
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

02
8 

71
5

A
1

��&��
�
�������
(11) EP 2 028 715 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
25.02.2009 Bulletin 2009/09

(21) Application number: 07114886.0

(22) Date of filing: 23.08.2007

(51) Int Cl.:
H01Q 1/24 (2006.01) H01Q 1/38 (2006.01)

H01Q 5/00 (2006.01)

(84) Designated Contracting States: 
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR 
HU IE IS IT LI LT LU LV MC MT NL PL PT RO SE 
SI SK TR
Designated Extension States: 
AL BA HR MK RS

(71) Applicant: Research In Motion Limited
Waterloo, Ontario N2L 3W8 (CA)

(72) Inventors:  
• Wen, Geyi

Waterloo,
Ontario, N2T 2V1 (CA)

• Wang, Dong
Waterloo,
Ontario, N2T 2T2 (CA)

• Pecen, Mark
Waterloo,
Ontario, N2L 5P3 (CA)

(74) Representative: Fennell, Gareth Charles et al
Kilburn & Strode 
20 Red Lion Street
London WC1R 4PJ (GB)

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

(54) Antenna, and associated method, for a multi-band radio device

(57) Antenna apparatus, and an associated method,
for a mobile station, or other radio device. A folded con-
ducting strip is formed upon multiple sides of a cube-
shaped, or other three-dimensional substrate of small
dimensions. The conducting strip exhibits resonance at
multiple frequencies, such as at frequencies encompass-
ing the 800/900/1800/1900/2200 MHz frequencies. Be-
cause of the positioning of the conducting strip upon the
multiple sides of the substrate, a conducting strip of in-
crease length is provided while permitting the dimension-
al requirements of the antenna structure to be small. Mul-
tiple antennas are able to be positioned at the radio de-
vice to provide for multiple-input, multiple-output radio
operation.
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Description

[0001] The present invention relates generally to an
antenna connectable to a mobile station, or other radio
device, capable of transducing signal energy at multiple
frequency bands. More particularly, the present invention
relates to antenna apparatus, and an associated meth-
odology, of compact dimensions, capable of transducing
signal energy at the frequencies at which the radio device
is operable, e.g., at the 800/900/1800/1900/2200 MHz
frequency bands.
[0002] A folded, conducting strip is disposed, or oth-
erwise positioned, upon a three-dimensional substrate.
The folded, conducting strip is positioned upon two or
more surfaces of the three-dimensional substrate and is
of a configuration to be resonant at two or more frequency
bands. Formation of the conducting strip upon multiple
substrate surfaces permits its length to be increased with-
out requiring the amount of surface space that would oth-
erwise be required to provide a conducting strip of cor-
responding length in a two-dimensional implementation.
An antenna of compact dimension and good antenna
characteristics is provided. The compact dimension fur-
ther permits multiple antennas to be used at the mobile
station in an antenna array configuration.

Background of the Invention

[0003] Advancements in communication technologies
have permitted the development and deployment of mo-
bile radio communication systems. Cellular, and cellular-
like, communication systems are exemplary radio com-
munication systems. The infrastructures of cellular, and
other, communication systems have been widely de-
ployed and regularly used by many. Successive gener-
ations of various types of communication systems have
been developed and their operating parameters and pro-
tocols are promulgated in operating standards, promul-
gated by standard-setting bodies.
[0004] Various frequency allocations have been made
by regulatory bodies for communications by way of radio
communication systems operable pursuant to associat-
ed system standards. Mobile stations are typically utilized
by users when communicating in a cellular, or other, mo-
bile radio communication system. A mobile station is
sometimes referred to as being a multi-mode mobile sta-
tion when the mobile station is capable of operation by
way of more than one type of mobile radio communication
system. When a mobile station is positioned in an area
encompassed by infrastructures of more than one mobile
radio communication system with which the mobile sta-
tion is operable, communications are carried out by way
of a selected one of the communication systems. Selec-
tion is made, e.g., based upon a service subscription pref-
erence, user preference, or other criteria. And, when the
mobile station is positioned at an area encompassed by
the infrastructure of only one of the systems with which
the mobile station is compatible, the mobile station com-

municates by way of the available system.
[0005] A multi-mode mobile station must include cir-
cuitry permitting its operation in each of the communica-
tion systems with which the mobile station is to commu-
nicate. Most simply, a mobile station is provided with mul-
tiple, independent circuitries of a number and type cor-
responding to the number and type of systems with which
the mobile station is to operate. Sharing of common cir-
cuit portions is sometimes utilized to provide cost and
size advantages.
[0006] Special challenges are presented with respect
to antenna transducer elements when the different sys-
tems with which the mobile station is to operate utilize
different frequencies. The antenna transducer elements
must be operable at the different frequencies of operation
of the different communication systems. The size re-
quired of an antenna transducer element is typically re-
lated to the frequencies of the signal energy that is to be
transduced by the transducer element. Different antenna
sizes are therefore generally required for the different
systems with which the mobile station is to operate. The
challenges become yet greater as the mobile stations
must increasingly be packaged in smaller housings. Sig-
nificant attention has been directed towards the devel-
opment of an antenna transducer, operable over multiple
frequency bands that is also of small dimension to permit
its positioning within the housing of a compact-sized mo-
bile station. A PIFA (Planar Inverted-F Antenna) is some-
times used in multi-mode mobile stations. A PIFA is of
relatively compact size, exhibits a low profile, and pro-
vides for at least dual-band radiation. A PIFA, however,
generally exhibits a narrow bandwidth. And, conventional
efforts to enhance the bandwidth of a PIFA generally uti-
lize a combination of the PIFA with a parasitic element.
However, addition of a parasitic element increases the
size of the resultant antenna structure. A need therefore
exists for an improved, antenna structure of small dimen-
sions that is also capable for use at multiple different
frequencies.
[0007] It is in light of this background information re-
lated to antenna transducers for radio devices that the
significant improvements of the present invention have
evolved.

Brief Description Of The Drawings

[0008] Figure 1 illustrates a functional block diagram
of a radio communication system in which an embodi-
ment of the present invention is operable.
[0009] Figure 2 illustrates a planar view of part of the
antenna of an embodiment of the present invention.
[0010] Figure 3 illustrates a perspective view of the
antenna of an embodiment of the present invention of
which a part thereof is shown in Figure 2.
[0011] Figure 4 illustrates another perspective view,
taken from a different angle of the antenna shown in Fig-
ure 3.
[0012] Figure 5 illustrates a perspective view of an an-
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tenna array of an embodiment of the present invention.
[0013] Figure 6 illustrates a graphical representation
of the return loss of an exemplary antenna of an embod-
iment of the present invention.
[0014] Figures 7 and 8 illustrate radiation patterns of
the antenna of an embodiment of the present invention.
[0015] Figure 9 illustrates a method flow diagram rep-
resentative of the method of operation of an embodiment
of the present invention.

Detailed Description

[0016] The present invention, accordingly, advanta-
geously provides antenna apparatus, and an associated
methodology, for a mobile station, or other radio device,
capable of transducing signal energy at multiple frequen-
cy bands.
[0017] Through operation of an embodiment of the
present invention, an antenna of compact dimensions,
capable of transducing signal energy at the frequencies
at which a radio device to which the antenna is connect-
able is provided. The characteristics of the antenna per-
mit its operation at selected frequency bands over a wide
range of frequencies, e.g., the 800/900/1800/1900/2200
MHz frequencies.
[0018] In one aspect of the present invention, a folded,
conducting strip is disposed, or otherwise positioned, up-
on a three-dimensional substrate, such as a cubular-
shaped substrate. The substrate, and the conducting
strip disposed thereon, is mountable, or otherwise con-
nectable, to radio circuitry embodied at a printed circuit
board, or the like.
[0019] In another aspect of the present invention, the
folded, conducting strip is positioned upon two or more
surfaces of the three-dimensional substrate. The strip is
of a configuration to be resonant at two or more frequency
bands. Due to the multiface nature of the substrate, the
folded, conducting strip is configurable to be of a length
to permit its resonance at multiple frequencies of opera-
tion, i.e., is of large bandwidths of resonance, while also
being of compact dimensions.
[0020] In another aspect of the present invention, the
antenna is used in a multiple-antenna arrangement in a
mobile station That is to say, multiple three-dimensional
substrates are provided, and folded, conducting strips
are disposed upon the substrates. The substrates are
positioned at spaced-apart locations of the printed circuit
board, or the like, and connected to radio circuitry of the
radio device. The multiple antenna configuration defines
an antenna array, providing the radio device with the ca-
pability of MIMO (multiple input, multiple output) opera-
tion.
[0021] In another aspect of the present invention, the
three-dimensional substrate is of a generally cubical con-
figuration, defining six primary face surfaces. The folded,
conducting strip disposed upon the substrate is disposed
upon multiple face surfaces thereof. That is to say, a first
folded portion of the conducting strip is formed upon a

first face surface of the substrate, a second folded portion
of the conducting strip is formed upon a second face sur-
face of the substrate, etc. The portions of the conducting
strip are integrally formed, or otherwise connected to-
gether electrically, collectively to be of a cumulative
length, permitting resonance of the conducting strip at
desire frequencies. Configuration of the conducting strip
to be of an appropriate length and of other appropriate
shape-related configuration provides for the formation of
an antenna of the desired characteristics. The antenna
characteristics, for instance, provide for two wideband
frequency bands of resonance that encompass the
800/900/1800/1900/2200 MHz frequency ranges.
[0022] In another aspect of the present invention, a set
of matching strips is further disposed, or otherwise posi-
tioned, upon the three-dimensional substrate. The set of
matching strips include, for instance, a pair of matching
strips that are disposed upon different face surfaces of
the substrate and extend in generally opposing directions
beyond the folded conducting strip portions, also dis-
posed upon the corresponding face surfaces of the sub-
strate. The matching strips are of configurations and are
positioned to improve the return loss of the resultant an-
tenna structure.
[0023] In another aspect of the present invention, mul-
tiple, i.e., two or more, antenna structures, each formed
of folded conducting strips disposed upon three-dimen-
sional substrates, are positioned at spaced locations up-
on a circuit board, e.g., a circuit board upon which radio
circuitry of a radio transceiver is positioned. The respec-
tive antennas are connected at feeding points thereof to
the radio circuitry, e.g., by way of lead lines disposed
upon the circuit board and leading to the radio circuitry.
The spaced-apart nature of the respective structures pro-
vides spatial diversity, permitting MIMO operation of the
radio device that facilitates communication of data com-
municated during operation of the radio device.
[0024] As the three-dimensional substrate provides
multiple face surfaces, extending in different planar di-
rections, the dimensional requirements of the antenna
structure are reduced relative to conventional implemen-
tations. And, due to the reduced dimensional require-
ments, multiple antennas are positionable at a mobile
station, permitting MIMO operation. Improved radio per-
formance is provided by providing a structure of compact
dimensions and good antenna characteristics.
[0025] In these and other aspects, therefore, an an-
tenna apparatus, and associated method, is provided for
transducing signal energy at a radio communication sta-
tion. A first, three-dimensional substrate is provided. A
first folded conducting strip is positioned upon the three-
dimensional substrate. The first folded conducting strip
has a first folded portion that is positioned at a first side
of the first three-dimensional substrate. And, the strip in-
cludes at least a second folded portion positioned at least
at a second side of the three-dimensional substrate. The
first folded conducting strip is of a shape to be resonant
at a first frequency band and at a second frequency band.
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A first set of matching strips is formed integral with the
first folded conducting strip. The matching strips are also
positioned upon the first three-dimensional substrate.
[0026] Turning, therefore, first to Figure 1, a radio com-
munication system, shown generally at 10, provides for
radio communications with mobile stations, of which the
mobile station 12 is representative. The mobile station
12 is here representative of a multi-mode mobile station,
capable of communicating at the 800/900/1800/1900/
2200 MHz frequency bands. Such a mobile station is
sometimes referred to as a world-band mobile station as
the mobile station is operable in conformity with the op-
erating specifications and protocols of the cellular, and
other, communication systems that presently are pre-
dominant. More generally, the mobile station is repre-
sentative of various radio devices that are operable over
multiple bands or large bandwidths at relatively high fre-
quencies.
[0027] Radio access networks 14, 16, 18, 20, and 22
are representative of five radio networks operable re-
spectively at the 800, 900, 1800, 1900, and 2200 MHz
frequency bands, respectively. When the mobile station
12 is positioned within the coverage area of any of the
radio access networks 14-22, the mobile station is capa-
ble of communicating therewith. If the separate networks
have overlapping coverage areas, then the selection is
made as to which of the networks through which to com-
municate. The radio access networks 14-22 are coupled,
here by way of gateways (GWYs) 26 to a core network
28. A communication endpoint (CE) 32 that is represent-
ative of a communication device that communicates with
the mobile station.
[0028] The mobile station 12 includes a radio trans-
ceiver having transceiver circuitry 36 capable of trans-
ceiving communication signals with any of the networks
14-22. The transceiver circuitry includes separate or
shared transceiver paths constructed to be operable with
the operating standards and protocols of the respective
networks. The radio station further includes an antenna
42 of an embodiment of the present invention. The an-
tenna is of characteristics to be operable at the different
frequency bands at which the transceiver circuitry and
the radio access networks are operable. Here, the an-
tenna 42 is operable at the 800, 900, 1800, 1900, and
2200 MHz frequencies. In the exemplary implementa-
tion, the antenna 42 is housed together with the trans-
ceiver circuitry, in a housing 44 of the mobile station. As
the space within the housing that is available to house
the antenna is limited, the dimensions of the antenna 42
are correspondingly small while providing for the trans-
ducing of signal energy by the antenna over broad fre-
quencies at which the mobile station is operable.
[0029] Figure 2 illustrates the antenna 42 that forms
part of the mobile station 12, shown in Figure 1. The
antenna 42, in the exemplary implementation, forms a
pent-band antenna, having bands of resonance encom-
passing five frequencies ranges associated with five
communication systems with which the antenna is con-

nectable is operable. The illustration of Figure 2 forms a
planar configuration. That is to say, the representation
shown in Figure 2 illustrates the antenna prior to config-
uration into tri-dimensional form. The illustration shows
the pattern of the conductive parts of the antenna that
are disposed upon a three-dimensional substrate, here
a cubular-shaped substrate. The illustration also shows
fold lines 48, 52, 54, 56, 58, and 62 corresponding to
folds of the pattern about the cubular substrate upon
which the conductive portions of the antenna are dis-
posed, or otherwise positioned. As the cubular substrate
includes six face sides, the number of fold lines provide
for presence of conductive antenna parts on any of the
six sides. Here, conductive parts are disposed upon a
first side 64, a second side 66, a third side 68, a fourth
side 72, and a fifth side 74. In this implementation, a sixth
side 76 includes an antenna matching strip 94. As the
fold lines indicate, the cubular-shaped substrate upon
which the conductive parts of the antenna are formed is
of generally rectangular dimensions. That is to say,
height, width, and depth dimensions are dissimilar. In
other implementations, other configurations are instead
utilized.
[0030] The conductive part of the antenna includes a
conducting strip 82 formed of multiple portions, including
portions on different ones of the face surfaces, including
portions on different ones of the face surfaces of the un-
derlying substrate. Here, portions are formed at the first
surface 64, the second surface 66, the third surface 68,
the fourth surface 72, the fifth surface 74 and the sixth
surface 76. Each portion of the conductive strip 82 has
a lengthwise dimension, and the cumulative lengths of
the portions together define a total length of the conduct-
ing strip. As the resonance of the conducting strip is de-
pendent, in part, upon its length, configuration of the con-
ducting strip is configured to be of a desired cumulative
length that causes the conductive strip to be resonant at
desired frequencies. The conducting strip further in-
cludes an enlarged end portion 86 to improve the match,
here formed at the first and fifth surfaces 64 and 74,
whose dimensions are also, in part, determinative of the
antenna characteristics of the antenna structure, includ-
ing the conducting strip.
[0031] A set of matching strips, here a pair of matching
strips 92 and 94, are integrally formed, and electrically
connected with, the conducting strip 82. The strips 92
and 94 are of configurations and are positioned in man-
ners to improve the return loss of the resultant antenna
structure at low and high frequency band respectively.
In the illustrated implementation, the matching strip 92
is formed at the third face surface 68 and matching strip
94 is formed at the sixth face surface 76. And, the match-
ing strips are formed to extend along axes that are gen-
erally perpendicular to the axis along which the intersect-
ing part of the conducting strip extends.
[0032] A feeding connection point 96 is also defined
at another end portion of the conducting strip. The feed
connection point provides a point of connection with an
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active part of radio transceiver circuitry.
[0033] Figure 3 again illustrates the antenna 42. Here,
the conducting strip 82, shown in Figure 2, is disposed
upon a cubular-shaped substrate 102, having height-
wise, lengthwise, and widthwise dimensions permitting
of formation of portions of the conducting strip on various
of the face surfaces of the substrate. In the view shown
in Figure 3, the first side 64, the second side 66, and the
sixth side 76 are visible. A path 104 leading to the feed
connection point (shown in Figure 2) is also represented.
The path is disposed upon a circuit board 106 at which
radio circuitry (not separately shown) is positioned. In the
exemplary implementation, the antenna, formed of the
cube upon which the folded conducting strip is disposed,
is of dimensions of 7 mm x 15 mm x 7 mm. The substrate
comprises a dielectric substrate, and the antenna volume
is 0.75 cubic mm. And, when mounted upon the printed
circuit board, the antenna extends to a height, h, above
a ground plane defined at the printed circuit of 7 mm.
And, in the illustrated implementation, the ground panel
at which the ground plane is defined, is of rectangular
dimensions of 60 mm by 90 mm. And, the substrate 102
comprises an FR-4 dielectric substrate of a 1.5 mm thick-
ness and relative permittivity of 4.4.
[0034] Figure 4 again illustrates the antenna 42, here
taken from another view. In the view shown in Figure 3,
the face sides 72 and 74 are visible. Again, the substrate
102 is mounted upon the circuit board 106.
[0035] Figure 5 illustrates an arrangement of a further
embodiment of the present invention. Here, more than
one antenna 42 is utilized. In the illustrated embodiment,
a two-antenna arrangement provides two antennas 42,
each of constructions as described with respect to the
previous figures, mounted upon the printed circuit board
106. The small physical dimensions of the antennas per-
mit more than one antenna to be positioned at the printed
circuit board. Use of the multiple antennas provides for
the formation of an antenna array and MIMO (multiple
input, multiple out) operation. Through appropriate posi-
tioning of the antennas relative to one another and with
appropriate spacing therebetween, spatial diversity is
provided that facilitates communication of data during
communication operations of a radio device to which the
antennas are connected.
[0036] Figure 6 illustrates a graphical representation
108 that shows exemplary return loss of an exemplary
antenna 42 shown in any of the preceding figures. Review
of the representation illustrates pass bands 110 and 112.
Through appropriate selection of the configuration of the
antenna, these pass bands are located at other frequen-
cies.
[0037] Figures 7 and 8 illustrate exemplary radiation
patterns exhibited by the antenna 42 in an exemplary
implementation. In Figure 7, a first plot 118 is represent-
ative of the radiation pattern at 880 MHz in the XY plane.
And, the curve 122 is representative of a second radiation
pattern, also at the 880 MHz frequency, but in an XZ
plane.

[0038] Analogously, in Figure 8, a first radiation pattern
128 is representative of the radiation pattern at 1800 MHz
in the XY plane. And, the radiation pattern 132 is repre-
sentative of the radiation pattern, at the same frequency,
but in the XZ plane.
[0039] Figure 9 illustrates a method flow diagram
shown generally at 142, representative of the method of
operation of an embodiment of the present invention. The
method transduces signal energy at a radio device.
[0040] First, and as indicated by the block 144, a first
three-dimensional substrate is formed. Then, and as in-
dicated by the block 146, a first folded conducting strip
is formed upon the substrate. The strip includes a first
folded portion positioned on a first face side of the sub-
strate, and a second folded portion positioned on a sec-
ond face side of the substrate.
[0041] And, the method further comprises the opera-
tion, indicated by the block 148, of positioning a first set
of matching strips, formed integral with the conducting
strip, upon the substrate. When an antenna array con-
figuration is to be utilized, the method is repeated to form
a second antenna, and the antennas are positioned in a
desired, spatial arrangement.
[0042] Due to the tri-dimensional configuration of the
antenna, a multi-band antenna is formed, of compact
configuration, facilitating its use together with a mobile
station, or other portable radio device.
[0043] 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. Antenna apparatus for transducing signal energy at
a radio communication station, said antenna appa-
ratus comprising:

a first three-dimensional substrate;
a first folded conducting strip positioned upon
said three dimensional substrate, said first fold-
ed conducting strip having a first folded portion
positioned at a first side of said first three dimen-
sional substrate and at least a second folded
portion positioned at least at a second side of
said three dimensional substrate, said first fold-
ed conducting strip of a shape to be resonant at
a first frequency band and at a second frequency
band; and
a first set of matching strips formed integral with
said first folded conducting strip and positioned
upon said first three-dimensional substrate.
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2. The antenna apparatus of claim 1 wherein said first
three-dimensional substrate comprises a generally
cubular-shaped substrate.

3. The antenna apparatus of claim 2 wherein said first
folded conducting strip further comprises a third fold-
ed portion positioned at a third side of the cubular-
shaped substrate, a fourth folded portion positioned
at a fourth side of the cubular-shaped substrate, a
fifth side of the cubular-portion positioned at a fifth
side of the cubular-shaped substrate, and a sixth
folded portion position positioned at a sixth side of
the cubular-shaped substrate.

4. The antenna apparatus of claim 1 wherein said first
folded conducting strip further comprises a first feed
connection connectable to the radio communication
station.

5. The antenna apparatus of claim 1 wherein the radio
communication station comprises a multi-mode
communication station operable at a plurality of fre-
quencies and wherein the first and second frequency
bands at which said first folded conducting strip is
resonant includes the plurality of frequencies at
which the multi-mode communication station oper-
ates.

6. The antenna apparatus of claim 5 wherein the multi-
mode communication station operates at five fre-
quency ranges and wherein the first and second fre-
quency bands at which said first folded conducting
strip is resonant includes the five frequency ranges.

7. The antenna apparatus of claim 1 wherein said first
folded conducting strip further comprises a third fold-
ed portion positioned at a third side of the three-di-
mensional substrate, a fourth folded portion posi-
tioned at a fourth side of the three-dimensional sub-
strate, and a fifth folded portion positioned at a fifth
side of the three-dimensional substrate.

8. The antenna apparatus of claim 1 wherein the length
of said first folded conducting strip comprises a
length dimension defined by cumulative lengths of
the first and at least second frequency bands at
which said first folded conducting strip is resonant is
determined, in part, by the lengthwise dimension.

9. The antenna apparatus of claim 1 wherein said first
set of matching strips comprises a first pair of match-
ing strips configured to extend in opposing directions
at opposing sides of said first folded conducting strip.

10. The antenna apparatus of claim 9 wherein the
matching strips of the first pair are positioned at dif-
ferent sides of said three-dimensional substrate.

11. The antenna apparatus of claim 1 further comprising:

a second three-dimensional substrate;
a second folded conducting strip positioned up-
on said second three dimensional substrate,
said second folded conducting strip having a first
folded portion positioned at a first side of said
second three dimensional substrate and at least
a second folded portion positioned at least at a
second side of said three dimensional substrate,
said second folded conduction strip of a shape
to be resonant at a third frequency band and at
a fourth frequency band; and
a second set of matching strips formed integral
with the second folded conducting strip and po-
sitioned upon said second three-dimensional
substrate.

12. The antenna apparatus of claim 11 wherein the first
and second frequency bands at which said first fold-
ed conducting strip is resonant include the third and
fourth frequency bands at which said second folded
conducting strip is resonant.

13. The antenna apparatus of claim 11 wherein said sec-
ond conducting strip further comprises a second feed
connection connectable to the radio communication
station.

14. The antenna apparatus of claim 11 wherein said first
three dimensional substrate is offset from said sec-
ond three dimensional substrate.

15. An antenna array for a mobile station having radio
circuitry disposed at a circuit board said antenna ar-
ray comprising:

a first antenna element having a first conducting
strip and a first three dimensional substrate, the
first three dimensional substrate mounted at the
circuit board, and the first conducting strip folded
about a plurality of surfaces of the first three di-
mensional substrate; and
at least a second antenna element having a sec-
ond conducting strip and a second three dimen-
sional substrate, the second three dimensional
substrate mounted at the circuit board and the
second conducting strip folded about a plurality
of surfaces of the second three dimensional sub-
strate, said first and second antenna elements,
respectively, together operable to transduce sig-
nal energy during operation of the mobile sta-
tion.

16. A method for transducing signal energy at a radio
communication station, said method comprising the
operations of:
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forming a first three-dimensional substrate;
positioning a first folded conducting strip upon
the first three-dimensional substrate with a first
folded portion thereof positioned at a first side
of the first three dimensional substrate and a
second folded portion thereof positioned at a
second side of the first three dimensional sub-
strate, the first folded conducting strip of a shape
to be resonant at a first frequency band and at
a second frequency band; and
positioning a first set of matching strips, integral
with the first folded conducting strip, upon the
first three dimensional substrate.

17. The method of claim 16 further comprising the op-
eration of connecting the first folded conducting strip,
at a feed connection there of, to the radio communi-
cation station.

18. The method of claim 16 further comprising the op-
erations of:

forming a second three dimensional substrate;
positioning a second folded conducting strip up-
on the second three dimensional substrate with
a first folded portion thereof positioned at a first
side of the second three dimensional substrate
and a second folded portion thereof positioned
at a second side of the second three dimensional
substrate, the second folded conducting strip of
a shape to be resonant at a third frequency band
and at a fourth frequency band; and
positioning a second set of matching strips inte-
gral with the second folded conducting strip up-
on the second three dimensional substrate.

19. The method of claim 18 further comprising the op-
eration of connecting the second folded conducting
strip, at a feed connection thereof, to the radio com-
munication station.

20. The method of claim 18 further comprising the op-
eration of positioning the first and second three di-
mensional substrates relative to one another to form
an antenna array of the first and second folded con-
ducting strips.

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

1. Antenna apparatus (42) for transducing signal en-
ergy at a radio communication station (12), said an-
tenna apparatus characterized by:

a first three-dimensional substrate (102) having
a first side (64), a second side (66), a third side
(68), a fourth side (72), a fifth side (74), and a

sixth side (76);
a first folded conducting strip (82) positioned up-
on said first three-dimensional substrate (102),
said first folded conducting strip (82) having at
least a first portion positioned at said first side
(64), a second portion positioned at least at said
second side (66), a third portion positioned at
said third side (68), and a fourth portion posi-
tioned at said fourth side (72), said first folded
conducting strip (82) of a shape to be resonant
at a first frequency band and at a second fre-
quency band; and
a first set of matching strips integrally-formed
with said first folded conducting strip (82), said
first set of matching strips comprising at least a
first matching strip (94) extending from a first
side of said first folded conducting strip (82) at
said fourth side (72), wherein said at least first
matching strip (94) folds over the intersection of
said fourth side (72) and a sixth side (76).

2. The antenna apparatus (42) of claim 1 wherein
said first three-dimensional substrate (102) compris-
es a generally cubular-shaped substrate.

3. The antenna apparatus (42) of claim 2 wherein
said first folded conducting strip (82) is further char-
acterized by a fifth portion positioned at a said fifth
side (74).

4. The antenna apparatus (42) of claim 1 wherein
said first folded conducting strip (82) is further char-
acterized by a first feed connection (96) connecta-
ble to transceiver circuitry (36) of radio communica-
tion station (12).

5. The antenna apparatus (42) of claim 1 wherein
the radio communication station (12) comprises a
multi-mode communication station operable at a plu-
rality of frequencies and wherein the first and second
frequency bands at which said first folded conducting
strip (82) is resonant includes the plurality of frequen-
cies at which the multi-mode communication station
operates.

6. The antenna apparatus of claim 5 wherein the
multi-mode communication station (12) operates at
five frequency ranges and wherein the first and sec-
ond frequency bands at which said first folded con-
ducting strip (82) is resonant includes the five fre-
quency ranges.

7. The antenna apparatus of claim 1 wherein said
first folded conducting strip (82) is further charac-
terized by a fifth portion positioned at a said fifth
side (74).

8. The antenna apparatus (42) of claim 1 wherein
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the length of said first folded conducting strip (82)
comprises a length dimension defined by cumulative
lengths of the first and at least second frequency
bands at which said first folded conducting strip (82)
is resonant is determined, in part, by the lengthwise
dimension.

9. The antenna apparatus (42) of claim 1 wherein
said first set of matching strips comprises a second
matching strip (92) configured to extend from a sec-
ond side of said first folded conducting strip (82).

10. The antenna apparatus (42) of claim 9 wherein
the first matching strip (94) and the second matching
strip (92) are not positioned on the same sides of
said three-dimensional substrate (102).

11. The antenna apparatus (42) of claim 1 further
characterized by:

a second three-dimensional substrate (102)
having a first side (64), a second side (66), a
third side (68), a fourth side (72), a fifth side (74),
and a sixth side (76);
a second folded conducting strip (82) positioned
upon said second three dimensional substrate
(102), said second folded conducting strip (82)
having a first portion positioned at said first side
(64) of said second three dimensional substrate
(102) and at least a second portion positioned
at least at a said second side (66) of said second
three dimensional substrate (102), said second
folded conduction strip (82) of a shape to be res-
onant at a third frequency band and at a fourth
frequency band; and
a second set of matching strips (92, 94) formed
integral with the second folded conducting strip
(82).

12. The antenna apparatus of claim 11 wherein the
first and second frequency bands at which said first
folded conducting strip (82) is resonant include the
third and fourth frequency bands at which said sec-
ond folded conducting strip (82) is resonant.

13. The antenna apparatus of claim 11 wherein said
second conducting strip (82) further comprises a
second feed connection (96) connectable to the ra-
dio communication station.

14. The antenna apparatus of claim 11 wherein said
first three dimensional substrate (102) is offset from
said second three dimensional substrate (102).

15. An antenna array for a mobile station (12) having
radio circuitry disposed at a circuit board (106), said
antenna array characterized by:

a first antenna element (42) having a first con-
ducting strip (82), a first three dimensional sub-
strate (102), a first matching strip (94) extending
from a first side of said first conducting strip (82)
at a fourth side (72) of the first three dimensional
substrate (102), wherein said at least first match-
ing strip (94) folds over the intersection of said
fourth side (72) and a sixth side (76) of the first
three dimensional substrate (102), the first three
dimensional substrate mounted at the circuit
board (106), the first conducting strip (82) having
at least a first portion positioned at a first side
(64) of the first three dimensional substrate
(102), a second portion positioned at least at
said second side (66) of the first three dimen-
sional substrate (102), a third portion positioned
at said third side (68) of the first three dimen-
sional substrate (102), and a fourth portion po-
sitioned at said fourth side (72) of the first three
dimensional substrate (102); and
at least a second antenna element (42) having
a second conducting strip (82) and a second
three dimensional substrate (102), the second
three dimensional substrate (102) mounted at
the circuit board (106) and the second conduct-
ing strip folded about a plurality of surfaces of
the second three dimensional substrate (102);
wherein said first and second antenna elements
(42), respectively, together operable to trans-
duce signal energy during operation of the mo-
bile station.

16. A method (142) for transducing signal energy at
a radio communication station (12), said method
characterized by the operations of:

forming (144) a first three-dimensional substrate
(102);
positioning (146) a first folded conducting strip
(82) upon the first three-dimensional substrate
(102) with a first portion positioned at a first side
(64) of said first three dimensional substrate
(102), a second portion positioned at least at a
second side (66) of said three dimensional sub-
strate (102), a third portion positioned at a third
side (68) of said three dimensional substrate
(102), and a fourth portion positioned at a fourth
side (72) of said three dimensional substrate
(102), the first folded conducting strip of a shape
to be resonant at a first frequency band and at
a second frequency band; and
positioning (148) a first set of matching strips,
integral with the first folded conducting strip, said
first set of matching strips comprising at least a
first matching strip (94) extending from a first
side of said first folded conducting strip (82) at
said fourth side (72) of the first three-dimension-
al substrate (102), wherein said at least first
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matching strip (94) folds over the intersection of
said fourth side (72) and a sixth side (76) of the
first three-dimensional substrate (102).

17. The method (142) of claim 16 further character-
ized by the operation of connecting the first folded
conducting strip (82), at a feed connection (96) there-
of, to transceiver circuitry (36) of radio communica-
tion station (12).

18. The method (142) of claim 16 further comprising
the operations of:

forming (146) a second three dimensional sub-
strate (102);
positioning (146) a second folded conducting
strip (82) upon the second three dimensional
substrate with a first portion thereof positioned
at a first side (64) of the second three dimen-
sional substrate (102) and a second portion
thereof positioned at a second side (66) of the
second three dimensional substrate (102), the
second folded conducting strip (82) of a shape
to be resonant at a third frequency band and at
a fourth frequency band; and
positioning (148) at least one matching strip in-
tegrally-formed with the second folded conduct-
ing strip (82) upon the second three dimensional
substrate (102).

19. The method (142) of claim 18 further comprising
the operation of connecting the second folded con-
ducting strip (82), at a feed connection (96) thereof,
to the radio communication station (12).

20. The method (142) of claim 18 further comprising
the operation of positioning the first and second three
dimensional substrates (102) relative to one another
to form an antenna array of the first and second fold-
ed conducting strips (82).
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