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LOW SAR BROADBAND ANTENNA ASSEMBLY

This application claims the benefit of U.S. Provisional Application No. 60/170,600
filed December 14, 1999.

FIELD OF THE INVENTION

The present invention relates to an antenna assembly suitable for wireless
transmission of analog and/or digital data, and more particularly to a highly compact
broadband antenna assembly having a low specific absorption rate for use with wireless

communication devices.

BACKGROUND OF THE INVENTION

There are a variety of antennas which are currently used in wireless communication
devices. One type of antenna is an external half wave single or multi-band dipole. This
antenna typically extends or is extensible from the body of a wireless communication device
in a linear fashion during normal operation. Because of the physical configuration of this
type of antenna, it is relatively insensitive to directional signal optimization. In other words,
it is able to operate in a variety of positions without substantial signal degradation and is
considered omni-directional. This means that not only do electromagnetic waves radiate
equally toward and away from such an antenna, they also radiate equally toward and away
from a user of a wireless communication device equipped with such an antenna. There is
essentially no front-to-back ratio (with respect to a wireless communication device) and little
or no Speciﬁc Absorption Rate (SAR) reduction with this type of antenna. With multi-band
versions of this type of antenna, where resonances are achieved through the use of inductor-

capacitor (LC) traps, gains of +2 dBi are common.

While this type of antenna is acceptable in some wireless communication devices, it
has drawbacks. One significant drawback is that the antenna is external to the body of the
communication device. This places the antenna in an exposed position where it may be
accidentally or deliberately damaged. Another drawback of increasing importance is due to

the inherent omni-directionality of the antenna. That is, that which enables the antenna to
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operate optimally, may subject a user of a wireless communication device to unacceptable

levels of electromagnetic radiation when the device is operated proximate a user.

A related antenna is an external quarter wave single or multi-band asymmetric wire
dipole. This antenna operates much like the aforementioned antenna, but requires an
additional quarter wave conductor to produce additional resonances and has drawbacks

similar to the aforementioned half wave single or multi-band dipole antenna.

Another type of antenna is the internal single or multi band asymmetric dipole. This
type of antenna usually features quarter wave resonant conductor traces, which may be
located on a planar printed circuit board within the body of a wireless communication device.
Such antennas typically operate over one or more frequency ranges with gains of +1-2 dBi.
This antenna may include one or more feed points for multiple band operation, and may

require a second conductor for additional band resonance.

Yet another antenna is an internal single or multi-band Planar Inverted “F” Antenna
(PIFA). This type of antenna features a single or multiple resonant planar conductor that
operates over a second conductor or ground plane. With this type of antenna, gains of +1.5
dBi are typical.

Another type of antenna is a patch antenna. The patch antenna is a small, low profile
antenna which is useful in wireless communication devices. They typically have operating
bandwidths (2:1 Standing Voltage Wave Ratio) on the order of a few percent. The operating
bandwidth may be increased by adding parasitic elements. However, the total size of the
antenna increases proportionately. The front to back ratio is usually poor unless the ground
plane size is also increased. Thus, in creating a patch antenna with a relatively large

bandwidth, the primary advantage of the patch antenna is defeated.

Each of these known various antenna structures have limitations, including a decrease
in operational efficiency when positioned near a user’s head. As a result, there exists a need
for a broadband antenna assembly which is compact and lightweight. Yet another need exists
for an unitary antenna structure having a wide bandwidth without a separate antenna structure
for each transmission and reception band. Still another need exists for an antenna having

reduced SAR. There is a need for an antenna assembly which may be incorporated into a



WO 01/48858 PCT/US00/33943

variety of wireless communication devices. There is also a need for an antenna assembly

with a reduced specific absorption rate.
SUMMARY OF THE INVENTION

A broadband antenna assembly having a low specific absorption rate for use with a
wireless communication device. The antenna assembly includes a driven element and
parasitic element, operatively connected to a radio frequency input/output port and a ground
plane, such as provided by the printed circuit board of the communication device. The driven
element may take the form of a first trace on a suitable substrate or take the form of a first
body member, while the parasitic element may take the form of a second trace on a suitable
substrate or take the form of a second body member. Importantly, the overall length of both

the driven and parasitic element is substantially less than 4 A.

In the first embodiment, the first and second traces are formed on one side of a
suitable substrate such as a printed circuit board which is then superposed above a
predetermined region of a ground plane by connector members. Generally, the first trace has
two ends, with one end having a feed point to which a first connector member is attached,
while the second trace has a plurality of segments with ends, with one of the ends having a
ground connection point to which a second connector member is attached. The first and
second connector members operatively couple the first trace to an input/output port and the
second trace to the ground plane, respectively. Preferably, the input/output port is adjacent to
and in a fixed position relative to the ground plane to enable the connector members to align
and support the substrate and the traces. For optimum operation, the first and second traces
are spaced apart from each other by a distance that establishes proper coupling to the

frequency band of operation. As a result, a compact high bandwidth antenna is provided.

In the second embodiment of the antenna assembly, the first and second body
members are superposed above a predetermined region of a ground plane by connector
members. Generally, the first body member has a plurality of segments with one end
operatively connected by a first connector member to an input/output port, while the second
body member has a plurality of segments and with one end operatively connected by a second
connector member to a ground plane. Preferably, the input/output port is adjacent to and in a

fixed position relative to the ground plane to enable the first connector member to align and
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support the first body member. The opposite ends of both the first and second body members
includes an arm member which extends toward the ground plane. More specifically, the first
and second body members are co-planar with their respective arm members and having
roughly the same extension toward the ground plane. Preferably, the second body member
comprises two segments which form a predetermined angle with the apex of the angle
proximate the first body member. As with the aforementioned first embodiment or form, the
first and second body members are spaced from each other by a distance related to the

frequency of operation.

In a third embodiment, the first and second body members of the aforementioned
second embodiment may be used as a feed system for an auxiliary antenna element, with the
auxiliary antenna element comprising a dielectric member and a conductor element.
Preferably, the auxiliary antenna element is superposed above and adjacent to the first and
second body members of the aforementioned second embodiment. In use, the auxiliary
antenna element extends the bandwidth of the first and second body members. In another
embodiment, the antenna may be manufactured as a plated or foil conductive material
imprinted or disposed upon a dielectric substrate using known printed circuit fabrication
techniques. In the third embodiment, the aforementioned body members of the second
embodiment of the antenna assembly are used in conjunction with an auxiliary antenna
element. Said auxiliary antenna element may be composed of a metallic plate supported by a
dielectric substrate which provides the proper spacing to the antenna feed system and the
ground plane element which may be the ground plane of the printed wiring board of a

communication device.

In a fourth embodiment, a multiple band antenna assembly is provided. In an
illustrated embodiment, the antenna assembly includes a plurality of stacked antenna
elements, each defined with respect to a different frequency band of operation. Additionally,
the stacked antenna elements may be disposed in substantially parallel relationship with each

other.

As with all of the embodiments, it will be appreciated that various componentry may
be positioned within the open space(s) between the antenna assembly and the ground plane to

facilitate compact construction.
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It is an object of the present invention to provide an antenna assembly which may be

incorporated into a wireless communication device.

Another object of the present invention to enhance operation of an antenna assembly

by increasing its operational bandwidth.

A feature of the present invention is that there is a single feed point for multiple

electromagnetic frequency ranges or bands.

Another feature of the present invention is that fabrication may be accomplished

through existing technologies and mass production techniques.

Yet another feature of the present invention is the provision of a low specific

absorption rate (SAR) antenna.

An advantage of the present invention is that the antenna assembly has a low profile

which enables it to be used in small articles such as wireless communication devices.

Another advantage of the present invention is that various components of a transceiver
device may be positioned within interior regions of the antenna assembly to reduce the overall

size of the electronic device.

Yet another advantage of the present invention is that a multiple band antenna may be
implemented having a plurality of individual antenna structures, each structure associated
with a given frequency band of operation. In one preferred embodiment, the plurality of

individual antenna structures may be stacked in a substantially parallel manner.

These and other objects, features and advantages will become apparent in light of the

following detailed description of the preferred embodiments in connection with the drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a partial, cross-sectional perspective view of a wireless communication device

incorporating an antenna assembly according to the present invention;
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FIG. 2 is a plan view of a first embodiment of the antenna assembly according to the present
invention taken from the back of a wireless communication device, the wireless

communication device depicted in phantom;

FIG. 3A is an end elevational view of the first embodiment of the antenna assembly of FIG. 2
taken from the top of a wireless communication device, the wireless communication

device depicted in phantom;

FIG. 3B is a edge elevational view of the first embodiment of the antenna assembly of FIG. 2
taken from a side of a wireless communication device, the wireless communication

device depicted in phantom;

FIG. 4A is a partial plan view of the driven and parasitic elements and attendant dielectric

element of the first embodiment of the antenna assembly;

FIG. 4B is a table showing preferred dimensions of the antenna assembly of FIG. 4A,

according to the present invention;

FIG. 5 is a plan view of a second embodiment of the antenna assembly according to the
present invention taken from the back of a wireless communication device, the

wireless communication device depicted in phantom;

FIG. 6A is an end elevational view of the second embodiment of the antenna assembly of
FIG. 5 taken from the top of a wireless communication device, the wireless

communication device depicted in phantom,;

FIG. 6B is a edge elevational view of the second embodiment of the antenna assembly of FIG.
5 taken from a side of a wireless communication device, the wireless communication

device depicted in phantom;

FIG. 7A is an enlarged plan view of the driven and parastic elements and associated ground

plane of the second embodiment of the antenna assembly of FIG. 5;

FIG. 7B is a table showing preferred dimensions of the antenna assembly of FIG. 7A,

according to the present invention;
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FIG. 8 is a plan view of a third embodiment of the antenna assembly according to the present
invention taken from the back of a wireless communication device, the wireless

communication device depicted in phantom;

FIG. 9A is an end elevational view of the third embodiment of the antenna assembly of FIG. 8
taken from the top of a wireless communication device, the wireless communication

device depicted in phantom;

FIG. 9B is a edge elevational view of the third embodiment of the antenna assembly of FIG. 2
taken from a side of a wireless communication device, the wireless communication

device depicted in phantom;

FIG. 9C is a table showing preferred dimensions of the antenna assembly of FIG. 9A,

according to the present invention;

FIG. 10 is a side elevational view of another embodiment of the antenna assembly according
to the present invention, incorporating a plurality of antenna structures for multiple

band operation; and
FIG. 11 is a perspective view of the multiple band antenna assembly of FIG. 10.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to the drawings, wherein like numerals depict like parts throughout,
FIG. 1 illustrates a wireless communications device (WCD) 10 having a housing 12 with a
front 14, a rear or back 16, a top 18 a bottom 20 and a printed wiring board (PWB) 22. A
portion of the wireless communications device and the printed wiring board have been broken
away to illustrate the juxtaposition of the printed wiring board 22 and the antenna assembly
30. The antenna assembly 30 of the present invention includes a ground plane 32, which may

be carried by the printed PWB 22.

A first preferred embodiment of the present invention may be seen in FIGS. 2-4B.
Here, the antenna assembly 30 comprises a dielectric element 50 having a major surface 52 in
supporting relation to a driven element 54 and a parasitic element 70. The driven element 54,
illustrated in this embodiment as a trace 54, includes opposing ends 56, 58 with one end

including a tip 60 and the other end including a feed point 62. The parasitic element or trace
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70 includes first, second and third segments, 72, 74, 76 with an end of the second segment 74
including a ground connection point 78. The driven and parasitic elements or traces 54, 70
are operatively connected to an RF input/output port 44 and a ground point 46 on the ground
plane 32 by first and second connector members 40, 42, respectively. Importantly, the overall

length of both the driven and parasitic element 54, 70 is substantially less than Y4 A.

As depicted in FIGS. 3A and 3B, the first connector member 40 operatively connects
the feed point 62 of the first trace 54 to an input/output port 44. As mentioned previously, the
input/output port 44 is adjacent to and in a fixed position relative to the ground plane 32.
Note, however, that although the input/output port 44 is depicted as being adjacent the ground
plane 32 of the printed wiring board 22, it will be appreciated that the input/output port 44
may be at other locations. For example, within the predetermined region 34 of the ground
plane 32, and preferably at the coordinates defined by distances N and Q (See FIGS. 3A, 3B).
The second connector member 42 operatively connects the ground connection point 78 to the
ground point 46 on the ground plane 32. Note that the ground point 46 is located within the
predetermined region 34 of the ground plane 32 and preferably at the coordinates defined by
distances O and P (See also, FIGS. 3A, 3B).

The traces themselves 54, 70 may be manufactured using existing circuit board
fabrication technologies, such as metallic deposition or etching, or may even take the form of
foil which is secured to a suitable substrate. Preferably, the first trace 54 is generally linear
and includes ends 56, 58 one of which includes a tip 60, the other of which includes a feed
point 62. The second trace 70 includes first, second, and third segments 72, 74 and 76 with
the second segment 74 including a ground connection point 78. While the preferred
embodiment may be constructed according to the dimensions listed in Table 1 depicted in
FIG. 4B, it will be appreciated that variations are possible. The distance between the
confronting edges of the first and second traces 54, 70 is dependent upon the frequency of

operation.

Turning to FIGS. 5-7B, a second preferred embodiment of the present invention the
antenna assembly 30 comprises a plurality of body members 80, 90 which are operatively
connected to an input/output port 44 and a ground point 46 on the ground plane 32 by first
and second connector members 40, 42, respectively. Unlike the traces of the first

embodiment, it will be appreciated that the body members 80, 90 do not require a substrate in
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supporting relation thereto. Rather, the first and second body members 80, 90 are supported
by connector members 40, 42. The first connector member 40 operatively connects the first
body member 80 to an input/output port 44 which, as explained previously, is in a fixed
position relative to the ground plane 32. As with the aforementioned first embodiment, it will

be appreciated that the input/output port 44 may be at other locations.

In a departure from the trace of the first embodiment, the body member 80 includes an
arm member 82 which extends toward the ground plane 32 rather that extending from the first
body member 80 in a co-planar direction (See FIGS. 6A and 6B). The resultant structure of
the first body member 80, the connector member 40 and the arm member 82 is in the general
shape of an inverted u-shaped hook. The second connector member 42 operatively connects
the second body member 90 to a ground point 46 on the ground plane 32 as in the
aforementioned first embodiment. Also in a departure from the trace of the first embodiment,
the second body member 90 includes a first body segment 92 and a second body segment 94
which are co-planar and arranged to form an angle with an apex. Similar to the first body
member 80, the second body member 90 includes an arm member 96 which extends from the
end of body segment 94 towards the ground plane 32 (See also FIGS. 6A and 6B). The
resultant structure of the second body member 90, the arm member 96 and the connector
member 42 is also in the general shape of an inverted u-shaped hook. As with the
aforementioned first embodiment, the driven element 80 and parasitic element 90 are

superposed over a predetermined region 34 of the ground plane 32.

While the preferred embodiment may be constructed according to the dimensions
listed in Table 2 depicted in FIG. 7B, it will be appreciated that variations are possible. In

this embodiment, the antenna was specified for operation across the UMTS band

In a third preferred embodiment, the aforementioned body members of the second
embodiment of the antenna assembly 30 are used as a feed structure with an auxiliary antenna
element 100. More specifically, as depicted in FIGS. 8-9B, the first and second body
members 80, 90 are in supporting relation to the auxiliary antenna element 100 which
includes a dielectric member 102 and a conductor element 104. In use, the first and second
body members 80, 90 serve as a feed system for the auxiliary antenna element 100 resulting
in an ultra-wide operational bandwidth auxiliary antenna. Preferably, the auxiliary antenna

element 100 has dimensions of approximately 0.1A x 0.1\, where A is the wavelength of the

-9.



WO 01/48858 PCT/US00/33943

lowest frequency. As an example, an antenna is disclosed for operation across a bandwidth of
1710 - 2500 MHz. Correspondingly, the ground plane 32 has dimensions of approximately
0.45k x 0.25A, also where A is the wavelength of the lowest frequency (1710 MHz) in the
bandwidth of 1710 — 2500 MHz. Preferably, as with the other aforementioned embodiments,
the auxiliary antenna element 100 is superposed over a predetermined region 34 of the ground
plane 32. While the preferred embodiment may be constructed according to the dimensions
listed in Table 2 depicted in FIG. 7B, it will be appreciated that variations are possible. This
particular preferred embodiment operates over a frequency of 1710 — 2500 MHz with a
voltage standing wave ratio (VSWR) < 3:1. Additional embodiments may include a dielectric
substrate having patterned conductive layers or foils disposed upon its surfaces. In yet other
embodiments, the antenna may be manufactured as printed circuit board elements, bent metal
structures, conductive coatings or foils disposed upon a dielectric, etc. as obvious to one
skilled in the art. Additionally, other frequency bands of operation may be practicable by

scaling the dimensions of the elements as presented herein.

In a fourth embodiment as illustrated in FIGS. 10 and 11, an antenna assembly for
multiple band operation can be achieved with a plurality of antenna components, 34, 34",
34™. The antenna can be configured to provide multi-band operation using a single RF Feed
line 40", by stacking antenna assemblies in substantially co-parallel configuration. Each
stacked assembly 34 is composed of driven and parasitic conductive elements 80, 90 disposed
upon a dielectric substrate, with feed and ground point connections 40', 42' for each stacked
assembly. A single feed line 40’ and single ground connector 42' may be used to access each
of the stacked layers sequentially. The size of each layer is scaled for the appropriate
frequency and stacked at a height determined by the desired frequency band of operation.
The stacked driven and parasitic elements may share common vertical elements for physical
support, for feed line and grounding line. The spacings between stacked assemblies and the
ground plane are determined by the frequency desired, as could be determined by one skilled
in the art. The smallest of the stacked assemblies having the corresponding smallest sized
driven and parasitic elements, would provide the highest frequency band, and is placed
closest to the ground plane. Larger scaled stacked assemblies, with corresponding lower
frequency bands, would need to be arranged farther from the ground plane for proper

performance. As an example, such an antenna could be configured to cover the U.S. cell
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band (824-894) MHz, PCS/DCS bands (1710-1990) MHz and Bluetooth frequency band (2.4-
2.5) GHz.

Additional advantages and modifications will readily occur to those skilled in the art.
The invention in its broader aspects is, therefore, not limited to the specific details,
representative apparatus and illustrative examples shown and described. Accordingly,
departures from such details may be made without departing from the spirit or scope of the

applicant’s general inventive concept.
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What is claimed:

1. An antenna assembly for use in a wireless communication device having a ground
plane and an input/output RF connector, said antenna assembly for transmitting and receiving
about a predetermined wavelength, said antenna assembly comprising:

a driven element having a predetermined configuration, said driven element being
disposed away from the ground plane and having a length of substantially less than one-
quarter of the predetermined wavelength, said driven element coupled to the RF connector;
and

a parasitic element having a predetermined configuration, said parasitic element being
disposed away from the ground plane and having a length of substantially less than one-
quarter of the predetermined wavelength, with the parasitic element spaced from the driven
element a predetermined distance, said parasitic element being coupled to the ground plane of
the wireless communication device.

2. The antenna assembly of claim 1, wherein the driven element and parasitic element
are substantially co-planar.

3. The antenna assembly of claim 1, wherein the driven element and parasitic element
are spaced a predetermined distance away from the ground plane.

4. The antenna assembly of claim 3, wherein the driven element and parasitic element
are substantially collateral with the ground plane.

5. The antenna assembly of claim 4, wherein the driven element and parasitic element
are superposed over a predetermined region of the ground plane.

6. The antenna assembly of claim 1, further including a dielectric element in supporting
relation to the driven element.

7. The antenna assembly of claim 1, further including a dielectric element in supporting
relation to the parasitic element.

8. The antenna assembly of claim 1, further including a dielectric element in supporting
relation to the driven element and parasitic element.

9. The antenna assembly of claim 8, wherein the dielectric element is spaced a
predetermined distance away from the ground plane.

10.  The antenna assembly of claim 1 wherein the driven element and parasitic element are

first and second conductive traces, respectively.
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11. The antenna assembly of claim 10, wherein the first trace includes a substantially
linear conductor portion and wherein the second trace includes at least two substantially
linear conductor portions.
12. The antenna assembly of claim 11, wherein the first trace and second trace are
superposed over a predetermined region of the ground plane.
13.  The antenna assembly of claim 1, wherein the driven element includes a body member
and an arm member.
14.  The antenna assembly of claim 13, wherein the parasitic element includes a first body
member, a second body member and an arm member.
15. The antenna assembly of claim 14, wherein the arm members of the driven element
and parasitic element extend towards the ground plane.
16. The antenna assembly of claim 15, wherein the driven element and parasitic element
are selected from among the group including: solid wire elements, plated metal elements,
metal foil elements, and sheet metal elements.
17.  The antenna assembly of claim 14, wherein a portion of the body member of the
driven element and the first and second body members of the parasitic element are co-planar.
18. The antenna assembly of claim 14, wherein the body member of the driven element
and the first body member of the parasitic element are superposed over a predetermined
region of the ground plane.
19. The antenna assembly of claim 17, further comprising a dielectric member having a
conductor element.
20. The antenna assembly of claim 19, wherein the dielectric member is adjacent the
driven element and the parasitic element.
21.  The antenna assembly of claim 19, wherein the dielectric member is in contacting
relation to the body member of the driven element and the first and second body members of
the parasitic element.
22. A bandwidth enhanced antenna assembly for use in a wireless communication device
having a ground plane and an input/output RF connector, said antenna assembly for
transmitting and receiving about a predetermined wavelength, said antenna assembly
comprising:

a driven element being disposed away from the ground plane and having a length of
substantially less than one-quarter of the predetermined wavelength, said driven element

coupled to the RF connector; and
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a parasitic element, said parasitic element being disposed away from the ground plane
and having a length of substantially less than oﬁe-quarter of the predetermined wavelength,
with the parasitic element spaced from the driven element a predetermined distance, said
parasitic element being coupled to the ground plane of the wireless communication device,
wherein said driven element in combination with the parasitic element provide an enhanced
operational bandwidth.

23. The antenna assembly of claim 22, wherein the driven element and parasitic element
are substantially co-planar.

24.  The antenna assembly of claim 22, wherein the driven element and parasitic element
are spaced a predetermined distance away from the ground plane.

25. The antenna assembly of claim 24, wherein the driven element and parasitic element
are substantially collateral with the ground plane.

26. The antenna assembly of claim 25, wherein the driven element and parasitic element
are superposed over a predetermined region of the ground plane.

27.  The antenna assembly of claim 22, further including a dielectric element in supporting
relation to the driven element and parasitic element.

28.  The antenna assembly of claim 22 wherein the driven element and parasitic element
are first and second conductive traces, respectively.

29.  The antenna assembly of claim 28, wherein the first trace includes a substantially
linear conductor portion and wherein the second trace includes at least two substantially
linear conductor portions.

30.  The antenna assembly of claim 22, wherein the driven element includes a body
member and an arm member.

31.  The antenna assembly of claim 30, wherein the parasitic element includes a first body
member, a second body member and an arm member.

32. The antenna assembly of claim 31, wherein the arm members of the driven element
and parasitic element extend towards the ground plane.

33.  The antenna assembly of claim 32, wherein the driven element and parasitic element
are selected from among the group including: solid wire elements, plated metal elements,
metal foil elements, and sheet metal elements.

34. The antenna assembly of claim 32, wherein a portion of the body member of the

driven element and the first and second body members of the parasitic element are co-planar.
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35.  The antenna assembly of claim 32, wherein the body member of the driven element
and the first body member of the parasitic element are superposed over a predetermined
region of the ground plane.

36. An aperture-coupled bandwidth enhanced antenna assembly for use in a wireless
communication device having a ground plane and an input/output RF connector, said antenna
assembly for transmitting and receiving about a predetermined wavelength, said antenna
assembly comprising:

a driven element being disposed away from the ground plane and having a length of
substantially less than one-quarter of the predetermined wavelength, said driven element
coupled to the RF connector;

a parasitic element, said parasitic element being disposed away from the ground plane
and having a length of substantially less than one-quarter of the predetermined wavelength,
with the parasitic element spaced from the driven element a predetermined distance, said
parasitic element being coupled to the ground plane of the wireless communication device;
and

an auxiliary antenna element including a dielectric substrate element disposed relative
a portion of both the driven element and the parasitic element and a conductive element
disposed upon the dielectric substrate at an upper surface, wherein said driven element in
combination with the auxiliary antenna element provide an enhanced operational bandwidth.
37. The antenna assembly of claim 36, wherein the driven element and parasitic element
are substantially co-planar.

38.  The antenna assembly of claim 36, wherein the driven element and parasitic element
are spaced a predetermined distance away from the ground plane.

39.  The antenna assembly of claim 38, wherein the driven element and parasitic element
are substantially collateral with the ground plane.

40.  The antenna assembly of claim 39, wherein the driven element and parasitic element
are superposed over a predetermined region of the ground plane.

41.  The antenna assembly of claim 36, further including a dielectric element in supporting
relation to the driven element and parasitic element.

42.  The antenna assembly of claim 36 wherein the driven element and parasitic element

are first and second conductive traces, respectively.
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43. The antenna assembly of claim 42, wherein the first trace includes a substantially
linear conductor portion and wherein the second trace includes at least two substantially
linear conductor portions.

44.  The antenna assembly of claim 36, wherein the driven element includes a body
member and an arm member.

45.  The antenna assembly of claim 44, wherein the parasitic element includes a first body
member, a second body member and an arm member.

46.  The antenna assembly of claim 45, wherein the arm members of the driven element
and parasitic element extend towards the ground plane.

47.  The antenna assembly of claim 45, wherein the driven element and parasitic element
are selected from among the group including: solid wire elements, plated metal elements,
metal foil elements, and sheet metal elements.

48.  The antenna assembly of claim 45, wherein a portion of the body member of the
driven element and the first and second body members of the parasitic element are co-planar.
49.  The antenna assembly of claim 45, wherein the body member of the driven element
and the first body member of the parasitic element are superposed over a predetermined
region of the ground plane.

50.  The antenna assembly of claim 37, wherein the dielectric substrate element is
substantially planar.

51.  The antenna assembly of claim 37, wherein the driven element and the parasitic
element are each in contacting relationship with the dielectric substrate element.

52. A multiple bandwidth antenna assembly for use in a wireless communication device
having a ground plane and an input/output RF connector, said antenna assembly for
transmitting and receiving about a plurality of predetermined wavelengths, said antenna
assembly comprising:

a plurality of driven elements each being disposed away from the ground plane by a
predetermined different distance and each having a length of substantially less than one-
quarter of one of the plurality of predetermined wavelengths, each of said plurality of driven
elements coupled to the RF connector; and

a plurality of parasitic elements each being disposed away from the ground plane by a
predetermined different distance and each having a length of substantially less than one-
quarter of one of the plurality of predetermined wavelengths, each of said plurality of

parasitic elements spaced from an associated one of the plurality of driven elements, each of
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said plurality of parasitic elements being coupled to the ground plane of the wireless
communication device

53. The antenna assembly of claim 52, wherein associated pairs of driven elements and
parasitic elements are substantially co-planar.

54.  The antenna assembly of claim 52, further including a plurality of dielectric elements
in supporting relation to associated pairs of driven elements and parasitic elements.

55.  The antenna assembly of claim 52 wherein the plurality of driven elements and
parasitic elements are selected from among the group including conductive traces, conductive

wires, plated metal elements, foil metal elements, and sheet metal elements.
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