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method for controlling an antenna
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method comprises aligning the one
or more rotatable antennas in one or
more positions with respect to the one
or more antenna reflectors so as to
provide a repeatable antenna pattern.



WO 2009/051941 A1 {00000 0T R0 1000 O

FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT,NL, — before the expiration of the time limit for amending the
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, claims and to be republished in the event of receipt of
CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). amendments

Published:

—  with international search report



WO 2009/051941 PCT/US2008/077324

S 1-

ANTENNA SYSTEM AND METHOD FOR CONTROLLING AN ANTENNA
PATTERN OF A COMMUNICATION DEVICE

FIELD OF THE INVENTION

[0001] The present invention generally relates to wireless communication devices,

and more specifically, to an antenna system within a wireless communication device.

BACKGROUND OF THE INVENTION

[0002] Wireless communication systems that utilize radio frequency (RF) signals to
transmit and receive data are well known. Wireless data communication can be
applied to short distance local area network (LAN) communication systems, such as
wireless LAN within a home or office environment. In the case of short distance
wireless LAN communication, a wireless access system may include a customer
premises equipment (CPE) that is connected to an office or home computer, via an
Ethernet interface, for example. Customer-premises equipment or customer-provided
equipment (CPE) is any terminal and associated equipment and inside wiring located
at a subscriber's premises and connected with a carrier's telecommunication
channel(s). CPEs that enable a consumer to connect to the wireless data
communication network may include, for example, telephones, digital subscriber line
(DSL) modems, cable modems or set top boxes located at customer's premises for use

with communication service providers' services.

[0003] Today’s CPEs generally operate using an internal omni-directional antenna
system which transmits and receives power uniformly in one plane with a directive
pattern shape in a perpendicular plane. It is well known in the art that antennas are
characterized by directivity and gain. The directivity of an antenna is the ability of the
antenna to focus RF energy in a particular direction. The gain of an antenna is the

attained increase in signal strength.
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[0004] Typically, CPEs include one or more antennas for RF communication.
However, the radiation from the RF signal from the one or more antennas may be
absorbed by ground planes of electronic circuit boards of the CPEs. This may result in

a non-uniform antenna pattern, consequently, reducing the performance of the CPE.

BRIEF DESCRIPTION OF THE FIGURES

[0005] The accompanying figures where like reference numerals refer to identical or
functionally similar elements throughout the separate views and which together with
the detailed description below are incorporated in and form part of the specification,
serve to further illustrate various embodiments and to explain various principles and

advantages all in accordance with the present invention.

[0006] FIG. 1 is a perspective view of an antenna system of a communication device

in accordance with an embodiment of the present invention.

[0007] FIG. 2 illustrates a front view of the communication device of the FIG. 1 in

accordance with an embodiment of the present invention.

[0008] FIG. 3 illustrates a side view of the communication device of the FIG. 1 in

accordance with an embodiment of the present invention.

[0009] FIG. 4 is a flow diagram of a method for controlling antenna pattern of a

communication device in accordance with an embodiment of the present invention.

[0010] FIG. 5 illustrates a simplified schematic view of the antenna pattern of an
antenna system of the communication device of FIG. 1 in accordance with an

embodiment of the present invention.



WO 2009/051941 PCT/US2008/077324

-3-

[0011] FIG. 6 illustrates a simplified schematic view of the antenna pattern of an
antenna system of the communication device of FIG. 1 in accordance with an

embodiment of the present invention.

[0012] Skilled artisans will appreciate that elements in the figures are illustrated for
simplicity and clarity and have not necessarily been drawn to scale. For example, the
dimensions of some of the elements in the figures may be exaggerated relative to
other elements to help to improve understanding of embodiments of the present

invention.

DETAILED DESCRIPTION OF THE INVENTION

[0013] Before describing in detail embodiments that are in accordance with the
present invention, it should be observed that the embodiments reside primarily in
combinations of method steps and apparatus components related to an antenna system
and method for use within a wireless communication device. Accordingly, the
apparatus components and method steps have been represented where appropriate by
conventional symbols in the drawings, showing only those specific details that are
pertinent to understanding the embodiments of the present invention so as not to
obscure the disclosure with details that will be readily apparent to those of ordinary

skill in the art having the benefit of the description herein.

[0014] In this document, relational terms such as first and second, top and bottom,
and the like may be used solely to distinguish one entity or action from another entity
or action without necessarily requiring or implying any actual such relationship or

order between such entities or actions. The terms "comprises,” "comprising,” or any
other variation thereof, are intended to cover a non-exclusive inclusion, such that a
process, method, article, or apparatus that comprises a list of elements does not
include only those elements but may include other elements not expressly listed or

inherent to such process, method, article, or apparatus. An element proceeded by
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“comprises ...a” does not, without more constraints, preclude the existence of
additional identical elements in the process, method, article, or apparatus that

comprises the element.

[0015] It will be appreciated that embodiments of the present invention described
herein may be comprised of one or more conventional transaction-clients and unique
stored program instructions that control the one or more transaction-clients to
implement, in conjunction with certain non-transaction-client circuits, some, most, or
all of the functions of a method for operation of an antenna system of a wireless
communication device. The non-transaction-client circuits may include, but are not
limited to, a radio receiver, a radio transmitter, signal drivers, clock circuits, power
source circuits, and user input devices. As such, these functions may be interpreted as
steps of a method for operation of an antenna system of a wireless communication
device. Alternatively, some or all functions could be implemented by a state machine
that has no stored program instructions, or in one or more application specific
integrated circuits (ASICs), in which each function or some combinations of certain
of the functions are implemented as custom logic. Of course, a combination of the two
approaches could be used. Thus, methods and means for these functions have been
described herein. Further, it is expected that one of ordinary skill, notwithstanding
possibly significant effort and many design choices motivated by, for example,
available time, current technology, and economic considerations, when guided by the
concepts and principles disclosed herein will be readily capable of generating such

software instructions and programs and ICs with minimal experimentation.

[0016] In the description herein, numerous specific examples are given to provide a
thorough understanding of various embodiments of the invention. The examples are
included for illustrative purpose only and are not intended to be exhaustive or to limit
the invention in any way. It should be noted that various equivalent modifications are
possible within the spirit and scope of the present invention. One skilled in the

relevant art will recognize, however, that an embodiment of the invention can be
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practiced with or without the apparatuses, systems, assemblies, methods, components

mentioned in the description.

[0017] Pursuant to various embodiments, the present invention provides an antenna
system and method of operation within a wireless communication device. The
communication device, for example, may receive and transmit signals in a short
distance wireless local area network (WLAN) within a home or office network using
the antenna system. The present invention provides an antenna system and method for
controlling an antenna pattern of the antenna system, such that performance of the
antenna system is enhanced and a repeatable antenna pattern is obtained. Those
skilled in the art will appreciate that the present invention may be applied to various
types of communication devices, irrespective of the structure of the communication
devices, with little or no modifications to the disclosed antenna system and method.
[0018] Referring to the drawings and in particular to FIG.1, a perspective view of an
antenna system of a communication device is shown in accordance with an
embodiment of the present invention. A communication device 100 as shown in FIG.1
may be a Customer Premises Equipment (CPE). The CPE may be, but is not limited
to, a Digital subscriber line (DSL) modem, a Local area network (LAN) access
modem, a wireless area network (WAN) access modem, and a Worldwide
Interoperability for Microwave Access (Wimax) modem. Although not illustrated, it
will be appreciated by those of ordinary skill in the art that the communication device,
in accordance with some embodiments of the present invention, can alternatively be a
two-way radio, a Personal Digital Assistant (PDA) with communication capabilitics, a
laptop computer with communication capabilities, a messaging device, a mobile

telephone, and the like.

[0019] The communication device 100 includes a housing 102. The housing 102
provides a protective covering for the electronic components such as printed circuit
boards and a microprocessor of the communication device 100. The housing 102 can

be made of a hard plastic molded in the required shape. The housing 102 can also be
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made of metal or any other equivalent material. The housing 102 also aids in keeping

components such as a keypad intact.

[0020] The housing 102 includes a plurality of housing sides. One of the housing
sides is depicted as a housing side 104, and a second housing side opposite to the
housing side 104 is depicted as a housing side 106. Those skilled in the art will
appreciate that even though the communication device 100 is depicted to have a cubic
structure in FIG. 1, the present invention may be applicable to a variety of shapes and

structures.

[0021] The communication device 100 has a rotatable antenna 108 and a rotatable
antenna 110 attached to the housing 102 to receive and transmit communication
signals. The rotatable antenna 108 is mounted on the housing side 104 of the
communication device 100 and the rotatable antenna 110 is mounted on the housing
side 106 of the communication device 100. The rotatable antenna 108 and the
rotatable antenna 110 may be mounted such that they are rotatable around a joint on
the housing side 104 and on the housing side 106 respectively. Further, the
communication device 100 may include an electronic circuit board 112 used for
affixing the various electronics utilized in the operation of the communication device.

The electronic circuit board 112 may include one or more ground planes.

[0022] In an embodiment of the present invention, the rotatable antenna 108 and the
rotatable antenna 110 may be one or more omni-directional array antennas, which
produce an omni-directional antenna pattern. The rotatable antenna 108 and the
rotatable antenna 110 receive and radiate in all directions in a plane and exhibit
uniform antenna pattern. For instance, the rotatable antenna 108 and the rotatable
antenna 110 may include a four dipole co-linear omni-directional array. It would be
apparent to a person skilled in the art that, in accordance with the various
embodiments of the present invention, any number and/or type of rotatable antennas
may be attached to the housing 102 of the communication device 100. For instance, in

one embodiment, the communication device 100 may include a rotatable antenna
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attached to each of the plurality of housing sides of the housing 102. Similarly, in
another embodiment of the present embodiment, only one antenna may be attached to

the housing 102 of the communication device 100.

[0023] In an embodiment of the present invention, the rotatable antenna 108 and the
rotatable antenna 110 are attached to opposite housing sides of the housing 102. For
instance, the rotatable antenna 108 is attached to the housing side 104 and the
rotatable antenna 110 is attached to the housing side 106. Consequently, the rotatable
antenna 108 and the rotatable antenna 110 may form a dipole of omni-directional

antennas.

[0024] Those skilled in the art will appreciate that the rotatable antenna 108 and the
rotatable antenna 110 may be attached to any of the plurality of housing sides of the

housing 102, based on a desired performance of the communication device 100.

[0025] In accordance with an embodiment of the present invention, the rotatable
antenna 108 may be rotated in order to position the rotatable antenna 108 in a
plurality of positions with respect to the housing side 104. Some of the positions of
the plurality of positions may be for instance, a retracted position 114, an extended
position 116 and an intermediate position 118 which is a rotated position with respect
to the retracted position 114 and the extended position 116. A position 114 of the
rotatable antenna 108, as depicted in FIG. 1, is the retracted position. In the retracted
position 114, the rotatable antenna 108 is positioned in a downward direction with
respect to the housing 102. Typically, in indoor environment or space-constrained
locations, the rotatable antenna 108 may be positioned in the position 114 in order to
save space required for installation and deployment of the communication device 100.
The rotatable antenna 108 may further be rotated to the extended position 116, and the
intermediate position 118. In the extended position 116, the rotatable antenna 108 is
positioned in an upward direction with respect to the housing 102. Similarly, in the

intermediate position 118, the rotatable antenna 108 is positioned in a position
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between the extended position 116 and the retracted position 114 or in a plane
approximately parallel to the ground. Those skilled in the art will appreciate that, in
accordance with the various embodiments of the present invention, the rotatable
antenna 108 and the rotatable antenna 110 may be positioned in positions other that
the extended position 116, the retracted position 114 and the intermediate position

118.

[0026] In accordance with various embodiments of the present invention, the housing
102 further includes one or more antenna reflectors, which may be attached to one or
more housing sides of the housing 102. For instance, an antenna reflector 120 is
attached to the housing side 104 of the housing 102. The one or more antenna
reflectors function as electrically isolating reflecting surfaces. An antenna reflector
may also be attached to other housing sides of the housing 102. For instance, an

antenna reflector may be attached to the housing side 106 (not shown in FIG. 1).

[0027] Further, in an embodiment of the present invention, the antenna reflector 120
may be attached to an outside surface of the housing side 104. In this embodiment, the
antenna reflector 120 is located between the rotatable antenna 108 and the housing
side 104. Alternatively, in another embodiment of the present invention, the antenna
reflector 120 may be attached to an inside surface of the housing side 104. In this
embodiment, the housing side 104 is located between the antenna reflector 120 and
the rotatable antenna 108. Similarly, the antenna reflector attached to the housing side
106 may be attached to either an inside surface or an outside surface of the housing

side 106.

[0028] The one or more antenna reflectors may have a characteristic shape based on,
for example, the frequency of operation of the rotatable antennas or the desired
antenna pattern. The characteristic shape may be, for example, an elliptical contour, a

hyperbolic contour, or a parabolic contour.
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[0029] Further, the antenna reflectors may include, for example, a metal coating or
ceramic fibers. The metal coating may be selected from such materials as gold,
copper, tungsten or their alloys thereof. The ceramic fibers may be comprised of such

materials as silicon di-oxide, aluminum oxide, and the like.

[0030] As described previously herein, the one or more antenna reflectors function as
electrically isolating reflecting surfaces, which diminish the effect of the one or more
ground planes of the electronic circuit board 112 on the antenna pattern of the antenna
system. Consequently, using the antenna reflectors, the antenna pattern produced
when the rotatable antenna 108 and the rotatable antenna 110 are in the retracted
position 114 is controlled and a desired antenna pattern obtained. The method for
controlling the antenna pattern is explained in conjunction with FIG. 2, FIG. 3, FIG.

4, FIG 5 and FIG. 6.

[0031] Turning now to FIG. 2, a front view of the communication device 100 of FIG.
1 is shown in accordance with an embodiment of the present invention. FIG 2
illustrates the front view of the communication device 100 in an embodiment, wherein
the rotatable antenna 108 and the rotatable antenna 110 are in the retracted position
114 with respect to the housing 102. The rotatable antenna 108 can be rotated to the
extended position 116, or the intermediate position 118, which is perpendicular to the
plane of the page. Similarly, the rotatable antenna 110 can be rotated to an extended

position or to an intermediate position.

[0032] FIG 3 illustrates a side view of the communication device 100, wherein the
rotatable antenna 108 is in the retracted position 114 with respect to the housing 102.
The rotatable antenna 108 can be rotated to the extended position 116, or the
intermediate position 118. Although, the intermediate position 118 is shown to be
perpendicular to the extended position 116, the intermediate position 118 may be any
other position between the retracted position 114 and the extended position 116 in
other embodiments. The rotatable antenna 110 can also be rotated to an extended

position or to an intermediate position in a similar manner.
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[0033] Those skilled in the art will appreciate that elements in the FIG.1, FIG. 2 and
FIG. 3 are illustrated for simplicity and clarity and have not necessarily been drawn to
scale. The shapes and the sizes of the elements of the communication device 100

described in FIG. 1, FIG. 2 and FIG. 3 is only illustrative and is not conclusive.

[0034] FIG. 4 is a flow diagram of a method for controlling an antenna pattern of the
communication device 100. It will be appreciated by those of ordinary skill in the art
that the method of FIG. 4 may be used for controlling the antenna pattern of a

communication device irrespective of the shape or size of the communication device.

[0035] As described previously, the communication device 100 uses the rotatable
antenna 108 and the rotatable antenna 110 to receive and transmit signals. Further, the
rotatable antenna 108 and the rotatable antenna 110 may be mounted to opposite
housing sides of the housing 102. For instance, the rotatable antenna 108 is attached
to the housing side 104, while the rotatable antenna 110 is attached to the housing side
106.

[0036] Further, as described in FIG.1, the antenna reflector 120 is attached to either
the inside surface or the outside surface of the housing side 104. Similarly, an antenna
reflector may be attached to either the inside surface or the outside surface of the
housing side 106. In an embodiment, the antenna reflectors may be attached to
housing sides other than the housing side 104 and the housing side 106. As described
previously, the antenna reflectors function as electrically isolating surfaces and reflect
back the radiated power from the communication device 100, thus mitigating the
effect of the one or more ground planes of the electrical circuit board 112 on the

antenna pattern.

[0037] At step 402, one or more rotatable antennas of the communication device 100
are aligned in one or more positions with respect to the antenna reflectors. For

instance, the rotatable antenna 108 may be rotated and aligned in the one or more
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positions with respect to the antenna reflector 120. The rotatable antenna 108 may be
positioned in, for instance, the extended position 116, the intermediate position 118,

or the retracted position 114.

[0038] In accordance with the present invention, when the rotatable antenna 108 is
aligned in the retracted position 114, some of the RF radiation from the rotatable
antenna 108 is directed towards the interior region of the housing 102. However, the
antenna reflector 120 reflects the RF radiation, which is directed towards the interior
region of the housing 102, and reflects it back to the rotatable antenna 108. Similarly,
an antenna reflector on the housing side 106 reflects RF radiation from the rotatable
antenna 110 away from the interior of the housing 102 and back to the rotatable
antenna 110. Consequently, even when the rotatable antennas are in the retracted
position 114, the antenna pattern results in strong signal conditions. If stronger signal
conditions are desired, the rotatable antennas may be aligned in the extended position
116. In some embodiments of the present invention, aligning the rotatable antennas in
the retracted position 114 may result in stronger signal conditions than aligning the

rotatable antennas in the extended position 116.

[0039] The rotatable antenna 108 may also be moved to the intermediate position 118
depending upon the location constraints and signal conditions. In the intermediate
position 118, some of the RF radiation from the rotatable antenna 108 may be directed
towards the interior region of the housing 102 through housing sides other than the
housing side 104 and the housing side 106. Consequently, antenna reflectors may be
attached to housing sides other than the housing side 104 and the housing side 106 in
order to reflect back the RF radiation to the rotatable antennas. The rotatable antenna
110 can also be rotated with respect to the housing side106 in order to be aligned in

the one or more positions similar to those of the rotatable antenna 108.

[0040] Consequent to aligning the rotatable antenna 108 to the one or more positions,

a desired repeatable antenna pattern is obtained at step 404.
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[0041] For instance, the rotatable antenna 108, when aligned in the extended position
116 may receive and transmit signals uniformly in all directions in a plane.
Particularly, the rotatable antenna 108 may be aligned in the extended position 116

when the signal conditions are weak.

[0042] In another instance, when the rotatable antenna 108 is aligned in the retracted
position 114, the antenna reflector 120 directs the RF radiation in an outward
direction and away from the interior of the housing 102. This improves the
performance of the rotatable antenna 108. Specifically, the antenna reflector 120
directs the RF radiation in a direction away from the interior of the housing and, in
turn, increases the gain and modulates the directivity of the RF radiation. Hence, the
rotatable antenna 108 may be aligned in the retracted position 114 to obtain a
controlled directed antenna pattern. The controlled directed antenna pattern of the

rotatable antenna 108 is further explained in FIG. 5 and FIG. 6.

[0043] FIG. 5 illustrates a simplified schematic view of the antenna pattern for an
antenna system of the communication device 100 of FIG. 1 in accordance with an
embodiment of the present invention. In particular, FIG. 5 shows the antenna pattern
of the rotatable antenna 108 in the extended position 116, assuming that the rotatable
antenna 108 is in the plane of the page. If the rotatable antenna 108 is an omni-
directional antenna, the antenna pattern of FIG. 5 is a doughnut shaped antenna
pattern perpendicular to the plane of the page. A lobe 505 and a lobe 510 correspond
to the antenna pattern. A side-lobe 515, a side-lobe 520, a side-lobe 525 and a side-
lobe 530 are the side-lobes of the antenna pattern. The antenna pattern is characterized
by the gain of the antenna pattern. The gain generally depends on the frequency of
operation of the rotatable antenna 108. For instance, the gain may be 6 decibel
isotropic (dBi) when the frequency of operation of the rotatable antenna is 3500 Mega

hertz (MHz).
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[0044] FIG. 6 illustrates a simplified schematic view of the antenna pattern for an
antenna system of the communication device 100 of FIG. 1 in accordance with an
embodiment of the present invention. In particular, FIG. 6 shows the antenna pattern
of the rotatable antenna 108 in the retracted position 114, assuming that the rotatable
antenna 108 is in the plane of the page. In the retracted position 114, the antenna
reflector 120 receives some of the RF radiation from the rotatable antenna 108 and
reflects the RF radiation in the direction opposite to the interior region. Consequently,
the antenna pattern produced by the rotatable antenna 108 in the retracted position
114 has only on major lobe, such as a lobe 605, and may have one or more side-lobes,
such as a side lobe 610, a side-lobe 615 and a side-lobe 620. Further, the directivity
and gain of the lobe 605 is higher as compared to the lobe 505 and the lobe 510 of
FIG. 5. For instance, the gain may be 8 dBi when the frequency of operation of the
rotatable antenna is 3500 MHz, instead of the 6 dBi gain obtained in FIG. 5. This is
because the antenna reflector 120 concentrates the RF radiation in a direction away

from the interior region and towards the rotatable antenna 108.

[0045] Those skilled in the art will realize that the antenna patterns depicted in FIG. 5
and FIG. 6 are illustrated for simplicity and clarity and have not necessarily been
drawn to scale. The shapes of the antenna patterns described in FIG. 5 and FIG. 6 are

only illustrative and are not conclusive.

[0046] Various embodiments of the present invention provide an antenna system and
method for controlling antenna pattern of a communication device. Further, various
embodiments of the present invention enable effective usage of a communication
device in its compact and aesthetic form. In addition, various embodiments of the
present invention provide a method and antenna system for forming selective beam

patterns with high directivity and gain using one or more antenna reflectors.

[0047] Those skilled in the art will appreciate that the above recognized advantages

and other advantages described herein are merely exemplary and are not meant to be a
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complete rendering of all of the advantages of the various embodiments of the present

invention.

[0048] In the foregoing specification, specific embodiments of the present invention
have been described. However, one of ordinary skill in the art appreciates that various
modifications and changes can be made without departing from the scope of the
present invention as set forth in the claims below. Accordingly, the specification and
figures are to be regarded in an illustrative rather than a restrictive sense, and all such
modifications are intended to be included within the scope of the present invention.
The benefits, advantages, solutions to problems, and any element(s) that may cause
any benefit, advantage, or solution to occur or become more pronounced are not to be
construed as a critical, required, or essential features or elements of any or all the
claims. The present invention is defined solely by the appended claims including any
amendments made during the pendency of this application and all equivalents of those

claims as issued.
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CLAIMS

What is claimed is:

1.

An antenna system within a communication device, the antenna system
comprising:

at least one rotatable antenna; and

at least one antenna reflector, wherein the at least one antenna reflector is an
electrically isolated reflecting surface, wherein the at least one antenna reflector is
operationally coupled to the at least one rotatable antenna to provide a repeatable
antenna pattern for the at least one rotatable antenna as the at least one rotatable

antenna rotates through one or more positions.

The antenna system of claim 1, wherein the communication device includes a
housing comprising a plurality of housing sides, wherein the at least one antenna

reflector is attached to at least one housing side of the plurality of housing sides.

The antenna system of claim 2, wherein the at least one antenna reflector is

attached to an inside surface of a housing side of the communication device.

The antenna system of claim 2, wherein the at least one antenna reflector is

attached to an outside surface of a housing side of the communication device.

The antenna system of claim 2, wherein a first antenna reflector is attached to a
first housing side and a second antenna reflector is attached to a second housing
side, wherein the first housing side is opposite to the second housing side, the
first housing side and the second housing side belonging to the plurality of

housing sides.

6. The antenna system of claim 2, wherein the communication device further

comprises at least one electronic circuit board, and further wherein the at least one
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antenna reflector reflects one or more communication signals back to the at least

one antenna and away from at least one electronic circuit board.

The antenna system of claim 6, wherein the at least one electronic circuit board
includes a ground plane, and further wherein the at least one antenna reflector

further provides isolation from an interference of the ground plane.

The antenna system of claim 1, wherein the one or more positions include at least

one of an extended position, a retracted position and an intermediate position.

The antenna system of claim 1, wherein the one or more positions include an
upward and a downward position, wherein the at least one rotatable antenna
operates in the downward position in response to a strong signal condition, and
further wherein the at least one rotatable antenna operates in an upward position in

response to a weak signal condition.

The antenna system of claim 1, wherein the at least one rotatable antenna
comprises an omni-directional array antenna, the at least one rotatable antenna

producing an omni-directional antenna pattern.

The antenna system of claim 1, wherein the at least one antenna reflector has at
least one of an elliptical contour, a hyperbolic contour and a parabolic contour,
based on at least one of a frequency of operation of the at least one rotatable

antenna and a desired antenna pattern.

12. The antenna system of claim 1, wherein the at least one antenna reflector

comprises at least one of a metal coating and one or more ceramic fibers.
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13.

14.

15.

16.

17.

-17 -

A method of controlling an antenna pattern of a communication device, the
communication device comprising a housing, the housing comprising a plurality
of housing sides, the method comprising:

aligning at least one rotatable antenna in one or more positions with respect to
at least one antenna reflector, the at least one antenna reflector being an
electrically isolated reflecting surface, wherein the at least one antenna reflector is
operationally coupled to the at least one rotatable antenna to provide a repeatable
antenna pattern for the at least one rotatable antenna as the at least one rotatable

antenna rotates through the one or more positions.

The method of claim 13, wherein the at least one antenna reflector is attached to

an inside surface of a housing side of the communication device.

The method of claim 13, wherein the at least one antenna reflector is attached to

an outside surface of a housing side of the communication device.

The method of claim 13, wherein the one or more positions is at least one of an

extended position, a retracted position and an intermediate position.

The method of claim 13, wherein the one or more positions include an upward
and a downward position, wherein the at least one rotatable antenna operates in
the download position in response to a strong signal condition, and further
wherein the at least one rotatable antenna operates in an upward position in

response to a weak signal condition.



PCT/US2008/077324

WO 2009/051941

1/6

100

106 —

FiG. 1



PCT/US2008/077324

WO 2009/051941

2/6

—114

—108
/

102

~—— e e e e e e e e ——

110AU

FIG. 2



WO 2009/051941 PCT/US2008/077324

3/6

108 —102

41— ) 104

FiG. 3



WO 2009/051941

PCT/US2008/077324

4/6

~402

ALIGN AT LEAST ONE ROTATABLE ANTENNA IN
ONE OR MORE POSITIONS WITH RESPECT TO
AT LEAST ONE ANTENNA REFLECTOR

v 404

OBTAIN A REPEATABLE ANTENNA PATTERN AS
THE AT LEAST ONE ROTATABLE ANTENNA
ROTATES THROUGH THE ONE OR MORE
POSITIONS

FiG. 4



WO 2009/051941 PCT/US2008/077324

5/6

FiG. 5



WO 2009/051941 PCT/US2008/077324

6/6

FIG. 6



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2008/077324

A. CLASSIFICATION OF SUBJECT MATTER

HO010 1/24(20006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC 8: HO1Q 1/24

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean Utility models and applications for Utility models since 1975
Japanese Utility models and applications for Utility models since 1975

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKIPASS(KIPO internal) "antenna", "reflector”, "antenna pattern”, "rotatable"

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 6816120 B2 (KURAMOTO, AKIO) 09 November 2004 1-17
See the abstract; claims 1-8; figures 1-13.

A US 7151509 B2 MASSEY, G. et al.) 19 December 2006 1-17
See the abstract, column 4, line 38 - column 5, line 49; figures 1-3.

A JP 2000124732 A (NAOE, HIROSHI) 28 April 2000 1-17
See the abstract; paragraphs [7]-[13]; figures 1-7.

A JP 10209905 A (SONY CORPORATION) 07 August 1998 1-17
See the abstract; paragraphs [19]-[21]; figures 1-10.

A JP 09074304 A (SHARP CORPORATION) 18 March 1997 1-17
See the abstract; paragraphs [33]-[34]; figures 1-20.

|:| Further documents are listed in the continuation of Box C. IE See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority

"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art

"P"  document published prior to the international filing date but later "&" document member of the same patent family

than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
18 FEBRUARY 2009 (18.02.2009) 18 FEBRUARY 2009 (18.02.2009)
Name and mailing address of the ISA/KR Authorized officer
' Korean Intellectual Property Office
Government Complex-Daejeon, 139 Seonsa-ro, Seo- SONG, Hyun Chae
. gu, Daejeon 302-701, Republic of Korea
Facsimile No. 82-42-472-7140 Telephone No.  82-42-481-5786

Form PCT/ISA/210 (second sheet) (July 2008)



INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2008/077324

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 6816120 B2 09.11.2004 AU 3562802 A 31.10.2002
AU 783583 B2 10.11.2005
CA 2383835 At 26.10.2002
CA 2383835 C 20.09.2005
EP 1256999 A3 16.04.2003
EP 1256999 A2 13.11.2002
EP 1256999 B1 13.06.2007
JP 2002325010 A 08.11.2002
US 20020158807 A1l 31.10.2002

US 7151509 B2 19.12.2006 US 20050146484 A1 07.07.2005

JP 2000124732 A 28.04.2000 None

JP 10209905 A 07.08.1998 None

JP 09074304 A 18.03. 1997 None

Form PCT/ISA/210 (patent family annex) (July 2008)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - wo-search-report
	Page 27 - wo-search-report

