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(57)  An antenna, and an associated methodology,
for a portable radio device, such as a mobile station ca-
pable of operation at a plurality of frequency bands
spread across a wide range of frequencies. The antenna
includes a dielectric substrate and a monopole disposed
about the substrate. The monopole includes a first end
having a feed point connection and is folded in a serpen-
tine manner about at least three planar surfaces of the

substrate. A first patch element improves matching at a
first frequency band, extends from the monopole. A sec-
ond patch element improves matching at a second fre-
quency band, extends from the monopole and is proxi-
mate to the feed point connection. A third patch element
improves matching at a third frequency band, extends
from a second end of the monopole, opposed to the feed
point connection.
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Description

[0001] The presentinvention is generally directed to a
manner by which to transduce signal energy at a radio
device, such as a portable mobile station. More particu-
larly, the present invention relates to an antenna, and an
associated methodology, for the radio device.

[0002] The antenna is of dimensions permitting its po-
sitioning within, or carriage together with, a hand-carria-
ble mobile station while providing operability over a wide
range of frequencies. The antenna is formed of a wire
antenna (monopole) and a set of patches that are con-
figured together in a tri-dimensional arrangement. The
spatial requirements of the antenna are reduced by fold-
ing one of the patches into folded portions. The antenna
is operable with a multi-mode radio device that operates
at multiple, spaced frequency bands.

Background of the Invention

[0003] Mobile communications have become perva-
sive throughout modem society. Ready access to a mo-
bile communication system is, for many, a practical ne-
cessity. A cellular, or cellular-like communication system
is an exemplary mobile radio communication system
whose availability is widespread throughout significant
portions of the populated areas of the world.

[0004] A cellularcommunication systemis constructed
generally to be in conformity with operational require-
ments set forth in an operating specification promulgated
by a standards-setting body. The operating specification,
amongst other things, defines a radio air interface ex-
tending between communication stations, i.e., the net-
work infrastructure and a mobile station, operable in the
communication system. Regulatory bodies allocate por-
tions of the electromagnetic spectrum. Different alloca-
tions are made for different types of systems, and differ-
ent regulatory bodies regulate the use of the electromag-
netic spectrum in different jurisdictions. And, operating
standards associated with different communication sys-
tems define operating parameters including parameters
associated with the frequencies upon which the radio air
interface is defined.

[0005] While early implementations of mobile stations
used to communicate in a cellular communication system
were relatively bulky and heavy, advancements in inte-
grated-circuit processing, and communication technolo-
gies have permitted the miniaturization of newer imple-
mentations of mobile stations. Mobile stations are now
regularly of dimensions permitting their hand-carriage.
And, increasingly, mobile stations are constructed to be
operable in conformity with the operating requirements
of more than one operating standard. Such a mobile sta-
tion, referred to as a multi-mode mobile station, is capable
of operation pursuant to a communication service by way
of any communication system with which the multi-mode
mobile station is operable.

[0006] Miniaturization of a mobile station provided as
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a result of the technological advancements noted-above
has permitted the circuitry required for multi-mode mobile
station to be housed in a housing of small dimension.
Multi-mode mobile stations are, for example, sometimes
of configurations permitting their carriage in a shirt pocket
of auser. Miniaturization is provided, not only by reducing
the physical dimensions of the circuit paths of the receive
and transmit chains of the circuitry of the mobile station,
but also through sharing of circuit components between
circuit paths used for communications pursuant to the
different communication systems.

[0007] Miniaturization of antenna elements present
unique challenges, particularly when the antenna ele-
ment is to form part of a multi-mode mobile station, op-
erable at disparate frequency bands. An antenna ele-
ment is generally most effective in transducing signal en-
ergy when the transducer is of dimensions related to the
wavelength of the signal energy that is to be transduced.
For instance, antenna lengths corresponding to, or mul-
tiples of, one-quarter wavelengths of the signal energy
that is to be transduced exhibit good antenna character-
istics. When the mobile station forms a multi-mode mo-
bile station that operates at different frequency bands,
different sizes of antennas are needed to transduce the
signal energy of the different frequencies and wave-
lengths. As the sizes of housings otherwise required to
house the circuitry of a multi-mode mobile station con-
tinue to decrease, dimensional requirements of the an-
tenna elements are sometimes a factor limiting further
miniaturization of a mobile station. Significant effort has
therefore been exerted to construct an antenna, operable
over multiple frequency bands, that is also of small di-
mension, thereby to permitits positioning within the hous-
ing of a mobile station.

[0008] A PIFA (Planar Inverted-F Antenna) is some-
times utilized to transduce signal energy at a mobile sta-
tion. Generally, a PIFA is of compact size and is of a low
profile while providing for transducing of signal energy at
more than one frequency band. A problem typically ex-
hibited with a PIFA, however, is that a PIFA generally
exhibits pass bands of narrow bandwidths. A bandwidth
of a PIFA is enhanced by configuring the PIFA together
with a parasitic element. Such use of a parasitic element,
however, increases the dimensions of the antenna. Also,
the branches sometimes introduce EMC and EMI that
interferes with antenna operation.

[0009] Animproved antenna structure, of small dimen-
sions, and operable to transduce signal energy at multi-
ple, disparate frequency bands is therefore needed.
[0010] Itis in light of this background information re-
lated to radio communications that the significant im-
provements of the present invention have evolved.

Brief Description of the Drawings

[0011] Figure 1 illustrates a functional block diagram
of a radio communication system in which an embodi-
ment of the present invention is operable.
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[0012] Figure 2illustrates a two-dimensional represen-
tation of the configuration of the antenna of an embodi-
ment of the present invention.

[0013] Figures 3-5 illustrate various perspective rep-
resentations of the antenna shown in Figure 2, here in
which the antenna is configured with folds formed of a
wire (monopole) loaded with patches about a dielectric
substrate.

[0014] Figure 6 illustrates a representation of an ex-
emplary return loss, plotted as a function of frequency,
of an exemplary antenna of an embodiment of the present
invention.

[0015] Figures 7 and 8 represent exemplary radiation
patterns exhibited by the antenna of an embodiment of
the present invention at two separate frequencies, at 908
MHz and 1.84 GHz, respectively.

[0016] Figure 9 illustrates a method flow diagram rep-
resentative of a method of operation of an embodiment
of the present invention.

Detailed Description

[0017] The present invention, accordingly, advanta-
geously provides an antenna, and an associated meth-
odology for transducing signal energy at a radio device,
such as a portable mobile station.

[0018] Through operation of an embodiment of the
present invention, an antenna is provided for the radio
device. The antenna is of compact dimensions that per-
mits its positioning within, or carriage together with, a
mobile station. The characteristics of the antenna permit
its operation at selected frequency bands over a wide
range of frequencies.

[0019] The antenna includes a wire antenna (monop-
ole) and a set of patches that are configured together in
a tri-dimensional arrangement that extends in multiple
planar directions. Reduction in the spatial requirements
of the antenna is provided by the tri-dimensional config-
uration of the antenna. The antenna is configured to be
operable at disparate frequency bands over a wide range
of frequencies.

[0020] In another aspect of the present invention, a
monopole, formed of multiple folded portions, extends in
a serpentine manner across six planar surfaces of a di-
electric substrate. The monopole includes a first end and
a second end. The first end of the monopole defines a
feed connection point connectable with corresponding
portions of circuitry of a mobile station. Signal energy
generated at the mobile station circuitry is provided to
the antenna at the feed point connection, and signal en-
ergy transduced into electrical form at the antennaiis pro-
vided to the transceiver circuitry at the feed point con-
nection.

[0021] A first patch of the antenna forms a first main
matching element, and is, e.g., rectangular-shaped,
forming arectangular-shaped patch, extending from, and
contiguous and integral with, the monopole. The first
patch improves matching to provide for antenna reso-
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nance at a first frequency band, depending upon the size
of the patch and its location of connection to the monop-
ole. A second antenna patch forms a second matching
element proximate to the feed point connection and ex-
tending from, and contiguous and integral with, said mo-
nopole. The second patch improves matching to provide
for antenna resonance is resonant at least at a second
frequency band. A third patch forms a third matching el-
ement, extending from and contiguous and integral with,
the second end of the monopole. The third patch im-
proves matching to provide for antenna resonance is res-
onant at least at a third frequency band. By use of the
antenna disclosed herein, the spatial requirements of the
antenna are reduced relative to the space that would be
required to be provided if the antenna were not folded.
[0022] In one implementation, the antenna forms at
least a nine-band antenna, capable of operation at nine
disparate frequency bands, including the 800, 900, 1500,
1800, 1900, 2000, 2200, 2400, and 2450 MHz frequency
bands. In other implementations, the antenna is config-
ured to be resonant at other, and other numbers of, fre-
quency bands. When connected to transceiver circuitry
capable of operating in conformity with communication
systems at the corresponding frequencies, the antenna
permits signal energy to be transduced at any of the res-
onant frequencies. Due to its compact size, the antenna
facilitates increased miniaturization of a mobile station,
permitting its positioning within the housing of the mobile
station.

[0023] In these and other aspects, therefore, an an-
tenna, and an associated methodology is provided for a
radio communication device. A substrate is fabricated
from a dielectric and a monopole is disposed thereon. A
first patch, defined in a first planar direction and contig-
uous and integral with the monopole, forms a first match-
ing element thatimprove matching to provide for antenna
resonance at least at a first frequency band. A second
patch, defined in a second planar direction and contigu-
ous and integral with the monopole, forms a second
matching element that improves matching to provide for
antenna resonance at least at a second frequency band.
A third patch, defined in the second planar direction and
contiguous and integral with the monopole, forms a third
matching element that improves matching to provide for
antenna resonance at least at a third frequency band.
[0024] Referring first, therefore, to Figure 1, a radio
communication system, shown generally at 10, provides
for voice and data (referred to collectively herein as "da-
ta") communication services, with radio devices, such as
mobile stations, of which a mobile station 12 is repre-
sentative, by way of radio links defined upon a radio air
interface 14. While the mobile station 12 is generally rep-
resentative of a mobile station operable in conformity with
operating protocols of any of various operating specifi-
cations, in the exemplary implementation, the mobile sta-
tion 12 is operable to communicate in eleven modes of
communication, namely, at the 800, 900, 1800, and 1900
MHz frequency bands that correspond to four GSM (Glo-



5 EP 2 028 718 A1 6

bal System for Mobile communications) frequency
bands, the 2200 MHz frequency band that corresponds
to a UMTS (Universal Mobile Telephone Service) band,
a 1500 MHz frequency band that corresponds to a GPS
(Global Positioning System) band, a 2000 MHz frequen-
cy band that corresponds to an IMT (International Mobile
Telecommunications) band, 1800 and 1900 MHz fre-
quency bands that correspond to DCS (Data Communi-
cations System) and PCS (Personal Communications
System) bands, a 2400 MHz frequency band that corre-
sponds to a Bluetooth band, and a 2450 MHz frequency
band that corresponds to a WLAN (Wireless Local Area
Network) band. Operability of the mobile station at the
aforementioned modes and frequencies provides a mo-
bile station that is permitting of operation in a majority of
the world-wide areas that provide for cellular-type com-
munications.

[0025] A plurality of radio access networks (RANs) 16,
18, 20, 21, 22, 23, 24, 25, and 26 are illustrated in Figure
1. The RANs 16-26 are representative, respectively, of
a GSM 800 MHz network, a GSM 900 MHz network, a
GSM/DCS/PCS 1800 MHz network, a GSM/DCS/PCS
1900 MHz network, a GPS 1500 MHz network, an IMT
2000 MHz network, a UMTS 2200 MHz network, a Blue-
tooth 2400 MHz network, and a WLAN 2450 MHz net-
work, respectively. When the mobile station 12 is posi-
tioned within the coverage area of any of such RANs
16-26, the mobile station is capable of communicating
with the RANs. Here, merely for purposes of simplicity,
the mobile station 12 is positioned within the coverage
of each of the RANs. That is to say, in the illustrated
example, all of the RANs have overlapping coverage ar-
eas. In an actual implementation, various of the RANs
are implemented in separate, and non-overlapping, ju-
risdictional areas. The RANs 16-26 are coupled, here by
way of gateways (GWYs) 28, to a core network 30. A
communication endpoint (CE) 32 is coupled to the core
network. The CE 32 is representative of acommunication
device that communicates with the mobile station.
[0026] The mobile station 12 sends data upon the radio
air interface 14 and receives data communicated there-
on. Transceiver circuitry 36 is embodied at the mobile
station 12, formed of a transmit part and a receive part
to operate upon data that is to be communicated by the
mobile station or data that is received thereat. The re-
ceive and transmit chains forming the receive and trans-
mit parts, respectively, of the transceiver circuitry are op-
erable in conformity with the operating standards and
protocols associated with, and defining, the respective
systems. The transceiver circuitry 36 of the mobile station
12 is coupled to an antenna 42 of an embodiment of the
present invention. The antenna 42 is constructed to per-
mit its operation to transduce signal energy at all of the
frequency bands at which the mobile station 12 trans-
ceiver circuitry 36 is operable. That is to say, in the ex-
emplary implementation, the antenna 42 operates to
transduce signal energy at any of the 800, 900, 1500,
1800, 1900, 2000, 2200, 2400, and 2450 MHz frequency
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bands. In the exemplary implementation, the antenna 42
is positioned within a housing 44 of the mobile station 12
to be supportively enclosed by the housing. Howsoever
positioned, the antenna 42 is of relatively small dimen-
sions, facilitating its carriage together with the mobile sta-
tion 12 at any of the frequencies at which the mobile
station operates. Where desired, multiple antennas 42
may be configured in an array of two or more antennas
for enhancing the communication of signals to and from
the mobile station 12.

[0027] Figure 2 illustrates the antenna 42, shown in
Figure 1 to form part of the mobile station 12. The exem-
plary implementation shown in Figure 2 forms a nine-
band antenna that operates in conjunction with a mobile
station to transduce signal energy during its operation.
The view shown in Figure 2 is a 2-D plan view represent-
ative of the pattern of the antenna prior to configuration
into a tri-dimensional form. And, once formed, the anten-
na 42 is folded at fold lines 50, 52, 54, 56, 58, and 60 as
shall be described in further detail below. By forming the
folds in the antenna 42, the antenna is shaped into three
dimensions to be tri-dimensional in shape. As each of
the folds taken along the respective folding lines, in the
exemplary implementation, forms a substantially perpen-
dicular angle (e.g., about 85°-95°, preferably 90°), the
resultant form of the antenna is substantially rectangular.
[0028] The antenna 42 includes a monopole 64 and
three antenna patches, afirstantenna patch 61, asecond
antenna patch 62, and a third antenna patch 63 which
improve the matching for low and high frequency bands
of the antenna 42. The monopole 64 includes a first end
66 and extends in a serpentine manner to a second end
68. The first end 66 is also effective as a feed point con-
nection to the transceiver circuitry (shown in Figure 1) of
the mobile station 12. The monopole 64 preferably ex-
tends a length L, such as a quarter of wavelength at 800
MHz, which controls the fundamental resonating mode
of the antenna. Modes at higher frequencies are gener-
ated since the length L is a multiple of one-quarter wave-
lengths of the higher frequencies.

[0029] The first antenna patch 61 can be rectangular-
shaped and is constructed to extend from a fold at fold
line 50 and to be contiguous to, and integral with, portions
of the monopole 64. The second antenna patch 62 can
be rectangular-shaped and is constructed to extend from
a fold line 52 and to be contiguous to, and integral with,
portions of the monopole 64 proximate to the feed point
connection 66. The third antenna patch 63 can be rec-
tangular-shaped and is constructed to extend from a fold
line 52 and to be contiguous to, and integral with, portions
ofthe monopole 64 proximate to the second end 68. Each
of the first antenna patch 61, second antenna patch 62,
and third antenna patch 63 are preferably configured to
improve matching to provide for antenna resonance at
one or more frequency bands determined by the charac-
teristics desired of the respective antenna patch. Appro-
priate selection of the dimensions of the patches is, in
significant part, determinative of the operable frequency
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band of the respective antenna patches. By way of ex-
ample, in one exemplary, nine-band embodiment, the
first antenna patch 61 is configured to exhibit a resonant
band of a relatively low frequency, such as, 800 MHz
and/or 900 MHz.

[0030] Figures 3-5 illustrate a perspective view of the
antenna 42 of Figures 1 and 2 disposed on a substrate
70. The transceiver circuitry 36 (not shown in Figs. 3-5)
is mounted on the substrate 70 and coupled to the feed
point connection 66. In one exemplary implementation,
the substrate 70 is fabricated from an FR-4 dielectric of
a thickness of about 1.5 millimeters and is of a relative
permittivity of about 4.4. The substrate 70 defines a first
planar surface 71. A second planar surface 72 extends
from and is perpendicular to the first planar surface 71.
A third planar surface 73 extends from and is perpendic-
ular to the second planar surface 72, and is parallel to
the first planar surface 71. A fourth planar surface 74
extends from and is perpendicular to the third planar sur-
face 73, and is parallel to the second planar surface 72.
A fifth planar surface 75 extends from and is perpendic-
ular to the fourth planar surface 74, and is parallel to the
first planar surface 71 and third planar surface 73. A sixth
planar surface 76 is perpendicular to the first planar sur-
face 71, second planar surface 72, third planar surface
73, fourth planar surface 74, and fifth planar surface 75.
[0031] Folded in accordance with fold lines 50, 52, 54,
56, 58, and 60 depicted in Fig. 2, the first end, or feed
connection point, 66 of the monopole 64 is disposed on
the first planar surface 71, and the monopole extends
sequentially in a serpentine manner across the second
planar surface 72, the third planar surface 73, the sixth
planar surface 75, the third planar surface 73, the fourth
planar surface 76, and the fifth planar surface 73. The
first antenna patch 61 extends from the monopole 64
onto the fifth planar surface 75. The second antenna
patch 62 extends from the monopole 64 onto the sixth
planar surface 76 proximate to the first end, or feed con-
nection point, 66 of the monopole. The third antenna
patch 63 extends from the second end of the monopole
64 onto the sixth planar surface 76. A ground plane 69
is disposed on a portion of the planar surface 75 and is
preferably sized at about 55 millimeters by 90 millimeters.
The conductive paths of the monopole 64 and first, sec-
ond, and third antenna patches 61, 62, and 63, respec-
tively, of the antenna are of lengths and widths that are
resonant at selected frequency ranges, selected in the
exemplary implementation to be resonant at nine fre-
quency ranges, including the 800, 900, 1500, 1800, 1900,
2000, 2200, 2400, and 2450 MHz bands. Due to the fold-
ed nature of the antenna, the space required on the di-
electric substrate 70 is reduced relative to a two-dimen-
sional implementation. The folded nature of the antenna
42 also controls the current distribution along the monop-
ole length L of the monopole, thereby controlling the elec-
tric length(s) for higher resonant frequency band(s) as
well as the antenna bandwidth.

[0032] Figure 6 illustrates a graphical representation
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600 that shows exemplary return loss of an exemplary
antenna 42 shown in any of the precedingfigures. Review
of the representation illustrates pass bands 602 and 604.
Through appropriate selection of the configuration of the
antenna, the pass bands are located at other frequen-
cies.

[0033] Figures 7 and 8 illustrate exemplary radiation
patterns exhibited by the antenna 42 in an exemplary
implementation. In Figure 7, a first plot 702 is represent-
ative of the radiation pattern at 908 MHz in the H-plane.
And, the curve 704 is representative of the radiation pat-
tern at 908 MHz frequency, but in the E-plane.

[0034] Analogously, inFigure 8, aradiation pattern 802
is representative of the radiation pattern at 1840 MHz in
the H-plane. And, the radiation pattern 804 is represent-
ative of the radiation pattern, at the same frequency, but
in the E-plane.

[0035] Figure 9 illustrates a method flow diagram
shown generally at 900, representative of the method of
operation of an embodiment of the present invention for
transducing signal energy at a radio device such as a
mobile station.

[0036] First, and as indicated by the block 902, the
substrate 70 is fabricated from a dielectric characterized
as described above. In step 904, the monopole 64 is
formed on the substrate 70, with a first end and a second
end, the first end being operative as a feed connection
point. The monopole is folded about six fold lines 50, 52,
54, 56, 58, and 60, and disposed on the first, second,
third, fourth, fifth, and sixth planar surfaces 71, 72, 73,
74,75, and 76 of the substrate, as discussed above with
respect to Figures 3-5. The monopole 64 may be tuned
by suitably adjusting the fold lines and lengths of each
portion of the monopole. Thatis to say, the method further
includes the operation of tuning the monopole.

[0037] In step 906, with the antenna folded at the fold
line 50, the first antenna patch 61 is formed on the fifth
planar surface 75 of the substrate, extending from, and
contiguous and integral with, the monopole, to thereby
form a first matching element to improve matching to pro-
vide for antenna resonance at a first frequency band. In
step 908, with the antenna folded at the fold line 52, the
second antenna patch 62 is formed on the sixth planar
surface 76 of the substrate, extending from, and contig-
uous and integral with, the monopole, proximate to the
feed connection point 66, to thereby form a second
matching element to improve matching to provide for an-
tenna resonance at a second frequency band. In step
910, with the antenna folded at the fold line 52, the third
antenna patch 63 is formed on the sixth planar surface
76 of the substrate, extending from, and contiguous and
integral with, the second end 68 of the monopole, to
thereby form a third matching element to improve match-
ing to provide for antenna resonance at a third frequency
band.

[0038] Atstep 912, signal energy is transduced within
any of the frequency bands of the antenna 42.

[0039] Due to the tri-dimensional configuration of the
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antenna, a multi-band antenna is formed, of compact
configuration, facilitating its use together with a mobile
station, or other portable radio device.

[0040] Presently preferred embodiments of the inven-
tion and many of its improvements and advantages have
been described with a degree of particularity. The de-
scription is of preferred examples of implementing the
invention, and the description of preferred examples is
not necessarily intended to limit the scope of the inven-
tion. The scope of the invention is defined by the following
claims.

Claims

1. An antenna for a radio communication device, said
antenna comprising:

a dielectric substrate, said dielectric substrate
defining a first planar surface, a second planar
surface extending from said first planar surface
and perpendicular to said first planar surface, a
third planar surface extending from said second
planar surface and parallel to said first planar
surface, a fourth planar surface extending from
said third planar surface and parallel to said sec-
ond planar surface, a fifth planar surface extend-
ing from said fourth planar surface and parallel
to said first planar surface, and a sixth planar
surface extending from and perpendicular to
said first planar surface, said second planar sur-
face, said third planar surface, said fourth planar
surface, and said fifth planar surface;

a monopole defining a first end and a second
end, said first end comprising a feed point con-
nection disposed on said first planar surface,
said monopole being folded about said dielectric
substrate to extend from said first planar surface
to said a second planar surface to said third pla-
nar surface to said fourth planar surface to said
fifth planar surface to said sixth planar surface,
said second end being disposed on said sixth
planar surface;

a first patch forming a first matching element,
said first patch extending from and being con-
tiguous and integral with said monopole, said
first patch further being defined in said fifth pla-
nar surface and matched at least at a first fre-
quency band;

a second patch forming a second matching el-
ement, said second patch being proximate to
said feed point connection and extending from
and being contiguous and integral with said mo-
nopole, said second patch further being defined
in said sixth planar surface and matched at least
at a second frequency band; and

a third patch forming a third matching element,
said third patch extending from and being con-
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10.

11.

12.

13.

tiguous and integral with said second end of said
monopole, said third patch further being defined
in said sixth planar surface and matched at least
at a third frequency band.

The antenna of claim 1 further comprising a ground
plane extending across at least a portion of said fifth
planar surface.

The antenna of claim 1 wherein said monopole is
serpentine-shaped.

The antenna of claim 1 wherein said monopole is a
folded monopole.

The antenna of claim 1 wherein said monopole is
defined by alengthwise dimension of about a quarter
of a wavelength of a lowest frequency wavelength
at which said antenna is to be operated.

The antenna of claim 1 wherein said monopole is
defined by alengthwise dimension of about a quarter
of a wavelength at about 800 MHz.

The antenna of claim 1 wherein said monopole is
defined by a lengthwise dimension determined with
reference to the fundamental resonating mode of
said antenna.

The antenna of claim 1 wherein said dielectric sub-
strate defines a relative permittivity of about 4.4.

The antenna of claim 1 wherein said first patch, said
second patch, and said third patch are sized for im-
proving the matching of frequency bands at which
said antenna is to be operated.

The antenna of claim 1 coupled to transceiver cir-
cuitry of a radio device.

The antenna of claim 1 wherein said monopole, said
first patch, said second patch, and said third patch
are configured for antenna resonance between 800
MHz and 2450 MHz.

The antenna of claim 1 wherein said monopole, said
first patch, said second patch, and said third patch
are configured for antenna resonance at frequency
bands comprising atleast one of or beyond 800 MHz,
900 MHz, 1500 MHz, 1800 MHz, 1900 MHz, 2000
MHz, 2200 MHz, 2400 MHz, and 2450 MHz.

A method for transducing signal energy at a radio
device, said method comprising the operations of:

fabricating a substrate from a dielectric, said
substrate defining a first planar surface, a sec-
ond planar surface perpendicular to said first
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planar surface, a third planar surface parallel to
said first planar surface, a fourth planar surface
parallel to said second planar surface, a fifth pla-
nar surface parallel to said third planar surface,
and a sixth planar surface perpendicular to said
first planar surface, said second planar surface,
said third planar surface, said fourth planar sur-
face, and said fifth planar surface;

forming a monopole defining a first end and a
second end, said first end comprising a feed
point connection disposed on said first planar
surface, said monopole being folded about said
dielectric substrate to extend from said first pla-
nar surface to said a second planar surface to
said third planar surface to said fourth planar
surface to said fifth planar surface to said sixth
planar surface, said second end being disposed
on said sixth planar surface;

forming a first patch comprising a first matching
element, said first patch extending from and be-
ing contiguous and integral with said monopole,
said first patch further being defined in said fifth
planar surface and matched at least at a first
frequency band;

forming a second patch comprising a second
matching element, said second patch being
proximate to said feed point connection and ex-
tending from and being contiguous and integral
with said monopole, said second patch further
being defined in said sixth planar surface and
matched at least at a second frequency band;
forming a third patch comprising a third matching
element, said third patch extending from and be-
ing contiguous and integral with said second end
of said monopole, said third patch further being
defined in said sixth planar surface and matched
at least at a third frequency band; and
transducing signal energy within at least one of
said monopole, said first patch, said second
patch, and said third patch.

The method of claim 13 further comprising the op-
eration of tuning the monopole.

The method of claim 13 further comprising the op-
eration of extending a ground plane across at least
a portion of said fifth planar surface.

The method of claim 13 wherein said operation of
forming the monopole comprises forming a folded
monopole.

The method of claim 13 wherein said monopole
formed during said operation of forming the monop-
ole is defined by a lengthwise dimension determined
with reference to the fundamental resonating mode
of said antenna.
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18. Anine-band antenna assembly for a nine-band radio

device, said nine-band antenna comprising:

a dielectric substrate defining at least three pla-
nar surfaces;

a folded monopole extending in a serpentine
manner across at least three of said at least
three planar surfaces of said dielectric sub-
strate;

a first patch forming a first matching element,
said first patch extending from and being con-
tiguous and integral with said monopole, said
first patch further matched at least at a first fre-
quency band;

a second patch forming a second matching el-
ement, said second patch being proximate to
said feed point connection and extending from
and being contiguous and integral with said mo-
nopole, said second patch further matched at
least at a second frequency band; and

a third patch forming a third matching element,
said third patch extending from and being con-
tiguous and integral with said second end of said
monopole, said third patch further matched at
least at a third frequency band.

19. The antenna of claim 18 further comprising a ground

plane extending across at least a portion of said di-
electric substrate.

20. The antenna of claim 18 wherein said monopole is

defined by a lengthwise dimension determined with
reference to the fundamental resonating mode of
said antenna.

Amended claims in accordance with Rule 137(2)
EPC.

1. An antenna (42) for a radio communication device
(12), said antenna (42) comprising:

a dielectric substrate (70), said dielectric sub-
strate (70) defining a first planar surface (71), a
second planar surface (72) extending from said
first planar surface and perpendicular to said first
planar surface, a third planar surface (73) ex-
tending from said second planar surface, paral-
lel to and spaced apart from said first planar sur-
face (71), a fourth planar surface (74) extending
from said third planar surface (73) and parallel
to said second planar surface (72), a fifth planar
surface (75) extending from said fourth planar
surface (74) and parallel to said first planar sur-
face (71) and parallel to said third planar surface
(73), and a sixth planar surface (76) extending
from and perpendicular to said first planar sur-
face (71), said second planar surface (72), said
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third planar surface (73), said fourth planar sur-
face (74), and said fifth planar surface (75);

a monopole (64) defining a first end (66) and
which extends in a serpentine manner to a sec-
ond end (68), said first end (66) comprising a
feed point connection disposed on said first pla-
nar surface (71), said monopole (64) being fold-
ed in said serpentine manner about said dielec-
tric substrate (70) to extend from said first planar
surface (71) to said second planar surface (72)
to said third planar surface (73) to said fourth
planar surface (74) to said fifth planar surface
(75) to said sixth planar surface (76), said sec-
ond end 68 being disposed on said sixth planar
surface 76, the monopole 64 having a length L,
which controls a fundamental resonating mode
of the antenna (42);

a rectangular first patch (61) forming a first
matching element, said rectangular first patch
(61) extending from and being contiguous and
integral with said monopole (64) between said
first end (66) of said monopole and said second
end (68) of said monopole (64), said rectangular
first patch (61) further being defined in said fifth
planar surface (75), the rectangular first patch
61 being configured to have dimensions that de-
termine a match at least at a first frequency
band;

a rectangular second patch (62) forming a sec-
ond matching element, said rectangular second
patch (62) being proximate to said feed point
connection (66) and extending from and being
contiguous and integral with said monopole
(64), said rectangular second patch (62) further
being defined in said sixth planar surface (76),
the rectangular second patch (62) being config-
ured to have dimensions that determine a match
to at least at a second frequency band;

a rectangular third patch (63) forming a third
matching element, said rectangular third patch
(63) extending from and being contiguous and
integral with said second end (68) of said mo-
nopole (64), said rectangular third patch (63) fur-
ther being defined in said sixth planar surface
(76) the rectangular third patch (63) being con-
figured to have dimensions that determine a
match to at least at a third frequency band.

2. The antenna (42) of claim 1 further comprising a
ground plane (69) extending across at least a portion
of said fifth planar surface (75).

3. The antenna (42) of claim 1 wherein said monop-
ole (64) is serpentine-shaped.

4. The antenna (42) of claim 1 wherein said monop-
ole (64) is a folded monopole.
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5. The antenna (42) of claim 1 wherein said monop-
ole (64) is defined by a lengthwise dimension of
abouta quarter of awavelength of alowest frequency
wavelength at which said antenna is to be operated.

6. The antenna (42) of claim 1 wherein said monop-
ole (64) is defined by a lengthwise dimension of
about a quarter of a wavelength at about 800 MHz.

7. The antenna (42) of claim 1 wherein said monop-
ole (64) is defined by a lengthwise dimension deter-
mined with reference to the fundamental resonating
mode of said antenna (42).

8. The antenna (42) of claim 1 wherein said dielectric
substrate 70 defines a relative permittivity of about
4.4.

9. The antenna (42) of claim 1 wherein said first patch
(61), said second patch (62), and said third patch
(63) are sized for improving the matching of frequen-
cy bands at which said antenna (42) is to be operat-
ed.

10. The antenna (42) of claim 1 coupled to transceiv-
er circuitry (36) of a radio device (12).

11. The antenna (42) of claim 1 wherein said mo-
nopole (64), said first patch (61), said second patch
(62), and said third patch (63) are configured for an-
tenna resonance between 800 MHz and 2450 MHz.

12. The antenna (42) of claim 1 wherein said mo-
nopole (64), said first patch (61), said second patch
(62), and said third patch (63) are configured for an-
tenna resonance at frequency bands comprising at
least one of or beyond 800 MHz, 900 MHz, 1500
MHz, 1800 MHz, 1900 MHz, 2000 MHz, 2200 MHz,
2400 MHz, and 2450 MHz.

13. A method (900) for transducing signal energy at
a radio device (12), said method comprising the op-
erations of:

fabricating a substrate from a dielectric (902),
said substrate defining a first planar surface, a
second planar surface perpendicular to said first
planar surface, a third planar surface parallel to
and spaced apart from said first planar surface,
a fourth planar surface parallel to said second
planar surface, a fifth planar surface parallel to
saidfirst planar surface and said third planar sur-
face, and a sixth planar surface perpendicular
to said first planar surface, said second planar
surface, said third planar surface, said fourth
planar surface, and said fifth planar surface;

forming a monopole (904) defining a first end
and which extends in a serpentine manner to a
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second end, said first end comprising a feed
point connection disposed on said first planar
surface, said monopole being folded in said ser-
pentine manner about said dielectric substrate
to extend from said first planar surface to said a
second planar surface to said third planar sur-
face to said fourth planar surface to said fifth
planar surface to said sixth planar surface, said
second end being disposed on said sixth planar
surface, the monopole having a length L, which
controls a fundamental resonating mode of the
antenna;

forming a first rectangular patch between the
first end and the second end of said monopole
(906), said first rectangular patch comprising a
first matching element, said first rectangular
patch extending from and being contiguous and
integral with said monopole, said first rectangu-
lar patch further being defined in said fifth planar
surface and matched at least at a first frequency
band;

forming a second rectangular patch (908) com-
prising a second matching element, said second
rectangular patch being proximate to said feed
point connection and extending from and being
contiguous and integral with said monopole,
said second rectangular patch further being de-
fined in said sixth planar surface and matched
at least at a second frequency band;

forming a third rectangular patch (910) compris-
ing a third matching element, said third rectan-
gular patch extending from and being contigu-
ous and integral with said second end of said
monopole, said third rectangular patch further
being defined in said sixth planar surface and
matched at least at a third frequency band; and
transducing signal energy (912) within at least
one of said monopole, said first patch, said sec-
ond patch, and said third patch.

14. The method of claim 13 further comprising the
operation of tuning the monopole by adjusting at
least one of: the length of the monopole; the dimen-
sions of the first rectangular patch; the dimensions
of the second rectangular patch; the dimensions of
the third rectangular patch..

15. The method of claim 13 further comprising the
operation of extending a ground plane across at least
a portion of said fifth planar surface.

16. The method of claim 13 wherein said operation
of forming the monopole comprises forming a folded
monopole to extend across at least six planar sur-
faces.

17. The method of claim 13 wherein said monopole
formed during said operation of forming the monop-
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ole is defined by a lengthwise dimension determined
with reference to the fundamental resonating mode
of said antenna.
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