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COMPACT SMART ANTENNA FOR WIRELESS
APPLICATIONS AND ASSOCIATED METHODS

Field of the Invention

[0001] The present invention relates to the field of
wireless communications, and more particularly, to a
compact smart antenna for use with a wireless

communications device.

Background of the Invention

[0002] In wireless communications systems,
communications devices communicate with a centrally
located base station within a cell. The wireless
communications system may be a CDMA2000 or GSM
communications system, for example. The mobile
communications device is typically a hand-held device,
such as a cell telephone, for example. Communications
devices also communicate with access points by making
use of wireless local area network (WLAN) protocols.
For example, the communications device may be a PCMCIA
card (Personal Computer Memory Card International
Association) or a USB adaptor compatible with the
802.11 standards.

[0003] In some embodiments, the antenna protrudes
from the housing or enclosure of the communications
device. The antenna may be a protruding monopole or

dipole antenna, for example. A monopole or dipole
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antenna is limited to a fixed pattern, such as an omni-
directional antenna pattern.

[0004] Another type of antenna used with
communications devices 1s a switched beam antenna. A
switched beam antenna system generates a plurality of
antenna beams including an omni-directional antenna
beam and one or more directional antenna beams.
Directional antenna beams provide higher antenna gains
for advantageously increasing the communications range
of the communications device and for also increasing
network throughput. A switched beam antenna is also
known as a smart antenna or an adaptive antenna array.
[0005] U.S. Patent No. 6,876,331 discloses a smart
antenna for a communications device, such as a cell
phone. This patent is assigned to the current assignee
of the present invention, and is incorporated herein by
reference in its entirety. 1In particular, the smart
antenna includes an active antenna elemenf and a
plurality of passive antenna elements protruding from
the housing of the cell phone. A ground plane is
adjacent the active and passive antenna elements.
[0006] The overall height of the smart antenna is
determined by the height of the active and passive
antenna elements and the height of the corresbonding
ground plane. This in turn affects the overall height
of the wireless communications device carrying the
smart antenna. As technology reduces the size of the
wireless communications devices, there is a demand to

provide a more compact smart antenna.

Summary of the Invention

[0007] In view of the foregoing background, it is

therefore an object of the present invention to provide
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a compact smart antenna for wireless communications
devices.

[0008] This and other objects, features, and
advantages in accordance with the present invention are
provided by a smart antenna comprising an active
antenna element, at least one passive antenna element
laterally adjacent the active antenna element, and at
least one impedance element selectively connectable to
the at least one passive antenna element for antenna
beam steering. The compact smart antenna further
comprises a ground plane comprising a center portion
adjacent the active antenna element, at least one first
arm extending outwardly from the center portion and
connected to the at least one impedance element, and at
least one second arm laterally adjacent the at least
one first arm and extending outwardly from the center
portion.

[0009] The first and second arms of the ground plane
advantageously allow the overall height of the ground
plane to be reduced, which in turn, reduces the overall
height of the smart antenna. In particular, the first
arm may define a resonant frequency so that performance
of the smart antenna is not significantly affected.
When the first arm is resonant, it stops the current in
the ground plane from conducting any further, thus
restricting the effect of human interaction. Another
advantage of the first arm is that the second arm can
be extended in length without significantly affecting
the radiation pattern.

[0010] The first and second arms may be parallel to
one another, and they may also be orthogonal to the

passive antenna element. The first arm may extend
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outwardly from the center portion greater than the
second arm.

[0011] The first and second arms may each have a
rectangular shape. Alternatively, the first arm may
have a meandering shape or a helix shape, for example.
In addition, the first arm may have an L-shape. In
this embodiment, the first arm comprises a first
portion connected to the impedance element and a second
portion connected thereto for defining the L-shape.

The second portion may include an inverted L-shaped
end.

[0012] The smart antenna may further comprise at
least one switch for selectively connecting the passive
antenna element to the impedance element. The active
antenna element may have a T-shape. The passive
antenna element may comprise an inverted L-shaped
portion laterally adjacent the active antenna element.
[0013] The smart antenna may further comprise a
dielectric substrate. The active antenna element, the
passive antenna element, impedance element and the
ground plane may be formed on the dielectric substrate.
[0014] Another aspect of the present invention is
directed to a communications device comprising a smart
antenna as defined above for generating a plurality of
antenna beams, a beam selector controller connected to
the smart antenna for selecting one of the plurality of
antenna beams, and a transceilver connected to the beam
selector.

[0015] Yet another aspect of the present invention
is directed to a method for making a smart antenna
comprising forming at least one passive antenna element
laterally adjacent an active antenna element, and

forming at least one impedance element selectively



WO 2006/020923 PCT/US2005/028835

connectable to the at least one passive antenna element
for antenna beam steering. The method further comprises
forming a ground plane comprising a center portion
adjacent the active antenna element, and at least one
first arm extending outwardly from the center portion
and connected to the at least one impedance element.

At least one second arm is formed laterally adjacent
the at least one first arm and extends outwardly from

the center portion.

Brief Description of the Drawings

[0016] FIG. 1 is a schematic diagram of a cell phone
with a smart antenna in accordance with the present
invention.

[0017] FIG. 2 is a schematic diagram of a PCMCIA
card with a smart antenna in accordance with the
present invention.

[0018] FIG. 3 is a schematic diagram of the smart
antenna shown in FIGS. 1 and 2.

[0019] FIG. 4 is a schematic diagram of another
embodiment of the smart antenna in accordance with the
present invention.

[0020] FIG. 5 is a schematic diagram of yet another
embodiment of the smart antenna in accordance with the
present invention.

[0021] FIG. 6 is a schematic diagram of the smart
antenna shown in FIG. 3 on a dielectric substrate in
close proximity to other circuitry.

[0022] FIG. 7 is a schematic diagram of the switch
and impedance elements for the passive antenna elements
in accordance with the present invention.

[0023] FIG. 8 is a graph illustrating antenna

patterns for the same antenna mode at different
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operating frequencies for the smart antenna shown in

FIG. 1.

Detailed Description of the Preferred Embodiments

[0024] The present invention will now be described
more fully hereinafter with reference to the
accompanying drawings, in which preferred embodiments
of the invention are shown. This invention may,
however, be embodied in many different forms and should
not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided
so that this disclosure will be thorough and complete,
and will fully convey the scope of the invention to
those skilled in the art. Like numbers refer to like
elements throughout, and prime and double prime
notations are used to indicate similar elements in
alternative embodiments.

[0025] Referring initially to FIGS. 1, 2 and 3, a
compact smart antenna 20 in accordance with the present
invention provides for directional reception and
transmission of radio communications signals with a
base station in the case of a cell phone 22, or from an
access point in the case of a PCMCIA card 24 by making
use of wireless local area network (WLAN) protocols.

As readily appreciated by those skilled in the art, the
compact smart antenna 20 is not limited to a cell phone
22 or a PCMCIA card 22 and is applicable to other
communications devices.

[0026] The active and passive antenna elements 30,
32 are protruding from the housing of the cell phone 22
as illustrated in FIG. 1. In other embodiments, the

compact smart antenna 20 may be mounted internal the
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cell phone 22 so that the antenna elements 20, 32 are
within the housing.

[0027] The compact smart antenna 20 comprises an
active antenna element 30, a plurality of passive
antenna elements 32 each comprising an inverted L-
shaped portion laterally adjacent the active antenna
element, and a plurality of impedance elements 40
selectively connectable to the plurality of passive
antenna elements 32 for antenna beam steering.

[0028] A ground plane 50 comprises a center portion
52 adjacent the active antenna element 30, and a
plurality of first and second arms 54, 56 extending
outwardly from the center portion. Each first arm 54
is connected to a respective impedance element 40, and
each second arm 56 is parallel to a corresponding first
arm. Configuration of the first and second arms 54, 56
advantageously allow the overall height of the ground
plane 50 to be reduced, which in turn, reduces the
overall height of the smart antenna 20. In the
illustrated embodiment, the compact smart antenna 20
has a width of about 3.5 inches and a height of about
0.8 inches for an operating frequency of 2.4 GHz.
[0029] The center portion 52 and the first arms 54
form the electrical ground plane of the smart antenna
20, and create a resonant structure. The first arms
balance the passive antenna elements 32. Since the
size and shape of the first arms 54 are resonant, they
stop the current in the ground plane 50 from conducting
any further, thus restricting the effect of human
interaction. Another advantage of the first arms 54
being resonant is that the second arms 56 can be
extended in length without significantly affecting the

radiation pattern. This allows the smart antenna 20 to
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be more easily mounted to the end of a PCMCIA card
circuit board 26 as illustrated in FIG. 2, for example.
[0030] The first arms 54 of the ground plane 50 are
rectangular shaped and extend outwardly from the center
portion 52 greater than a distance that the second arms
56 extend. The length that each first arm 54 extends
outwardly from the center portion 52 of the ground
plane 50 is substantially egqual to the length of the
corresponding passive antenna element 32 associated
therewith. This creates a resonant structure with
respect to the corresponding passive antenna element 32
associated therewith. Of course, there may be smart
antenna 20 configurations where the length that each
first arm 54 extends is not substantially equal to the
length of the corresponding passive antenna element 32
associated therewith, as readily appreciated by those
skilled in the art.

[0031] In addition, the ends of the first arms 54
may be L-shaped. In other words, the first arms 54
extend outwardly from the center portion 52 of the
ground plane 50 and then turn at an angle downwards,
for example. '
[0032] To reduce the length that the first arms 54
extend outwardly from the center portion 52 of the
ground plane 50, the first arms 54 may have other
shapes. For example, the first arms 54 may have a
meandering shape or a helix shape, for example.

[0033] In yet other embodiments, the first arms 54',
54" have an L-shape as illustrated in FIGS. 4 and 5.
The first arm 54’ as shown in FIG. 4 is a mirror image
of the corresponding passive antenna element 32’. 1In
contrast, the first arm 54” as shown in FIG. 5 is

positioned opposite the corresponding passive antenna
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element 32%. In these embodiments, the compact smart
antennas 207, 20" have a width of about 1.9 inches and
a height of about 1.2 inches for an operating freguency
of 2.4 GHz. By adding an extension or load 35/, 3B to
an end of the L-shaped first arms 547, 54, the L-shape
changes to a U-shape.

[0034] Even though the smart antennas 207, 207 shown
in FIGS. 4 and 5 are not as compact as compared to the
smart antenna 20 shown in FIG. 3, the L-shaped first
arms 54', 54" provide a compact resonant structure for
the passive antenna elements 32', 32”. An advantage of
the L-shaped first arms 54, 547 is that the smart
antenna 207, 20" has a reduced width.

[0035] The smart antenna 20 will now be discussed in
greater detail with reference to FIGS. 6 and 7. The
compact smart antenna 20 is disposed on a dielectric
substrate 70 such as a printed circuit board, including
the center active antenna element 30, the outer passive
antenna elements 32, and the ground plane 50 including
the first and second arms 54, 56. Each of the passive
antenna elements 32 can be operated in a reflective or
directive mode.

[0036] Since the illustrated smart antenna 20 is a
compact antenna, the active antenna element 30
comprises a conductive radiator in the shape of a “T”
disposed on the dielectric substrate 70. The passive
antenna elements 32 are also disposed on the dielectric
substrate 70, and each comprises an inverted L-shaped
portion laterally adjacent the active antenna element
30. The T-shaped active antenna element 30 and the L-
shaped portions of the passive antenna elements 32
advantageously reduce the overall height of the smart

antenna 20.
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[0037] Reduction in the length of the active antenna
element 30 is accomplished by providing a top loading,
and at the same time providing a slow wave structure
for the body of the antenna. One of the technologies
available for radiating element size reduction is
meander-line technology. Other techniques can include
dielectric loading, and corrugation, for example.

[0038] The active antenna element 30 shown in FIG. 3
includes a bottom portion 21 and a top portion 33
connected thereto for defining the T-shape. The bottom
portion may have different embodiments, such as a
meandering shape 31 as shown in FIG. 3, or a cross
shape 31’, 231” as shown in FIGS. 4 and 5, for example.
The cross-shaped bottom portion 317, 31” of the active
antenna element 30/, 307 advantageously compensates for
the reduction in the bandwidth of the smart antenna
20’ , 20” based upon reducing its size. In other words,
the cross—-shaped bottom portion 317, 31" supports a
wider bandwidth for the compact smart antenna 20.

[0039] Regardless of the shape of the bottom portion
31 of the active antenna element 30, the top portion 33
is symmetrically arranged with respect to the bottom
portion. The top portion 33 may also include a pair of
inverted L-shaped ends 35.

[0040] Depending on the communications device, the
first and second arms 54, 56 of the ground plane 50 may
also be used with standard monopole shaped active and
passive antenna elements 30 and 32, as readily
appreciated by those skilled in the art. The active
antenna element 30, the passive antenna elements 32 and
the ground plane 50 are preferably fabricated from a
single dielectric substrate such as a printed circuit

board with the respective elements disposed thereon.

10
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The antenna elements 30, 32 and the ground plane 50 can
also be disposed on a deformable or flexible substrate.
[0041] Even though two passive antenna elements 32
are illustrated, the compact smart antenna 20 may be
configured with one passive antenna element.
Consequently, the ground plane 30 would have a single
first and second arm 54, 56 associated with the single
passive antenna element 32. In other configurations,
there may be more than two passive antenna elements 32,
with first and second arms 54, 56 associated with a
respective passive antenna element, as readily
appreciated by those skilled in the art.

[0042] The height of the passive antenna elements 32
is reduced by bending the top portion thereof to
produce the inverted L-shape. Alternatively, top
loading may be used. The inverted L-shape is made to
meet the top loading segment of the active antenna
element 30, but not touching, in such a manner that
more power can be coupled from the active antenna
element 30 to the passive antenna elements 32 for
optimum beam formation. The height of the active
antenna element 30 and the passive antenna elements 32
shown in the figure is 0.5 inches, which corresponds to
the smart antenna 22 operating at a frequency of about
2.4 GHz.

[0043] Gain is expected to be reduced when the
physical size of the smart antenna 20 is reduced.
Consequently, the first arms 54 compensate for this
loss. This in effect turns the passive antenna
elements 32 into offset fed dipoles. The passive
antenna elements 32 perform as reflector/director

elements with controllable amplitude and phase.

11
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[0044] For a passive antenna element 32 to operate
in either a reflective or directive mode, the passive
antenna element 32 is connected to the first arm 54 via
at least one impedance element 60. The at least one
impedance element &0 comprises a capacitive load 60(1)
and an inductive load 60(2), and each load is connected
between the passive antenna elements 32 via a switch
62. The switch 62 may be a single pole, double throw
switch, for example.

[0045] When the passive antenna element 32 is
connected to a respective first arm 54 via the
inductive load 60(2), the passive antenna element 32
operates in a reflective mode. This results in radio
frequency (RF) energy being reflected back from the
passive antenna element 32 towards its source, i.e.,
the active antenna element 30.

[0046] When the passive antenna element 32 is
connected to a respective first arm 54 via the
capacitive load 60(2), the passive antenna element 32
operates in a directive mode. This results in RF
energy being directed toward the passive antenna
element 32 away from the active antenna element 30.
[0047] A switch control and driver circuit 64
provides logic control signals to each of the
respective switches 62 via conductive traces 66. The
switches 62, the switch control and driver circuit 64
and the conductive traces 66 may be on the same
dielectric substrate 40 as the antenna elements 30, 32.
[0048] The electronic circuitry, radio reception and
transmission equipment for the communications device
operating with the compact smart antenna 20 may be on
the same or different modules. Alternatively, this

equipment may be on the same dielectric substrate 70 as

12
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the smart antenna 20. As illustrated in FIG. 6, this
equipment includes a beam selector 80 for selecting the
antenna beams, and a transceiver 82 coupled to a feed
88 of the active antenna element 320.

[00492] An antenna steering algorithm module 84 runs
an antenna steering algorithm for determining which
antenna beam provides the best reception. The antenna
steering algorithm operates the beam selector 80 for
scanning the plurality of antenna beams for receiving
signals.

[0050] Since a two-position switch 62 is used for
each of the two passive antenna elements 32, four
antenna modes are available. In other words, each
switching combination corresponds to a different
antenna mode. The input impedance to the active
antenna element changes between the difference antenna
modes. Ideally, the input impedance is 50 ohms.

[0051] A graph illustrating antenna patterns for the
same antenna mode at different operating frequencies
for the compact smart antenna 20 is provided in FIG. 8.
The antenna patterns correspond to a “left beam” mode.
In particular, antenna pattern 90 corresponds to an
operating frequency of 2.4 GHz, antenna pattern 92
corresponds to an operating frequency of 2.45 GHz, and
antenna pattern 94 corresponds to an operating
frequency of 2.5 GHz.

[0052] Yet another aspect of the present invention
is to provide a method for making a smart antenna 20
comprising forming at least one passive antenna element
32 laterally adjacent an active antenna element 30, and
forming at least one impedance element 60 selectively
connectable to the at least one passive antenna element

for antenna beam steering. The method further

13
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comprises forming a ground plane 50 comprising a center
portion 52 adjacent the active antenna element 30, at
least one first arm %4 extending outwardly from the
center portion and connected to the at least one
impedance element 60. At least one second arm 56 is
laterally adjacent the at least one first arm 54 and
extends outwardly from the center portion.

[0053] Many modifications and other embodiments of
the invention will come to the mind of one skilled in
the art havihg the benefit of the teachings presented
in the foregoing descriptions and the associated
drawings. Therefore, it is understood that the
invention is not to be limited to the specific
embodiments disclosed, and that modifications and
embodiments are intended to be included within the

scope of the appended claims.

14
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THAT WHICH IS CLATMED IS:

1. A smart antenna comprising:
an active antenna element:;
at least one passive antenna element
laterally adjacent said active antenna element;
at least one impedance element selectively
connectable to said at least one passive antenna
element for antenna beam steering; and
a ground plane comprising
a center portion adjacent said
active antenna element,
at least one first arm extending
outwardly from saild center portion and
connected to said at least one impedance
element, and
at least one second arm laterally
adjacent said at least one first arm and

extending outwardly from said center portion.

2. A smart antenna according to Claim 1
wherein said at least one first and second arms are

parallel to one another.

3. A smart antenna according to Claim 1
wherein said at least one first and second arms are

both orthogonal to said at least one passive element.

4. A smart antenna according to Claim 1
wherein said at least one first arm extends outwardly
from said center portion greater than said at least one

second arm.

15
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5. A smart antenna according to Claim 1
wherein said at least one first and second arms both

have a rectangular shape.

6. A smart antenna according to Claim 1
wherein said at least one first arm has a meandering

shape.

7. A smart antenna according to Claim 1

wherein said at least one first arm has a helix shape.

8. A smart antenna according to Claim 1

wherein said at least one first arm has an L-shape.

9. A smart antenna according to Claim 8
wherein said at least one first arm comprises a first
portion connected to said at least one impedance
element and a second portion connected thereto for
defining the L-shape, and wherein the second portion

includes an inverted L-shaped end.

10. A smart antenna according to Claim 1
further comprising at least one switch for selectively
connecting said at least one passive antenna element to

said at least one impedance element.

11. A smart antenna according to Claim 1
wherein each impedance element is associated with a
respective passive antenna element, each impedance
element comprising an inductive load and a capacitive
load, with said inductive load and said capacitive load
being selectively connectable to the respective passive

antenna element.

16
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12. A smart antenna according to Claim 1

wherein said active antenna element has a T-shape.

13. A smart antenna according to Claim 12
wherein said active antenna element includes a bottom
portion and a top portion connected thereto for
defining the T-shape, and wherein the bottom portion

has a cross shape.

14. A smart antenna according to Claim 12
wherein said active antenna element includes a bottom
portion and a top portion connected thereto for
defining the T-shape, and wherein the bottom portion

has a meandering shape.

15. A smart antenna according to Claim 14
wherein the top portion is symmetrically arranged with
respect to the bottom portion, and includes a pair of

inverted L-shaped ends.

16. A smart antenna according to Claim 1
wherein said at least one passive antenna element
comprises an inverted L-shaped portion laterally

adjacent said active antenna element.

17. A smart antenna according to Claim 1
further comprising a dielectric substrate; and wherein
said active antenna element, said at least one passive
antenna element, said at least one impedance element

and said ground plane are on said dielectric substrate.

18. A communications device comprising:

17
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a smart antenna for generating a plurality of
antenna beams;

a beam selector controller connected to said
smart antenna for selecting one of said plurality of
antenna beams; and

a transceiver connected to said beam selector
and to said smart antenna;

said smart antenna comprising

an active antenna element,
at least one passive antenna
element laterally adjacent said active
antenna element,
at least one impedance element
selectively connectable to said at least one
passive antenna element for antenna beam
steering, and
a ground plane comprising
a center portion adjacent
said active antenna element,
at least one first arm
extending outwardly from said
center portion and connected to
said at least one impedance
element, and
at least one second arm
laterally adjacent said at least
one first arm and extending

outwardly from said center portion.
19. A communications device according to

Claim 18 wherein said at least one first and second

arms are parallel to one another.

18
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20. A communications device according to
Claim 18 wherein said at least one first arm extends
outwardly from said center portion greater than said at

least one second arm.

21. A communications device according to
Claim 18 wherein said at least one first arm has an L-

shape.

22. A communications device according to
Claim 21 wherein said at least one first arm comprises
a first portion connected to said at least one
impedance element and a second portion connected
thereto for defining the L-shape, and wherein the

second portion includes an inverted L-shaped end.

23. A communications device according to
Claim 18 wherein said smart antenna further comprises
at least one switch for selectively connecting said at
least one passive antenna element to said at least one

impedance element.

24. A communications device according to
Claim 18 wherein said active antenna element has a T-

shape.

25. A communications device according to
Claim 18 wherein said at least one passive antenna
element comprises an inverted L-shaped portion

laterally adjacent said active antenna element.

26. A communications device according to

Claim 18 wherein said smart antenna, said beam

19
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selector controller and said transceiver are configured

so that the communications device is a cell phone.

27. A communications device according to
Claim 18 wherein said smart antenna, said beam
selector controller and said transceiver are
configured so that the communications device is a

PCMCIA card.

28. A method for making a smart antenna
comprising:
forming at least one passive antenna element
laterally adjacent an active antenna element;
forming at least one impedance element
selectively connectable to the at least one passive
antenna element for antenna beam steering; and
forming a ground plane comprising
a center portion adjacent the
active antenna element,
at least one first arm extending
outwardly from the center portion and
connected to the at least one impedance
element, and
at least one second arm laterally
adjacent the at least one first arm and

extending outwardly from the center portion.

29. A method according to Claim 28 wherein
the at least one first and second arms are formed
parallel to one another.

30. A method according to Claim 28 wherein

the at least one first arm extends outwardly from the

20
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center portion greater than the at least one second

arm.

31. A method according to Claim 28 wherein

the at least one first arm has an L-shape.

32. A method according to Claim 31 wherein
the at least one first arm comprises a first portion
connected to the at least one impedance element and a
second portion connected thereto for defining the L-
shape, and wherein the second portion includes an

inverted L-shaped end.

33. A method according to Claim 28 wherein
the smart antenna further comprises at least one switch
for selectively connecting the at least one passive

antenna element to the at least one impedance element.

34. A method according to Claim 28 wherein

the active antenna element has a T-shape.

35. A method according to Claim 28 wherein
the at least one passive antenna element comprises an
inverted L-shaped portion laterally adjacent the active

antenna element.
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