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(57) Abstract: Multi-frequency antenna assemblies including multiple antennas are disclosed. One example of an antenna assem-
bly includes first and second antennas. The first antenna is configured to be resonant in a first frequency range. The second anten-
na is configured to be resonant in a second frequency range and a third frequency range. The first antenna is coupled to a first out -
put. The second antenna is coupled to a second output and a third output. The second antenna is located near the first antenna. A
first filter is coupled to the first antenna and the first output. A second filter is coupled to the second antenna and the second out-
put. The first filter and the second filter are contigured to reflect signals in the third frequency range.
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MULTI-FREQUENCY ANTENNA ASSEMBLIES WITH MULTIPLE
ANTENNAS

FIELD
[0001] The present disclosure relates to multi-frequency antenna

assemblies with multiple antennas.

BACKGROUND

[0002] This section provides background information related to the
present disclosure which is not necessarily prior art.

[0003] Wireless application devices, such as laptop computers,
cellular phones, etc. are commonly used in wireless operations. Multiple
various capabilities, such as, for example, voice/data communication (using
one or more wireless protocols and/or frequency ranges), global positioning
system (GPS) tracking, FM broadcast radio, short range wireless
communications (e.g. Bluetooth, Wi-Fi, etc.), are often incorporated in
wireless application devices. Antennas and antenna assemblies capable of
handling the additional different frequency bands are desired.

SUMMARY

[0004] This section provides a general summary of the disclosure,
and is not a comprehensive disclosure of its full scope or all of its features.

[0005] According to various aspects, example embodiments are
provided of antenna assemblies configured to be installed to wireless
application devices. In one example embodiment, an antenna assembly
includes first and second antennas. The first antenna is configured to be
resonant in a first frequency range. The first antenna is coupled to a first
output. The second antenna is configured to be resonant in a second
frequency range and a third frequency range. The second antenna is located
near the first antenna. The second antenna is coupled to a second output and
a third output. A first filter is coupled to the first antenna and the first output. A
second filter is coupled to the second antenna and the second output. The
first filter and the second filter are configured to reflect signals in the third

frequency range.



WO 2011/055159 PCT/IB2009/007318

[0006] In another example embodiment, an antenna assembly
includes a ground plane and a first monopole antenna. The first monopole
antenna is resonant in a frequency range about 2.45 gigahertz (GHz) and is
coupled to a first output. A second monopole antenna is near and
substantially parallel to the first monopole antenna. The second monopole
antenna is resonant in a frequency range about 1.575 GHz and resonant in a
FM broadcast band frequency range. The second monopole antenna is
coupled to a second output and a third output. A first filter is coupled between
the first monopole antenna and the first output. A second filter is coupled
between the second monopole antenna and the second output. The first and
second filters are each configured to reflect a signal in the FM broadcast
frequency range.

[0007] In another example embodiment, an antenna assembly
includes first and second antennas. The first antenna is configured to be
resonant in a first frequency range. The first antenna is coupled to a first
output. The second antenna is configured to be resonant in a second
frequency range and a third frequency range. The second antenna is located
near the first antenna. The second antenna is coupled to a second output and
a third output. A first filter is coupled to the first antenna and the first output.
The first antenna is grounded to signals in the third frequency range. The first
filter is adapted to isolate the first antenna from ground for signals in the third
frequency range.

[0008] Further areas of applicability will become apparent from the
description provided herein. The description and specific examples in this
summary are intended for purposes of illustration only and are not intended to

limit the scope of the present disclosure.

DRAWINGS
[0009] The drawings described herein are for illustrative purposes
only of selected embodiments and not all possible implementations, and are
not intended to limit the scope of the present disclosure.
[0010] FIG. 1 is a circuit diagram of an example embodiment of an

antenna assembly including one or more aspects of the present disclosure;
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[0011] FIG. 2 is a circuit diagram of another example embodiment
of an antenna assembly including one or more aspects of the present
disclosure;

[0012] FIG. 3 is an illustration of an exemplary prototype of an
antenna assembly according to another example embodiment including one
or more aspects of the present disclosure;

[0013] FIG. 4 is a Smith chart illustrating test results for the
prototype antenna assembly of FIG. 3 over a frequency bandwidth of about
500 megahertz to about 3 gigahertz;

[0014] FIG. 5 is a line graph illustrating the return loss and isolation
(in decibels) for the prototype antenna assembly of FIG. 3 over a frequency
bandwidth of about 500 megahertz to about 3 gigahertz;

[0015] FIG. 6 is a line graph illustrating the efficiency (in decibels)
for the prototype antenna assembly of FIG. 3 over a frequency bandwidth of
about 1500 megahertz to about 1580 megahertz and from about 2400
megahertz to about 2480 megahertz;

[0016] FIG. 7 is a line graph illustrating antenna gain (in decibels)
for the second antenna of the prototype antenna assembly of FIG. 3 over a
frequency bandwidth of about 76 megahertz to about 108 megahertz; and

[0017] FIG. 8 is a line graph illustrating effective antenna efficiency
(in decibels) for the second antenna of the prototype antenna assembly of
FIG. 3 over a frequency bandwidth of about 76 megahertz to about 108
megahertz.

[0018] Corresponding reference numerals indicate corresponding

parts throughout the several views of the drawings.

DETAILED DESCRIPTION

[0019] Example embodiments will now be described more fully with
reference to the accompanying drawings.

[0020] Example embodiments are provided so that this disclosure
will be thorough, and will fully convey the scope to those who are skilled in the
art. Numerous specific details are set forth such as examples of specific
components, devices, and methods, to provide a thorough understanding of
embodiments of the present disclosure. It will be apparent to those skilled in
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the art that specific details need not be employed, that example embodiments
may be embodied in many different forms and that neither should be
construed to limit the scope of the disclosure. In some example embodiments,
well-known processes, well-known device structures, and well-known
technologies are not described in detail.

[0021] The terminology used herein is for the purpose of describing
particular example embodiments only and is not intended to be limiting. As
used herein, the singular forms "a", "an" and "the" may be intended to include

the plural forms as well, unless the context clearly indicates otherwise. The

AL ] L I

terms "comprises,"” "comprising,” “including,” and “having;” are inclusive and
therefore specify the presence of stated features, integers, steps, operations,
elements, and/or components, but do not preclude the presence or addition of
one or more other features, integers, steps, operations, elements,
components, and/or groups thereof. The method steps, processes, and
operations described herein are not to be construed as necessarily requiring
their performance in the particular order discussed or illustrated, unless
specifically identified as an order of perfdrmance. It is also to be understood
that additional or alternative steps may be employed.

[0022] When an element or layer is referred to as being "on",
“engaged to”, "connected to" or "coupled to" another element or layer, it may
be directly on, engaged, connected or coupled to the other element or layer,
or intervening elements or layers may be present. In contrast, when an
element is referred to as being "directly on," “directly engaged to”, "directly
connected to" or "directly coupled to" another element or layer, there may be
no intervening elements or layers present. Other words used to describe the
relationship between elements should be interpreted in a like fashion (e.g.,

LI

“between” versus “directly between,” “adjacent” versus “directly adjacent,”
etc.). As used herein, the term "and/or" includes any and all combinations of
one or more of the associated listed items.

[0023] Although the terms first, second, third, etc. may be used
herein to describe various elements, components, regions, layers and/or
sections, these elements, components, regions, layers and/or sections should
not be limited by these terms. These terms may be only used to distinguish

one element, component, region, layer or section from another region, layer or
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section. Terms such as “first,” “second,” and other numerical terms when used
herein do not imply a sequence or order unless clearly indicated by the
context. Thus, a first element, component, region, layer or section discussed
below could be termed a second element, component, region, layer or section
without departing from the teachings of the example embodiments.

[0024] Disclosure of values and .ranges of values for specific
parameters (such as temperatures, molecular weights, weight percentages,
etc.) are not exclusive of other values and ranges of values useful herein. It is
envisioned that two or more specific exemplified values for a given parameter
may define endpoints for a range of values that may be claimed for the
parameter. For example, if Parameter X is exemplified herein to have value A
and also exemplified to have value Z, it is envisioned that parameter X may
have a range of values from about A to about Z. Similarly, it is envisioned that
disclosure of two or more ranges of values for a parameter (whether such
ranges are nested, overlapping or distinct) subsume all possible combination
of ranges for the value that might be claimed using endpoints of the disclosed
ranges. For example, if parameter X is exemplified herein to have values in
the range of 1 — 10, or 2 — 9, or 3 — 8, it is also envisioned that Parameter X
may have other ranges of values including1-9,1-8,1-3,1-2,2-10, 2
-8,2-3,3-10,and 3 -9.

[0025] With reference now to the drawings, FIG. 1 illustrates an
example embodiment of an antenna assembly 100 including one or more
aspects of the present disclosure. The illustrated antenna assembly 100 may
be integrated in, embedded in, installed to, etc. a wireless application device
(not shown), including, for example, a personal computer, a cellular phone,
personal digital assistant (PDA), etc. within the scope of the present
disclosure.

[0026] As shown in FIG. 1, the assembly 100 includes a first
antenna 102 and a second antenna 104. The first antenna 102 and the
second antenna 104 are physically located near each other. The antennas
102, 104 may be any suitable antenna. In some embodiments, the antennas
102 and 104 are monopole antennas.

[0027] The first antenna 102 may be configured to be resonant in a

first frequency range. The second antenna 104 may be configured to be
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resonant in a second and a third frequency range. For example, the first
antenna 102 may be a Bluetooth antenna configured for resonance in a
frequency range about 2.45 gigahertz (GHz). The second antenna 104 may
be a multi-frequency antenna configured for resonance in GPS (about 1.575
GHz) and FM broadcast (for example, 76 - 108.0 megahertz (MHz)) frequency
ranges. Other frequency ranges, combinations of frequencies, and/or
combinations of single frequency and multi-frequency antennas may be used
with the antenna assembly 100.

[0028] The first antenna 102 is coupled to a first output 106 for
transmission of signals to and/or from other circuitry (e.g., a transmitter,
receiver, transceiver, etc.). Similarly, the second antenna 104 is coupled to a
second output 108 and a third output 110 for tfransmission of signals to and/or
from other circuitry.

[0029] A first filter 112 is coupled between the first antenna 102 and
the first output 106. Because the first antenna 102 is physically close with the
second antenna 104 (and thus may electromagnetically interact with the
second antenna 104), possible grounding of third frequency range signals in
the fist antenna via the matching inductor L5 often decreases the performance
of the second antenna 104 when receiving signals in the third frequency
range. The first filter 112 is adapted to isolate the first antenna 102 from
ground at frequencies in the third frequency range. The first filter 112 acts as
a high pass filter to block and reflect signals in the third frequency range from
the first output 106. Accordingly, signals in the third frequency range are
blocked and reflected, rather than being directed to ground. This permits the
first antenna 102 and the second antenna 104 to be placed in close physical
relationship with each other without significantly degrading the performance of
the second antenna 104 in the third frequency range.

[0030] A second filter 114 is coupled between the second antenna
104 and the second output 108. The second filter 114 is a high pass filter. The
second filter 114 permits higher frequency signals, such as signals in the
second frequency range (e.g., GPS signals, eic.), to pass between the second
antenna 104 and the second output 108. Conversely, the second filter 114
blocks and reflects signals in the third frequency range (e.g., FM broadcast

frequency signals, etc.), without directing such signals to ground via the
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matching inductor L1. Accordingly, the second filter 114 contributes to
preventing (or at least reducing) degradation in the performance of the second
antenna 104 with signals in the third frequency range.

[0031] The first filter 112 and the second filter 114 may be any
suitable filter operable in the manner discussed above. In some example
embodiments disclosed herein, the first and second filters 112, 114 are
capacitors. Either or both of the first and/or second filters 112, 114 may also
be series resonant circuits (an inductor and a capacitor). If either or both of
the filters 112, 114 are series resonant circuits, the filter may be configured
(through, for example, selection of appropriate capacitor(s) and inductor(s)) as
a band pass filter. In such embodiments, the filters 112, 114 block and reflect
signals at frequencies both above and below a frequency range. For example,
the second filter 114 may block signals above and below the second
frequency range, while allowing signals in the second frequency range to be
transmitted between the second antenna 104 and the second output 108.
Although described together above, the first filter 112 and the second filter
114 do not have to be identical or even the same type of filter. For example,
one filter may be a capacitor and the other filter may be a series resonant
circuit.

[0032] The antenna assembly 100 includes a DC-electrostatic
discharge (ESD) device 116 to provide a direct current (DC) path to ground to
discharge electrostatic charges.

[0033] An inductor 118, or the inductor 118 and the first filter 112,
forms a matching circuit for impedance matching of the first antenna 102.
Similarly, an inductor 120, or the inductor 120 and the second filter 114, forms
a matching circuit for impedance matching of the second antenna 104. Other
appropriate matching circuits may be used without departing from the scope
of this disclosure.

[0034] FIG. 2 illustrates another example embodiment of an
antenna assembly 200 according to one or more aspects of this disclosure.
The illustrated antenna assembly 200 may be integrated in, embedded in,
installed to, etc. a wireless application device (not shown), including, for
example, a personal computer, a cellular phone, personal digital assistant
(PDA), etc. within the scope of the present disclosure.
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[0035] As shown in FIG. 2, the assembly 200 includes a first
antenna 202 and a second antenna 204. The first antenna 202 and the
second antenna 204 are physically located near each other. The antennas
202, 204 may be any suitable antenna. In some embodiments, the antennas
202 and 204 are monopole antennas. The first antenna 202 is configured to
be resonant in a first frequency range. The second antenna 204 is configured
to be resonant in a second and a third frequency range.

[0036] The first antenna 202 is coupled to a first output 206 for
transmission of signals to and/or from other circuitry 222, which may be, for
example, a transmitter, receiver, transceiver, etc. Similarly, the second
antenna 204 is coupled to a second output 208 and a third output 210 for
transmission of signals to and/or from other circuitry 224 and 226,
respectively. The circuitry 222, 224, 226 may be separate components,
devices, circuits, etc. or may be part of the same component, device circuit,
etc.

[0037] Because the first antenna 202 is physically close to the
second antenna 204 (and thus may electromagnetically interact with the
second antenna 204), possible grounding of third frequency range signals in
the first antenna 202 via the matching inductor L5 often decreases the
performance of the second antenna 204 when receiving signals in the third
frequency range. The first filter 212 is adapted to isolate the first antenna 202
from ground at frequencies in the third frequency range. The first filter 212
acts as a high pass filter to block and reflect signals in the third frequency
range from the first output. Accordingly, signals in the third frequency range
are blocked and reflected, rather than being directed to ground. This permits
the first antenna 202 and the second antenna 204 to be placed in close
physical relationship with each other without significantly degrading the
performance of the second antenna 204 in the third frequency range.

[0038] A second filter 214 is coupled between the second antenna
204 and the second output 208. The second filter 214 is a high pass filter. The
second filter 214 permits higher frequency signals, such as signals in the
second frequency range (e.g., GPS signals, etc.), to pass between the second
antenna 204 and the second output 208. Conversely, the second filter 214
blocks and reflects signals in the third frequency range (e.g., FM broadcast
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frequency signals, etc.), without directing such signals to ground via matching
inductor L1. Accordingly, the second filter 214 contributes to preventing (at
least reducing) degradation in the performance of the second antenna 204
with signals in the third frequency range.

[0039] The first filter 212 and the second filter 214 are capacitors in
the particular embodiment of FIG. 2. As discussed above with respect to
FIG.1, however, any suitable filter or combination of filters may be used,
including, for example, series resonant circuits (e.g., an inductor and a
capacitor).

[0040] The antenna assembly 200 includes a DC-electrostatic
discharge (ESD) device 216 to provide a direct current (DC) path to ground to
discharge electrostatic charges.

[0041] An amplifier 228 is coupled between the antenna 204 and
the third output 210 to amplify signals in the third frequency range. A low pass
filter 230 is coupled between the second antenna 204 and the third output
210. The low pass filter allows signals in the third frequency range (e.g., FM
broadcast band signals, etc.) to pass, while blocking signals in higher
frequency ranges (including the second and third frequency ranges). This
helps prevent other signals from opening a path to ground through an ESD
device 230 or saturating the amplifier 228.

[0042] FIG. 3 illustrates an example embodiment of the antenna
assembly of FIG. 2. In the antenna assembly 300, the first antenna 202 and
the second antenna 204 are separated by about one millimeter. By way of
example only, the first antenna 202 may have a length of about 25
millimeters, and the second antenna 204 may have a length of about 40
millimeters. In this particular example, the antenna assembly 300 may have a
thickness of about 5 millimeters. Alternative embodiments may include one or
more components configured differently and in different sizes. The
dimensions provided in this paragraph (as are all dimensions disclosed
herein) are for purposes of illustration only and not for purposes of limitation.

[0043] The first and second antennas 202, 204 are suspended
above a ground plane 232 by carrier 234. The carrier 234 may be plastic or
any other suitable nonconductive material. In the assembly 300, the first

antenna 202 is a Bluetooth antenna configured for resonance in a frequency
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range about 2.45 gigahertz (GHz). The second antenna 204 is a multi-
frequency antenna configured for resonance in GPS (about 1.575 GHz) and
FM broadcast (for example, 76 - 108.0 megahertz (MHz)) frequency ranges.
Other frequency ranges, combinations of frequencies and/or combinations of
single frequency and multi-frequency antennas may be used with the antenna
assembly 200.

[0044] In the assembly 200 shown in FIG. 2, the DC-ESD discharge
device 216 may comprise a resistor R3 having a resistance of 560 kilo ohms
(kOhms), and the inductors L5 and L1 may comprise 3.3 nanoHenry (nH)
inductors. The first filter 212 (C5) and the second filter 214 (C1) may be 1
picoFarad (pF) capacitors, and the low pass filter 230 (L3) may be a 56nH
inductor. Continuing with this example, capacitors C2 and C3 may be 330 pF
capacitors, and capacitor C4 may be a 10 nF capacitor. Inductors L2 and L4
may be 470 nH and 91 nH inductors, respectively. Resistors R1 and R2 may
be 10 KOhm and 0 Ohm resistors, respectively. Alternative embodiments may
include one or more components configured differently and in different sizes.
The numerical values provided in this paragraph (as are all numerical values
disclosed herein) are for purposes of illustration only and not for purposes of
limitation.

[0045] FIGS. 4 through 8 illustrate various test results obtained by
testing of the prototype antenna assembly 300 shown in FIG. 3. These test
results shown in FIGS. 4 through 8 are provided only for purposes of
illustration and not for purposes of limitation.

[0046] FIG. 4 is a Smith chart illustrating performance of the first
antenna 202 represented by line 436 and performance of the second antenna
204 represented by line 438 from a frequency of about 500 MHz to about 3
GHz. Generally, FIG. 4 shows that both antennas illustrate single-resonant
optimal overcoupling.

[0047] FIG. 5 is a graph of the return loss and isolation (in decibels
(dB)) of the first and second antennas 202, 204 from about 500 MHz to about
3 GHz. Trace 540 shows the return loss for the second antenna 204, while
trace 542 illustrates return loss for the first antenna 202. As can be seen, the
second antenna 204 has a bandwidth of about 60 MHz (measured at -6 dB)
and the first antenna 202 has a bandwidth of about 110 MHz (also measured
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at -6 dB). The isolation, which is greater than 12 dB, for the first and second
antenna 202, 204 is shown at 544.

[0048] FIG. 6 graphically represents the efficiency (in dB) of the first
antenna 202 from about 1550 MHz to about 1580 MHz and the efficiency of
second antenna 204 from about 2400 MHz to about 2480 MHz.

[0049] FIG. 7 graphically illustrates the gain (in dB) of the second
antenna 204 from about 76 MHz to about 108 MHz (the FM broadcast band).
The average gain over the FM broadcast band is about
-14.4 dB.

[0050] FIG. 8 graphically represents the effective antenna efficiency
(in dB) of the second antenna 204 from about 76 MHz to about 108 MHz. The
effective antenna efficiency is the signal to noise ratio of an antenna
compared to an ideal loss-less dipole with all antennas connected to a
receiver. Trace 846 is the effective antenna efficiency with a 0dB noise figure
in the receiver. Trace 848 is the effective antenna efficiency with a 6dB noise
figure in the receiver. As can be seen, the effective antenna efficiency with a
0dB noise figure is about -32.7dB and the effective antenna efficiency with a
6dB noise figure is about -27.1dB.

[0051] The foregoing description of the embodiments has been
provided for purposes of illustration and description. It is not intended to be
exhaustive or to limit the invention. Individual elements or features of a
particular embodiment are generally not limited to that particular embodiment,
but, where applicable, are interchangeable and can be used in a selected
embodiment, even if not specifically shown or described. The same may also
be varied in many ways. Such variations are not to be regarded as a
departure from the invention, and all such modifications are intended to be

included within the scope of the invention.
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CLAIMS
What is claimed is:

1. An antenna assembly comprising:

a first antenna configured to be resonant in a first frequency range, the
first antenna coupled to a first output;

a second antenna configured to be resonant in a second frequency
range and a third frequency range, the second antenna located near the first
antenna, the second antenna coupled to a second output and a third output;

a first filter coupled to the first antenna and the first output; and

a second filter coupled to the second antenna and the second output;

the first filter and the second filter configured to reflect signals in the
third frequency range.

2. The antenna assembly of claim 1, wherein the first antenna and
the second antenna are monopole antennas.

3. The antenna assembly of claim 1 or 2, further comprising a DC-
electrostatic discharge device coupled between the first antenna and a ground
terminal.

4. The antenna assembly of any one of claims 1, 2, or 3, wherein
at least one of the first and second filters is a capacitor.

5. The antenna assembly of any one of claims 1, 2, 3, or 4,
wherein at least one of the first and second filters is a series resonant circuit.

6. The antenna assembly of any one of claims 1, 2, 3, 4, or 5,
wherein:

the first frequency range is centered about 2.45 gigahertz;

the second frequency range is centered about 1.575 gigahertz; and

the third frequency range is about 76 megahertz to about 108
megahertz.

7. The antenna assembly of any one of claims 1, 2, 3, 4, 5, or 6,
wherein the first and second antennas are spaced apart about one millimeter.

8. The antenna assembly of any one of claims 1, 2, 3, 4, 5,6, or 7,
wherein the first frequency range is a Bluetooth frequency range, the second
frequency range is a GPS frequency range, and the third frequency range is
an FM broadcast band frequency range.
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9. The antenna assembly of any one of claims 1, 2, 3, 4, 6, or 7,
wherein:

the first antenna is a Bluetooth monopole antenna; and

the second antenna is a GPS and FM monopole antenna.

10.  An antenna assembly comprising:

a ground plane;

a first monopole antenna resonant in a frequency range centered about
2.45 gigahertz (GHz) coupled to a first output;

a second monopole antenna resonant in a frequency range centered
about 1.575 GHz and resonant in a FM broadcast band frequency range, the
second monopole antenna near and substantially parallel to the first
monopole antenna, the second monopole antenna coupled to a second output
and a third output;

a first filter coupled between the first monopole antenna and the first
output; and

a second filter coupled between the second monopole antenna and the
second output;

the first and second filter each configured to reflect a signal in the FM
broadcast frequency range.

11.  The antenna assembly of claim 10, further comprising a carrier
on which the first and second monopole antennas are mounted.

12.  The antenna assembly of claim 10 or 11, wherein a separation
distance between parallel portions of the first monopole antenna and the
second monopole antenna is about one millimeter.

13. The antenna assembly of any one of claims 10, 11, or 12,
further comprising a DC-electrostatic discharge device coupled between the
first monopole antenna and a ground terminal.

14. The antenna assembly of any one of claims 10, 11, 12, or 13,
wherein at least one of the first and second filters is a capacitor.

15.  The antenna assembly of any one of claims 10, 11, 12, 13, or
14, wherein at least one of the first and second filters is a series resonant

circuit.
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16.  The antenna assembly of any one of claims 11, 11, 12, 13, 14,
or 15, further comprising an amplifier coupled between the second monopole
antenna and the third output.

17.  The antenna assembly of claim 16, further comprising a low
pass filter coupled between the second monopole antenna and the amplifier.

18.  The antenna assembly of any one of claims 10, 11, 12, 13, 14,
15, or 16, wherein the FM broadcast band frequency range is about 76
megahertz to about 108 megahertz.

19.  An antenna assembly comprising:

a first antenna configured to be resonant in a first frequency range, the
first antenna coupled to a first output;

a second antenna configured to be resonant in a second frequency
range and a third frequency range, the second antenna located near the first
antenna, the second antenna coupled to a second output and a third output;
and

a first filter coupled to the first antenna and the first output,

wherein the first antenna is grounded to signals in the third frequency
range and the first filter is configured to isolate the first antenna from ground
for signals in the third frequency range.

20. The antenna assembly of claim 19, further comprising a second
filter coupled between the second antenna and the second output, the second
filter adapted to reflect a signal in the third frequency range.

21. The antenna assembly of claim 19 or 20, further comprising a
DC-electrostatic discharge device coupled between the first antenna and a
ground terminal.

22. The antenna assembly of any of claims 19, 20, or 21, wherein at

least one of the first and second filters is a capacitor.

23. The antenna assembly of any of claims 19, 20, 21, or 22,
wherein at least one of the first and second filters is a series resonant circuit.

24. The antenna assembly of any one of claims 19, 20, 21, 22, or
23, wherein:

the first frequency range is centered about 2.45 gigahertz;

the second frequency range is centered about 1.575 gigahertz; and
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the third frequency range is about 76 megahertz to about 108
megahertz.

25. The antenna assembly of any one of claims 19, 20, 21, 22, 23,
or 24, wherein the first and second antennas are spaced apart about one
millimeter.

26. The antenna assembly of any one of claims 19, 20, 21, 22, 23,
24, or 25, wherein the first frequency range is a Bluetooth frequency range,
the second frequency range is a GPS frequency range, and the third
frequency range is an FM broadcast band frequency range.

27. The antenna assembly of any one of claims 19, 20, 21, 22, 23
24, 25, or 26, wherein:

the first antenna is a Bluetooth monopole antenna; and

the second antenna is a GPS and FM monopole antenna.

28. A wireless application device including the antenna assembly of

any one of the preceding claims.
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