mode by coupling effect, wherein
frequency ranges of said first band mode and said second
band mode partially overlap.

16. The method of claim 15, wherein the step of disposing
said signal feeding portion includes adjusting the overlap
region between said coupling unit and said first radiator to
partially overlap the frequency ranges of said first band mode
and said second band mode.

17. The method of claim 15, wherein the step of disposing
said signal feeding portion includes adjusting the shape of the
overlap region between said coupling unit and said first radia-
tor to partially overlap the frequency ranges of said first band
mode and said second band mode.

18. The method of claim 15, wherein the step of disposing
said first radiator includes extending said first radiator outside
said semi-open region to form a folding portion, and said
folding portion extends toward said second radiator.

19. The method of claim 15, wherein the step of disposing
said signal feeding portion includes overlapping said cou-
pling unit between two ends of said first radiator to define the
first radiator as a first arm and a second arm on two sides of
said coupling unit, and wherein the step of forming said first
band mode includes feeding signals to excite the first arm and
the second arm respectively to form a first sub-band mode and
a second sub-band mode, and frequency ranges of said first
sub-band mode and said second sub-band mode partially
overlaps and together form said first band mode.

20. The method of claim 19, wherein the step of defining
said first arm and said second arm includes adjusting the
overlap position between said coupling unit and said first
radiator to change the frequency ranges of said first sub-band
mode and said second sub-band mode.

21. A wide-band antenna, comprising:

a substrate including a first surface and a second surface,
wherein said first and second surface are opposite to
each other;

a first radiator disposed on said first surface;

a second radiator disposed on either said first surface or
said second surface and spaced apart from said first
radiator by a predetermined distance;

a coupling radiator, said coupling radiator and said second
radiator being disposed on opposite surfaces of the sub-
strate respectively, wherein said coupling radiator at
least partially overlaps the projection of said second
radiator on either said second surface or said first sur-
face;
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a grounding portion disposed on said substrate to couple
with said second radiator, wherein the projections of
said second radiator and said grounding portion define a
semi-open region on said first surface, and said first
radiator at least partially extends into said semi-open
region; and

a signal feeding portion including a coupling unit, said

coupling unit being disposed on said second surface and
at least partially overlapping with said first radiator,
wherein said signal feeding portion is coupled with said
grounding portion and feeds signals to excite said first
radiator to form a first band mode through coupling
effect by said coupling unit, and said first radiator feeds
signals to excite said second radiator to form a second
band mode by coupling effect.

22. The wide-band antenna of claim 21, wherein the over-
lap region between said first radiator and said coupling unit is
within said semi-open region.

23. The wide-band antenna of claim 21, wherein said semi-
open region defined by said second radiator and said ground-
ing unit is an elongated region, and said first radiator extends
parallel to the elongated region.

24. The wide-band antenna of claim 21, wherein said first
radiator is bent to form a folding portion in said semi-open
region, and said folding portion extends parallel to said sec-
ond radiator.

25. The wide-band antenna of claim 21, wherein said sec-
ond radiator includes a root portion and a branch portion, an
end of said root portion is connected to said grounding portion
while the other end is bent to form said branch portion, and
said branch portion, said root portion, and said grounding
portion define said semi-open region.

26. The wide-band antenna of claim 25, wherein said cou-
pling radiator is parallel to said branch portion.

27. The wide-band antenna of claim 26, wherein the width
of said coupling radiator is larger than that of said branch
portion.

28. The wide-band antenna of claim 21, wherein the area of
said coupling radiator is smaller than the sum of the areas of
said second radiator and said grounding portion.

29. The wide-band antenna of claim 21, wherein said cou-
pling radiator includes a main portion and a wing portion, said
main portion is connected to said substrate and at least par-
tially overlaps the projection of said second radiator, and said
wing portion is bent from said main portion to form an angle
with respect to the surface of said substrate.
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1
ANTENNA DEVICE AND ANTENNA SYSTEM
UTILIZING SAID ANTENNA DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an antenna device and an
antenna system utilizing said antenna device, and particularly
relates to a wideband antenna that can be hidden in a system
and a wideband antenna system utilizing said wideband
antenna device.

2. Description of the Prior Art

A popular type of a access-point antenna applied to a
wireless wideband router/hub is a dipole antenna with a plas-
tic or rubber sleeve encircling it. The dipole antenna is always
located at one side of an apparatus, and the antenna is exposed
on the case of a product. Such an antenna is prone to be
vandalized, occupies a lot of space and affects the aesthetics,
and it is even worse for a multi-antenna system where there
are more than two antennas. FIG. 1 is a schematic diagram
illustrating a prior art wideband router 100. As shown in FIG.
1, the wideband router 100 includes antennas 101, 103 and
105, but the antennas 101, 103 and 105 are exposed and have
considerable sizes such that the antennas can easily be dam-
aged by external force.

In order to solve these problems, some access-point anten-
nas have been developed to be smaller and at the same time
capable of providing wide bandwidth (2.4~5.8 GHz). For
example, a Taiwan patent with patent number M253071 dis-
closes a “dual-band antenna”, which utilizes a dual-band
access-point dipole antenna structure. The antenna utilizes
two radiating copper tubes to reach the 2.4 and 5 GHz dual-
band operation, and this operation is different from a prior art
single band dipole antenna that utilizes a center conducting
line of the coaxial cable. Additionally, a Taiwan patent
1227953 discloses a “broadband dipole antenna”, which dis-
closes abroadband access-point dipole antenna structure. The
antenna includes two metal sleeves and a radiating metal line.
By controlling the relative positions of both metal sleeves and
the radiating metal line, good impedance matching in the
2.4-5.8 GHz band can be obtained, leading to a wideband
operation. However, for the above-mentioned antennas, there
is still a need for an extra plastic/rubber sleeve to wrap around
the antenna, which causes an increase in the complexity and
antenna cost. Furthermore, such antennas cannot be hidden
inside a wireless wideband router/hub; that is, the antenna
must be external, and therefore the aesthetics of the product
decreases.

Therefore, a new invention is needed to solve the related
problems.

SUMMARY OF THE INVENTION

One objective of the present invention is to provide an
antenna device, which can be formed by bending or consti-
tuting conductive pieces, such that the size of the antenna
device decreases and the fabrication process can be simpli-
fied.

Another objective of the present invention is to provide an
antenna system, which includes a plurality of antenna devices
that can be hidden in a system. Also, the antenna devices are
arranged according to specific rules, improving the commu-
nication efficiency of the antenna system.

One embodiment of the present invention discloses an
antenna device that comprises a first conductive piece, a sec-
ond conductive piece electrically connected to a predeter-
mined voltage level, a third conductive piece electrically con-
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2

nected to the first conductive piece and the second conductive
piece, and a feeding point located on the first conductive
piece.

Another embodiment of the present invention discloses an
antenna system, comprising a supporting base electrically
connected to a predetermined voltage level, and at least one
antenna device located on the supporting base. The antenna
device comprises a first conductive piece, a second conduc-
tive piece electrically connected to the supporting base, a
third conductive piece electrically connected to the first con-
ductive piece and the second conductive piece, and a feeding
point located on the first conductive piece.

With the above-mentioned structures, the lowest operating
frequency of the antenna can be decreased. Also, the size of
the antenna can be reduced, so that the antenna can be hidden
inside the system. Moreover, the antenna devices mentioned
above can be formed by stamping or cutting a single metal
plate, further decreasing manufacture cost.

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

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram illustrating a prior art wide-
band router.

FIG. 2 is a perspective view of an antenna device according
to a first embodiment of the present invention.

FIG. 3 is an expanded view of an antenna device according
to a first embodiment of the present invention.

FIG. 4 is an expanded view of an antenna device according
to a second embodiment of the present invention.

FIG. 5 is an expanded view of an antenna device according
to a third embodiment of the present invention.

FIG. 6 illustrates an antenna system according to an
embodiment of the present invention.

FIG. 7 illustrates the reflection coefficient and isolation
coefficient of an antenna device according to an embodiment
of the present invention.

FIG. 8 illustrates a measured 3-D radiation pattern of an
antenna device according to an embodiment of the present
invention.

FIG. 9 illustrates the measured peak antenna gain and
radiation efficiency of an antenna device according to an
embodiment of the present invention.

DETAILED DESCRIPTION

FIG. 2 is a perspective view of an antenna device 200,
which is also named a radiating device, according to a first
embodiment of the present invention. As shown in FIG. 2, the
antenna device 200 according to a first embodiment of the
present invention includes a first metal piece 201, a second
metal piece 203, a third metal piece 205 and a feeding point
207. The first metal piece 201 includes a bending part 209.
The second metal piece 203 is electrically coupled to ground
(i.e., a predetermined voltage level). The feeding point 207 is
located at the first metal piece 201. FIG. 3 is an expanded view
of'an antenna device 200 according to a first embodiment of
the present invention. Please jointly refer to FIG. 2 and FIG.
3 to understand the antenna device structure according to
embodiments of the present invention.

In this embodiment, the bending part 209 separates the first
metal piece 201 into a first part 211 and a second part 213. The
second metal piece 203 is substantially parallel to the first part
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211 and is substantially perpendicular to the second part 213.
Also, the first metal piece 201 includes a first side 214 and a
second side 215, wherein the first side 214 is electrically
connected to the third metal piece 205, and the second side
215 is toward the second metal piece 203 but is not electri-
cally connected to the second metal piece 203. The feeding
point 207 is located on the second side 215. Additionally, a
material 217, which has a dielectric constant substantially
equal to that of the air in one embodiment, can be provided
between the first metal piece 201 and the second metal piece
203. Furthermore, the third metal piece 205 is electrically
connected to a part of the first metal piece 201 and a part of the
second metal piece 203. That is, a length L, of the third metal
piece 205 is smaller than a length L, of the first metal piece
201 and a length [, of the second metal piece 205. Further-
more, the second metal piece 203 and the third metal piece
205 are formed by stamping or cutting a single metal plate,
decreasing the cost of manufacture. Additionally, a distance
between the first side 214 and the second side 215 (i.e., the
sum of a width w of the antenna device and a height of the
second part 213) is determined according to a lowest operat-
ing frequency of the antenna device.

Furthermore, a distance between the bending part 209 and
the second side 215 (i.e., the height h of the second part 213)
substantially determines the impedance matching of the
antenna device 200 over the operating bandwidth.

It should be noted that the above-mentioned description is
only an example and does not mean to limit the scope of the
present invention. For example, FIG. 4 is an expanded view of
an antenna device according to a second embodiment of the
present invention, and the first metal piece 201 is a U-shaped
metal piece in FIG. 4 instead of a rectangle shown in FIG. 3.
Additionally, FIG. 5is an expanded view of an antenna device
according to a third embodiment of the present invention, and
the first metal piece 201 is a ring shaped metal piece in FIG.
5. Besides, in the above mentioned FIG. 2 to FIG. 5, the metal
piece 201 can include other numbers of bending parts (0 or
more than one) instead of just one bending part. Additionally,
the structural relation of the third metal piece 205 relative to
the first metal piece 201 and the second metal piece 203 is not
limited to that shown in FIG. 2 and FIG. 3. For example, the
third metal piece 205 can be moved to the location X, as
shown in FIG. 3, and the embodiments shown in FIG. 4 and
FIG. 5 can have the same or similar variations. Also, other
conductive materials can substitute first, second and third
metal pieces to reach the same function. Persons skilled in the
art can amend the structures of the antenna device according
to the disclosure of the present invention to reach the same
function. Such variations should also fall in the scope of the
present invention.

FIG. 6 illustrates an antenna system 600 according to an
embodiment of the present invention. As shown in FIG. 6, the
antenna system includes a supporting base 601 and a plurality
of antenna devices 603, 605 and 607, wherein the structures
of the antenna devices 603, 605 and 607 are as shown in FIG.
2 to FIG. 5. In this embodiment, the supporting base 601 is a
circle metal piece coupled a ground level (i.e. a predeter-
mined voltage level). Additionally, the antenna devices 603,
605 and 607 are located on the supporting base 601 and are
substantially equidistant from each other, and the third con-
ductive piece 205 of the antenna device faces a geometric
center (the center of the circle in this embodiment) of the
supporting base 601, thereby decreasing the port isolation
among the antenna devices 603, 605 and 607. Furthermore,
the second metal piece 203 of the antenna devices 603, 605
and 607 is electrically connected or coupled to the supporting
base 601. It should be noted that the figures and the descrip-
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tion shown in the antenna system 600 according to the
embodiment of the present invention are only examples and
are not meant to limit the scope of the present invention. For
example, the antenna device does not necessary need to be
located at the supporting base, and can be located on the
computer chassis to be connected to ground. Also, the sup-
porting base 601 is not limited to being a circle metal piece,
and the arrangement of the antenna devices is not limited to
being as shown in FIG. 6.

FIG. 7 illustrates the reflection coefficient S, ; and isolation
coefficient S,, of the antenna device according to an embodi-
ment of the present invention. Bands 1, 2, and 3 represent the
WLAN and/or WiMAX bands of 2400-2690 MHz, 3400-
3800 MHz, and 5150-5850 MHz, respectively. From FIG. 7,
it is clear that the obtained —10 dB impedance bandwidth
easily covers the entire band of 2400-5850 MHz, which meets
the required operating bandwidth for WLAN and/or WiMAX
operation. Furthermore, the isolation coefficient S, remains
under —20 dB over the operating band.

FIG. 8 illustrates a measured 3-D radiation pattern of an
antenna device according to an embodiment of the present
invention. As shown in FIG. 8, the radiation patterns of the
antenna system of the present invention are very similar, with
no non-signal region, and are of omnidirectional characteris-
tics. ABC . . . O indicate different field intensities, and FIG. 8
illustrates the distribution of the field intensity.

FIG. 9 illustrates the measured peak antenna gain X, and
radiation efficiency X, of an antenna device according to an
embodiment of the present invention. As shown in FIG. 9, the
peak antenna gain X, is about 2.4, 2.5 and 3.6 dBi over the
Bands 1, 2, 3, respectively. Also, the radiation efficiency X,
exceeds about 73% over the WLAN and WiMAX bands.

The meaning and measuring method of the parameters
shown in FIGS. 7 to 9 are well known to persons skilled in the
art, and it is thus omitted for brevity. From these figures, it is
apparent that the antenna device and system according to the
present invention have superior advantages and is a novel
invention.

With the above-mentioned structures, the lowest operating
frequency of an antenna decreases. Also, the size of an
antenna is reduced, so that the antenna can be hidden in the
system. The above mentioned antenna devices can also be
formed by stamping or cutting a single metal plate, decreas-
ing the manufacture cost. Furthermore, good port isolation
and wideband operation with good impedance matching can
be obtained.

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

What is claimed is:

1. An antenna device, comprises:

afirst conductive piece, including at least one bending part,

a first side, and a second side;

a second conductive piece, electrically coupled to a prede-

termined voltage level;

a third conductive piece, electrically connected to the first

conductive piece and the second conductive piece; and

a feeding point, located on the first conductive piece;

wherein the bending part separates the first conductive

piece into a first part and a second part, where the second
conductive piece is substantially parallel to the first part
and is substantially perpendicular to the second part, the
first side is electrically connected to the third conductive
piece, and the second side is toward the second conduc-
tive piece but not electrically connected to the second
conductive piece, where the feeding point is located at
the second side.
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2. The antenna device of claim 1, wherein a distance
between the first side and the second side is determined
according to a lowest operation frequency of the antenna
device.

3. The antenna device of claim 1, wherein the third con-
ductive piece is electrically connected to a part of the first
conductive piece and a part of the second conductive piece.

4. The antenna device of claim 1, wherein the second
conductive piece and the third conductive piece are formed by
stamping or cutting a single metal plate.

5. The antenna device of claim 1, wherein a material with
a dielectric constant substantially equal to that of air is pro-
vided between the first conductive piece and the second con-
ductive piece.

6. The antenna device of claim 1, wherein the first conduc-
tive piece is rectangular, circular, or U-shaped.

7. An antenna system, comprising:

a supporting base, electrically coupled to a predetermined

voltage level; and

at least one antenna device, located on the supporting base,

comprising:

a first conductive piece, including at least one bending
part, a first side, and a second side;

a second conductive piece, electrically coupled to the
supporting base;

a third conductive piece, electrically connected to the
first conductive piece and the second conductive
piece; and

a feeding point, located on the first conductive piece;

wherein the bending part separates the first conductive
piece into a first part and a second part, where the
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second conductive piece is substantially parallel to
the first part and is substantially perpendicular to the
second part, the first side is electrically connected to
the third conductive piece, and the second side is
toward the second conductive piece but not electri-
cally connected to the second conductive piece, where
the feeding point is located at the second side.

8. The antenna system of claim 7, wherein the third con-
ductive piece of the antenna device faces a geometric center
of the supporting base.

9. The antenna system of claim 7, wherein the antenna
system includes a plurality of antenna devices, and the
antenna devices are located on the supporting base and are
equidistant from each other.

10. The antenna system of claim 7, wherein a distance
between the first side and the second side is determined
according to a lowest operating frequency of the antenna
device.

11. The antenna system of claim 7, wherein the third con-
ductive piece is electrically connected to a part of the first
conductive piece and a part of the second conductive piece.

12. The antenna system of claim 7, wherein the second
conductive piece and the third conductive piece are formed by
stamping or cutting a single metal board.

13. The antenna system of claim 7, wherein a material with
a dielectric constant substantially equal to that of air is pro-
vided between the first conductive piece and the second con-
ductive piece.

14. The antenna system of claim 7, wherein the first con-
ductive piece is rectangular, circular or U-shaped.

#* #* #* #* #*
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1
ANTENNA CONFIGURATIONS FOR
COMPACT DEVICE WIRELESS
COMMUNICATION

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Patent Application No. 60/967,449, filed on Sep. 4, 2007,
entitled “Antenna Systems”, the disclosure of which is hereby
incorporated by reference for all purposes.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to antennas for use with portable and
other computing devices, such as laptop computers. More
specifically, it relates to antennas that may be part of remov-
able components such as PCMCIA (personal computer
memory card international association) cards or the like that
provide wireless communication to the computing devices.

2. Description of the Related Art

Some computing devices, such as laptop computers, may
not be manufactured with wireless communication capabil-
ity. Rather, some of these devices may have slots or similar
coupling locations into which wireless communication
devices may be mated to provide the host computing device
with wireless capability. The wireless communication device
can be for example a PCMCIA (personal computer memory
card international association) card, and can include a trans-
ceiver and other circuitry coupled to an antenna and matable
with the host device to provide wireless communication capa-
bility thereto. While explained herein in terms of a laptop
computer as the host device, and a PCMCIA card as the
wireless communication device, it will be appreciated that the
invention is not so limited, and other host devices, such as
PDAs and desktop computers, and other wireless communi-
cation devices for establishing wireless communication
through a cellular network or through Bluetooth, WiFi and
other types of wireless links and channels are also contem-
plated.

Diversity antennas used with wireless communication
devices, especially portable and mobile devices, are very
beneficial in improving the quality of the received signal in a
wireless communications receiver. Typical diversity antenna
systems consist of a main antenna and a diversity antenna,
although there could be more than one diversity antenna. The
initial benefit of diversity comes from the de-correlation of
the fading between two separate antenna systems. The anten-
nas can be spatially separated and/or use orthogonal polar-
izations (i.e. vertical and horizontal polarizations, right and
left circular polarization, etc.) During a fade, the signal
strength is degraded to the point that long error bursts occur in
the received signal, severely degrading the overall received
radio throughput, amongst other degradations. Diversity
helps alleviate this problem by having two antennas separated
in space and/or polarization, providing two nearly indepen-
dent receive signal channels or paths which do not experience
fades in the same way (that is, they are de-correlated). Thus
while one antenna may experience a deep fade the other
antenna may be within 3 dB of its nominal signal level. The
result of this is that links with rapid fading that can go -15 dB
or more below the average signal strength in a fade on a single
channel system (non-diversity) but may be reduced to only -4
dB or -5 dB below the average signal strength with diversity
on a statistical basis. In this example, diversity would provide
an effective gain of 11 dB to 10 dB. Thus the reduced loss of
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signal prevents the channel from being dropped far less fre-
quently than it would with a single deep fading channel.
Typically the diversity antenna may be separated by as little as
one eighth of a wavelength and still experience a significant
gain over a single channel non-diversity antenna.

FIG. 1a shows a simple two antenna diversity system used
ona PCMCIA (personal computer memory card international
association) card 10 in a laptop computer 12, in which two
vertical dipoles or monopoles (11 and 13) are employed. In
FIG. 15, an orthogonal dipole/monopole configuration is
shown that uses a vertical monopole/dipole 14 with horizon-
tal monopole 15 disposed normal to the side of the laptop
case. In FIG. 1¢, the horizontal monopole is replaced with a
PIFA (Planar Inverted-F Antenna) style antenna 17 and a
vertical antenna 16. Both the PIFA and the horizontal mono-
pole use the laptop case as the “counterpoise” for the associ-
ated antenna system. An “antenna counterpoise” is a virtual
ground for balancing the currents in the antenna by establish-
ing a zero reference potential for feeding the active antenna
element. It can be any structure closely associated with (or act
as) the ground which is connected to the terminal of the signal
receiver or source opposing the active antenna terminal, (that
is, the signal receiver or source is interposed between the
active antenna and this structure). The “antenna counter-
poise” may be directly, capacitively or inductively coupled to
the surrounding ground plane if there happens to be one there.

One of the main disadvantages of these sample diversity
systems is the generally poor isolation between the antennas,
sometimes as low as a few dB but typically only 6 dB. With
diversity isolations greater that 10 dB being preferred, con-
sideration may be given to improved orthogonality between
these antennas to increase the diversity isolation. Higher
diversity isolation essentially means less correlation between
the separate antennas and therefore a reduced probability of
destructive interference or fading.

Another consideration is the interactions between a dipole
like-antenna and an orthogonal dipole/monopole with a sub-
stantially symmetrical geometry normal to the main dipole
length vector. Small form factor wireless communications
devices, such as PCMCIA cards, provide very limited exter-
nal space to include antennas with high efficiency, wide band-
width, multiple bands and diversity all at the same time. This
tight space constraint results in interaction between the vari-
ous antenna elements, even if the antennas have good isola-
tion between the selected paths or “ports.” This is further
complicated by the interaction between the various antenna
systems and the computer or platform to which the card is
mated.

Thus one consideration is the fabrication of a high perfor-
mance main and diversity antenna system for use in a PCM-
CIA card, with the aim of achieving good antenna efficiency
with high isolation between the main and diversity antennas
and high isolation between the main antenna and the radiated
self-noise from the host device (for example lap top com-
puter), while maintaining an acceptable industrial design (ID)
appearance. These results are ultimately reflected in the Total
Isotropic Sensitivity (TIS) and Total Radiated Power (TRP)
performance of the antenna.

Optimum dipole location for minimum laptop self-noise is
another consideration. Laptop computers have traditionally
been designed primarily for user computer functionality and
conformity with FCC part 15 regulations. In more recent
times, functionality has been expanded to include wireless
network connections such as cellular communications and
WiFi. Since the FCC part 15 requires only radiated noise
limitations, the issue of self-noise for added or integrated
wireless network solutions has not been considered. Conse-
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quently, while compliance with FCC part 15 has been
achieved, there are high levels of RF surface currents and RF
voltage antinodes all over laptop computers. Furthermore,
laptop computers now can have prescribed locations at which
PCMCIA cards and similar devices can be added after-mar-
ket, and these locations have become the location for accom-
modating wireless solutions. The concern is that self-RF
noise generated or reaching in these locations de-senses the
receiver part of the transceiver. Radiation in the PCMCIA slot
regions may be substantially vertically polarized, and con-
duction currents from the laptop chassis generate conduction
noise into antenna structures, such as the traditional mono-
pole, that use the chassis as the substantial counterpoise for
the antenna. This latter case can be the main mode of self-
noise for PCMCIA-based wireless modems. The lowest noise
is generated in the region of the PCMCIA slot in the E-field
direction parallel to the long edge of the slot opening in the
laptop.

FIGS. 12a-12¢ show a typical laptop computer with a
PCMCIA or other PC card slot 1201 in the side wall of the
laptop 1200. The electric fields Ex, Ey and Ez are shown as
indicated. FIGS. 126 and 12¢ show conventional antenna
configurations as currently employed. The extension of the
PCMCIA card 1206, 1206' outside of the slot is shown. In
FIG. 2b, the antenna 1207 is in the form of a typical monopole
antenna that uses the laptop chassis as its counterpoise, and
the antenna 1208 is in the form of a vertical antenna that can
be a monopole that uses the chassis as its counterpoise, or the
antenna could be made longer and configured as an end-fed
dipole that is only weakly coupled into the chassis. Antenna
1209 is in the form of a PIFA (Planar Inverted-F Antenna).
This style of antenna excites currents and voltage antinodes in
the associated ground plane, which acts as a counterpoise to
the PIFA. Put simply, the PIFA is a wide monopole that
excites the ground plane.

With the exception of the end-fed dipole antenna, all of the
antennas of FIGS. 12a-12¢ suffer from conducted RF noise
from the chassis or ground plane of the computer. The end-fed
dipole operates best when excited at a low impedance point
on the ground plane or chassis. Since this dipole antenna is
end-fed, it represents a very high impedance to the ground
plane and hence reduces the conducted noise to the dipole.

Optimum dipole location and shape for maximum band-
width in a small volume is another consideration. Almost all
laptop computers today have at least one slot available for
mating a PCMCIA card or similar device to the laptop com-
puter. The extent of the projection of a PCMCIA card outside
the slotin the side of the laptop is primarily limited by aggres-
sively small industrial design (ID) constraints that have little
concern for the needs of RF antenna functionality. Additional
constraints are imposed by the mechanical enclosure and its
requirements for welding line wall thickness and studs and so
forth.

The size of an antenna enclosure has the greatest influence
on the antenna performance at the lowest required operating
frequency. For an ideal fat dipole the optimum length is
0.45)., with A being the wavelength of the interest. However,
for cell-phone applications, adequate performance can be
achieved with top-loaded dipoles or fat dipoles with a length
as short as 0.30A. Antennas as short as 0.125A require signifi-
cant top-loading and often require sophisticated matching
circuits to achieve the necessary bandwidth.

In addition, the location of a dipole antenna near a signifi-
cant ground plane also impacts the bandwidth and perfor-
mance ofa dipole antenna. By way of example, a Yagi antenna
requires a minimum separation of reflector from the driven
element (typically a dipole) of 0.04A. The optimum separa-
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tion is 0.15A to 0.25A with adequate performance as close as
0.09A. As the separation decreases below 0.25A, the front to
back ratio decreases to unity and the bandwidth also
decreases.

By way of example, Novatel™, in the C110 Type II PCM-
CIA card, uses a Yagi style antenna with the ground plane of
the PCMCIA card as the reflector, a balun-fed dipole, and a
director in order to operate above 1.90 GHz in a cellular
application. The spacing between elements is nominally at
the minimum of 0.04A as a result of needing to fit within an
overall length of 22 mm. This antenna is integral with the
main PCB (printed circuit board) and requires no external
antenna components. The folded nature of the antenna ele-
ments reflect the struggle to achieve a match even at this high
frequency, let alone attempting a solution at 0.824 GHz. The
very nature of this three-element Yagi design renders a 0.824
GHz solution extremely inefficient and/or limited bandwidth.

Optimum dipole location and style for minimum specific
absorption rate (SAR) in a small volume is yet another con-
sideration. SAR is a direct measure of the amount of RF
power absorbed into human tissue due to a transmitting
device in close proximity to it. This is a particularly important
mobile phone issue as the transceivers of the device are
employed in close proximity to the operator’s head. The
required standards and conditions for the measurement of
SAR are defined and regulated by the FCC. There are several
basic approaches to SAR reduction:

1. Reduce the radiated RF power

2. Place a screen between the radiator and the tissue

3. Place a resonant reflector between the radiator and the

tissue

4. Use an antenna design with a significant front-to-back

ratio, pointing the null towards the tissue.

5. Increase the separation distance between the radiator and

the tissue

6. Spread out the surface current more over the radiator,

particularly close to the radiator feed point in the case of
a dipole or a monopole.

While these seem like simple remedies they each come
with a cost, and a trade-off is required that usually impacts
either industrial design (ID) and/or antenna and system per-
formance.

Most traditional PCMCIA or PC cards are designed with a
single PCB in mind, with antenna assemblies added to the
outside edge of the card. The antenna elements typically
comprise monopole antennas, whip antennas or PIFA (planar
inverted-F antenna) antennas. Some use a coplanar dipole as
the radiator, but this has been the choice of expedience of
parts and of having a minimum vertical profile. This latter
application, ifused at all, has mostly beenused at 1.8 GHz and
above, due the unacceptable size of the antenna at lower
frequencies such as 850 MHz.

The SAR “hot spot” most typically occurs close to, if not
directly under, the feed point for the antenna. FIG. 15a shows
a normal monopole 1501 used in a PCMCIA card 1520 in a
laptop computer 1500. The antenna feed point 1502 is at the
intersection point between the laptop 1500 case and the
monopole 1501. Directly below this point and in the near
surface of the tissue of the operator is where the “hot spot”
1503 will usually be found. The same result occurs for a whip
antenna, whether normal or vertical at the feed point. The use
of a standard dipole 1504 is shown in FIG. 1554, with its
associated SAR “hot spot” at 1505 beneath the dipole. In
some cases a Yagi antenna can be used in lieu of the dipole, to
achieve some SAR reduction.

Inductive coupling between the antenna assembly and the
printed circuit board (PCB) is another consideration. In some
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situations, it may be desirable to use such inductive coupling.
An inductive coupling arrangement can be useful with air
core transformers having only a few turns on both primary
and secondary sides, for instance. However, such air-cored
transformers have significantly more flux leakage than a high
Mu ferrite-cored transformer. This flux leakage constitutes
the uncoupled magnetic flux that does not pass through both
coils. The consequence of this leakage is to produce an
uncoupled inductance called leakage inductance. This acts in
series with both the primary and secondary sides of the trans-
former, whereas the common inductance is called the mutual
inductance and accounts for the magnetic field that is
accepted by both sides of the transformer. While the leakage
inductance is often perceived as loss, it is in fact conservative
and can be cancelled out by using series capacitance or shunt
capacitance. The main issue is that if the leakage (uncoupled)
inductance exceeds the mutual inductance, the capacitive tun-
ing required will result in a narrower band coupling.

The simplest design rule to minimize the flux leakage is to
widen the trace width and to push the two windings as close
together as possible. Once the gap-to-width ratio drops below
0.2, the leakage inductance becomes much less that the
mutual inductance.

An advantage of the use of inductive coupling is that it
simplifies the interconnection between two RF circuits,
which, in the case of an antenna assembly, is between the PCB
containing the bulk of the circuitry and the FPCB (flexible
printed circuit board) of the antenna element(s). The induc-
tive coupling eliminates the need for direct soldering, coaxial
connection, zif sockets or pogo pins, etc. The perceived dis-
advantage is the leakage inductance and the size of the cou-
pling loops, which is directly related to the maximum oper-
ating wavelength.

Reference is first made to FIG. 164, in which conventional
arrangement in which a balun 1601 on a main PCB 1630 is
used to drive the antenna (not shown) or other balanced
device in a differential manner. Balun 1601 is connected
directly to a balanced antenna feed system 1603 via a gap port
1602. This interconnect is typically soldered, RF connected,
pogo pinned, zif connected or facilitated by some other
mechanical device or means (not shown). Next, in FIG. 165,
there is shown a conventional arrangement in which the con-
nection of a dipole 1606 is via a feed line 1605 to a balun
1604. The balun is disposed on PCB 1630'. The gap exists at
the balun-to-feed system transition. This gap can be coupled
to the RF system by micro-strip or strip-line across the gap.
The balun 1604 is made large enough to establish an adequate
amount of inductive reactance so that the system does not
become too low in impedance.

Dual band gap split duplexer and/or matching is also a
consideration. Balanced RF feed systems are often a conse-
quence of symmetrical RF modules such as antennas, mixers,
differential/push pull amplifiers, coplanar waveguides and
other such devices. Solutions as described herein are appli-
cable to all these areas, even thought the principle focus is for
antenna applications and balun structures including induc-
tive/transformer coupling.

With reference to FIGS. 17a-17¢, conventional gap port
feed systems are described. In FIG. 174, it is gap 1702 across
a balun 1701; in FIG. 175, it is in a notch 1704 of a notch
antenna 1703; and in FIG. 17¢ it is across the central region of
a closed end slot 1706 of a notch antenna 1705.

The gap port defines the excitation region of the selected
balanced RF system. The gap port is the subject of the tran-
sition from the balanced to the unbalanced RF circuit that
needs to be connected to the antenna/balun. It should be
understood that the edge opposite to the gap on the balun may
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be connected to a large or larger ground plane on which the
RF circuits reside and still maintain the balanced/symmetri-
cal condition. The balance remains as long as the attached
ground plane is attached symmetrically to the balun even if it
connects to the two adjacent sides as well.

FIG. 174 is an isometric view showing how a slot (or gap)
1708 in a ground plane is typically connected into a strip line
1709 feed system in an antenna system 1707. In the system
1707, the strip line 1709 connects to the opposite side of the
gap/slot from where the line came from. In the side view of
FIG. 17e, it is seen where the slot 1708 is coupled in a short
circuit to the strip line 1709 at a point 1713 opposite on the
slot. A similar configuration is shown in FIG. 17/, but in this
case the strip line 1709' passes across the slot 1708' and
beyond it by a distance of one quarter of a wavelength, ending
in an open circuit. This well-practiced principle in strip line
RF design shown in FIG. 17f effectively achieves a short
circuit as in the location 1713 in FIG. 17e without the neces-
sity of a direct electrical connection. This methodology finds
its greatest use for the excitation of slot or notch antennas and
also for the excitation of patch on slot antennas.

BRIEF SUMMARY

As disclosed herein, a duplex antenna system includes first
and second antenna portions that are at least partially sepa-
rated by a gap, a first feed line coupled to the first antenna
portion, the first feed line being overlapped by the gap and the
second antenna portion, and a second feed line coupled to the
second antenna portion, the second feed line being over-
lapped by the gap and the first antenna portion.

As disclosed herein, a wireless communication device is
configured to provide wireless communication to a host
device when disposed in a mated position with the host
device. The wireless communication device includes a trans-
ceiver, a controller in communication with the transceiver,
and a modem in communication with the controller. The
wireless communication device further includes a duplex
antenna system for providing dual-band operation to the
wireless communication system, the duplex antenna system
including first and second antenna portions that are at least
partially separated by a gap, afirst feed line coupled to the first
portion, the first feed line being overlapped by the gap and the
second portion, and a second feed line coupled to the second
portion, the second feed line being overlapped by the gap and
the first portion.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

In the drawings:

FIGS. 1a-1c are schematic views of various known diver-
sity antenna configurations.

FIGS. 2a-2¢ show three sets of balanced symmetrical
antenna systems that are orthogonal.

FIGS. 3a-3d show various diversity antenna configura-
tions.

FIG. 4a shows a high isolation diversity antenna.

FIG. 44 is a schematic diagram depicting the magnetic
potential flow of the antenna system of FIG. 4a.

FIG. 4¢ is another view of the diversity antenna of FIG. 3a,
showing in addition the polarization directions involved.

FIGS. 5a and 56 show two configurations of split diversity
antennas.

FIG. 6a is a schematic diagram showing the use of a power
splitter.
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FIG. 65 is a schematic diagram illustrating a circuit equiva-
lent of a Wilkinson power splitter.

FIG. 6c¢ is a schematic diagram showing a splitter with odd
mode matching that provides optimum matching for a dual
band application.

FIGS. 7a-7b show a PCMCIA card including a diversity
antenna.

FIGS. 8a-8b show the details of an antenna assembly for
use in the PCMCIA card of FIGS. 7a-7b or the like.

FIGS. 9a-95 show further details of an antenna assembly
for use in the PCMCIA card of FIGS. 7a-7b or the like.

FIGS. 10a-105 show details of an inductive coupling
scheme.

FIGS. 11a-11b show details of an antenna assembly
including details of the diversity antenna and circuit compo-
nents associated therewith.

FIGS. 12a-12¢ show a laptop compute and various prior art
antenna configurations for use therewith.

FIGS. 12d-12f are isometric views relating to optimum
antenna placement in a PC card mated to a laptop computer.

FIGS. 13a-13¢ and 14a-14d are isometric views relating to
optimum dipole antenna placement in a PC card mated to a
laptop computer.

FIGS. 15a-155 are isometric views showing hotspot loca-
tions for pc cards in use in a laptop computers to which they
are mated.

FIGS. 15¢-15¢ show pc cards in which portions of the
antenna assembly and/or pc card housing are raised to reduce
hotspots.

FIGS. 16a-165 show conventional balun type feeds.

FIGS. 16¢-16/ show various inductive coupling configura-
tions.

FIGS. 17a-17f show various prior art feed configurations
for gap antennas.

FIGS. 18a-18c¢ relate to various feed configurations for a
duplex antenna application.

FIGS. 19a-195 relate to various matching configurations
possible for the duplex antenna application.

FIGS. 20a-20/ show various matching elements that can
be used.

FIG. 21 shows a duplexer antenna with a balun feed.

FIG. 22 is a prior art block diagram of a pc card or the like.

DETAILED DESCRIPTION

The description herein is provided in the context of antenna
configurations for compact device wireless communication.
While explained in terms of a laptop computer as a host
device, and a PCMCIA or similar PC card as the wireless
communication device, it will be appreciated that the inven-
tion is not so limited, and other host devices, such as PDAs
and desktop computers, and other wireless communication
devices for establishing wireless communication through a
cellular network or through Bluetooth™, WiFi™ and other
types of wireless links and channels are also contemplated.
Moreover, the principles of the invention are not restricted to
communication devices that are designed to mate with host
devices to provide wireless capability thereto, but are more
generally applicable to cellular telephones, two-way radios,
and other self-contained wireless communication devices
that may be equipped with their own antennas or antenna
systems.

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

Inthe interest of clarity, not all of the routine features of the
implementations described herein are shown and described. It
will, of course, be appreciated that in the development of any
such actual implementation, numerous implementation-spe-
cific decisions must be made in order to achieve the develop-
er’s specific goals, such as compliance with application—and
business-related constraints, and that these specific goals will
vary from one implementation to another and from one devel-
oper to another. Moreover, it will be appreciated that such a
development effort might be complex and time-consuming,
but would nevertheless be a routine undertaking of engineer-
ing for those of ordinary skill in the art having the benefit of
this disclosure.

With reference to FIG. 22, a block diagram of a wireless
communication device 200 such as a PCMCIA card or other
PC card is shown. As explained herein, wireless communica-
tion device 2200 can be mated with a host device, such as a
laptop computer or the like, to provide wireless communica-
tion capability thereto. The basic components of wireless
communication device 2200, whose functions are well
known and do not warrant a detailed explanation here, include
a modem circuit 2201, a radio control circuit 2203 and a
transceiver circuit 2205. Generally, radio control circuit 2203
can be in the form of a processor or the like and serves
functions such as control of various components and their
interactions, decoding of speech signals, and so on. The trans-
ceiver circuit 2205 may serve functions such as a multiplex-
ing/demultiplexing signals to and from antenna system 2207.
Modem circuit 2201 may be responsible for functions such as
coding/decoding of data and transmitting same to or from the
host device. Also included in wireless communication device
2200 is an antenna or antenna system 2207, whose function is
to receive and/or transmit wireless signals over one or several
RF frequency bands. The antenna system 2207 can have any
of multitude configurations, depending on the application, as
detailed below.

In the case of a diversity antenna system using two anten-
nas, improved orthogonality between the diversity antennas
can be achieved by using two orthogonal symmetrical and/or
balanced antennas. FIGS. 2a-2¢ show three sets of balanced
symmetrical antenna systems that are orthogonal. These are
antenna system 21 comprising a balanced dipole with a top
loaded normal monopole (FIG. 2a), antenna system 23 com-
prising a balanced dipole with differential and common mode
feeds (FIG. 2b), and antenna system 25 comprising dual
orthogonal notched antennas (FIG. 2¢). In the first two cases
(21 and 23), the main antenna is a balanced dipole 24 excited
through a symmetrical balun 26. A balun (balance-unbal-
ance) is a device designed to convert between balanced and
unbalanced electrical signals, such as between coaxial cable
and ladder line. Baluns can be considered as simple forms of
transmission line transformers. In the third case (25), a sym-
metrical and balanced notch antenna 30 is used as the main
antenna. In all three cases the main antenna extends in a
direction parallel to the top face 18 and parallel to the side face
19 of the laptop host device 27 from which the PCMCIA
(personal computer memory card international association)
card extends.

It will be appreciated that in antenna systems the division
of'areceiving structure into “antenna” and “feeder” is to some
extent arbitrary. Typically, the feeder conveys received power
from the structure to the receiver component. If this is per-
formed by means of a transmission line, possibly twin bal-
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anced feeder lines or coaxial cable, or by means of
waveguide, the metal of the feeder structure must pass
through the near field region of the antenna proper, thus
modifying the antenna currents and hence the properties of
the otherwise isolated antenna. In a balanced antenna receiv-
ing structure formed from dipoles or collections of dipoles,
the instantaneous voltages on the two arms of the dipole can
be resolved into two types of modes, differential (odd) and
common (even) with respect to the dipole center of symmetry
and to objects at large distances. The radiation properties of
the antenna elements when fed in common mode will be quite
different from those when fed in differential mode. If such an
antenna is fed from an unbalanced feeder (coaxial cable, for
instance) then there will be a mixture of these modes excited
depending on how the feed is connected to the antenna struc-
ture. Objects in the near field of the antenna, which do not
preserve the symmetry of the antenna structure, may also
unbalance the antenna and give rise to coupling between the
odd and even modes and will therefore distort the antenna
pattern and balance.

An important example of the effects of unbalance in radi-
ating systems may be seen in the PC card form factor wireless
device plugged into a laptop computer platform, which typi-
cally consists of a metal frame surrounded by a plastic shell.
In this situation, the laptop computer platform takes the place
of'a ground plane to a large extent. The antenna is therefore
primarily a monopole in relation to this “ground plane”. How-
ever, there will be currents flowing on the laptop computer
surfaces (in particular, the metallic surfaces inside the lap-
top), which will contribute to the radiation properties. There
is usually only capacitive coupling from the antenna(s) of the
wireless device antenna to the laptop, and indeed, the laptop
may be placed on an insulating dielectric surface (wood table
for example), in which case the antenna elements may be
balanced by the equivalent length of the case containing con-
ducting material. In this case the radiating structure looks
more like a dipole. In a typical antenna installation, the
receiving element is a balanced dipole. Very often the feed is
an “unbalanced” coaxial cable; reflections at the feed-dipole
junction will give rise to currents flowing along the outside of
the coaxial cable braid. This contributes to the radiation, and
the polarization sensitivity may be altered from the orienta-
tion of the dipole elements. It also affects the radiation pattern
and the positions of the nulls. The problem can be addressed
with the provision of a balun (balance to unbalance trans-
former).

Returning to FIGS. 2a-2¢, the diversity antenna 31 consist-
ing of elements 32 and 34 shown in FIG. 24 is center fed from
the ground plane directly below using the common mode feed
36. Since this top loaded diversity antenna 31 is common
mode fed, the currents flow down the two arms (32 and 34) in
an opposite sense in the direction horizontal and parallel to
the computer case. This results in zero effective current flow-
ing in this direction due to the feed used. Thus there can be no
coupling between the main dipole antenna 24 and the com-
mon mode feed point 36 so long as the symmetry is main-
tained. There is, however a net current flowing in the two arms
32 and 34 in the direction normal to the computer laptop case.
This current does flow into the common mode feed system 36
and uses the computer case as its counterpoise. The resultis a
top loaded monopole normal to the computer case face at this
point. It should be noted that there will be coupling between
the main antenna 24 and the odd mode in the diversity antenna
top loading that is parallel to the computer case. As will be
described below, this may be used to enhance the antenna
performance in the main antenna, although it can also be a
source of significant loss.
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A “mode” on an antenna describes the electric current and
potential distribution on the antenna conductors. Modes are
decomposed into orthogonal even and odd symmetry. An
even mode will have an even integer number of effective half
wavelengths including 0. An odd mode will have an odd
integer number of half wavelengths. Typically in a center fed
dipole antenna the current will flow in the same direction in
the feed line at the feed point for an even mode and in the
opposite direction for an odd mode.

In FIG. 25, the second diversity antenna 38 uses the com-
mon mode of the main antenna 24 and a double balun 40
connected to the ground plane to achieve a non-balanced
dipole. This dipole is orthogonal to the main dipole and there-
fore achieves high isolation.

The last example of FIG. 2¢—antenna system 25 compris-
ing dual orthogonal notched Antennas—shows two balanced
notches 41, 42 cut into the notch ground plane 44. These two
notches can be combined using a gap feed and a Wilkinson
power splitter combiner or similar device to combine the
notch signals in phase and thereby produce an effective hori-
zontal dipole normal to the computer case face. Such a system
will be highly isolated from the main antenna 30. In FIG. 2¢,
it can be seen that Nd1 and Nd2 combine to reject Nm and to
enhance response in the Ey direction.

FIGS. 3a-3d show further details of the diversity options
and some additional options as well. FIG. 3a is a more
detailed view of antenna system 21 comprising a balanced
dipole with a top loaded normal monopole as in FIG. 2a. The
diversity antenna 31 is fed from port 33 and uses the computer
case 35 as its counterpoise. The main feed 37 excites the gap
of balun 26 that is connected to the balanced dipole antenna
24. FIG. 3b shows an antenna system 23 comprising a bal-
anced dipole with differential common feeds as In FIG. 25,
but in greater detail. Note the two independent feed systems
46 and 48 for the main and diversity antennas, respectively.
FIG. 3¢ shows an antenna system 23' using a bridged version
for the balanced balun of FIG. 356. The main feed system
travels along the balun 50 through the center portion of the
dual feed system 52 to the main feed line 54. A metal jumper
56 connects the dual feed system 52 to the diversity antenna
feed 58. FIG. 3d is an antenna system 23" which is a simpli-
fied version of antenna system 23' of arrangement C and uses
ajumper 56' as a balun to excite the common mode of antenna
24 with the ground plane connected to the computer case. The
main 62 and diversity 64 feeds are also shown in this sketch.
A further variation can be realized if the arrangements of
FIGS. 3b, 3¢ and 3d are designed such that the common mode
of the main dipole acts as the counterpoise for the diversity
antenna when the stem to the left becomes the other side to
this second dipole. This stem may be isolated through a “feed
style trap” from the case of the main module or modem. This
trap would be a coaxial or stripline or equivalent feed that uses
the outside surface as an RF trap either as a distributed quarter
wavelength shunt or shortened using capacitive loading on a
shorter length shunt (hairpin style trap). This would still
maintain symmetry with the main dipole, thus allowing for
excellent cross-polarization isolation. Additionally this sec-
ond dipole (in place of the diversity monopole) could be made
symmetrical and balanced with respect to itself as well by
adding two arms symmetrical with the common mode arms of
the main dipole. If there is sufficient clearance below the two
dipoles, the two dipoles can be fully crossed in an orthogonal
manner, allowing for perfect symmetry in both horizontal
axes. Inthis latter case the new system could be rotated by any
angle in the horizontal to best fit the available geometry. One
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such rotation would be 45 degrees. Clearly, two symmetri-
cally crossed dipoles do not require the other for counterpoise
purposes.

As previously explained, antenna system 21 comprising a
balanced dipole with a top loaded normal monopole of
arrangement of FIG. 3a is fed from port 33 and can use the
computer case as its counterpoise. The main feed 37 excites
the gap of balun 26 that is connected to the balanced dipole
antenna 24. An alternative realization of such a high isolation
diversity antenna system 66 is described with reference to
FIGS. 4a-4c. In FIG. 4aq, the effective ground plane 68 of the
PCMCIA card case (fabricated from metal) and the computer
case 70 are also shown. The main antenna shares components
24, 26 and 37 with the main antenna of antenna system 21.
The diversity antenna 71 includes [.-shaped arms 72 and 74.
Although shaped differently from diversity antenna 31 of
antenna system 21, diversity antenna 71 is essentially func-
tionally the same. The common mode feed system is port 76.

FIG. 4b shows the magnetic potential flow of the antenna
system 66, associated with the current flow, at both the main
and diversity antennas. The magnetic potentials 78, 80 show
the same direction and therefore will mutually couple in the
direction of the magnetic potential 80. The effective magnetic
potentials 82, 84 cancel out, but reinforce in the direction
normal to the magnetic potential 80. The main 86 and diver-
sity 88 feed systems connect to the RF circuit (not shown)
located in and on the ground plane 68. The isolation for this
arrangement has been found to be better than 30 dB. With
improved symmetry, it may be possible to improve this iso-
lation even further, although already it is more than sufficient
for the intended application.

It will be appreciated that FIGS. 4a and 454 relate to a
top-loaded monopole (71) style of antenna, but it should be
noted that it is a very useful improvement to split the mono-
pole and in particular the top loading section into a left and
right section about the axis of symmetry into two distinct
components that can be separately fed in phase and combined
through a power combiner. This separation gap may be sig-
nificant but typically not exceeding one tenth of a wavelength
in most cases. A discussion of such an arrangement appears
below.

Another aspect relates to the use of a high isolation diver-
sity antenna with an orthogonal main balanced dipole. As
previously explained, for the antenna systems 21 and 66,
there are two basic “high isolation antennas” each consisting
of'a main antenna (24) and a diversity antenna (31, 71). The
main antenna 24 is the same in both cases and uses a balun
feed to excite the dipole. The diversity antennas 31 and 71 are
fed in the common mode with ports 33 and 76, respectively.
With reference to FIG. 4c¢, it is shown that orthogonality
results from the orthogonal polarization E,, of the main
antenna 24 being orthogonal to the common mode of the
diversity antenna 31,71 having a polarization E_. This
arrangement is basically a monopole that uses the effective
ground plane ofthe computer case and the ground plane of the
PCMCIA card as its counterpoise. For reference purpose the
feeds 37 and 33' for the main (24) and diversity (31) antennas,
respectively, are also shown.

The excitation of the odd mode in the top loading of the
diversity antennas 31,71 due to the main antenna 24 should
also be considered. While this odd mode does not couple into
the common mode (also known as the even mode) of the
diversity antenna, it does mutually couple with the main
dipole antenna. This is the case with other forms of antennas
such as a slot, notch or patch antennas. The result of the
mutual coupling is a modification of the impedance of the
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main antenna, and this may have either a beneficial or delete-
rious effect on the match and/or bandwidth, depending on the
circumstances.

The odd mode excitation can be modified by breaking the
diversity antennas at their center, creating finite gaps 90, 92,
between separate arms 94, 96 and 98, 100, as seen in FIGS. 5a
and 5b. The gaps can be from small to substantial in reference
to a quarter of a wavelength. Regardless if the symmetry is
maintained, so will the isolation be maintained. With the
diversity antenna thus open circuited, there can be no odd
mode excitation Ed due to the main dipole antenna 24. How-
ever, the simple cut also defeats the common mode excitation.
The remedy is to use a wide band in-phase Wilkinson style
power splitter 102, shown in FIG. 6a, to drive the split arms
94, 96 and 98, 100 via Feed-A and Feed-B. The Wilkinson
power splitter 102 splits the input signal into two equal-phase
output signals. Such a device will produce, at its output, the
common/even mode of the diversity antenna, while isolating
the odd mode by providing high isolation between the two
arms in the differential, or odd, mode. Alternatively or addi-
tionally, a matching circuit can be used across the gap to
promote the match and bandwidth of the main dipole antenna
whilst still maintaining the high isolation. A very simple
reduction of a Wilkinson splitter, designated 104 in FIG. 65,
can also be realized using discrete components as shown. This
network is useful in narrow band applications; however, it
will be appreciated that more complex splitters, distributed
and discrete, can be used provide for wide bandwidths.

In cases where the odd mode coupling has a negative effect
on the main antenna, the splitter method can correct this.
However, it is often possible to use the mutual odd mode
coupling in a way that provides improved broad banding of
the main antenna. As seen in FIG. 64, a matching section 106
has been added between the Feed-A and Feed-B. In this case
the matching section 106, so long as it maintains a high
impedance in the common mode to ground, does not change
the common mode match at the output. Thus a network can be
designed either discrete, distributed or both that optimizes the
reactance in the odd mode that achieves maximum bandwidth
due to the mutual coupling.

A schematic for the above diversity/main antenna system is
shown in FIG. 6c using a splitter 108 with odd mode matching
that provides optimum matching for a dual band application
operating in two bands over one octave apart in center fre-
quency. The best main antenna bandwidth may be achieved
for the high band when the resonator is slightly capacitive in
reactance and the inductor 110 in combination with the domi-
nant capacitance of the series resonator 112 at the low band
produced the desired optimum performance in the main
antenna when the combination (110, 112) was of high imped-
ance in the low band. Clearly the choice of the match is a
function of the ground plane, the location of the diversity
antenna, and the location of the main antenna and the targeted
band. Other configurations are possible and can be tuned
using modeling tools and/or a vector network analyzer. In an
application in the band 1.9 GHz, the usable bandwidth was
almost doubled by the proper selection of components,
including the selection of a low inductance feed line in the two
arms 94, 96 and 98, 100 of the diversity antenna.

Previous PCMCIA card products have demonstrated poor
isolation between the main antenna and the diversity antenna
and also poor isolation of the main antenna from unwanted
noise generated in the host lap top computer which are well
known for high radiated self noise particularly as processor
speeds are increasing and contaminating the wireless spec-
trum in the proximity of the slots for PCMCIA cards. This is
further impacted by the lack of tight RF shielding in typical
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laptops where the requirement is to meet FCC part 15 require-
ments and little attention is given to self noise issues outside
of'these FCC limits. An external scan of a typical laptop will
show maximum radiated noise in the vertical polarization
with respect to the keyboard plane and also in any conducted
path between the antenna and the laptop case. The most quiet
zone for a dipole is easily observed when the antenna length
axis is parallel to the side of the laptop.

Typically whip antennas and PIFA antennas, that are noto-
riously unbalanced, have been used in the past for the main
and diversity applications with generally troublesome results
in performance and, in particular, isolation, due mostly to the
conducted noise mentioned above.

To address these and other problems, use can be made of a
symmetrical balanced dipole parallel to the host computer
face containing the PCMCIA card slots, an orthogonal diver-
sity antenna with optimized mutual odd mode coupling,
inductive coupling to simplify and cost reduce main antenna
connection to the main ground plane, and a centrally and
symmetrically located upward pointing RF switch connector.
The limited dipole length particularly impacts the lowest
frequency band, in this case the cellular band. Top loading of
the low band element of the dipole brings the antenna back to
resonance and provides for improved bandwidth. The high
band—namely the PCS band—is already of ideal length so
the same extent of top loading is not required and a bowtie
dipole can be implemented.

To reduce SAR (specific absorption rate), the dipole can be
raised at its center in the vertical direction since the SAR is
related substantially to the magnetic field generated by the RF
current maximum at the dipole center. SAR is a measure of
the amount of radio frequency energy (radiation) absorbed by
the body when using a radio transmitter device such as a cell
phone, PCMCIA card, and the like. Increasing distance will
reduce the SAR in accordance with the inverse square law. In
addition, the dipole width can be maximized, which further
distributes the current, causing the magnetic field to spread
further, thereby significantly reducing SAR. Further, since
the current is low in the top loaded region of the low band
dipole, this can be folded down towards the ground where
there is likely SAR impacted tissue without increasing SAR
yet allowing decreased dipole resonance and bandwidth in a
compact volume.

FIG. 7a shows a PCMCIA card 120 having a card connec-
tor 122, a case 124 and an antenna section 126 having a
dielectric cover. FIG. 75 is a view showing the antenna assem-
bly 127 with the dielectric cover removed from the antenna
section 126. An RF connector 128 disposed centrally and
oriented in an upward direction can be seen, along with a
flexible antenna FPCB (flexible printed circuit board) 130
having an antenna support shown generally at 132 for sup-
porting the FPCB. FPCB 130 is folded to assume a substan-
tially three-dimensional shape for the antenna.

FIGS. 8a-85 show the details of the antenna assembly 127.
A main antenna ground plane 136 connects to the card ground
plane 134 including the case and, in turn, this connects to the
host ground plane through the PCMCIA interface connector
122 (FIG. 7a). The FPCB antenna 130 is shown supported by
the plastic antenna carrier or support 138, which is part of the
antenna support 132 (FIG. 7b). The wings 142, 144 of the top
loaded diversity antenna 140 are disposed on the main PCB
(Printed Circuit Board) 146 and connect to the diversity feed
system (not shown) behind the main RF connector 128. An
inductive coupling mechanism 150, described in more detail
below, couples the main antenna FPCB 130 to balun loop 148
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formed in the ground plane 134. This connection provides for
a connector-less, solder-less coupling between the main
antenna and the balun 148.

As seen from FIGS. 9a and 95, the main antenna FPCB 130
includes a high band bowtie-style dipole antenna 152 having
wings 154, 156 and a low band top-loaded dipole antenna 153
including portions 158a-b, 160a-b. Respective feed arms
158¢, 160c are provided for low band top-loaded dipole
antenna 153. A main antenna feed 162 is also provided, as is
an inductive coupling loop 164 disposed on the underside of
PCB 146. Of particular note is the alignment of the dipole
length axes relative to the host computer/laptop, and in par-
ticular, in parallel relation to the side of the laptop case into
which the PCMICA card is inserted. Of further note is the
deliberate height or elevation of the central part of at least one
of, and in this case both, the dipoles 152, 153, so conFIG.d to
minimize SAR. The elevation is of the central part of the
dipoles is relative to the bottom of the card 120 (FIG. 7a),
which bottom may be closest to the user when the PCMCIA
card is plugged into the laptop the laptop is placed on the
user’s lap. The elevation thus increases the distance from the
user and reduces SAR to the user.

Low band tuning (of antenna 153) is achieved by adjusting
the tabs 158a, 160a. The tuning of the high band bow-tie
antenna 152 is determined by the notches 165 in the pattern
near the feed 162. Thus FPCB 130 operates as a dual-band
symmetrical center fed dipole fed from an inductively
coupled loop balun. The main RF connector 128 is also shown
with the diversity antenna 140 located behind it.

FIGS. 10a and 1056 show more detail of the coupling
mechanism 150, which includes coupling loop 164 for FPCB
main antenna 130 in confronting relationship with main
ground plane balun loop 148. Main ground plane balun loop
148 can be printed on both sides of the main PCB thus pro-
viding for strip line coupling to the gap in the main loop. The
stripline then connects to the matching circuit 166, shown in
FIGS. 11a and 115, on the main PCB. If the loop is only on a
single side of the main PCB then a microstrip coupling is
used. This in turn connects with the matching circuit 166.

FIGS. 11a and 115 show more details of the diversity
antenna 140, which has feeds 168 and 170 for arms 142, 144,
respectively. The width of the feeds 168, 170 determines the
series inductance of the diversity antenna and has a significant
impact on the main antenna match in the PCS high band. A
power divider and odd mode matching section is shown gen-
erally as the cluster of components 170 comprising a shunt
capacitor 172, two series inductors 174, 176 joined to the
common mode feed system at node 178. The ground plane
136 for the main antenna system is shown with the balun
coupling loop 148 and matching components 166 for the
main antenna match. These matching components are con-
nected to the loop coupling gap by either stripline or micros-
trip line.

It is possible to effect some modifications to the main
antenna FPCB feed arms, making them wider in order to
allow for lower Specific Absorption Rate (SAR) due to the
spreading of the radiating power over a larger FPCB area,
particularly in the feed arm region.

The consideration of optimum dipole location for mini-
mum laptop self-noise is discussed with reference to FIGS.
124-12f. The optimum polarization for the PCMCIA card
antenna in a laptop has been found to be in a direction parallel
to the long edge of the slot opening 1202 and E field Ex
illustrated in FIG. 12d. In particular, position 1203 depicted in
FIG. 12d provides an improvement in noise rejection by at
least 10 dB in all bands. This is due to the polarization and the
balance of the antenna. Therefore, to couple to the least noise
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from the laptop chassis, one solution is to use a balanced
antenna with its polarization in the Ex direction 1203.

There are several candidate antennas that will provide this
solution. The first, seen in FIG. 124, is a dipole 1210 that is
center-fed. Antenna 1210 is kept balanced with a balun feed
system 1211; however, it will be appreciated that any differ-
ential feed system can be used. The second candidate is the
antenna in 1212 in FIG. 12e. Antenna 1212 is a notch antenna
that may be fed across the notch at a location that best serves
the desired matching impedance. In a sense this is also a type
of balun-feed, as in FIG. 12d. Modifications to the notch can
be used to provide traps and other such devices to lower the
center frequency and to improve the bandwidth and match of
this antenna. In principle, the notch and balun-fed dipole
antenna can morph into one another as necessary.

The third candidate is a slot antenna 1213, shown in FIG.
12/, This antenna can also be modified as necessary to
improve bandwidth match and lower center frequency with-
out departure from the spirit and scope of the invention. An
important advantage of this configuration is minimization of
laptop-generated noise coupling into the antenna structure.

The consideration of optimum dipole location and shape
for maximum bandwidth in a small volume is explained with
reference to FIGS. 13a-13¢ and 14a-14b. With short dipoles
(often referred to as Hertzian dipoles), the current distribution
from the center of the dipole to the tip decreases linearly to
zero. This results in a very short region where the radiation-
inducing current is effective. With a standard dipole, the
roll-off'is a cosine form, which results in a much wider region
over which the radiation-inducing current is effective,
together with the fact that the antenna is longer anyway. This
radiation current is the substantial generator of the far-field
magnetic field component. For a dipole, the longer the radia-
tion current region is, the higher the effective radiation
impedance will be. As it turns out, this radiation current
region will be reduced as a reflector approaches the antenna
starting at 0.254, thus ultimately shorting out the antenna at
zero distance, with A being the wavelength of the interest. Itis
therefore important to locate the radiation current region as
close as possible to 0.25A from a reflector for the best results.
While the use of one or more directors in the front of the
dipole would help the back-to-front ratio, this also impacts
the overall length of the antenna and therefore would most
likely violate the industrial design constraints.

FIGS. 13a-13c¢ respectively show three balanced dipole or
dipole-like antennas. The first antenna 1301 in FIG. 13a is a
basic balun-fed dipole located within a controlled length
enclosure of length Lid as measured from the side face of the
laptop computer to the end of the wireless communication
device, in this example a PCMCIA card plugged into the
laptop computer. The dipole effective radiation current Ix is a
distance La from the reflector face 1305 (that is, the side edge
of the laptop case, which behaves as a reflector). For best
performance, this distance La should be in the range of about
0.150<La<0.25A, although a distance as short as about 0.09%
could work.

The diagrams in FIGS. 135 and 13¢ show a notch antenna
1307 and a top-loaded dipole antenna 1311, respectively. The
effective radiation current Ix distances from the ground plane
reflector are depicted as Ln and Lc, respectively. The top
loading 1309 of the dipole antenna 1311 allows the effective
current Ix to be more spread out than a short dipole would
allow.

FIGS. 14a-14c relate to three configurations (1413, 1415
and 1417) of a top-loaded dipole in a PCMCIA card arrange-
ment. The respective effective current Ix distances of the
dipoles from the reflector face 1305 in these configurations
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are Lc, Ler and Lef. Clearly Lef offers the greatest separation
between the radiating current region and the laptop case/
reflector, and still falls within the maximum industrial design
length of Lid. Moreover, the longer the distance Lcf, the
easier it is to achieve the required lowest frequency specifi-
cation and, furthermore, as this length increases, so will the
antenna bandwidth.

FIG. 14d shows a more detailed version of a top-loaded
dipole 1420 that includes the dipole arm 1421, a meander
choke/inductor 1422, and top-loading scheme 1423. The top-
loading is folded over as shown to maximize the length Wda
of'the dipole arms 1421. Maximizing this length in particular
increases antenna bandwidth. Similarly, widening the dipole
arm thickness L.da in the Ey direction also increases antenna
bandwidth.

For the lowest operating frequency with an aggressive
industrial design length, the top-loaded dipole design 1417
(FIG. 14¢) offers the optimum configuration for the best
bandwidth and efficiency performance for a dipole antenna in
a PCMCIA card application in a laptop computer. This dipole
arm provides the greatest antenna current flows, which can be
at the maximum distance away—up to about 0.25A. Further-
more, in the interest of maximum antenna bandwidth, the
antenna arm depth should also be maximized, even to 0.25A
also, although lesser depths are often satisfactory.

In situations where additional operating bands are
required, these will be clearly at higher frequencies and can
therefore be included inside the lowest band top-loaded
dipole which will be furthest to the front. These additional
dipoles may not require top-loading and may also share a
common feed system. There may be a requirement to include
some trap/high inductance elements between the front dipole
1419 and its associated top-loading section to minimize load-
ing of the higher frequency dipoles.

The consideration of optimum dipole location and style for
minimum specific absorption rate (SAR) in a small volume,
for example in cellular telephone, or a PC card such as a
PCMCIA card, is discussed with reference to FIGS. 15¢-15e.
The separation distance between the hotspot and the tissue of
the operator is the most effective SAR remedy. The SAR
decreases with approximately the inverse square of the sepa-
ration distance. Hence, doubling the distance will reduce the
SAR by a factor of 4. In the disclosed antenna system it has
been recognized that primarily the high-current portion of the
antenna needs to be raised to reduce SAR. Similarly, broad-
ening and lengthening the high current portion also reduces
the SAR significantly, particularly if the antenna is thin in the
region of the feed point.

In the SAR mitigation configuration described with refer-
ence to FIGS. 15¢-15¢, a PCMCIA card is shown plugged
into the laptop computer 1500. In FIG. 15¢, the dipole
antenna 1506 of PCMCIA card 1520" is shown to be raised
above the feed plane 1513. This rise is labeled Hdc as mea-
sured from the lower surface of the card enclosure or housing.
The SAR “hot spot” 1508 is decreased as the height Hdc is
increased. In actuality, only the high current region starting
from the feed point and including the dipole arms needs to be
raised, as beyond this point the SAR is typically much lower
and hence the need for separation distance is less critical. In
view of this, the dipole ends can be lowered to an appropri-
ately satisfactory industrial design (ID). Such a design is
depicted in FIG. 154, in which the arms 1509 are raised, while
the dipole ends 1511 are folded back down as shown. The feed
plane is labeled 1513' and the hotspot is labeled 1508' in F1G.
15d. The top surface of the enclosure may be raised accord-
ingly to accommodate the raised portions of the antenna, as
shown. Furthermore, the location into which the PC card is
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mated in the side face of the laptop computer 1500 may be
raised by a distance Het to further separate the hotspot from
the user during use, as when the laptop and PC card are resting
on the users thighs.

The use of a top-loaded dipole also allows the overall
antenna dipole arm length to be reduced, with that length
being taken up by the dipole ends. However, reducing the arm
length may cause the SAR to increase as the current becomes
more concentrated near the feed point, so a compromise must
be made. In the side view of FI1G. 15e¢, the top-loading portion
1517 of the dipole is shown, with a meander line choke or
inductor 1516 connecting to the dipole arm 1509' appearing
in end view. This choke or inductor 1516 allows the antenna
to be resonant at a lower frequency than without the choke.
This therefore provides for a significant current density
reduction by widening the arms 1509 of the dipole to a width
Wda. This reduction in surface current density results in
reduced SAR; however, the inductance decreases signifi-
cantly as the width increases. For this reason the meander
choke or inductor 1516 should be increased to restore the
required resonance as necessary. Another expedient is to raise
the location into which the PC card is mated in the side face of
the laptop computer 1500 by a distance Het to further separate
the hotspot from the user during use, when the laptop and PC
card are resting on the users thighs. The distance Het may be
taken from the lowest point of the host device (laptop com-
puter), such as its bottom surface or the rest legs or points
thereof.

In all, the SAR is mitigated by increasing separation dis-
tance Hdc+Hct between the body tissue of the operator and
the dipole arms as desired, and a significant portion of this
increase is attributable to an increased Hdc in the disclosed
design. Moreover, the widening of the arms decreases the
surface current density and, correspondingly, the SAR.

The consideration of inductive coupling between an
antenna assembly and a printed circuit board (PCB) is dis-
cussed with reference to FIGS. 16¢-16/. FIG. 16¢ shows a
basic inductive coupling method in which a primary PCB
loop 1607 is shown with a gap 1608 across which the signal is
injected or sensed. The magnetic coupling 1610 shows the
mutual coupling to a secondary loop 1609 that in turn con-
nects directly to an antenna system (not shown) through feed
1609.

FIG. 16d shows a printed dipole 1613 connected to a sec-
ondary loop 1631 via a feed system 1612. The mutual cou-
pling is sensed at the gap 1611 of the primary loop 1632. Of
note is the width W of the printed loops and their separation
distance S, as depicted in FIG. 16¢. As long as the loop width
W is substantially larger that the separation S between the two
loops, the leakage inductance remains small relative to the
mutual inductance. The mutual inductance increases as the
circumference of the loops increases. It will be appreciated
that this is a trade-off issue with size and adequate mutual
coupling. Capacitive tuning or matching improves this cou-
pling by cancelling out any reactive or susceptive components
of'the impedance or admittance. In some cases the separation
S ofthe two loops 1631, 1632 may be significant—even being
more than the width of the loops. In that case the leakage
inductance becomes significant and may exceed the mutual
inductance. Such leakage inductance can be tuned out with
simple matching methods. The consequence is to increase the
Q of the circuit and thereby decrease the usable coupling
bandwidth. It is generally preferred that the two loops be
substantially aligned one atop the other. To the extent this is
not the case, the leakage inductance will increase. In some
situations, the loops may be offset or side-by-side, which may
satisfy application requirements at a cost to bandwidth.
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FIGS. 16e-16/ show several implementations of an antenna
inductive coupling, which may be a PCB-t0-FPCB pair, or a
PCB-to-stamped, etched or cut metallic antenna. It will be
appreciated that the gaps in the two loops do not have to be
coincident but may be anywhere, even as far as being opposite
to each other as seen in FIG. 16e, wherein the dipole 1616 is
coupled via the feed 1615 to the upper loop 1633, then induc-
tively coupled to the lower loop 1634 with the output gap
1614 located in the opposite sense to the feed from feed
system 1615. A side view of the antenna system of FIG. 16e
is shown in FIG. 16f; with the lower loop on the main PCB, the
upper loop on the FPCB or stamped metal connected via the
feed to the dipole/radiator.

Several alternative configurations are shown in FIGS. 16g-
16/. The placement of the dipole antenna clear and above the
main PCB in FIG. 16g provides a more compact antenna and
coupling solution, as seen in. Clearly height issues typical for
dipoles above a ground plane are important here. A vertically
(normal) disposed and maybe horizontal dipole is shown in
FIG. 16/, with its coupling loop and feed system. A horizon-
tal dipole with feed and coupling loop is also shown, in FIG.
16i. The antenna configuration of FIG. 16j shows a similar
system to that in FIG. 16g above, except that the feed system
is away from the card edge. This will affect both performance
and mechanical issues. While antenna assemblies in FIGS.
16g-16; show the antenna coupling loop on top, in FIGS.
164-16/, this is reversed, with the antenna coupling loop being
disposed on the opposite side or bottom of the main PCB.
Inductive coupling at RF between a PCB and a SAW chip
with the intention of eliminating the wire bonds that would
otherwise have been used is also possible.

The consideration of dual band gap split duplexing and/or
matching is discussed with reference to FIGS. 18-21. FIGS.
18a-18¢ show excitation of a gap 1816 in a waveguide struc-
ture 1815 from opposite sides. The gap 1816 lies between
antenna portions 1835 and 1836. Sides 1817 and 1818 of gap
1816 are coupled to the strip lines TL1 and TL.2, as seen in
FIGS. 184 and 1854. The dual excitation provides a convenient
duplexing or high band low band matching opportunity. In
this case the two feeds split the high frequency to one side and
the lower frequencies to the other. It is also possible to split
multiple frequency bands to one side of the slot/gap and the
other bands to the other side.

In FIGS. 18a and 185, a configuration is shown in which
the two transmission lines TL1 and TL2 are connected
directly to the gap 1816 by short circuit couplings. In FIG.
18c¢, the gap 1816’ is straddled by the strip line without any
direct connection to the two transmission lines TL1'and TL2',
in an open circuit coupling configuration. The two transmis-
sion lines TL1' and TL.2' are joined to one another under the
gap. Within a short distance or at a distance of an integral
multiple of one half of a wavelength, band pass and/or appro-
priate band reject matching impedances or filters are used in
order to achieve the required duplexing or match splitting, as
described below.

InFIGS. 194-195, a combination of shunt (1927 and 1928)
and series (1926 and 1929) match elements are shown applied
to the gap 1816 at the gap edges to provide the appropriate
band pass and band reject conditions to achieve the desired
match split or duplexing. The distances [.1 and [.2 from the
gap center have a modifying eftect on the band select condi-
tions, and if it they are not made small then they should be
considered in the matching conditions. One approach is to
choose distances [.1 and [.2 of integer multiples of one half of
a wavelength. The band reject impedances should appear as
very high impedances at the required frequencies on the asso-
ciated sides. In FIG. 195, a similar arrangement is shown, but
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with gap 1816' not connected to the two feed systems. The
two feed systems instead are joined under the gap at connect-
ing point 1930. In this case the band reject impedances
formed by the matches 1926', 1927', 1928' and 1929' should
appear as very low impedances at the respective gap edges so
that the cross coupling will properly function.

FIG. 20 shows some of the possible band pass and band
reject circuits that may be employed at the gaps 1816, 1816'.
For ease of understanding only, one side illustrated; however,
by extension the configuration for the opposite side can also
be inferred. For example, several matching pass stop configu-
rations have been shown for the matches. For the series
matching 1926, 1926', any of the configurations A through D
can be used. The series configuration should appear as a low
impedance for the pass band and as a high impedance for the
band stop, while the shunt match (1927, 1927") should supple-
ment the series match to achieve the same result to the gap.
Generally this means the shunt impedance will be normally
high, suggesting it is only required for matching conditions.
Examples of high impedance matches are shown in configu-
rations E through H. Configuration H has a low impedance at
the series resonance, which must not fall either in the required
band stop or band reject region but is used to achieve match-
ing conditions. If the transmission line passes under the gap
then the band stop should have a very low impedance, as with
configurations F through H in the shunt match in the stop band
and a very high impedance in the pass band. While these
arrangements focus on the split at the gap into two duplexed
signals, these may be fed directly to independent Rx/Tx sys-
tems, or else recombined after matching to establish a unified
matched signal.

FIG. 21 shows one embodiment configured as described
herein. The copper (or other material) region 2160 contains a
BALUN 2161 with a gap 2162 that is directly or inductively
coupled to an antenna element (not shown). The low band
signal is diverted from the gap 2162 to the right via a high
band trap 2164 whose excess inductance in the low band is
cancelled out using the series capacitor 2166. This signal is
then matched to the desired matching conditions through the
low band matching section 2168 and may be recombined via
a similar trap arrangement 2170 to the common node 2172
that is connected to the Tx/Rx RF circuit on the PCB (not
shown). The trap 2164 presents a high impedance to the high
band and the trap on the left side (2165) presents a high
impedance to the low band thus deflecting all the low band
signal to the low band side. Similarly the high band signal is
diverted from the gap 2162 to the left via the low band trap
(2165) whose excess capacitance in the high band is cancelled
out using the series inductor 2167. This high band signal is
then matched to the desired matching conditions through the
high band matching section 2169 and may be recombined via
a similar trap arrangement 2171 to the common node 2172.
Simplifications to the traps are possible using appropriate
lengths of transmission line to achieve high impedance con-
ditions at the frequency bands as described above.

The above are exemplary modes of carrying out the inven-
tion and are not intended to be limiting. It will be apparent to
those of ordinary skill in the art that modifications thereto can
be made without departure from the spirit and scope of the
invention as set forth in the following claims.

What is claimed:

1. A duplex antenna system comprising:

first and second antenna portions that are at least partially

separated by a gap;

afirst feed line coupled to the first antenna portion, the first

feed line being overlapped by the gap and the second
antenna portion; and
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a second feed line coupled to the second antenna portion,
the second feed line being overlapped by the gap and the
first antenna portion,

wherein the first and second feed lines are respectively
coupled to the first and second antenna portions by way
of an open circuit coupling.

2. The antenna system of claim 1, wherein the first and
second feed lines are respectively coupled to the first and
second antenna portions by way of a short circuit coupling.

3. The antenna system of claim 1, wherein the first and
second feed lines are joined together.

4. The antenna system of claim 1, further comprising at
least one of a shunt or series match element coupled to at least
one of the first or second feed lines.

5. The antenna system of claim 4, wherein at least one of
the match elements comprises parallel-connected capacitive
and inductive elements.

6. The antenna system of claim 4, wherein the shunt and
series match elements are disposed within an integer multiple
of a half wavelength distance of a wavelength to which the
antenna is tuned from a coupling point.

7. The antenna system of claim 1, further comprising a
balun feed in which the first portion is associated with a high
band signal and the second portion is associated with a low
band signal.

8. A wireless communication device configured to provide
wireless communication to a host device when disposed in a
mated position with the host device, the wireless communi-
cation device comprising:

a transceiver;

a controller in communication with the transceiver;

a modem in communication with the controller; and

a duplex antenna system for providing dual-band operation
to the wireless communication system, the duplex
antenna system including:
first and second antenna portions that are at least par-

tially separated by a gap;

a first feed line coupled to the first antenna portion, the
first feed line being overlapped by the gap and the
second antenna portion; and

asecond feed line coupled to the second antenna portion,
the second feed line being overlapped by the gap and
the first antenna portion.

9. The antenna system of claim 8, wherein the first and
second feed lines are respectively coupled to the first and
second antenna portions by way of a short circuit coupling.

10. The antenna system of claim 8, wherein the first and
second feed lines are respectively coupled to the first and
second antenna portions by way of an open circuit coupling.

11. The antenna system of claim 10, wherein the first and
second feed lines are joined together.

12. The antenna system of claim 8, further comprising at
least one of a shunt or series match element coupled to at least
one of the first or second feed lines.

13. The antenna system of claim 12, wherein at least one of
the match elements comprises parallel-connected capacitive
and inductive elements.

14. The antenna system of claim 12, wherein the shunt and
series match elements are disposed within an integer multiple
of a half wavelength distance of a wavelength to which the
antenna is tuned from a coupling point.

15. The antenna system of claim 8, further comprising a
balun feed in which the first portion is associated with a high
band signal and the second portion is associated with a low
band signal.
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16. A duplex antenna system comprising:

first and second antenna portions that are at least partially
separated by a gap;

afirst feed line coupled to the first antenna portion, the first
feed line being overlapped by the gap and the second
antenna portion;

a second feed line coupled to the second antenna portion,
the second feed line being overlapped by the gap and the
first antenna portion; and

at least one of a shunt or series match element coupled to at
least one of the first or second feed lines.

17. The antenna system of claim 16, wherein the first and
second feed lines are respectively coupled to the first and
second antenna portions by way of a short circuit coupling.

18. The antenna system of claim 16, wherein the first and
second feed lines are respectively coupled to the first and
second antenna portions by way of an open circuit coupling.

19. The antenna system of claim 18, wherein the first and
second feed lines are joined together.

20. The antenna system of claim 16, wherein at least one of
the match elements comprises parallel-connected capacitive
and inductive elements.

21. The antenna system of claim 16, wherein the shunt and
series match elements are disposed within an integer multiple
of a half wavelength distance of a wavelength to which the
antenna is tuned from a coupling point.

22. The antenna system of claim 16, further comprising a
balun feed in which the first portion is associated with a high
band signal and the second portion is associated with a low
band signal.

23. A duplex antenna system comprising:

first and second antenna portions that are at least partially
separated by a gap;

afirst feed line coupled to the first antenna portion, the first
feed line being overlapped by the gap and the second
antenna portion;

a second feed line coupled to the second antenna portion,
the second feed line being overlapped by the gap and the
first antenna portion; and

a balun feed in which the first portion is associated with a
high band signal and the second portion is associated
with a low band signal.

24. The antenna system of claim 23, wherein the first and
second feed lines are respectively coupled to the first and
second antenna portions by way of a short circuit coupling.

25. The antenna system of claim 23, wherein the first and
second feed lines are respectively coupled to the first and
second antenna portions by way of an open circuit coupling.

26. The antenna system of claim 25, wherein the first and
second feed lines are joined together.

27. The antenna system of claim 23, further comprising at
least one of a shunt or series match element coupled to at least
one of the first or second feed lines.

28. The antenna system of claim 27, wherein at least one of
the match elements comprises parallel-connected capacitive
and inductive elements.

29. The antenna system of claim 27, wherein the shunt and
series match elements are disposed within an integer multiple
of a half wavelength distance of a wavelength to which the
antenna is tuned from a coupling point.

30. The antenna system of claim 23, further comprising a
balun feed in which the first portion is associated with a high
band signal and the second portion is associated with a low
band signal.
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31. A duplex antenna system comprising:

first and second co-planar antenna portions that are at least
partially separated by a gap;

a first feed line coupled to the first antenna portion, the first
feed line being overlapped by the gap and the second
antenna portion; and

a second feed line coupled to the second antenna portion,
the second feed line being overlapped by the gap and the
first antenna portion.

32. The antenna system of claim 31, wherein the first and
second feed lines are respectively coupled to the first and
second antenna portions by way of a short circuit coupling.

33. The antenna of claim 31, wherein the first and second
feed lines are respectively coupled to the first and second
antenna portions by way of an open circuit coupling.

34. The antenna system of claim 33, wherein the first and
second feed lines are joined together.

35. The antenna system of claim 31, flirther comprising at
least one of a shunt or series match element coupled to at least
one of the first or second feed lines.

36. The antenna system of claim 35, wherein at least one of
the match elements comprises parallel-connected capacitive
and inductive elements.

37. The antenna system of claim 36, wherein the shunt and
series match elements are disposed within an integer multiple
of a half wavelength distance of a wavelength to which the
antenna is tuned from a coupling point.

38. The antenna system of claim 31, further comprising a
balun feed in which the first portion is associated with a high
band signal and the second portion is associated with a low
band signal.

39. A duplex antenna system comprising:

first and second antenna portions that are at least partially
separated by a excitation gap configured to provide
duplex operation to the first and second antenna por-
tions;

a first feed line coupled to the first antenna portion, the first
feed line being overlapped by the gap and the second
antenna portion; and

a second feed line coupled to the second antenna portion,
the second feed line being overlapped by the gap and the
first antenna portion.

40. The antenna system of claim 39, wherein the first and
second feed lines are respectively coupled to the first and
second antenna portions by way of a short circuit coupling.

41. The antenna of claim 39, wherein the first and second
feed lines are respectively coupled to the first and second
antenna portions by way of an open circuit coupling.

42. The antenna system of claim 41, wherein the first and
second feed lines are joined together.

43. The antenna system of claim 39, further comprising at
least one of a shunt or series match element coupled to at least
one of the first or second feed lines.

44. The antenna system of claim 43, wherein at least one of
the match elements comprises parallel-connected capacitive
and inductive elements.

45. The antenna system of claim 43, wherein the shunt and
series match elements are disposed within an integer multiple
of a half wavelength distance of a wavelength to which the
antenna is tuned from a coupling point.

46. The antenna system of claim 39, further comprising a
balun feed in which the first portion is associated with a high
band signal and the second portion is associated with a low
band signal.
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1
DUAL BAND ANTENNA

This application claims the benefit of Taiwan application
Serial No. 096144318, filed Nov. 22, 2007, the subject matter
of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates in general to an antenna, and more
particularly to a planar inverse-F antenna (IFA).

2. Description of the Related Art

As science and technology have gained rapid advance
nowadays, a large variety of compact antennas have been
developed and applied in various electronic devices such as
mobile phones and notebook computers. For example, the
planar inverse-F antenna (PIFA), which has a compact struc-
ture and excellent transmission efficiency and can be easily
disposed on an inner wall of an electronic device, has been
widely applied in the wireless transmission of many elec-
tronic devices. However, most of conventional PIFAs are
single band antenna, and can only support a narrower fre-
quency band.

For example, the grounding signal and the signal to be
transmitted through the PIFA are respectively transmitted
through the exterior conductor layer and the interior conduc-
tor layer of the coaxial cable. According to the conventional
technology, the exterior conductor layer and the interior con-
ductor layer of the coaxial cable are often soldered to the
signal feeding point and the signal grounding point of the
PIFA respectively for outputting the to-be-transmitted signals
through the PIFA. However, the conventional technology is
disadvantaged by the problems that the coaxial cable may
come off easily and incurs more cost.

SUMMARY OF THE INVENTION

The invention is directed to an antenna capable of receiving
a feeding signal and a grounding signal through the circuit of
a printed circuit board (PCB). Compared with the conven-
tional planar inverse-F antenna (PIFA), the antenna disclosed
in the invention not only prevents the coaxial cable from
coming off easily but also avoids the cost of the coaxial cable.

According to a first aspect of the present invention, an
antenna set on a circuit board is provided. The circuit board
includes a signal transmitting unit and a grounding unit. The
antenna includes a conductive supporting portion, a radiator
and a grounding portion. The radiator operating in a first
frequency band includes a feeding branch coupled to the
signal transmitting unit for receiving a feeding signal. The
grounding portion is connected to the radiator through the
conductive supporting portion. The grounding portion
includes a slot cavity and a grounding branch. The slot cavity
is extended from a top surface of the grounding portion into
the interior of the grounding portion. The grounding branch is
coupled to the grounding unit. A resonant cavity is formed
between the radiator and the slot cavity. The resonance of the
resonant cavity operates in a second frequency band.

The invention further includes a lateral plate used as a
fixing mechanism of the antenna. The lateral plate is verti-
cally connected to the bottom of the grounding portion, so
that the antenna, supported by the lateral plate, can be verti-
cally set on the circuit board. During the automatic produc-
tion process, the feeding branch and the grounding branch can
be soldered together on the circuit board with other elements.
The lateral plate can be an extension from the bottom of the
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grounding portion or a separate element connected to the
bottom of the grounding portion.

The invention will become apparent from the following
detailed description of the preferred but non-limiting embodi-
ments. The following description is made with reference to
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a 3-D perspective of an antenna according to
a preferred embodiment of the invention;

FIG. 2 shows a perspective of the antenna 10 according to
a preferred embodiment of the invention;

FIG. 3 shows a wave pattern of voltage standing wave ratio
of the antenna 10 of FIG. 2;

FIGS. 4A-4C respectively are vertical polarization field
patterns of the antenna 10 of FIG. 2 operating in a commu-
nication frequency band of 2.40 GHz, 2.45 GHz and 2.50
GHz;

FIGS. 5A-5C respectively are vertical polarization field
patterns of the antenna 10 of FIG. 2 operating in a commu-
nication frequency band of 4.90 GHz, 5.4 GHz and 5.850
GHz;

FIG. 6 shows a relationship table of frequency vs. gain of
FIG. 4A-FIG. 4C and FIG. 5A-FIG. 5C;

FIGS. 7A-7C respectively are horizontal polarization field
patterns of the antenna 10 of FIG. 2 operating in a commu-
nication frequency band of 2.40 GHz, 2.45 GHz and 2.50
GHz;

FIG. 8A-8C respectively are vertical polarization field pat-
terns of the antenna 10 of FIG. 2 operating in a communica-
tion frequency band of 4.90 GHz, 5.4 GHz and 5.850 GHz;

FIG. 9 shows a relationship table of frequency vs. gain of
FIG. 7A-FIG. 7C and FIG. 8A-FIG. 8C; and

FIG. 10 shows another 3-D perspective of the antenna 10 of
FIG. 1.

DETAILED DESCRIPTION OF THE INVENTION

The invention discloses an antenna capable of receiving a
feeding signal and a grounding signal by the circuit of a
printed circuit board (PCB).

Referring to FIG. 1, a 3-D perspective of an antenna
according to a preferred embodiment of the invention is
shown. The antenna 10 is set on a PCB 100. The PCB 100
includes a signal transmitting unit 200 and two grounding
units 300a and 3005 for respectively providing a feeding
signal and a grounding signal to the antenna 10.

Referring to FIG. 2, a perspective of the antenna 10 accord-
ing to a preferred embodiment of the invention is shown. The
antenna 10 is applied in an electronic device for transmitting
data according to the communication protocol 802.11 a/b/g/n
set by The Institute of Electrical and Electronics Engineers
(IEEE). The antenna 10 supports data transmission and cov-
ers the frequency bands of 2.4 GHz-2.5 GHz and 4.9 GHz-
5.85 GHz.

The antenna 10 includes a radiator 12, a grounding portion
14 and a conductive supporting portion 16. The antenna 10 is
a PIFA for example, wherein the radiator 12, the grounding
portion 14 and the conductive supporting portion 16 are all
disposed on the same conductor plane. The thickness of the
conductor plane ranges 0.4-0.8 mm.

The radiator 12 is adjusted to operate in a first communi-
cation frequency band, wherein the length of the radiator 12 is
approximately a quarter of the wavelength of the central
frequency of the first frequency band. The radiator 12
includes a feeding branch 12a extended down to the other
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lateral side of the PCB 100 from the radiator 12. A through
hole can be disposed on the part of the PCB 100 correspond-
ing to the feeding branch 12a extending downward. The feed-
ing branch 12a can further have a hooked structure, which is
extended to the other lateral side of the PCB 100. The feeding
branch 12a is electrically connected to the signal transmitting
unit 200 for receiving the feeding signal. The connecting
point of the feeding branch 12a connected to the signal trans-
mitting unit 200 is substantially the signal feeding point of the
antenna 10.

The grounding portion 14 is connected to the radiator 12
through the conductive supporting portion 16. The grounding
portion 14 includes a cavity 14a and a grounding branch 145.
The grounding branch 145 is extended down to the other
lateral side of the PCB 100 from the grounding portion 14. A
through hole can be disposed on the part of the PCB 100
corresponding to the grounding portion 14 extending down-
ward. The grounding branch 145 can further have a hooked
structure, which is extended to the other lateral side of the
PCB 100. The grounding branch 144 is electrically connected
to the grounding unit 3005 for receiving the grounding signal.
The connecting point of the grounding branch 145 connected
to the grounding unit 3005 is substantially the signal ground-
ing point of the antenna 10.

The cavity 14a is extended from a top surface uf of the
grounding portion 14 into the interior of the grounding por-
tion 14. The cavity 14a has an L-shaped structure for
example. A resonant cavity 18 is formed by the radiator 12,
the conductive supporting portion 16 and the cavity 14a of the
grounding portion 14. The resonant cavity 18 operates in a
second frequency band. The second frequency band is higher
than the first frequency band for example.

The cavity 14a includes a slot s1 disposed in parallel with
the top surface uf. The slot s1 has a closed end and an opening
end, and the direction of the opening is parallel to the top
surface uf.

The radiator 12 includes an indentation nl, wherein the
direction of the opening of the indentation n1 is substantially
perpendicular to the radiator 12. The indentation nl and the
resonant cavity 18 are interconnected. The radiator 12, the
conductive supporting portion 16 and the grounding portion
14 together define an indentation n2, wherein the direction of
the opening of the indentation n2 is substantially perpendicu-
lar to the direction of the opening of the indentation nl. The
indentation n2 and the resonant cavity 18 are interconnected.
The radiator 12 further includes a protrusion 126 substan-
tially adjacent to the feeding branch 124. In the present
embodiment of the invention, the protrusion 124 is parallel to
the feeding branch 12a.

The length and width of the slot s1, the indentations nl and
n2 and the protrusion 124 are related to the length of the
current path of the resonant cavity 18 and the resonant cavity
18 the impedance of for adjusting and matching the imped-
ance. In the present embodiment of the invention, each of the
slot s1, the indentations nl and n2 and the protrusion 125 has
a predetermined length and width, so that when the resonant
cavity 18 operates in a second frequency band, the resonant
cavity 18 and the signal transmitting unit 200 are substantially
impedance matching.

The radiator 12 further includes a protrusion 12¢ connected
to the conductive supporting portion 16. The protrusion 12¢
and the radiator 12 are substantially disposed in parallel. The
protrusion 12¢, the conductive supporting portion 16 and the
grounding portion 14 further define a slot s2 having a closed
end and an opening end. The direction of the opening of the
slot s2 is parallel to the radiator 12.
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The length and width of the slot s2 and the protrusion 12¢
are related to the length of the current path of the radiator 12
and the impedance of the radiator 12 for adjusting and match-
ing the impedance. In the present embodiment of the inven-
tion, both the slot s2 and the protrusion 12¢ have a predeter-
mined length and width, so that when the radiator 12 operates
in a first frequency band, the radiator 12 and the transmission
unit 200 are substantially impedance matching.

Referring to FIG. 3, a wave pattern of voltage standing
wave ratio of the antenna 10 of FIG. 2 is shown. According to
the band-width reference line .1 where the voltage standing
wave ratio (VSWR) is equal to 2, the first frequency band of
the present embodiment of the invention substantially ranges
from 2.1 GHz to 2.7 GHz, and the second frequency band
substantially ranges 4.2 GHz to 6 GHz and over. The second
frequency band is higher than the first frequency band. The
first frequency band substantially includes a low frequency
communication frequency band of 2.4 GHz-2.5 GHz defined
in the communication protocol 802.11a/b/g/n. The second
frequency band substantially includes a high frequency com-
munication frequency band of 4.9 GHz-5.85 GHz defined in
the communication protocol 802.11a/b/g/n. The actual
VSWR values (denoted as measuring points 1-4 in FIG. 3)
corresponding to 2.4 GHz, 2.5 GHz, 4.9 GHz and 5.85 GHz
are 1.5641, 1.8521, 1.2693 and 1.6168, respectively. Thus,
the antenna 10 disclosed in the present embodiment of the
invention effectively supports data transmission adopting
protocol 802.11 a/b/g/n.

Vertical polarization field patterns of the gain of the
antenna 10 are indicated in FIGS. 4A-4C and FIG. 5A-5C,
and a relationship table of frequency vs. gain is indicated in
FIG. 6. FIGS. 4A-4C respectively are vertical polarization
field patterns of the antenna 10 of FIG. 2 operating in a
communication frequency band of 2.40 GHz, 2.45 GHz and
2.50 GHz. FIGS. 5A-5C respectively are vertical polarization
field patterns of the antenna 10 of FIG. 2 operating in a
communication frequency band of 4.90 GHz, 5.4 GHz and
5.850 GHz. FIG. 6 shows a relationship table of frequency vs.
gain of FIG. 4A-FIG. 4C and FIG. 5A-FIG. 5C.

Horizontal polarization field patterns of the gain of the
antenna 10 are indicated in FIG. 7A-7C and FIG. 8A-8C, and
a relationship table of frequency vs. gain is indicated in FIG.
9. FIGS. 7A-7C respectively are horizontal polarization field
patterns of the antenna 10 of FIG. 2 operating in a commu-
nication frequency band of 2.40 GHz, 2.45 GHz and 2.50
GHz. FIGS. 8 A-8C respectively are vertical polarization field
patterns of the antenna 10 of FIG. 2 operating in a commu-
nication frequency band of 4.90 GHz, 5.4 GHz and 5.850
GHz. FIG. 9 shows a relationship table of frequency and gain
of FIGS. 7A-7B and FIGS. 8A-8B.

In the present embodiment of the invention, the antenna 10
further has a fixing mechanism for fixing the antenna 10 onto
the PCB 100. Examples of the fixing mechanism include a
lateral plate 20 as indicated in FIG. 10. The lateral plate 20 is
extended from the bottom of the grounding portion 14 of the
antenna 10, and the contained angle between the lateral plate
20 and the antenna 10 is equal to 90 degrees for example. The
lateral plate 20 is parallel to the PCB 100 for vertically fixing
the antenna 10 onto the PCB 100 lest the antenna 10 might
rotate in a direction A with respect to the PCB 100.

In the present embodiment of the invention, the fixing
mechanism is exemplified as the lateral plate 20. However,
the design of the fixing mechanism of the antenna 10 is not
limited to being the lateral plate 20, and other designs capable
of achieving substantially the same fixing effect would do as
well.
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In the present embodiment of the invention, the slot s1 and
the top surface uf are disposed in parallel to each other.
However, the direction of the slot s1 is not limited to being
parallel to the top surface uf, and other forms of correspon-
dence would also do. The directions of the openings of the
indentations nl and n2 are not limited to being perpendicular
to each other, and other forms of correspondence would also
do.

The antenna disclosed in the present embodiment of the
invention has a feeding branch and a grounding branch
respectively extended from a radiator and a grounding portion
of the antenna to a signal transmitting unit and a grounding
unit on a PCB for receiving a feeding signal and a grounding
signal. Thus, compared with conventional PIFA, the antenna
disclosed in the present embodiment of the invention feeds in
signals without using a soldered coaxial cable, hence avoid-
ing the cost of the coaxial cable and the coming off problem.
During the automatic production process, the feeding branch
and the grounding branch can be soldered together on the
circuit board with other elements, so that the antenna can be
firmly fixed onto the circuit board without using additional
process.

Moreover, compared with the conventional PIFA, the
antenna disclosed in the present embodiment of the invention
can be easily erected on a PCB.

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

What is claimed is:
1. An antenna set on a circuit board having a signal trans-
mitting unit and a grounding unit, the antenna comprising:
a conductive supporting portion;
a radiator operating in a first frequency band, the radiator
comprising:

a feeding branch coupled to the signal transmitting unit
for receiving a feeding signal; and

a grounding portion electrically connected to the radiator
through the conductive supporting portion, the ground-
ing portion comprising:

a slot cavity extended from a top surface of the ground-
ing portion into the interior of the grounding portion;
and

a grounding branch coupled to the grounding unit;

wherein, the radiator and the cavity form a resonant cavity
operating in a second frequency band.

2. The antenna according to claim 1, wherein the cavity

comprises a first slot having a first closed end and a first
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opening end, the direction of the opening of the first slot is
parallel to the top surface, and the length and width of the first
slot are related to the frequency level of the second frequency
band.

3. The antenna according to claim 1, wherein the radiator
comprises:

a first indentation, wherein the direction of the opening of
the first indentation and the radiator substantially are
perpendicular to each other, the first indentation and the
resonant cavity are interconnected, and the size of the
first indentation is related to the frequency level of the
second frequency band.

4. The antenna according to claim 1, wherein the radiator,
the conductive supporting portion and the grounding portion
together define a second indentation, the direction of the
opening of the second indentation and the bottom surface are
substantially parallel to each other, the second indentation
and the resonant cavity are interconnected, and the size of
second opening is related to the frequency level of the second
frequency band.

5. The antenna according to claim 1, wherein the radiator
further comprises:

a first protrusion substantially neighboring the feeding
branch, wherein the length and width of the first protru-
sion are related to the level of the second frequency
band.

6. The antenna according to claim 1, wherein the radiator

further comprises:

a second protrusion connected to the conductive support-
ing portion, wherein the length and width of the second
protrusion are related to the level of the first frequency
band.

7. The antenna according to claim 6, wherein the second
protrusion, the conductive supporting portion and the ground-
ing portion further define a second slot having a second closed
end and a second opening end, the direction of the opening of
the second slot is parallel to the radiator body, and the length
and width of the second slot is related to the level of the first
frequency band.

8. The antenna according to claim 1, wherein the feeding
branch and the grounding branch are extended down to the
other lateral side of the circuit board for coupling the antenna
onto the circuit board.

9. The antenna according to claim 1, wherein the grounding
portion further has a fixing mechanism for vertically fixing
the antenna onto the circuit board.

10. The antenna according to claim 1, wherein the radiator,
the conductive supporting portion and the grounding portion
are formed in the same planar structure.

11. The antenna according to claim 1, wherein the antenna
is a planar inverse-F antenna (PIFA).

#* #* #* #* #*






_1370942501.pdf
US007952526B2

a2z United States Patent (10) Patent No.: US 7,952,526 B2
Lee et al. (45) Date of Patent: May 31, 2011
(54) COMPACT DUAL-BAND RESONATOR USING OTHER PUBLICATIONS

ANISOTROPIC METAMATERIAL

Z. Jaksic et al. Negative refractive index metamaterials: principles

(75) Inventors: Cheng-Jung Lee, Los Angeles, CA énjl afplicati;mé' Miqutala§ naUrle\;ijz}ll, Jl;n'dz()%’ bp- 3_6'419_ ) based
(US); Kevin M. K. H. Leong, Los -J. Lee et al. Composite right/left-handed transmission line base

’ . compact resonant antennas for RF module integration. IEEE Trans-
Angeles, CA (US); Tatsuo Itoh, Rolling actions on Antennas and Propagation, vol. 54, No. 8, pp. 2283-2291

HiHS, CA (US) (2006).
. . . A. Lai et al. Dual-mode compact microstrip antenna based on fun-
(73) Assignee: The. Reg?nts of the University of damental backward wave. Microwave Conference Proceedings,
California, Oakland, CA (US) 2005. APMC 2005. Asia-Pacific Conference Proceedings, Dec. 2005,
vol. 4, pp. 4-7.

(*) Notice:  Subject to any disclaimer, the term of this T. Ueda et al. Dielectric Resonator-Based Left-Handed Metamateri-
patent is extended or adjusted under 35 als: Guided Wave. Poster, presented 2007, available at <http://www.
U.S.C. 154(b) by 936 days. mwlab.ee.ucla.edu/poster/2007/Guided Wave30x40.pdf>.

(21)  Appl. No.: 11/844,249 * cited by examiner

(22) Filed: Aug. 23,2007 Primary Examiner — Shih-Chao Chen

(65) Prior Publication Data (74) Attorney, Agent, or Firm — John P. O’Banion

US 2008/0204327 A1 Aug, 28, 2008
g 26, (57) ABSTRACT

Related U.S. Application Data A dual-band resonator with compact size, such as a resonant
(60) Provisional application No. 60/841,668, filed on Aug. type dual-band antenna, which uses an anisotropic metama-

30, 2006. terial is described. The artificial anisotropic medium is imple-
mented by employing a composite right/lefi-handed trans-
(51) Int.ClL mission line. The dispersion relation and the antenna physical
H01Q 138 (2006.01) size only depend on the composition of the unit cell and the
H01Q 15/02 (2006.01) number of cells used. By engineering the characteristics of
(52) US.CL o, 343/700 MS; 343/909  the unit cells to be different in two orthogonal directions, the
(58) Field of Classification Search ........... 343/700 MS,  corresponding propagation constants can be controlled, thus
343/702, 754, 749, 846, 909 enabling dual-band antenna resonances. In addition, the
See application file for complete search history. antenna dimensions can be markedly minimized by maxi-
mally reducing the unit cell size. A dual-band antenna is also
(56) References Cited described which is designed for operation at frequencies for
PCS/Bluetooth applications, and which has a physical size of
U.S. PATENT DOCUMENTS YVishoxY1shox Y10k, where A, is the free space wavelength at
6,567,048 B2 5/2003 McKinzie, III et al. 2.37 GHz.
7,764,232 B2* 7/2010 Achouretal. ....... 343/700 MS
2003/0137457 Al 7/2003 McKinzie, III et al.
2005/0225492 Al 10/2005 Metz 43 Claims, 10 Drawing Sheets

100
TN






US 7,952,526 B2

Sheet 1 of 10

May 31, 2011

U.S. Patent

YOl

WV~ _~ _—~—""pgoL

POLL

1

.

m /
gL~
€801

/ :

aclt

/

I

\

EOLL

P2

2011

/oo_,





US 7,952,526 B2

Sheet 2 of 10

May 31, 2011

U.S. Patent

mﬂ U Vm
: 4 7 m
T TTTUAMAS VAAAS 3
;02 2™ g '0g






US 7,952,526 B2

Sheet 3 of 10

May 31, 2011

U.S. Patent

RS v xmmmt e e
" ExERA e amnn
e
o oNmmn

!
H
!
,,,,,,,,,,,,,,,,,,,, e
.......... i m e e e
....... e -
,,,,,, m -
B S
1 el .
: " HORORHD-K
§ . -
! Tel ™ §
! ) ™.
“ /'
! ~
m W N
m UOBOBID-A ™,
“ -
: .
!
spow L-=u B

(zHH) Aduanbayy





US 7,952,526 B2

Sheet 4 of 10

May 31, 2011

U.S. Patent

d

ago | ‘P80l 80 0801

0" 'e0
eZLL ‘agll

9 "OId

il X 901
QOLE'POLE~, COHHOO0LE~ [ _,vOL

N / 7

{

|

m Z
\
)G I N

et //mwo_, 080+

oy

agot ‘Pgot

[ Aqn LFOV d )
2801 ‘4801 0801 ‘P8O
G 'Old
A&EE
A 901
mo:.po:/, oo:._oo:/ \wor
\ N 7
|
Bl aghl | |4
zw _l/_ ] [ _ﬂ" ﬁ,
A 5k L Nz01
R 0801 ‘P80
€801 ‘4801





FIG. 9





US 7,952,526 B2

Sheet 6 of 10

May 31, 2011

U.S. Patent

__3 Q 4

/





U.S. Patent May 31, 2011 Sheet 7 of 10 US 7,952,526 B2

™
1w
....llllllllllll.IlllllIlllllllll N
i —
il N
SEnamennuny .l s aael M EEFF PSR EREE — &N %
- ' L
| > T
0 "
i dc, (_5
il LL
€| |au B
AR
o | | &=
S i
) i
0 ©
L o }
TE | |~
IIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII m.
o

N © N < © 0 ©6 N W ©o oo ©o
A T T T T

(gp) sso| uinjal





U.S. Patent May 31, 2011 Sheet 8 of 10 US 7,952,526 B2

e £ CO-pOI
90  ---Ex-pol

180

270
FIG. 12A

e B CO-poOI
~==E x-pol

180

270
FIG. 12B





U.S. Patent May 31, 2011 Sheet 9 of 10 US 7,952,526 B2

= £ CO-POI

180

270
FIG. 13A

e E CO-poOI
===E x-pol

180

270
FIG. 13B





U.S. Patent May 31, 2011 Sheet 10 of 10 US 7,952,526 B2

200
) 206\

first-frequency second-frequency
wireless service wireless service

204\

animtmpi; X first-frequency
metamaterial Tx-Rx
CRIH-TiSs
214

y \212 220

/216 . sacond-frequency
Tx-Rx






US 7,952,526 B2

1
COMPACT DUAL-BAND RESONATOR USING
ANISOTROPIC METAMATERIAL

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority from U.S. provisional
application Ser. No. 60/841,668 filed on Aug. 30, 2006, incor-
porated herein by reference in its entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

This invention was made with Government support under
Grant No. N00014-01-1-0803 awarded by the U.S. Navy/
Office of Naval Research. The Government has certain rights
in this invention.

INCORPORATION-BY-REFERENCE OF
MATERIAL SUBMITTED ON A COMPACT DISC

Not Applicable

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention pertains generally to dual-band resonant
devices, and more particularly to compact dual-band resonant
devices formed from anisotropic metamaterial.

2. Description of Related Art

Wireless communication capability has become a built-in
function in almost all modern hi-tech products in the past few
years. In particular, dual-band or multi-band operations such
as GPS/K-PCS and PCS/IMT-2000/Bluetooth, which are
able to provide multiple functions within a single device, are
receiving increasing attention. In the radio-frequency (RF)
front-end module of such wireless multi-band systems, the
antennas which can support multi-band transmitting and
receiving are one of the critical elements needed to construct.
Generally, multi-band operation is achieved by creating vari-
ous configurations to resonate at different frequencies
required for a specific application in a single radiating device.
For example, a dual-band antenna has been realized by
slightly changing the shape of a rectangular patch antenna
and exciting two frequency modes with two feeding lines. A
planar inverted f-antenna (PIFA) is another popular antenna
that can achieve multi-band operation.

In addition, due to the decreasing available space for the
wireless module, shrinking the antenna size is another impor-
tant issue considered in the design specification. One
approach to reducing antenna size, is to use metamaterials in
the design and construction of the antennal. As we have
previously demonstrated, because of their unique electro-
magnetic properties metamaterials can be applied to antenna
applications where the size of the antenna need to be substan-
tially reduced (C. J. Lee, K. M. K. H. Leong, and T. Itoh,
“Design of resonant small antenna using composite right/left-
handed transmission line,” Antenna and Propagation Society
Symposium, July 2005).

BRIEF SUMMARY OF THE INVENTION

Accordingly, an aspect of the present invention is a dual-
band resonant structure that is fabricated from anisotropic
metamaterials and configured for use in realizing compact
antennas and devices.
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Another aspect of the invention is the realization of a min-
iature dual-band antenna in which the radiation frequency
depends on the configuration of the unit cell rather than on the
antenna’s physical size. Therefore, a small antenna can be
easily achieved by using a small unit cell as its composition.

Another aspect of the invention is realization of dual-band
operation by using an anisotropic metamaterial with different
propagation constants ([3’s) in orthogonal propagation direc-
tions of the metamaterial. For example, in stark contrast to a
conventional patch antenna which uses different physical
lengths but the same f§ to create dual-band operation, the
present invention uses the same physical length but different
[’s to achieve dual-band operation. In one embodiment, the
n=-1 mode is chosen in both resonant directions to provide
better impedance matching and higher radiation efficiency as
well as realizing a compact antenna size.

By way of example, and not of limitation, dual-band
antenna embodiments of the present invention are con-
structed with anisotropic metamaterials where the individual
constituent periodic structures implement composite right/
left handed transmission lines (CRLH-TL’s). The mode of
operation is a left-handed (LH) mode, so its propagation
constant approaches negative infinity as the frequency
decreases to the lower cutoff frequency. Therefore, an elec-
trically large, but physically small, antenna can be fabricated
to fit within everyday portable wireless devices.

In one embodiment, a dual-band anisotropic metamaterial
resonant apparatus comprises a plurality of spaced-apart
microstrip CRLH unit cells arranged in an array that has first
and second orthogonal directions; at least two of said unit
cells cascaded in the first direction; and at least two of said
unit cells cascaded in the second direction; said array having
different [3’s in orthogonal propagation directions to achieve
dual-band resonance.

In another embodiment, an anisotropic metamaterial dual-
band resonant apparatus comprises a first dielectric substrate
layer having a surface; a metallized backplane layer; a second
dielectric substrate layer between said first substrate layer and
said backplane layer; a plurality of spaced-apart microstrip
CRLH unit cells formed of metallized patches arranged in an
array on the surface of said first substrate layer, each said
patch having an electrical connection to said backplane layer
through said second substrate layer; said array having first
and second orthogonal directions; at least two of said unit
cells cascaded in the first direction; at least two of said unit
cells cascaded in the second direction; said array having
different [3’s in orthogonal propagation directions to achieve
dual-band resonance.

In a still further embodiment, a dual-band anisotropic
metamaterial resonant apparatus comprises a 2x2 array of
spaced-apart microstrip unit cells; said array having first and
second orthogonal propagation directions; and said array
having different [3’s in said orthogonal propagation directions
to achieve dual-band resonance.

In another embodiment, a micro-miniature dual-band reso-
nant device comprises an anisotropic metamaterial having at
least two-dimensions in an x-y plane; a pair of composite
right/left handed transmission lines (CRLH-TL’s) imple-
mented within the same spaces of the anisotropic metamate-
rial but with different frequency responses in different direc-
tions within the anisotropic metamaterial; and a feed to the
CRLH-TL’s providing for a first frequency of operation and
a second frequency of operation with respective ones of
CRLH-TL’s in said dual-band resonant device.

In another embodiment, a method of micro-miniaturiza-
tion of a dual-band resonant device comprises micro-minia-
turizing said device by implementing it with composite right/





US 7,952,526 B2

3
left handed transmission lines (CRLH-TL’s) each having
different frequency responses; and imparting a multi-band
functionality to said device by implementing a plurality of
said CRLH-TL’s to lie in different directions within an aniso-
tropic metamaterial.

In another embodiment, a portable wireless device com-
prises a micro-miniature dual-band antenna for simultaneous
operation at different first and second frequencies; a first
frequency wireless transmitter or receiver coupled to the
antenna for interoperation with a first-frequency wireless ser-
vice; and a second frequency wireless transmitter or receiver
coupled to the antenna for interoperation with a second-fre-
quency wireless service; wherein all such components are
completely disposed within a single said portable wireless
device.

In still another embodiment, a portable wireless device
comprises a micro-miniature dual-band antenna for simulta-
neous operation at different first and second frequencies; a
first frequency wireless transmitter or receiver coupled to the
antenna for interoperation with a first-frequency wireless ser-
vice; and a second frequency wireless transmitter or receiver
coupled to the antenna for interoperation with a second-fre-
quency wireless service; wherein said antenna further com-
prises an anisotropic metamaterial having two-dimensions in
the x- and y-directions, a pair of composite right/left handed
transmission lines (CRLH-TL’s) implemented within the
same spaces of the anisotropic metamaterial but with differ-
ent frequency responses in the x- and y-directions of the
anisotropic metamaterial, a first feedline coupled to one of the
CRLH-TL’s in said x-direction providing for a first frequency
of operation, and a second feedline to the other one of the
CRLH-TL’s in said y-direction providing for a second fre-
quency of operation in said dual-band antenna, wherein said
first and second feedlines are separate feedlines or are the
same feedlines, an array of individual constituent periodic
structures disposed in the anisotropic metamaterial that
together implement the CRLH-TL’s, a unit cell structure
having a metal plate with a via connecting said metal plate at
its center to an underlying backplane, and disposed within
each of the individual constituent periodic structures, and
having an equivalent circuit in which a T-bandpass circuit
includes a shunt L-C circuit implemented by said via stem
connection and underlying backplane, and series L-C circuits
across each x- and y-direction implemented by said square
metal plates and gaps between them, and a metal-insulator-
metal (MIM) capacitor disposed between adjacent ones of the
unit cell structures in one of the x- and y-directions only,
wherein such directional asymmetry imparts correspond-
ingly different frequency responses to each of the pair of
CRLH-TL’s; wherein all such components are completely
disposed within a single said portable wireless device.

In one embodiment, each of the individual constituent peri-
odic structures are asymmetric in their x- and y-axes, with one
axis providing resonance at one frequency and the other axis
providing resonance at the second frequency. In one embodi-
ment, the individual constituent periodic structures are
arrayed in a square matrix, and the array is provided with an
offset feed for the dual-bands being used. In one embodiment,
metal-insulator-metal (MIM) capacitors are used to couple
mushroom-like metal structures with a square top and a cen-
tral via stem, but only in one axis. In the other axis, there are
no MIM capacitors coupling the mushroom-like metal struc-
tures together along the CRLH-TL.

Further aspects and embodiments of the invention will be
brought out in the following portions of the specification,
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wherein the detailed description is for the purpose of fully
disclosing preferred embodiments of the invention without
placing limitations thereon.

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

The invention will be more fully understood by reference
to the following drawings which are for illustrative purposes
only:

FIG. 1 is a schematic perspective view of an embodiment
of a dual-band resonator structure according to the present
invention.

FIG. 2 is a detail view of a portion of the structure shown in
FIG. 1, illustrating the positioning of MIM capacitors.

FIG. 3 is a schematic diagram of the equivalent circuit of
the CRLH-TL unit cell corresponding to FIG. 1.

FIG. 4 is a graph showing two dispersion curves corre-
sponding to the x- and y-directions, and are based on equiva-
lent circuit parameters that were extracted from a full-wave
simulation.

FIG. 5 is a cross-sectional diagrams of FIG. 1 taken
through line 5-5.

FIG. 6 is a cross-sectional diagrams of FIG. 1 taken
through line 6-6.

FIG. 7 is schematic diagram of the equivalent circuit of the
CRLH-TL corresponding to FIG. 5.

FIG. 8 is schematic diagram of the equivalent circuit of the
CRLH-TL corresponding to FIG. 6.

FIG. 9 is a schematic perspective view of an embodiment
of the dual-band resonator structure shown in FIG. 1 with
exemplary dimensions for operation in the 1.9 GHz and 2.4
GHz frequency bands.

FIG. 10 is a detail view of a portion of the structure shown
in FIG. 9, illustrating the patch and MIM capacitor dimen-
sions.

FIG. 11 is a graph showing simulated and measured return
loss for the dual-band antenna embodiment shown in FIG. 9
and FIG. 10.

FIG. 12A and FIG. 12B are plots of the normalized radia-
tion patter for the dual-band antenna embodiment shown in
FIG. 9 and FIG. 10 at 1.96 GHz in the x-z or E-plane (FIG.
12A) and the y-z or H-plane (FIG. 12B).

FIG. 13A and FIG. 13B are plots of the normalized radia-
tion patter for the dual-band antenna embodiment shown in
FIG. 9 and FIG. 10 at 2.37 GHz in the x-z or E-plane (FIG.
13A) and the y-z or H-plane (FIG. 13B).

FIG. 14 is a functional block diagram of a portable wireless
device with a micro-miniaturized dual-band antenna and two
different frequency wireless services.

DETAILED DESCRIPTION OF THE INVENTION

Metamaterials can be constructed to have unique electro-
magnetic properties that can be used to great advantage in
making micro-miniature antennas. The resonant frequencies
of'these antennas will be dependent on the metamaterial unit
cell construction, not just the antenna’s physical dimensions.
The metamaterial unit cell construction can be made so as to
shorten the physical space needed to accommodate a half-
wavelength, quarter-wavelength, etc. Thus, a micro-miniatur-
ized antenna can be achieved by equally small unit cells in the
metamaterial composition.

Dual-band operation is implemented by using an anisotro-
pic metamaterial with different §’s in orthogonal propagation
directions of the metamaterial. In other words, a physically
square-shaped antenna can be made to look electrically like it
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has different wavelengths in its two dimensions. This is unlike
a conventional patch antenna made of homogeneous material
which works the two different physical dimensions in a rect-
angular shape, e.g., the material has the same f in any direc-
tion.

An embodiment of a compact dual-band resonator accord-
ing to the present invention is shown in FIG. 1, and is referred
to herein by the general reference numeral 100. In the
embodiment shown, the device comprises a multi-layer struc-
ture having a first (upper) substrate layer 102, a second
(lower) substrate layer 104, and a metallized ground plane
layer 106. In this embodiment, four spaced-apart metallized
patches 108a-d are arranged on the upper surface of the first
substrate layer 102 in a 2x2 array. The patches 108a-d are
connected to the ground plane 106 using metallic vias 110a-d,
respectively, which pass through the second substrate layer
104.

A pair of metallized patches 1124, 1125 is positioned
beneath patches 108a-d between first substrate layer 102 and
second substrate layer 104. As also illustrated in FIG. 2, each
patch 112 straddles a corresponding pair of patches 108 along
the x-axis depicted in FIG. 1, to form metal-insulator-metal
(MIM) type capacitors. Note that In the embodiment shown,
patches 112a, 1125 are generally square-shaped patches
which are rotated approximately forty-five degrees in relation
to patches 108a-b, 108¢-d, respectively, to provide clearance
for vias 110a-d, but such rotation is not mandatory. Note also
that patches 112a, 1126 do not form MIM capacitors along
the y-axis in this embodiment, the reason for which is
described below. Further, note that the corners of patches
112a, 1126 in the y-direction are cut off as illustrated in FIG.
2 in this embodiment.

From the foregoing it can be seen that resonator comprises
a composite right/left-handed transmission line (CRLH-TL)
with two CRLH unit cells cascaded in both x- and y-direc-
tions. FIG. 3 shows the equivalent circuit model of the CRLH-
TL which consists of series capacitance (C;), inductance
(Lz), shunt capacitance (Cy) and inductance (L;). By using
the transmission line implementation of the metamaterial
(see, C. Caloz, and T. Itoh, “Application of the transmission
line theory of left-handed (LH) materials to the realization of
a microstrip “LH line”” IEEE Antennas and Propagation
Society Symposium, vol. 2, pp. 412-415, June 2002; see also,
C. Caloz and T. Itoh. “Novel microwave devices and struc-
tures based on the transmission line approach of meta-mate-
rials,” IEEE International Microwave Symposium, vol. 1, pp.
195-198, June 2003), the resonator can be designed to operate
in the left-handed mode where the § approaches negative
infinity (wavelength becomes infinite small) as the frequency
decreases to the lower cutoff. Therefore, the physical size of
the half-wavelength resonator, such as an antenna, can be
extremely reduced while the field distribution along the reso-
nant direction remains the same.

Each patch 108 and its corresponding via 110 forms a unit
cell in the matrix. The coupling capacitance between adjacent
unit cells acts like C, and the metallic via which forms a
shorting pin connected to the ground plane acts like L;. The
microstrip patch possesses the right-handed parasitic effect
which can be seen as L, and Cy. In addition, since the dis-
persion characteristic is determined by the unit cell of the
CRLH-TL, the anisotropic metamaterial can be easily imple-
mented by designing the unit cells differently in the x and y
directions, as shown in FIG. 1. In the x- and y-directions, the
C, is realized by the gap coupling between the top patches.
However, in the x-direction, the additional metal-insulator-
metal (MIM) capacitance enhances the series capacitance,
thus increasing the coupling between the adjacent unit cells.
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FIG. 4 shows exemplary dispersion diagrams correspond-
ing to the x- and y-directions, which are based on the equiva-
lent circuit parameters extracted from a full-wave simulation
described more fully below. Since larger capacitance is
arranged in the x-direction, the dispersion curve along the
x-direction will appear at a lower frequency than the disper-
sion curve along the y-direction which has no C; contribution
from the MIM capacitance. Dual-band operation can be con-
sequently developed by exciting the device at different 5’s in
the different directions even when the physical dimensions in
the two directions are identical. The n=-1 mode, which
implies pd/n=0.5, is chosen to provide half-wavelength field
distribution and better impedance matching.

Referring more particularly to FIG. 5, the y-direction cou-
pling between adjacent edges of patches 108a, 1085 and
108c¢, 1084 forms one capacitor (C1) between them along the
y-axis. Referring also to FIG. 6, in the orthogonal direction
the x-axis coupling between adjacent edges of patches 108a,
108¢ and 1085, 1084 form one capacitor (C2) between them
along the x-axis. As shown in FIG. 6, the two metallized
patches 112a, 1125 form one electrode each of two MIM
capacitors (C3 and C4), and are overhung by portions of
patches 108a, 1085 and 108c¢, 1084, respectively. The over-
hanging portions form the opposite plates of MIM capacitors
C3 and C4, the series combination of which is in parallel with
capacitor C2.

Referring again to FIG. 1, a microstrip feedline 114 is
placed off-center and on one side of the 2x2 array. The offset
feed, as opposed to a center feed, is used so that the array can
be excited at different [’s in the different directions, even
when the physical dimensions in the two directions are iden-
tical. As indicated previously, the n=—1 mode, which implies
pd/m=0.5, was chosen to provide half-wavelength field dis-
tribution, better impedance matching, higher radiation effi-
ciency, and a very compact antenna size.

Example

A prototype compact dual-band antenna was fabricated
using the design shown in FIG. 1 through FIG. 3 and FIG. 4
through FIG. 8 and the dimensions shown in FIG. 9 and FIG.
10 for operation generally at 1.9 GHz and 2.4 GHz in the x-
and y-directions, respectively. RT/Duroid material was used
for the substrate, and 0.8 mil thick copper was used for the
patches. The thicknesses of the upper substrate layer was
chosen so that its dielectric constant € was much greater than
that of the lower substrate layer, the dielectric constants of the
upper and lower layers being approximately 10.0 and 2.2,
respectively. The microstrip feedline was positioned in an
offset feed configuration and coupled to the antenna by a 0.1
mm gap. The particular width of the microstrip feedline was
chosen for impedance matching at 50-ohms.

As can be seen in the figures, the left edge of the feedline is
offset from the left edge of the patch by 0.4 mm. This places
the center of the feedline at 0.325 mm left of center the patch,
and the right edge of the feedline at 1.05 mm left of the right
edge of the patch (1.10 mm left of center of the array). This
offset feed configuration enabled the excitation of two left-
handed (LLH) n=—1 modes along the x- and y-directions at the
same time.

The x- and y-direction dispersion curves for the exemplary
antenna are shown in FIG. 4. A full-wave simulation (HFSS)
and the measured result of the antenna are compared in FIG.
11. As can be seen, the simulation and measured results show
good agreement between each other. The measured return
losses at 2.37 GHz and 1.96 GHz were —-6.8 dB and -18.4 dB,
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respectively. The frequency peak that appears at the lower
frequency is due to the mode coupling.

Radiation patterns for 1.96 GHz and 2.37 GHz were col-
lected, and the normalized radiation patterns for those fre-
quencies are shown in FIG. 12 and FIG. 13, respectively.

The E-plane and H-plane of the dual-band antenna reso-
nant at 1.96 GHz were in the x-z and y-z planes. The E-plane
and H-plane of the antenna resonant at 2.37 GHz were in the
y-z and X-z planes, respectively. The measured antenna gains
in the broadside direction for 1.96 GHzand 2.37 GHz were -3
dBi and -2.3 dBi, respectively. As shown in FIG. 12, the
cross-polarizations were better than —14 dB at 1.96 GHz for
both the E-plane and H-plane. These results indicate that the
antenna has good linear polarization at this frequency. How-
ever, as shown in FIG. 13, the cross-polarization for the
E-plane and H-plane at 2.36 GHz were more than -10 dB.
This may be attributed to the smaller ground plane in the
y-direction than in the x-direction.

The method described in H. G. Schantz, ‘“Radiation effi-
ciency of UWB antennas,” [EEE Conféerence on Ultra Wide-
band Systems and Technologies, pp. 351-355, May 2002, was
used to estimate the radiation efficiency. The measured
antenna radiation efficiency was 28.9% at 2.37 GHz and
25.4% at 1.96 GHz. The radiation efficiency at the lowest
peak occurred at 1.79 GHz, as shown in FIG. 11, and was
measured to be only 6.9%. This verifies that the occurrence of
this mode is due to the mode coupling of the two orthogonal
n=-1 modes. The more complicated field distribution of the
coupling mode will reduce the radiation efficiency. The
width, length and height of the dual-band antenna (i.e., 6.9
mmx6.9 mmx6.574 mm) in terms of free space wavelength at
2.37 GHz were Vish,, Vish,, and Viok,, respectively. This
indicates a 96% area reduction compared to a conventional
patch antenna.

In alternative embodiments of the present invention, a two
dimensional anisotropic cell structure can vary the patch sizes
and feed locations along the x- and y-directions without rely-
ing on MIM capacitor location placements to precipitate the
necessary asymmetry for the dual-band response. In other
embodiments, MIM capacitance can be added in both the x-
and y-directions, in different amounts, and still achieve com-
pact dual-band resonant operation as described.

As previously discussed, embodiments of the present
invention achieve dual-band operation very differently from
conventional methods which strongly depend on the physical
dimensions in the resonant directions. This is why the design
parameters shown in FIG. 9 and FIG. 10 and described above
are based on square-shaped CRLH unit cells and a 2x2 array
of those unit cells having the same physical dimensions in
both the x- and y-directions. It will be appreciated, however,
that it is not necessary for x- and y-dimensions to be the same
lengths in specific applications. For example, antenna gain
can be controlled by aperture size; therefore, one dimension
could be made slightly larger to compensate for the smaller
gain at the other resonant frequency.

Furthermore, the feeding network need not contain only a
single feed. A single, offset, feed line as described above is
certainly the simplest way to excite two orthogonal modes.
However, dual feeds may be desired in some applications, and
the design above is clearly suitable for use with dual feeds.

Note also that, when square-shaped patches are used, four
of them are configured in a two-by-two array with MIM
capacitors bridging the patches along only the x-direction to
produce the two different responses in the x- and y-directions.
However, if rectangular patches were used instead, without
bridging MIM capacitors, then the two different responses in
the x- and y-directions will be available in as little as a
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one-by-one cell array. More complex geometries like ovals,
triangles, hexagons, octagons, etc. are also possible.

It will also be appreciated from the discussion above that
the device can be configured for operation at higher order
modes (i.e., lower negative resonance). For example, to
achieve a negative resonance lower than n=-1, the array size
would be increased from 2x2 to 3x3 or larger. In other words,
operation at n=-2, n=-3 and higher order modes with lower
resonant frequencies would be achieved by using more
CRLH unit cells cascaded together than would be used for
operation at n=-1.

Referring now to FIG. 14, a system embodiment of the
present invention is illustrated, and is referred to herein by the
general reference numeral 200. System 200 includes a por-
table wireless device 202 supported by a first-frequency wire-
less service 204 and a second-frequency wireless service 206.
Examples of such wireless services include, but are not lim-
ited to, G3-type GSM/PCS cellphone wireless WAN services,
WiFi WLAN, and Bluetooth Radio carriers 208 and 210 are
on two different frequencies and require device 202 to have a
dual-band antenna 212. Here, the dual-band antenna 212 is
constructed using an anisotropic metamaterial as described
above. An x-direction feed 214 supports a first-frequency
wireless transmitter/receiver, and a y-direction feed 216 sup-
ports a second-frequency wireless transmitter/receiver 220.
The dual-band antenna 212 employ physically separate feeds
in the x- and y-directions or, preferably, employ a single feed
as previously described herein. In the case of a single input to
the antenna, a duplexer or diplexer (not shown) would be used
for combining or separating the two frequency bands.

It will be appreciated that, in using an anisotropic medium
to realize multi-band operation, it is not necessary to operate
only in orthogonal x- and y-directions. There can be more
directions used in the x-y plane, or even in three dimensions,
as long as different unit cell behavior can be realized in the
corresponding directions. By manipulating the unit cell com-
positions in three directions, for example, a tri-band antenna
could be implemented.

Although the description above contains many details,
these should not be construed as limiting the scope of the
invention but as merely providing illustrations of some of the
presently preferred embodiments of this invention. There-
fore, it will be appreciated that the scope of the present inven-
tion fully encompasses other embodiments which may
become obvious to those skilled in the art, and that the scope
of the present invention is accordingly to be limited by noth-
ing other than the appended claims, in which reference to an
element in the singular is not intended to mean “one and only
one” unless explicitly so stated, but rather “one or more.” All
structural, chemical, and functional equivalents to the ele-
ments of the above-described preferred embodiment that are
known to those of ordinary skill in the art are expressly
incorporated herein by reference and are intended to be
encompassed by the present claims. Moreover, it is not nec-
essary for a device or method to address each and every
problem sought to be solved by the present invention, for it to
be encompassed by the present claims. Furthermore, no ele-
ment, component, or method step in the present disclosure is
intended to be dedicated to the public regardless of whether
the element, component, or method step is explicitly recited
in the claims. No claim element herein is to be construed
under the provisions of35 U.S.C. 112, sixth paragraph, unless
the element is expressly recited using the phrase “means for.”
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What is claimed is:

1. A dual-band anisotropic metamaterial resonant appara-
tus, comprising:

a plurality of spaced-apart microstrip composite right/left

handed (CRLH) unit cells arranged in an array;

said array having first and second orthogonal directions;

at least two of said unit cells cascaded in the first direction;

and

at least two of said unit cells cascaded in the second direc-

tion;

said array having different §8’s in orthogonal propagation

directions to achieve dual-band resonance.

2. An apparatus as recited in claim 1, wherein physical size
of said array is the same in said first and second directions.

3. An apparatus as recited in claim 1, further comprising:

a microstrip feedline coupled to said array;

said feedline positioned off-center in relation to center of

said array;

said feedline configured to excite said array in two modes

along the first and second directions at the same time.

4. An apparatus as recited in claim 3, wherein said feedline
is configured to excite the array in two LH modes.

5. An apparatus as recited in claim 1, wherein said array
comprises a 2x2 array of CRLH unit cells.

6. An apparatus as recited in claim 1, further comprising:

a microstrip capacitor;

said microstrip capacitor positioned to increase capacitive

coupling between at least two adjacent unit cells in said
first direction but not between adjacent unit cells in said
second direction.

7. An apparatus as recited in claim 6, wherein said micros-
trip capacitor comprises a metal-insulator-metal capacitor.

8. An apparatus as recited in claim 1, wherein said appa-
ratus is a component of a wireless communications device.

9. An apparatus as recited in claim 8, wherein said compo-
nent comprises an antenna.

10. An anisotropic metamaterial dual-band resonant appa-
ratus, comprising:

a first dielectric substrate layer, said first substrate layer

having a surface;

a metallized backplane layer;

a second dielectric substrate layer between said first sub-

strate layer and said backplane layer; and

a plurality of spaced-apart microstrip composite right/left

handed (CRLH) unit cells formed of metallized patches
arranged in an array on the surface of said first substrate
layer, each said patch having an electrical connection to
said backplane layer through said second substrate
layer;

said array having first and second orthogonal directions;

at least two of said unit cells cascaded in the first direction;

at least two of said unit cells cascaded in the second direc-
tion;

said array having different §8’s in orthogonal propagation

directions to achieve dual-band resonance.

11. An apparatus as recited in claim 10, wherein physical
size of said array is the same in said first and second direc-
tions.

12. An apparatus as recited in claim 10, further comprising:

a microstrip feedline coupled to said array;

said feedline positioned off-center in relation to center of

said array;
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said feedline configured to excite said array in two modes

along the first and second directions at the same time.

13. An apparatus as recited in claim 12, wherein said feed-
line is configured to excite the array in two LH modes.

14. An apparatus as recited in claim 10, wherein said array
comprises a 2x2 array of CRLH unit cells.

15. An apparatus as recited in claim 10, further comprising:

a microstrip capacitor;

said capacitor positioned between said first and second

substrate layers;

said capacitor overlapping at least two adjacent unit cells to

provide additional capacitive coupling between said unit
cells in said first direction but not between adjacent unit
cells in said second direction.

16. An apparatus as recited in claim 15, wherein said
microstrip capacitor comprises a metal-insulator-metal
capacitor.

17. An apparatus as recited in claim 10, wherein said appa-
ratus is a component of a wireless communications device.

18. An apparatus as recited in claim 17, wherein said com-
ponent comprises an antenna.

19. A dual-band anisotropic metamaterial resonant appa-
ratus, comprising:

a 2x2 array of spaced-apart microstrip unit cells;

said array having first and second orthogonal propagation

directions;

said array having different [3’s in said orthogonal propaga-

tion directions to achieve dual-band resonance.

20. An apparatus as recited in claim 19, wherein physical
size of said array is the same in said first and second direc-
tions.

21. An apparatus as recited in claim 19, further comprising:

a microstrip feedline coupled to said array;

said feedline positioned oft-center in relation to center of

said array;

said feedline configured to excite said array in two modes

along the first and second propagation directions at the
same time.

22. An apparatus as recited in claim 19, wherein said feed-
line is configured to excite the array in two n=—1 modes.

23. An apparatus as recited in claim 19, further comprising:

a first microstrip capacitor;

said first microstrip capacitor positioned to increase

capacitive coupling between a first two of said unit cells
in said first propagation direction but not between adja-
cent unit cells in said second propagation direction; and

a second microstrip capacitor;

said second microstrip capacitor positioned to increase

capacitive coupling between a second two of said unit
cells in said first propagation direction but not between
adjacent unit cells in said second propagation direction.

24. An apparatus as recited in claim 23, wherein said
microstrip capacitors comprises a metal-insulator-metal
capacitors.

25. An apparatus as recited in claim 19, wherein said appa-
ratus is a component of a wireless communications device.

26. An apparatus as recited in claim 25, wherein said com-
ponent comprises an antenna.

27. A micro-miniature dual-band resonant device, com-
prising:

an anisotropic metamaterial having at least two-dimen-

sions in an x-y plane;
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a pair of composite right/left handed transmission lines
(CRLH-TL’s) implemented within the same spaces of
the anisotropic metamaterial but with different fre-
quency responses in different directions within the
anisotropic metamaterial; and

a feed to the CRLH-TL’s providing for a first frequency of
operation and a second frequency of operation with
respective ones of CRLH-TL’s in said dual-band reso-
nant device.

28. A device as recited in claim 27, further comprising:

an array of individual constituent periodic structures dis-
posed in the anisotropic metamaterial that together
implement the CRLH-TL’s.

29. A device as recited in claim 28, further comprising:

a unit cell structure having a metal plate with a via con-
necting said metal plate at its center to an underlying
backplane, and disposed within each of the individual
constituent periodic structures, and having an equivalent
circuit in which a T-bandpass circuit includes a shunt
L-C circuit implemented by said via connection and
underlying backplane, and series L-C circuits across
each direction implemented by said metal plates and
gaps them.

30. A device as recited in claim 29, further comprising:

a metal-insulator-metal (MIM) capacitor disposed
between adjacent ones of the unit cells structures in one
direction only, wherein such directional asymmetry
imparts correspondingly different frequency responses
to each of the CRLH-TL’s.

31. A device as recited in claim 27, wherein said device is

a component of a wireless communications device.

32. A device as recited in claim 31, wherein said compo-

nent comprises an antenna.

33. A method of micro-miniaturization of a dual-band reso-

nant device, comprising:

micro-miniaturizing said device by implementing it with
composite right/left handed transmission lines (CRLH-
TL’s) each having different frequency responses; and

imparting a multi-band functionality to said device by
implementing a plurality of said CRLH-TL’s to lie in
different directions within an anisotropic metamaterial.

34. A method as recited in claim 33, further comprising:

constructing said anisotropic metamaterials and CRLH-
TL’s to use individual constituent periodic structures in
a square array.

35. A method as recited in claim 34, further comprising:

placing metal-insulator-metal (MIM) capacitors between
adjacent ones of individual constituent periodic struc-
tures in one of the x- and y-directions only, to impart an
asymmetry that produces a frequency response differ-
ence between orthogonal ones of the CRLH-TL’s and
therein enables said dual-band functionality.

36. A method as recited in claim 34, wherein said device is

a component of a wireless communications device.

37. A method as recited in claim 36, wherein said compo-

nent comprises an antenna.

38. A portable wireless device, comprising:

a micro-miniature dual-band antenna for simultaneous
operation at different first and second frequencies;

afirst frequency wireless transmitter or receiver coupled to
the antenna for interoperation with a first-frequency
wireless service; and
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a second frequency wireless transmitter or receiver
coupled to the antenna for interoperation with a second-
frequency wireless service;

wherein all such components are completely disposed
within a single said portable wireless device.

39. A portable wireless device of claim 38, wherein said

antenna further comprises:

an anisotropic metamaterial having two-dimensions in the
x- and y-directions;

a pair of composite right/left handed transmission lines
(CRLH-TL’s) implemented within the same spaces of
the anisotropic metamaterial but with different fre-
quency responses in the x- and y-directions of the aniso-
tropic metamaterial;

a first feedline coupled to one of the CRLH-TL’s in said
x-direction providing for a first frequency of operation;
and

a second feedline to the other one of the CRLH-TL s in said
y-direction providing for a second frequency of opera-
tion in said dual-band antenna;

wherein said first and second feedlines are separate feed-
lines or are the same feedlines.

40. A portable wireless device as recited in claim 39, fur-

ther comprising:

an array of individual constituent periodic structures dis-
posed in the anisotropic metamaterial that together
implement the CRLH-TL’s.

41. A portable wireless device as recited in claim 40, fur-

ther comprising:

a unit cell structure having a metal plate with a via con-
necting said metal plate at its center to an underlying
backplane, and disposed within each of the individual
constituent periodic structures, and having an equivalent
circuit in which a T-bandpass circuit includes a shunt
L-C circuit implemented by said via stem connection
and underlying backplane, and series L-C circuits across
each x- and y-direction implemented by said square
metal plates and gaps between them.

42. A portable wireless device as recited in claim 41, fur-

ther comprising:

a metal-insulator-metal (MIM) capacitor disposed
between adjacent ones of the unit cell structures in one of
the x- and y-directions only, wherein such directional
asymmetry imparts correspondingly different frequency
responses to each of the pair of CRLH-TL’s.

43. A portable wireless device, comprising:

a micro-miniature dual-band antenna for simultaneous
operation at different first and second frequencies;

a first frequency wireless transmitter or receiver coupled to
the antenna for interoperation with a first-frequency
wireless service; and

a second frequency wireless transmitter or receiver
coupled to the antenna for interoperation with a second-
frequency wireless service;

wherein said antenna further comprises:
an anisotropic metamaterial having two-dimensions in

the x- and y-directions;

a pair of composite right/left handed transmission lines
(CRLH-TL’s) implemented within the same spaces
of the anisotropic metamaterial but with different fre-
quency responses in the x- and y-directions of the
anisotropic metamaterial;
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a first feedline coupled to one of the CRLH-TL’s in said
x-direction providing for a first frequency of opera-
tion;

a second feedline to the other one of the CRLH-TL’s in
said y-direction providing for a second frequency of
operation in said dual-band antenna;

wherein said first and second feedlines are separate feed-
lines or are the same feedlines;

an array of individual constituent periodic structures
disposed in the anisotropic metamaterial that together
implement the CRLH-TL’s;

a unit cell structure having a metal plate with a via
connecting said metal plate at its center to an under-
lying backplane, and disposed within each ofthe indi-
vidual constituent periodic structures, and having an

5
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equivalent circuit in which a T-bandpass circuit
includes a shunt L-C circuit implemented by said via
stem connection and underlying backplane, and series
L-C circuits across each x- and y-direction imple-
mented by said square metal plates and gaps between
them; and

a metal-insulator-metal (MIM) capacitor disposed
between adjacent ones of the unit cell structures in
one of the x- and y-directions only, wherein such
directional asymmetry imparts correspondingly dif-
ferent frequency responses to each of the pair of
CRLH-TL’s;

wherein all such components are completely disposed

within a single said portable wireless device.

#* #* #* #* #*






