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Description

FIELD

[0001] The invention generally relates to a wireless de-
vice in a wireless communication system and, in partic-
ular, to a compact multiple-band antenna for wireless de-
vices.

BACKGROUND

[0002] Wireless communication systems are widely
deployed to provide, for example, a broad range of voice
and data-related services. Typical wireless communica-
tion systems consist of multiple-access communication
networks that allow users of wireless devices to share
common network resources. These networks typically re-
quire multiple-band antennas for transmitting and receiv-
ing radio frequency ("RF") signals from wireless devices.
Examples of such networks are the global system for
mobile communication ("GSM") , which operates be-
tween 890 MHz and 960 MHz; the digital communications
system ("DCS"), which operates between 1710 MHz and
1880 MHz; the personal communication system ("PCS"),
which operates between 1850 MHz and 1990 MHz; and
the universal mobile telecommunications system
("UMTS"), which operates between 1920 MHz and 2170
MHz.
[0003] In addition, emerging and future wireless com-
munication systems may require wireless devices to op-
erate new modes of communication at different frequen-
cy bands to support, for instance, higher data rates, in-
creased functionality and more users. Examples of these
future systems are the single carrier frequency division
multiple access ("SC-FDMA") system, the orthogonal fre-
quency division multiple access ("OFDMA") system, and
other like systems. An OFDMA system is supported by
various technology standards such as evolved universal
terrestrial radio access ("E-UTRA"), Wi-Fi, worldwide in-
teroperability for microwave access ("WiMAX"), wireless
broadband ("WiBro"), ultra mobile broadband ("UMB"),
long-term evolution ("LTE"), and other similar standards.
[0004] Moreover, wireless devices may provide addi-
tional functionality that requires using other wireless com-
munication systems that operate at different frequency
bands. Examples of these other systems are the wireless
local area network ("WLAN") system, the IEEE 802.11b
system and the Bluetooth system, which operate be-
tween 2400 MHz and 2484 MHz; the WLAN system, the
IEEE 802.11a system and the HiperLAN system, which
operate between 5150 MHz and 5350 MHz; the global
positioning system ("GPS"), which operates at 1575
MHz; and other like systems.
[0005] To satisfy consumer demand for multiple-
modes and multiple-functions while maintaining or reduc-
ing the form factor, weight or both of wireless devices,
manufacturers are continually striving to reduce the size
of components contained in these wireless devices. One

of these components is an antenna, which is required by
wireless devices for wireless communication. These
wireless devices typically use multiple antennas for op-
eration at various frequency bands. Further, consumer
aesthetic preferences typically require that an antenna
be contained within the wireless device, as opposed to
an external retractable antenna or antenna stub that is
visible to the user. It is also desirable to incorporate the
antenna within the wireless device for reasons of size,
weight and durability. Therefore, antennas typically have
been a major focus for miniaturization in wireless devic-
es.
[0006] A miniaturized antenna radiating structure,
such as a planar inverted-F antenna ("PIFA"), uses a
microstrip patch antenna and is typically installed within
a wireless device. Patch antennas are popular for use in
wireless devices due to their low profile, ability to conform
to surface profiles and unlimited shapes and sizes. Patch
antenna polarization can be linear or elliptical, with a main
polarization component parallel to the surface of the
patch antenna. Operating characteristics of patch anten-
nas are predominantly established by their shape and
dimensions. The patch antenna is typically fabricated us-
ing printed-circuit techniques and integrated with a print-
ed circuit board ("PCB"). The patch antenna is typically
electrically coupled to a ground area, wherein the ground
area is typically formed on or in a PCB. Patch antennas
are typically spaced from and parallel to the ground area
and are typically located near other electronic compo-
nents, ground planes and signal traces, which may im-
pact the design and performance of the antenna. In ad-
dition, PIFAs are typically considered to be lightweight,
compact, and relatively easy to manufacture and inte-
grate into a wireless device.
[0007] PIFA designs can include one or more slots in
the PIFA’s radiating member. Selection of the position,
shape, contour and length of a slot depends on the design
requirements of the particular PIFA. The function of a slot
in a PIFA design includes physically partitioning the ra-
diating member of a single-band PIFA into a subset of
radiating members for multiple-band operation, providing
reactive loading to modify the resonant frequencies of a
radiating member, and controlling the polarization char-
acteristics of a multiple-band PIFA. In addition to a slot,
radiating members of a PIFA can have stub members,
usually consisting of a tab at the end of a radiating mem-
ber. The function of a stub * member includes providing
reactive loading to modify the resonant frequencies of a
radiating member.
[0008] Document US2008094290 teaches a multi-
band antenna connected to transceivers using multiple
connectors that can be used simultaneously in parallel.
Signals in different bands are separated and transferred
between the antenna and transceivers through respec-
tively separate connectors.
[0009] Document US2005190107 teaches a multi-
band antenna connected to a radio circuit coupled to a
contact common respectively to a first and second match-
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ing circuits. Each matching circuit is connected at one
end through a feeding point to an antenna, each antenna
having a different transmission frequency (GSM, DCS).
[0010] Accordingly, a compact multiple-band antenna
is a critical component in supporting these multiple-
mode, multiple-function wireless devices. It is desirable
for an antenna used in a multiple-mode, multiple-function
wireless device to include efficient omnidirectional broad-
band performance. It is also desirable for such an anten-
na to have multiple-band performance, including non-
overlapping frequency bands that may be substantially
separated in frequency. In addition, it is desirable for such
an antenna to be lightweight with a small form factor that
can fit within a wireless device. Finally, it is desirable for
such an antenna to be low cost, and easily manufactured
and installed into a wireless device. The invention is ac-
cordingly defined by the device set out in independent
claim 1 and the multiple-band antenna set out in inde-
pendent claim 11.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] In order for this disclosure to be understood and
put into practice by one having ordinary skill in the art,
reference is now made to exemplary embodiments as
illustrated by reference to the accompanying figures. Like
reference numbers refer to identical or functionally similar
elements throughout the accompanying figures. The fig-
ures along with the detailed description are incorporated
and form part of the specification and serve to further
illustrate exemplary embodiments and explain various
principles and advantages, in accordance with this dis-
closure, where:

FIG. 1 illustrates a wireless communication system
in accordance with various aspects set forth herein.
FIG. 2 illustrates a cross-sectional view of a PIFA
that can be employed in a wireless device in accord-
ance with various aspects set forth herein.
FIG. 3 illustrates a top view of one embodiment of a
multiple-band antenna that can be employed in a
wireless device in accordance with various aspects
set forth herein.
FIG. 4 illustrates a cross-sectional view of a compact
multiple-band antenna that is employed in a wireless
device in accordance with various aspects set forth
herein.
FIG. 5 illustrates a top view of one embodiment of a
compact multiple-band antenna that can be em-
ployed in a wireless device in accordance with var-
ious aspects set forth herein.
FIG. 6 illustrates an isometric view of one embodi-
ment of a compact multiple-band antenna that can
be employed in a wireless device in accordance with
various aspects set forth herein.
FIG. 7 illustrates dimensions of the compact multiple-
band antenna of FIG. 5.
FIG. 8 illustrates measured and simulated results for

the compact multiple-band antenna of FIG. 5.

[0012] Skilled artisans will appreciate that elements in
the accompanying figures are illustrated for clarity, sim-
plicity and to further help improve understanding of the
embodiments, and have not necessarily been drawn to
scale.

DETAILED DESCRIPTION

[0013] Although the following discloses exemplary
methods, devices and systems for use in wireless com-
munication systems, it will be understood by one of or-
dinary skill in the art that the teachings of this disclosure
are in no way limited to the examplaries shown. On the
contrary, it is contemplated that the teachings of this dis-
closure may be implemented in alternative configurations
and environments. For example, although the exemplary
methods, devices and systems described herein are de-
scribed in conjunction with a configuration for aforemen-
tioned wireless communication systems, those of ordi-
nary skill in the art will readily recognize that the exem-
plary methods, devices and systems may be used in oth-
er wireless communication systems and may be config-
ured to correspond to such other systems as needed.
Accordingly, while the following describes exemplary
methods, devices and systems of use thereof, persons
of ordinary skill in the art will appreciate that the disclosed
examplaries are not the only way to implement such
methods, devices and systems, and the drawings and
descriptions should be regarded as illustrative in nature
and not restrictive.
[0014] Various techniques described herein can be
used for various wireless communication systems. The
various aspects described herein are presented as meth-
ods, devices and systems that can include a number of
components, elements, members, modules, peripherals,
or the like. Further, these methods, devices and systems
can include or not include additional components, ele-
ments, members, modules, peripherals, or the like. It is
important to note that the terms "network" and "system"
can be used interchangeably. Relational terms described
herein such as "above" and "below", "left" and "right",
"first" and "second", and the like may be used solely to
distinguish one entity or action from another entity or ac-
tion without necessarily requiring or implying any actual
such relationship or order between such entities or ac-
tions. The term "or" is intended to mean an inclusive "or"
rather than an exclusive "or." Further, the terms "a" and
"an" are intended to mean one or more unless specified
otherwise or clear from the context to be directed to a
singular form. The term "electrical coupling" as described
herein, which is also referred to as "capacitive coupling,"
"inductive coupling" or both, comprises at least coupling
via electric and magnetic fields, including over an elec-
trically insulating area. The term "electrically connected"
as described herein comprises at least by means of a
conducting path, or through a capacitor, as distinguished
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from connected merely through electromagnetic induc-
tion.
[0015] Wireless communication networks consist of a
plurality of wireless devices and a plurality of base sta-
tions. A base station may also be called a node-B
("NodeB"), a base transceiver station ("BTS"), an access
point ("AP"), a satellite, a router, or some other equivalent
terminology. A base station typically contains one or
more RF transmitters, RF receivers or both electrically
connected to one or more antennas to communicate with
wireless devices.
[0016] A wireless device used in a wireless communi-
cation network may also be referred to as a mobile station
("MS"), a terminal, a cellular phone, a cellular handset,
a personal digital assistant ("PDA"), a smartphone, a
handheld computer, a desktop computer, a laptop com-
puter, a tablet computer, a printer, a set-top box, a tele-
vision, a wireless appliance, or some other equivalent
terminology. A wireless device may contain one or more
RF transmitters, RF receivers or both electrically con-
nected to one or more antennas to communicate with a
base station. Further, a wireless device may be fixed or
mobile and may have the ability to move through a wire-
less communication network.
[0017] FIG. 1 is a block diagram of system 100 for wire-
less communication in accordance with various aspects
described herein. In one embodiment, system 100 can
include one or more multiple-mode, multiple-functional
wireless devices 101, one or more satellites 120, one or
more base stations 121, one or more access points 122,
and one or more other wireless devices 123. In accord-
ance with one aspect, wireless device 101 can include
processor 103 electrically connected to memory 104, in-
put/output devices 105, transceiver 106, short-range RF
communication devices 109 or other RF communication
devices 110 or any combination thereof, which can be
utilized by wireless device 101 to implement various as-
pects described herein. Processor 103 typically manag-
es and controls the overall operation of the wireless de-
vice. Transceiver 106 of wireless device 101 includes
one or more transmitters 107 and one or more receivers
108. Further, associated with wireless device 101, one
or more transmitters 107, one or more receivers 108, one
or more short-range RF communication devices 109 and
other RF communication devices 110 are electrically con-
nected to one or more antennas 111.
[0018] In the current embodiment, wireless device 101
is capable of two-way voice and data communications
with base station 121. The voice and data communica-
tions may be associated with the same or different net-
works using the same or different base station 121. The
detailed design of transceiver 106 is dependent on the
wireless communication network used. When wireless
device 101 is operating two-way data communication
with base station 121, a text message, for instance, is
received at antenna 111, processed by receiver 108 of
transceiver 106 and provided to processor 103.
[0019] Short-range RF communication devices 109

may also be integrated in wireless device 101. For ex-
ample, short-range RF communication devices 109 may
include a Bluetooth module or a WLAN module. Short-
range RF communication devices 109 may use antenna
111 for transmitting RF signals, receiving RF signals or
both. The Bluetooth module can use antenna 111 to com-
municate, for instance, with one or more other wireless
devices 123 such as a Bluetooth-capable printer. Further,
the WLAN module may use antenna 111 to communicate
with one or more access points 122, routers or other sim-
ilar devices.
[0020] In addition, other RF communication devices
110 may also be integrated in wireless device 101. For
example, other RF communication devices 110 may in-
clude a GPS receiver that uses antenna 111 of wireless
device 101 to receive information from one or more GPS
satellites 120. Further, other RF communication devices
110 may use antenna 111 of wireless device 101 for
transmitting RF signals, receiving RF signals or both.
[0021] FIG. 2 illustrates a cross-sectional view of PIFA
200 that can be employed in a wireless device in accord-
ance with various aspects set forth herein. PIFA 200 in-
cludes ground area 201, dielectric material 202, feeding
device 203, feed point 205, shorting member 206, and
radiating member 207. In one embodiment, PIFA 200 is
a single-band antenna having one operating frequency
band associated with radiating member 207.
[0022] Dielectric material 202 resides between radiat-
ing member 207 and ground area 201 and is used to
further isolate radiating member 207 from ground area
201. Dielectric material 202 can be, for example, the air,
a substrate or a polystyrene or any combination thereof.
Radiating member 207 is electrically connected to
ground area 201 through shorting member 206. Radiat-
ing member 207 can be made from, for instance, metallic
materials.
[0023] Feed point 205 can be, for example, a microstrip
feed line, a probe feed, an aperture-coupled feed or a
proximity-coupled feed. In this embodiment, feed point
205 can be electrically connected to radiating member
207 using feeding device 203. Feeding device 203 can
be, for instance, set on the surface of the ground area
201 and electrically connected to feed point 205 for trans-
mitting RF signals, receiving RF signals or both. Feeding
device 203 can be, for example, a sub-miniature version
A ("SMA") connector. SMA connectors are coaxial RF
connectors developed as a minimal connector interface
for a coaxial cable with a screw type coupling mechanism.
SMA connectors typically have a 50 ohm impedance and
offer excellent electrical performance over a broad fre-
quency range.
[0024] The length of PIFA 200 typically can be as short
as approximately one-quarter the wavelength of the de-
sired resonant frequency. One skilled in the art will ap-
preciate that the length of a radiating member of the
present disclosure is not limited to one-quarter the wave-
length of the desired resonant frequency, but other
lengths may be chosen, such as one-half the wavelength
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of the desired resonant frequency.
[0025] FIG. 3 illustrates a top view of one embodiment
of an exemplary multiple-band antenna 300 that can be
employed in a wireless device in accordance with various
aspects set forth herein. Multiple-band antenna 300 in-
cludes ground area 301; feeding device 303; first and
second feed points 304 and 305, respectively; and first,
second, third and fourth radiating members 310, 311,
312 and 313, respectively. First, second and third radi-
ating members 310, 311 and 312, respectively, form a
first antenna type, while fourth radiating member 313
forms a second antenna type. In one embodiment, first,
second and third radiating members 310, 311 and 312,
respectively, form a PIFA with a rectangular spiral strip
with non-uniform widths as the first antenna type, while
fourth radiating member 313 forms a PIFA with an L-
shaped slot as the second antenna type. In other em-
bodiments, first, second and third radiating members
310, 311 and 312, respectively, can form a PIFA with a
rectangular spiral strip or a loop antenna as the first an-
tenna type. In addition, fourth radiating member 313 can
form a monopole antenna or a PIFA as the second an-
tenna type. Those skilled in the art will recognize that a
PIFA with a rectangular spiral strip can have radiating
members with or without non-uniform widths.
[0026] In the current embodiment, RF signals in the
operating frequency bands are received and radiated by
multiple-band antenna 300 of wireless device 101. An
RF signal in one of the operating frequency bands is re-
ceived by multiple-band antenna 300 and converted from
an electromagnetic signal to an electrical signal for input
to receiver 108 of transceiver 106, short-range RF com-
munication device 109 or other RF communication de-
vice 110 or any combination thereof, which is differen-
tially and electrically connected to first feed point 304 and
second feed point 305. Similarly, an electrical signal in
one of the operating frequency bands is input to multiple-
band antenna 300 for conversion to an electromagnetic
signal via first feed point 304 and second feed point 305,
which are differentially and electrically connected to
transmitter 107 of transceiver 106, short-range RF com-
munication device 109 or other RF communication de-
vice 110 or any combination thereof.
[0027] In one embodiment, multiple-band antenna 300
is a quad-band antenna having first, second, third and
fourth operating frequency bands. First, second, third and
fourth radiating members 310, 311, 312 and 313, respec-
tively, are primarily associated with first, second, third
and fourth operating frequency bands, respectively.
[0028] Those skilled in the art will appreciate that this
disclosure is not limited to four operating frequency
bands or to any interrelationship between the frequency
bands and the radiating members. For example, the first
operating frequency band could be common between
first and second radiating members 310 and 311, respec-
tively. Other associations between radiating members
and operating frequency bands are also possible. Fur-
ther, multiple-band antenna 300 can include more or less

elements to provide for operation in more or less frequen-
cy bands, respectively.
[0029] In another embodiment, when operating in the
first frequency band, first, second and third radiating
members 310, 311 and 312, respectively, of multiple-
band antenna 300 cooperatively receive and substantial-
ly radiate RF signals in directions parallel, perpendicular
or both to first radiating member 310. When operating in
the second frequency band, first, second and third radi-
ating members 310, 311 and 312 of multiple-band an-
tenna 300 cooperatively receive and substantially radiate
RF signals in directions parallel, perpendicular or both to
first and second radiating members 310 and 311, respec-
tively. When operating in the third frequency band, first,
second and third radiating members 310, 311 and 312
of multiple-band antenna 300 cooperatively receive and
substantially radiate RF signals in directions parallel, per-
pendicular or both to first, second and third radiating
members 310, 311 and 312, respectively. When operat-
ing in the fourth frequency band, fourth radiating member
313 of multiple-band antenna 300 receives and substan-
tially radiates RF signals in directions parallel, perpen-
dicular or both to fourth radiating member 313.
[0030] In another embodiment, first, second and third
radiating members 310, 311 and 312, respectively, of
multiple-band antenna 300 function as a loop antenna.
A loop antenna provides usable radiation properties
when operating at its resonance frequencies. The RF
signal is fed or taken between first and second feed points
304 and 305, respectively, of feeding device 303. When
operating in the first, second and third frequency bands,
first, second and third radiating members 310, 311 and
312, respectively, of multiple-band antenna 300 cooper-
atively receive and substantially radiate RF signals in di-
rections parallel, perpendicular or both to first, second
and third radiating members 310, 311 and 312, respec-
tively. When operating in the fourth frequency band,
fourth radiating member 313 of multiple-band antenna
300 receives and substantially radiates RF signals in di-
rections parallel, perpendicular or both to fourth radiating
member 313.
[0031] It is important to note that persons having ordi-
nary skill in the art would appreciate that changes to one
element of multiple-band antenna 300 may also affect
other operating frequency bands associated with other
elements of multiple-band antenna 300. Further, ele-
ments of multiple-band antenna 300 described herein
are sized and shaped to conform to specific design char-
acteristics for operation in multiple frequency bands.
[0032] In the current embodiment of multiple-band an-
tenna 300, first radiating member 310 is primarily asso-
ciated with a first resonant frequency. The first resonant
frequency can correspond, for instance, to a frequency
within the frequency band defined for GSM. Those skilled
in the art will appreciate that the GSM band adopted in
Europe and parts of Asia ("GSM-900") includes a transmit
sub-band of 880 MHz to 915 MHz and receive sub-band
from 925 MHz to 960 MHz. The GSM band adopted in
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North America ("GSM-800") includes transmit sub-bands
of 824 MHz to 849 MHz and 896 MHz to 901 MHz and
receive sub-bands of 869 MHz to 894 MHz and 935 MHz
to 940 MHz. Further, the DCS frequency band similarly
includes a transmit sub-band of 1710 MHz to 1785 MHz
and a receive sub-band of 1805 MHz to 1880 MHz, and
the PCS frequency band includes a transmit sub-band
1850 to 1910 MHz and a receive sub-band from 1930
MHz to 1990 MHz.
[0033] It is important to note that persons having ordi-
nary skill in the art would appreciate that the operating
frequency bands described are for illustrative purposes.
Such a multiple-band antenna may be designed to op-
erate at different, as well as more or less operating fre-
quency bands.
[0034] First radiating member 310 has a first end, an
intermediate portion and a second end. The first end of
first radiating member 310 is electrically connected to
ground area 301. The intermediate portion of first radiat-
ing member 310 is electrically connected to first feed
point 304 of feeding device 303. First feed point 304 can
be, for example, a microstrip feed line, a probe feed, an
aperture-coupled feed or a proximity-coupled feed. The
second end of first radiating member 310 is electrically
connected to the first end of second radiating member
311. The length of first radiating member 310 is approx-
imately one-quarter the wavelength of the first resonant
frequency. One skilled in the art will appreciate that the
length of a radiating member of the present disclosure is
not limited to one-quarter the wavelength of the desired
resonant frequency, but other lengths may be chosen,
such as one-half the wavelength of the desired resonant
frequency.
[0035] Second radiating member 311 has a first end
and a second end. The first end of second radiating mem-
ber 311 is electrically connected to the second end of
first radiating member 310. The second end of second
radiating member 311 is electrically connected to the first
end of third radiating member 312. Second radiating
member 311 is primarily associated with a second reso-
nant frequency. The second resonant frequency can cor-
respond, for instance, to a frequency within the frequency
band defined for DCS. The length of second radiating
member 311 is approximately one-quarter the wave-
length of the second resonant frequency.
[0036] Third radiating member 312 has a first end and
a second end. The first end of third radiating member
312 is electrically connected to the second end of second
radiating member 311. The second end of third radiating
member 312 is electrically connected to a first end of
fourth radiating member 313. Third radiating member 312
is primarily associated with the third resonant frequency.
The third resonant frequency can correspond, for in-
stance, to a frequency within the frequency band defined
for PCS, UMTS, LTE, WiBro, Bluetooth, WLAN or GPS.
The length of third radiating member 312 is approximate-
ly one-quarter the wavelength of the third resonant fre-
quency.

[0037] Fourth radiating member 313 has a first end, an
intermediate portion and a second end. The first end of
fourth radiating member 313 is electrically connected to
the second end of third radiating member 312. The inter-
mediate portion of fourth radiating member 313 is elec-
trically connected to second feed point 305 of feeding
device 303. Second feed point 305 can be, for example,
a microstrip feed line, a probe feed, an aperture-coupled
feed or a proximity-coupled feed. Further, the second
end of fourth radiating member 313 is a free end and
unconnected.
[0038] Fourth radiating member 313 is primarily asso-
ciated with a fourth resonant frequency. The fourth res-
onant frequency can correspond, for instance, to a fre-
quency within the frequency band defined for WLAN. The
length of fourth radiating member 313 is approximately
one-quarter the wavelength of the fourth resonant fre-
quency. The distance between second feed point 305
and the second end of fourth radiating member 313 af-
fects the fourth resonant frequency. The shorter the dis-
tance between second feed point 305 and the second
end of fourth radiating member 313, the greater the fourth
resonant frequency. Alternatively, the longer the distance
between second feed point 305 and the second end of
fourth radiating member 313, the smaller the fourth res-
onant frequency.
[0039] FIG. 4 illustrates a cross-sectional view of an
exemplary compact multiple-band antenna 400 that is
employed in wireless device 101 in accordance with var-
ious aspects set forth herein. Multiple-band antenna 400
includes ground area 401; dielectric material 402; feeding
device 403; first and second feed points 404 and 405,
respectively; shorting member 406; and first and second
radiating members 407 and 408, respectively. In one em-
bodiment, compact multiple-band antenna 400 is a mul-
tiple-band antenna having multiple operating frequency
bands associated with first and second radiating mem-
bers 207 and 208, respectively. Dielectric material 402
resides between first and second radiating members 407
and 408, respectively, and ground area 401; and is used
to isolate first and second radiating members 407 and
408, respectively, from the ground area 401. Dielectric
material 402 can be, for example, the air, a substrate or
a polystyrene or any combination thereof.
[0040] In this embodiment, first and second radiating
members 407 and 408, respectively, are electrically con-
nected to ground area 401 through shorting member 406.
First and second radiating members 407 and 408, re-
spectively, and shorting member 406 can be made, for
instance, from metallic materials. First and second feed
points 404 and 405, respectively, can be, for example, a
microstrip feed line, a probe feed, an aperture-coupled
feed or a proximity-coupled feed. In this embodiment,
first and second feed points 404 and 405, respectively,
are electrically connected to first and second radiating
members 407 and 408, respectively, using feeding de-
vice 403. Feeding device 403 can be, for instance, set
on the surface of ground area 401 and electrically con-

9 10 



EP 2 323 219 B1

7

5

10

15

20

25

30

35

40

45

50

55

nected to first and second feed points 404 and 405, re-
spectively, for transmitting RF signals, receiving RF sig-
nals or both. Feeding device 403 can be, for example,
an SMA connector. The lengths of first and second radi-
ating members 407 and 408, respectively, can be as short
as approximately one-quarter the wavelength of the de-
sired resonant frequency.
[0041] FIG. 5 illustrates a top view of an exemplary
compact multiple-band antenna 500 that can be em-
ployed in a wireless device in accordance with various
aspects set forth herein. Compact multiple-band antenna
500 includes ground area 501; feeding device 503; first
and second feed points 504 and 505, respectively; short-
ing member 506; first, second, third and fourth radiating
members 510, 511, 512 and 513, respectively; first, sec-
ond and third stub members 520, 521 and 522, respec-
tively; first, second, third, fourth, fifth and sixth coupling
slots 530, 531, 532, 533, 534, and 535, respectively. In
compact multiple-band antenna 500, first, second, third
and fourth radiating members 510, 511, 512 and 513,
respectively, are primarily associated with first, second,
third and fourth operating frequency bands, respectively.
First, second and third radiating members 510, 511 and
512, respectively, form a first antenna type, while fourth
radiating member 513 forms a second antenna type. In
one embodiment, first, second and third radiating mem-
bers 510, 511 and 512, respectively, form a PIFA with a
rectangular spiral strip with non-uniform widths as the
first antenna type, while fourth radiating member 513
forms a PIFA with an L-shaped slot as the second an-
tenna type. In other embodiments, first, second and third
radiating members 510, 511 and 512, respectively, can
form a PIFA with a rectangular spiral strip or a loop an-
tenna as the first antenna type. In addition, fourth radiat-
ing member 513 can form a monopole antenna or a PIFA
as the second antenna type. Those skilled in the art will
recognize that a PIFA with a rectangular spiral strip can
have radiating members with or without non-uniform
widths.
[0042] First and second feed points 504 and 505, re-
spectively, can be, for example, a microstrip feed line, a
probe feed, an aperture-coupled feed or a proximity-cou-
pled feed. In this embodiment, first and second feed
points 504 and 505, respectively, are electrically con-
nected to first and second radiating members 510 and
513, respectively, using feeding device 503. Feeding de-
vice 503 can be, for instance, set on the surface of ground
area 501 and electrically connected to first and second
feed points 504 and 505, respectively, for transmitting
RF signals, receiving RF signals or both. Feeding device
503 can be, for example, an SMA connector.
[0043] Shorting member 506; first, second and third
stub members 520, 521 and 522, respectively; and first,
second, third, fourth, fifth and sixth coupling slots 530,
531, 532, 533, 534 and 535, respectively, can be used
for tuning the operating characteristics of compact mul-
tiple-band antenna 500.
[0044] In the current embodiment, RF signals in the

operating frequency bands are received and radiated by
compact multiple-band antenna 500 of wireless device
101. An RF signal in one of the operating frequency
bands is received by compact multiple-band antenna 500
and converted from an electromagnetic signal to an elec-
trical signal for input to receiver 108 of transceiver 106,
short-range RF communication device 109 or other RF
communication device 110 or any combination thereof,
which are differentially and electrically connected to first
feed point 504 and second feed point 505. Similarly, an
electrical signal in one of the operating frequency bands
is input to compact multiple-band antenna 500 for con-
version to an electromagnetic signal via first feed point
504 and second feed point 505, which are differentially
and electrically connected to transmitter 107 of transceiv-
er 106, short-range RF communication device 109 or oth-
er RF communication device 110 or any combination
thereof.
[0045] Those skilled in the art will appreciate that this
disclosure is not limited to four operating frequency
bands or to any interrelationship between the frequency
bands and the radiating members. For example, the first
operating frequency band could be common between
first and second radiating members 510 and 511, respec-
tively. Other associations between radiating members
and operating frequency bands are also possible. Fur-
ther, compact multiple-band antenna 500 can include
more or less elements to provide for operation in more
or less frequency bands, respectively.
[0046] In one embodiment, when operating in the first
frequency band, first, second and third radiating mem-
bers 510, 511 and 512, respectively, of compact multiple-
band antenna 500 cooperatively receive and substantial-
ly radiate RF signals in directions parallel, perpendicular
or both to first radiating member 510. When operating in
the second frequency band, first, second and third radi-
ating members 510, 511 and 512, respectively, of com-
pact multiple-band antenna 500 cooperatively receive
and substantially radiate RF signals in directions parallel,
perpendicular or both to first and second radiating mem-
bers 510 and 511, respectively. When operating in the
third frequency band, first, second and third radiating
members 510, 511 and 512, respectively, of compact
multiple-band antenna 500 cooperatively receive and
substantially radiate RF signals in directions parallel, per-
pendicular or both to first, second and third radiating
members 510, 511 and 512, respectively. When operat-
ing in the fourth frequency band, fourth radiating member
513 of compact multiple-band antenna 500 receives and
substantially radiates RF signals in directions parallel,
perpendicular or both to fourth radiating member 513.
[0047] In another embodiment, first, second and third
radiating members 510, 511 and 512, respectively, of
compact multiple-band antenna 500 function as a loop
antenna. A loop antenna provides usable radiation prop-
erties when operating at its resonance frequencies. The
RF signal is fed or taken between first and second feed
points 504 and 505, respectively, of feeding device 503.
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When operating in the first, second and third frequency
bands, first, second and third radiating members 510,
511 and 512, respectively, of compact multiple-band an-
tenna 500 cooperatively receive and substantially radiate
RF signals in directions parallel, perpendicular or both to
first, second and third radiating members 510, 511 and
512, respectively. When operating in the fourth frequency
band, fourth radiating member 513 of compact multiple-
band antenna 500 receives and substantially radiates RF
signals in directions parallel, perpendicular or both to
fourth radiating member 513.
[0048] In the current embodiment, first radiating mem-
ber 510 has a first end, an intermediate portion and a
second end. The first end of first radiating member 510
is electrically connected to the second end of shorting
member 506. The intermediate portion of first radiating
member 510 is electrically connected to first feed point
504 of feeding device 503. The second end of first radi-
ation member 510 is electrically connected to the first
end of second radiating member 511. First radiating
member 510 is primarily associated with a first resonant
frequency. The first resonant frequency can correspond,
for instance, to a frequency within the frequency band
defined for GSM. The length of first radiating member
510 can be approximately one-quarter the wavelength
of the first resonant frequency. One skilled in the art will
appreciate that the length of a radiating member of the
present disclosure is not limited to one-quarter the wave-
length of the desired resonant frequency, but other
lengths may be chosen, such as one-half the wavelength
of the desired resonant frequency. First radiating mem-
ber 510 can be L-shaped, meandered or other similar
configurations to allow for a smaller antenna size.
[0049] Second radiating member 511 has a first end
and a second end. The first end of second radiating mem-
ber 511 is electrically connected to the second end of
first radiating member 510. The second end of second
radiating member 511 is electrically connected to the first
end of third radiating member 512. Second radiating
member 511 is primarily associated with a second reso-
nant frequency. The second resonant frequency can cor-
respond, for instance, to a frequency within the frequency
band defined for DCS. The length of second radiating
member 511 can be approximately one-quarter the
wavelength of the second resonant frequency. Second
radiating member 511 can be L-shaped, meandered or
other similar configuration to allow for a smaller antenna
size.
[0050] Third radiating member 512 has a first end and
a second end. The first end of third radiating member
512 is electrically connected to the second end of second
radiating member 511, and the second end of third radi-
ating member 512 is electrically connected to the first
end of fourth radiating member 513. Third radiating mem-
ber 512 is primarily associated with the third resonant
frequency. The third resonant frequency can correspond,
for instance, to a frequency within the frequency band
defined for PCS, UMTS, LTE, WiBro, Bluetooth, WLAN

or GPS. The length of third radiating member 512 can
be approximately one-quarter the wavelength of the third
resonant frequency. Third radiating member 512 can be
L-shaped, meandered or other similar configuration to
allow for a smaller antenna size.
[0051] Fourth radiating member 513 has a first end, an
intermediate portion and a second end. The first end of
fourth radiating member 513 is electrically connected to
the second end of third radiating member 512. The inter-
mediate portion of fourth radiating member 513 is elec-
trically connected to second feed point 505 of feeding
device 503. The second end of fourth radiating member
513 is a free end and unconnected. Fourth radiating
member 513 is primarily associated with a fourth reso-
nant frequency. The fourth resonant frequency can cor-
respond, for instance, to a frequency within the frequency
band defined for WLAN. The length of fourth radiating
member 513 can be approximately one-quarter the
wavelength of the fourth resonant frequency. Fourth ra-
diating member 513 can be L-shaped, meandered or oth-
er similar configuration to allow for a smaller antenna
size.
[0052] Shorting member 506 has a first end and a sec-
ond end. The first end of shorting member 506 is electri-
cally connected to ground area 501 and the second end
of shorting member 506 is electrically connected to the
first end of first radiating member 510. Further, shorting
member 506 can be L-shaped, meandered or other sim-
ilar configurations to allow for a smaller antenna size.
Shorting member 506 provides further tuning for input
impedance matching. Tuning of the input impedance of
an antenna typically refers to matching the impedance
seen by an antenna at its input terminals such that the
input impedance is purely resistive with no reactive com-
ponent. According to the present disclosure, the match-
ing of the input impedance can be adjusted by changing
the length, width or both of shorting member 506.
[0053] The function of a stub member includes modi-
fying the frequency bandwidth of a radiating member,
providing further impedance matching for a radiating
member or providing reactive loading to modify the res-
onant frequencies of a radiating member or any combi-
nation thereof. First stub member 520 has a first end and
a second end. The first end of first stub member 520 is
electrically connected to second end of second radiating
member 511, while the second end of first stub member
520 is a free end and unconnected. In the current em-
bodiment, first stub member 520 provides further imped-
ance matching for second radiating member 511.
[0054] Second stub member 521 has a first end and a
second end. The first end of second stub member 521
is electrically connected to the second end of third radi-
ating member 512, while the second end of second stub
member 521 is a free end and unconnected. In the current
embodiment, second stub member 521 provides further
impedance matching for third radiating member 512.
[0055] Third stub member 522 has a first end and a
second end. The first end of third stub member 522 is
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electrically connected to the first end of fourth radiating
member 513, while the second end of third stub member
522 is a free end and unconnected. In the current em-
bodiment, third stub member 522 provides further imped-
ance matching for fourth radiating member 513.
[0056] The function of a coupling slot includes physi-
cally partitioning the radiating member into a subset of
radiating members, providing reactive loading to modify
the resonant frequencies of a radiating member, modi-
fying the frequency bandwidth of a radiating member,
providing further impedance matching for a radiating
member or controlling the polarization characteristics or
any combination thereof. In the current embodiment, first,
fourth and sixth coupling slots 530, 533 and 535, respec-
tively, can provide further impedance matching for radi-
ating member 510. First coupling slot 530 is bordered by
first radiating member 510 and ground area 501. Fourth
coupling slot 533 is bordered by first radiating member
510 and fourth radiating member 513. Sixth coupling slot
535 is bordered on one side by third stub member 522
and on the other side by shorting member 506 and first
radiating member 510. In other embodiments, sixth cou-
pling slot 535 can be bordered on one side by third stub
member 522 and the other side by first radiating member
510, shorting member 506 or ground area 501 or any
combination thereof. The strength of the capacitive cou-
pling, inductive coupling or both can be modified by var-
ying the length, width or both of first, fourth and sixth
coupling slots 530, 533 and 535, respectively.
[0057] In the current embodiment, second coupling
slot 531 can provide further impedance matching for third
radiating member 512. Second coupling slot 531 is bor-
dered on both sides by third radiating member 512. In
other embodiments, second coupling slot 531 can be bor-
dered on one side by third radiating member 512 and on
the other side by third radiating member 512, fourth ra-
diating member 513, first stub member 520, second stub
member 521, shorting member 506 or ground area 501
or any combination thereof. The strength of the capacitive
coupling, inductive coupling or both can be modified by
varying the length, width or both of second coupling slot
531.
[0058] Third and fifth coupling slots 532 and 534, re-
spectively, may provide further input impedance match-
ing. Third coupling slot 532 is bordered on one side by
third radiating member 512 and second stub member
521 and on the other side by shorting member 506. In
other embodiments, third coupling slot 532 can be locat-
ed between any combination of third radiating member
512, second stub member 521, shorting member 506
and ground area 501. Fifth coupling slot 534 is located
between shorting member 506 and ground area 501. The
strength of the capacitive coupling, inductive coupling or
both can be modified by varying the length, width or both
of third and fifth coupling slots 532 and 534, respectively.
[0059] Fourth and sixth coupling slots 533 and 535 may
provide further impedance matching for fourth radiating
member 513. Fourth coupling slot 533 is bordered on

one side by fourth radiating member 513 and the other
side by first radiating member 510. Sixth coupling slot
535 is bordered on one side by third stub member 522
and the other side by shorting member 506 and first ra-
diating member 510. In other embodiments, sixth cou-
pling slot 535 can be bordered on one side by third stub
member 522 and the other side by first radiating member
510, shorting member 506 or ground area 501 or any
combination thereof. The strength of the capacitive cou-
pling, inductive coupling or both can be modified by var-
ying the length, width or both of fourth and sixth coupling
slots 533 and 535, respectively.
[0060] Further, one skilled in the art will appreciate that
the strength of the capacitive coupling, inductive coupling
or both can also be modified by varying the area of the
surfaces of first, second, third and fourth radiating mem-
bers 510, 511, 512 and 513, respectively; first, second
and third stub members 520, 521 and 522, respectively;
shorting member 506 and ground area 501. Further, the
angle of these surfaces and the distance between these
surfaces will affect the capacitive coupling, inductive cou-
pling or both.
[0061] FIG. 6 illustrates an isometric view of one em-
bodiment of compact multiple-band antenna 600 that can
be employed in wireless device 101 in accordance with
various aspects set forth herein. Compact multiple-band
antenna 600 maybe fabricated from, for instance, a sheet
of conductive materials such as aluminum, copper, gold
or silver using a stamping process or any other fabrication
techniques such as depositing a conductive film on a
substrate or etching previously deposited conductor from
a substrate.
[0062] In this embodiment, ground area 601 forms a
first surface of compact multiple-band antenna 600.
Compact multiple-band antenna 600 includes bent por-
tions of shorting member 606 and first radiating member
610. Shorting member 606 and a portion of first radiating
member 610 form a second surface, which is approxi-
mately perpendicular to the first surface. First feed point
604 of feeding device 603 is electrically connected to the
portion of first radiating member 610 of the second sur-
face. The other portion of first radiating member 610;
second, third and fourth radiating members 611, 612 and
613, respectively; first, second and third stub members
620, 621 and 622, respectively, form a third surface,
which is approximately perpendicular to the second sur-
face and approximately parallel to the first surface. In
another embodiment, first, second and third stub mem-
bers 620, 621 and 622, respectively, may be bent ap-
proximately perpendicular to the second surface. Second
feed point 605 of feeding device 603 is electrically con-
nected to fourth radiating member 613 of the third sur-
face.
[0063] Dielectric material 602 is predominantly used
to further isolate first, second, third and fourth radiating
members 610, 611, 612 and 613, respectively, from
ground area 601. Dielectric material 602 is bordered on
one side by ground area 601 and on the other side by
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the other portion of first radiating member 610, second,
third and fourth radiating members 611, 612 and 613,
respectively, and first, second and third stub members
620, 621 and 622, respectively. Dielectric material 602
can be, for example, the air, a substrate or a polystyrene
or any combination thereof. The first, second or third sur-
faces or any combination thereof can be non-planar or
positioned in such a way that the perpendicular distance,
parallel distance or both distances to other surfaces is
non-constant. Further, first, second or third surfaces or
any combination thereof can be integrated in the housing
of wireless device 101.
[0064] First coupling slot 630 is bordered on one side
by first radiating member 610 and on the other side by
ground area 601, and resides on the same plane as the
second surface. Second coupling slot 631 is bordered
on both sides by third radiating member 612, and resides
on the same plane as the third surface. Third coupling
slot 632 is bordered on one side by third radiating mem-
ber 612 and second stub member 621 and on the other
side by shorting member 606, and resides on the same
plane as the third surface. Fourth coupling slot 633 is
bordered by first radiating member 610 and fourth radi-
ating member 613, and resides on the same plane as
the third surface. Fifth coupling slot 634 is bordered on
one side by shorting member 606 and on the other side
by ground area 601, and resides on the same plane as
the second surface. Sixth coupling slot 635 is bordered
on one side by third stub member 622 and the other side
by shorting member 606 and first radiating member 610,
and resides on the same plane as the third surface.
[0065] FIG. 7 illustrates significant dimensions of an
exemplary prototype embodiment of compact multiple-
band antenna 500 of wireless device 101. The graphical
illustration in its entirety is referred to by 700. The dimen-
sions are given in millimeters, and the antenna embodi-
ment of FIG. 7 is intended to be an embodiment suitable
for quad-band operation in, for example, the GSM, DCS,
PCS and WLAN frequency bands.
[0066] FIG. 8 shows a graphical illustration of the
measured and simulated form of the reflection coefficient
S11 for compact multiple-band antenna 500 of wireless
device 101. The graphical illustration in its entirety is re-
ferred to by 800. The frequency from 500 MHz to 6 GHz
is plotted on the abscissa 801. The logarithmic magnitude
of the input reflection factor S11 is shown on the ordinate
802 and is plotted in the range from 0 dB to -50 dB. Graph
803 shows the simulated input reflection factor S11 for
compact multiple-band antenna 500. Graph 803 shows
resonant frequencies 805, 806, 807 and 808 associated
with first, second, third and fourth radiating members 510,
511, 512 and 513, respectively, of compact multiple-band
antenna 500, which reside within the frequency bands
corresponding to, for example, GSM, DCS, Bluetooth
and WLAN, respectively. Graph 804 shows the meas-
ured input reflection factor S11 for a prototype of compact
multiple-band antenna 500.
[0067] In another embodiment, a multiple-band anten-

na for a wireless device includes a ground area, a first
radiating member, a second radiating member, a third
radiating member, a fourth radiating member, a first feed
point, and a second feed point. The first radiating member
can have a first end, an intermediate portion, and a sec-
ond end, and can provide a first resonant frequency,
wherein the first end of the first radiating member can be
electrically connected to the ground area, and the inter-
mediate portion of the first radiating member can be elec-
trically connected to the first feed point. The second ra-
diating member can have a first end and a second end,
and can provide a second resonant frequency, wherein
the first end of the second radiating member can be elec-
trically connected to the second end of the first radiating
member. A third radiating member can have a first end
and a second end, and can provide a third resonant fre-
quency, wherein the first end of the third radiating mem-
ber can be electrically connected to the second end of
the second radiating member. A fourth radiating member
can have a first end, an intermediate portion, and a sec-
ond end, and can provide a fourth resonant frequency,
wherein the first end of the fourth radiating member can
be electrically connected to the second end of the third
radiating member, the intermediate portion of the fourth
radiating member can be electrically connected to the
second feed point, and the second end of the fourth ra-
diating member can be unconnected. The first feed point
is electrically connected to a first conductor of a coaxial
connector, and the second feed point is electrically con-
nected to a second conductor of the coaxial connector.
[0068] It is important to note that persons having ordi-
nary skill in the art would appreciate that this disclosure
is in no way limited to the operating frequency bands or
the resonant frequencies described, or to any specific
interrelationship between the operating frequency bands
or resonant frequencies associated with each member
in the exemplary multiple-band antennas.
[0069] Having shown and described exemplary em-
bodiments, further adaptations of the methods, devices
and systems described herein may be accomplished by
appropriate modifications by one of ordinary skill in the
art without departing from the scope of the present dis-
closure. Several of such potential modifications have
been mentioned, and others will be apparent to those
skilled in the art. For instance, the exemplars, embodi-
ments, and the like discussed above are illustrative and
are not necessarily required. Accordingly, the scope of
the present disclosure should be considered in terms of
the following claims and is understood not to be limited
to the details of structure, operation and function shown
and described in the specification and drawings.
[0070] As set forth above, the described disclosure in-
cludes the aspects set forth below.

Claims

1. A device in a wireless communication system, com-
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prising:

a transmitter (107) for transmitting information
over a plurality of frequency bands;
a receiver (108) for receiving information over a
plurality of frequency bands; and
a multiple-band antenna (300) electrically con-
nected to said transmitter (107) and said receiv-
er (108),
wherein said multiple-band antenna (300) is
comprised of:

a first feed point (304) and a second feed
point (305) between which information from
said transmitter (107) is input to said multi-
ple-band antenna (300) and between which
information received at said multiple-band
antenna (300) is output to said receiver
(108);
said first feed point (304) configured to elec-
trically connect said multiple-band antenna
(300) to said transmitter (107) and said re-
ceiver (108), wherein said multiple-band an-
tenna (300) forms a first antenna type; and
said second feed point (305) configured to
electrically connect said multiple-band an-
tenna (300) to said transmitter (107) and
said receiver (108), wherein said multiple-
band antenna (300) forms a second anten-
na type; characterized in that the device
further comprises a coaxial connector
(303), wherein said first feed point (304) is
electrically connected to a first conductor of
the coaxial connector (303) and said sec-
ond feed point (305) is electrically connect-
ed to a second conductor of said coaxial
connector (303) for transmitting RF signals,
receiving RF signals, or both.

2. The device of claim 1, wherein said first antenna type
is a loop antenna.

3. The device of claim 1, wherein said first antenna type
is a planar inverted-F antenna ("PIFA").

4. The device of claim 1, wherein said first antenna type
is a planar inverted-F antenna ("PIFA") with a rec-
tangular spiral strip.

5. The device of claim 1, wherein said second antenna
type is a monopole.

6. The device of claim 1, wherein said second antenna
type is a planar inverted-F antenna ("PIFA").

7. The device of claim 1, wherein said first antenna type
operates at least a first frequency band, a second
frequency band, and a third frequency band.

8. The device of claim 7, wherein said third frequency
band exceeds said second frequency band, and said
second frequency band exceeds said first frequency
band.

9. The device of claim 1, wherein said second antenna
type operates at least a fourth frequency band.

10. The device of claim 1, wherein said first feed point
(304) and said second feed point (305) are differen-
tially and electrically connected to said transmitter
(107), said receiver (108), or both.

11. A multiple-band antenna for a wireless device, com-
prising:

a ground area (501);
a coaxial connector (503);
a first radiating member (510) having a first end,
an intermediate portion, and a second end and
cooperatively receiving and substantially radiat-
ing RF signals at a first, second, and third res-
onant frequencies, wherein said first end of said
first radiating member (510) is electrically con-
nected to said ground area (501) and said inter-
mediate portion of said first radiating member
(510) is electrically connected to a first feed point
(504);
a second radiating member (511) having a first
end and a second end and cooperatively receiv-
ing and substantially radiating RF signals at said
first, second, and third resonant frequencies,
wherein said first end of said second radiating
member (511) is electrically connected to said
second end of said first radiating member (510);
a third radiating member (512) having a first end
and a second end and cooperatively receiving
and substantially radiating RF signals at said
first, second, and third resonant frequencies,
wherein said first end of said third radiating
member (512) is electrically connected to said
second end of said second radiating member
(511); and
a fourth radiating member (513) having a first
end, an intermediate portion, and a second end
and providing a fourth resonant frequency,
wherein said first end of said fourth radiating
member (513) is electrically connected to said
second end of said third radiating member (512),
said intermediate portion of said fourth radiating
member (513) is electrically connected to a sec-
ond feed point (505);
wherein said first feed point (304) is electrically
connected to a first conductor of the coaxial con-
nector (303) and said second feed point (305)
is electrically connected to a second conductor
of said coaxial connector (303) for transmitting
RF signals, receiving RF signals, or both.
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12. The multiple-band antenna of claim 11, further com-
prising:
a dielectric material (602) set between a portion of
said first radiating member (610) and said second
radiating member (611), third radiating member
(612), fourth radiating member (613), or any combi-
nation thereof, and said ground area (601).

13. The multiple-band antenna of claim 11, wherein said
first feed point (504) and said second feed point (505)
are differentially and electrically connected to said
transmitter (107), said receiver (108), or both.

14. The multiple-band antenna of claim 11, further com-
prising:
a first stub member (520) having a first end and a
second end and used for modifying the frequency
bandwidth, providing further impedance matching,
tuning said second resonant frequency, or any com-
bination thereof for said second radiating member
(511), wherein said first end of said first stub member
(520) is electrically connected to said second end of
said second radiating member (511), and said sec-
ond end of said first stub member (520) is uncon-
nected.

15. The multiple-band antenna of claim 11, further com-
prising:
a second stub member (521) having a first end and
a second end and used for modifying the frequency
bandwidth, providing further impedance matching,
tuning said third resonant frequency, or any combi-
nation thereof for said third radiating member (512),
wherein said first end of said second stub member
(521) is electrically connected to said third radiating
member (512), and said second end of said second
stub member (521) is unconnected.

16. The multiple-band antenna of claim 11, further com-
prising:
a third stub member (522) having a first end and a
second end and used for modifying the frequency
bandwidth, providing further impedance matching,
tuning said fourth resonant frequency, or any com-
bination thereof for said fourth radiating member
(513), wherein said first end of said third stub mem-
ber (522) is electrically connected to said fourth ra-
diating member (513), and said second end of said
third stub member (522) is unconnected.

17. The multiple-band antenna of claim 11, further com-
prising:
a shorting member (506) having a first end and a
second end and used for providing further input im-
pedance matching, wherein said shorting member
(506) is positioned between said first feed point (504)
and said ground area (501) with said first end of said
shorting member (506) electrically connected to said

ground area (501), and said second end of said
shorting member (506) electrically connected to said
first end of said first radiating member (510).

18. The multiple-band antenna of claim 11, further com-
prising:
a first coupling slot (530) for modifying the frequency
bandwidth, providing further impedance matching,
tuning said first resonant frequency, or any combi-
nation thereof of said first radiating member (510),
wherein said first coupling slot (530) is positioned
between said first radiating member (510) and said
ground area (501).

19. The multiple-band antenna of claim 11, wherein said
third radiating member (512) is meandered to reduce
the overall height of said antenna, tune said third
resonant frequency, or both.

20. The multiple-band antenna of claim 11, wherein said
fourth resonant frequency is further adjusted by
changing the location of said second feed point
(505).

Patentansprüche

1. Vorrichtung in einem drahtlosen Kommunikations-
system, die aufweist:

einen Sender (107) zum Senden von Informati-
on über eine Vielzahl von Frequenzbändern;
einen Empfänger (108) zum Empfangen von In-
formation über eine Vielzahl von Frequenzbän-
dern; und
eine Mehrfachbandantenne (300), die elektrisch
mit dem Sender (107) und dem Empfänger (108)
verbunden ist,
wobei die Mehrfachbandantenne (300) auf-
weist:

einen ersten Speisepunkt (304) und einen
zweiten Speisepunkt (305), zwischen de-
nen Information von dem Sender (107) in
die Mehrfachbandantenne (300) eingege-
ben wird und zwischen denen an der Mehr-
fachbandantenne (300) empfangene Infor-
mation an den Empfänger (108) ausgege-
ben wird;
wobei der erste Speisepunkt (304) konfigu-
riert ist zum elektrischen Verbinden der
Mehrfachbandantenne (300) mit dem Sen-
der (107) und dem Empfänger (108), wobei
die Mehrfachbandantenne (300) einen ers-
ten Antennentyp bildet; und
der zweite Speisepunkt (305) konfiguriert ist
zum elektrischen Verbinden der Mehrfach-
bandantenne (300) mit dem Sender (107)
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und dem Empfänger (108), wobei die Mehr-
fachbandantenne (300) einen zweiten An-
tennentyp bildet;

dadurch gekennzeichnet, dass die Vorrich-
tung weiter einen koaxialen Verbinder (303) auf-
weist,
wobei der erste Speisepunkt (304) mit einem
ersten Leiter des koaxialen Verbinders (303)
elektrisch verbunden ist und der zweite Speise-
punkt (305) mit einem zweiten Leiter des koaxi-
alen Verbinders (303) elektrisch verbunden ist
zum Senden von RF-Signalen, Empfangen von
RF-Signalen oder beides.

2. Die Vorrichtung gemäß Anspruch 1, wobei der erste
Antennentyp eine Schleifenantenne ist.

3. Die Vorrichtung gemäß Anspruch 1, wobei der erste
Antennentyp eine planare invertierte-F-Antenne
("PIFA - planar inverted-F antenna") ist.

4. Die Vorrichtung gemäß Anspruch 1, wobei der erste
Antennentyp eine planare invertierte-F-Antenne
("PIFA") mit einem rechteckigen Spiralstreifen ist.

5. Die Vorrichtung gemäß Anspruch 1, wobei der zwei-
te Antennentyp ein Monopol ist.

6. Die Vorrichtung gemäß Anspruch 1, wobei der zwei-
te Antennentyp eine planare invertierte-F-Antenne
("PIFA") ist.

7. Die Vorrichtung gemäß Anspruch 1, wobei der erste
Antennentyp zumindest ein erstes Frequenzband,
ein zweites Frequenzband und ein drittes Frequenz-
band betreibt.

8. Die Vorrichtung gemäß Anspruch 7, wobei das dritte
Frequenzband das zweite Frequenzband übersteigt
und das zweite Frequenzband das erste Frequenz-
band übersteigt.

9. Die Vorrichtung gemäß Anspruch 1, wobei der zwei-
te Antennentyp zumindest ein viertes Frequenzband
betreibt.

10. Die Vorrichtung gemäß Anspruch 1, wobei der erste
Speisepunkt (304) und der zweite Speisepunkt (305)
differentiell und elektrisch mit dem Sender (107),
dem Empfänger (108) oder beiden verbunden sind.

11. Eine Mehrfachbandantenne für eine drahtlose Vor-
richtung, die aufweist:

einen Massebereich (501);
einen koaxialen Verbinder (503);
ein erstes Strahlungselement (510), das ein ers-

tes Ende, einen Zwischenteil und ein zweites
Ende hat und RF-Signale bei einer ersten, zwei-
ten und dritten Resonanzfrequenz kooperativ
empfängt und im Wesentlichen abstrahlt, wobei
das erste Ende des ersten Strahlungselements
(510) mit dem Massebereich (501) elektrisch
verbunden ist und der Zwischenteil des ersten
Strahlungselements (510) mit einem ersten
Speisepunkt (504) elektrisch verbunden ist;
ein zweites Strahlungselement (511), das ein
erstes Ende und ein zweites Ende hat und RF-
Signale bei der ersten, zweiten und dritten Re-
sonanzfrequenz kooperativ empfängt und im
Wesentlichen abstrahlt, wobei das erste Ende
des zweiten Strahlungselements (511) mit dem
zweiten Ende des ersten Strahlungselements
(510) elektrisch verbunden ist;
ein drittes Strahlungselement (512), das ein ers-
tes Ende und ein zweites Ende hat und RF-Si-
gnale bei der ersten, zweiten und dritten Reso-
nanzfrequenz kooperativ empfängt und im We-
sentlichen abstrahlt, wobei das erste Ende des
dritten Strahlungselements (512) mit dem zwei-
ten Ende des zweiten Strahlungselements (511)
elektrisch verbunden ist; und
ein viertes Strahlungselement (513), das ein
erstes Ende, einen Zwischenteil und ein zweites
Ende hat und eine vierte Resonanzfrequenz
vorsieht, wobei das erste Ende des vierten
Strahlungselements (513) mit dem zweiten En-
de des dritten Strahlungselements (512) elek-
trisch verbunden ist, wobei der Zwischenteil des
vierten Strahlungselements (513) mit einem
zweiten Speisepunkt (505) elektrisch verbun-
den ist;
wobei der erste Speisepunkt (304) mit einem
ersten Leiter des koaxialen Verbinders (303)
elektrisch verbunden ist und der zweite Speise-
punkt (305) mit einem zweiten Leiter des koaxi-
alen Verbinders (303) elektrisch verbunden ist
zum Senden von RF-Signalen, Empfangen von
RF-Signalen oder beides.

12. Die Mehrfachbandantenne gemäß Anspruch 11, die
weiter aufweist:
ein dielektrisches Material (602), das zwischen ei-
nem Teil des ersten Strahlungselements (610) und
dem zweiten Strahlungselement (611), dem dritten
Strahlungselement (612), dem vierten Strahlungse-
lement (613) oder eine Kombination davon und dem
Massebereich (601) angeordnet ist.

13. Die Mehrfachbandantenne gemäß Anspruch 11, wo-
bei der erste Speisepunkt (504) und der zweite Spei-
sepunkt (505) differentiell und elektrisch mit dem
Sender (107), dem Empfänger (108) oder beiden
verbunden sind.
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14. Die Mehrfachbandantenne gemäß Anspruch 11, die
weiter aufweist ein erstes Stummelelement (520),
das ein erstes Ende und ein zweites Ende hat und
verwendet wird zum Modifizieren der Frequenz-
bandbreite, Vorsehen einer weiteren Impedanzan-
passung, Abstimmen der zweiten Resonanzfre-
quenz oder einer Kombination daraus für das zweite
Strahlungselement (511), wobei das erste Ende des
ersten Stummelelements (520) mit dem zweiten En-
de des zweiten Strahlungselements (511) elektrisch
verbunden ist und das zweite Ende des ersten Stum-
melelements (520) nicht verbunden ist.

15. Die Mehrfachbandantenne gemäß Anspruch 11, die
weiter aufweist:
ein zweites Stummelelement (521), das ein erstes
Ende und ein zweites Ende hat und verwendet wird
zum Modifizieren der Frequenzbandbreite, Vorse-
hen einer weiteren Impedanzanpassung, Abstim-
men der dritten Resonanzfrequenz oder jeder Kom-
bination daraus für das dritte Strahlungselement
(512), wobei das erste Ende des zweiten Stummel-
elements (521) mit dem dritten Strahlungselement
(512) elektrisch verbunden ist und das zweite Ende
des zweiten Stummelelements (521) nicht verbun-
den ist.

16. Die Mehrfachbandantenne gemäß Anspruch 11, die
weiter aufweist:
ein drittes Stummelelement (522), das ein erstes En-
de und ein zweites Ende hat und verwendet wird
zum Modifizieren der Frequenzbandbreite, Vorse-
hen einer weiteren Impedanzanpassung, Abstim-
men der vierten Resonanzfrequenz oder einer Kom-
bination daraus für das vierte Strahlungselement
(513), wobei das erste Ende des dritten Stummele-
lements (522) mit dem vierten Strahlungselement
(513) elektrisch verbunden ist und das zweite Ende
des dritten Stummelelements (522) nicht verbunden
ist.

17. Die Mehrfachbandantenne gemäß Anspruch 11, die
weiter aufweist:
ein Kurzschlusselement (506), das ein erstes Ende
und ein zweites Ende hat und zum Vorsehen einer
weiteren Eingangsimpedanzanpassung verwendet
wird, wobei das Kurzschlusselement (506) zwischen
dem ersten Speisepunkt (504) und dem Massebe-
reich (501) positioniert ist, wobei das erste Ende des
Kurzschlusselements (506) mit dem Massebereich
(501) elektrisch verbunden ist und das zweite Ende
des Kurzschlusselements (506) mit dem ersten En-
de des ersten Strahlungselements (510) elektrisch
verbunden ist.

18. Die Mehrfachbandantenne gemäß Anspruch 11, die
weiter aufweist:
einen ersten Kopplungsschlitz (530) zum Modifizie-

ren der Frequenzbandbreite, Vorsehen einer weite-
ren Impedanzanpassung, Abstimmen der ersten Re-
sonanzfrequenz oder einer Kombination daraus des
ersten Strahlungselements (510), wobei der erste
Kopplungsschlitz (530) zwischen dem ersten Strah-
lungselement (510) und dem Massebereich (501)
positioniert ist.

19. Die Mehrfachbandantenne gemäß Anspruch 11, wo-
bei das dritte Strahlungselement (512) mäanderför-
mig ist, um die Gesamthöhe der Antenne zu redu-
zieren, die dritte Resonanzfrequenz abzustimmen
oder beides.

20. Die Mehrfachbandantenne gemäß Anspruch 11, wo-
bei die vierte Resonanzfrequenz durch Ändern der
Position des zweiten Speisepunkts (505) weiter an-
gepasst wird.

Revendications

1. Dispositif dans un système de communication sans
fil, comprenant :

un émetteur (107) pour émettre une information
sur une pluralité de bandes de fréquence ;
un récepteur (108) pour recevoir une informa-
tion sur une pluralité de bandes de fréquence ; et
une antenne à bandes multiples (300) électri-
quement connectée audit émetteur (107) et
audit récepteur (108),
dans lequel ladite antenne à bandes multiples
(300) est constituée par :

un premier point d’alimentation (304) et un
deuxième point d’alimentation (305) entre
lesquels une information venant dudit émet-
teur (107) est entrée sur ladite antenne à
bandes multiples (300), et entre lesquels
une information reçue sur ladite antenne à
bandes multiples (300) est délivrée en sor-
tie audit récepteur (108) ;
ledit premier point d’alimentation (304)
étant configuré pour connecter électrique-
ment ladite antenne à bandes multiples
(300) audit émetteur (107) et audit récep-
teur (108), ladite antenne à bandes multi-
ples (300) formant un premier type
d’antenne ; et
ledit deuxième point d’alimentation (305)
étant configuré pour connecter électrique-
ment ladite antenne à bandes multiples
(300) audit émetteur (107) et audit récep-
teur (108), ladite antenne à bandes multi-
ples (300) formant un deuxième type
d’antenne ;
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le dispositif étant caractérisé en ce qu’il com-
prend de plus un connecteur coaxial (303),
dans lequel ledit premier point d’alimentation
(304) est électriquement connecté à un premier
conducteur du connecteur coaxial (303) et ledit
deuxième point d’alimentation (305) est électri-
quement connecté à un deuxième conducteur
dudit connecteur coaxial (303) de façon à émet-
tre des signaux RF, à recevoir des signaux RF,
ou les deux.

2. Dispositif selon la revendication 1, dans lequel ledit
premier type d’antenne est une antenne-cadre.

3. Dispositif selon la revendication 1, dans lequel ledit
premier type d’antenne est une antenne en F inversé
plane ("PIFA").

4. Dispositif selon la revendication 1, dans lequel ledit
premier type d’antenne est une antenne en F inversé
plane ("PIFA") avec une bande en spirale rectangu-
laire.

5. Dispositif selon la revendication 1, dans lequel ledit
deuxième type d’antenne est une antenne unipolai-
re.

6. Dispositif selon la revendication 1, dans lequel ledit
deuxième type d’antenne est une antenne en F in-
versé plane ("PIFA").

7. Dispositif selon la revendication 1, dans lequel ledit
premier type d’antenne fonctionne au moins à une
première bande de fréquence, à une deuxième ban-
de de fréquence et à une troisième bande de fré-
quence.

8. Dispositif selon la revendication 7, dans lequel ladite
troisième bande de fréquence dépasse ladite
deuxième bande de fréquence, et ladite deuxième
bande de fréquence dépasse ladite première bande
de fréquence.

9. Dispositif selon la revendication 1, dans lequel ledit
deuxième type d’antenne fonctionne au moins à une
quatrième bande de fréquence.

10. Dispositif selon la revendication 1, dans lequel ledit
premier point d’alimentation (304) et ledit deuxième
point d’alimentation (305) sont connectés électrique-
ment et de façon différentielle audit émetteur (107),
audit récepteur (108), ou au deux.

11. Antenne à bandes multiples pour un dispositif sans
fil, comprenant :

une zone de masse (501) ;
un connecteur coaxial (503) ;

un premier élément rayonnant (510) comportant
une première extrémité, une partie intermédiaire
et une deuxième extrémité, et recevant en coo-
pération et rayonnant sensiblement des signaux
RF à des première, deuxième et troisième fré-
quences de résonance, ladite première extrémi-
té dudit premier élément rayonnant (510) étant
électriquement connectée à ladite zone de mas-
se (501) et ladite partie intermédiaire dudit pre-
mier élément rayonnant (510) étant électrique-
ment connectée à un premier point d’alimenta-
tion (504) ;
un deuxième élément rayonnant (511) compor-
tant une première extrémité et une deuxième
extrémité, et recevant en coopération et rayon-
nant sensiblement des signaux RF auxdites pre-
mière, deuxième et troisième fréquences de ré-
sonance, ladite première extrémité dudit deuxiè-
me élément rayonnant (511) étant électrique-
ment connectée à ladite deuxième extrémité du-
dit premier élément rayonnant (510) ;
un troisième élément rayonnant (512) compor-
tant une première extrémité et une deuxième
extrémité, et recevant en coopération et rayon-
nant sensiblement des signaux RF auxdites pre-
mière, deuxième et troisième fréquences de ré-
sonance, ladite première extrémité dudit troisiè-
me élément rayonnant (512) étant électrique-
ment connectée à ladite deuxième extrémité du-
dit deuxième élément rayonnant (511) ; et
un quatrième élément rayonnant (513) compor-
tant une première extrémité, une partie intermé-
diaire et une deuxième extrémité, et délivrant
une quatrième fréquence de résonance, ladite
première extrémité dudit quatrième élément
rayonnant (513) étant électriquement connec-
tée à ladite deuxième extrémité dudit troisième
élément rayonnant (512), ladite partie intermé-
diaire dudit quatrième élément rayonnant (513)
étant électriquement connectée à un deuxième
point d’alimentation (505) ;
dans laquelle ledit premier point d’alimentation
(304) est électriquement connecté à un premier
conducteur du connecteur coaxial (303) et ledit
deuxième point d’alimentation (305) est électri-
quement connecté à un deuxième conducteur
dudit connecteur coaxial (303) de façon à émet-
tre des signaux RF, à recevoir des signaux RF,
ou les deux.

12. Antenne à bandes multiples selon la revendication
11, comprenant de plus :
un matériau diélectrique (602) disposé entre une
partie dudit premier élément rayonnant (610) et ledit
deuxième élément rayonnant (611), troisième élé-
ment rayonnant (612), quatrième élément rayonnant
(613), ou n’importe quelle combinaison de ceux-ci,
et ladite zone de masse (601) .
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13. Antenne à bandes multiples selon la revendication
11, dans laquelle ledit premier point d’alimentation
(504) et ledit deuxième point d’alimentation (505)
sont connectés électriquement et de façon différen-
tielle audit émetteur (107), audit récepteur (108), ou
aux deux.

14. Antenne à bandes multiples selon la revendication
11, comprenant de plus :
un premier élément de tronçon (520) comportant une
première extrémité et une deuxième extrémité, et
utilisé pour modifier la largeur de bande de fréquen-
ce, produire une plus grande adaptation d’impédan-
ce, accorder ladite deuxième fréquence de résonan-
ce, ou l’une quelconque de leurs combinaisons, pour
ledit deuxième élément rayonnant (511), ladite pre-
mière extrémité dudit premier élément de tronçon
(520) étant électriquement connectée à ladite
deuxième extrémité dudit deuxième élément rayon-
nant (511), et ladite deuxième extrémité dudit pre-
mier élément de tronçon (520) étant non connectée.

15. Antenne à bandes multiples selon la revendication
11, comprenant de plus :
un deuxième élément de tronçon (521) comportant
une première extrémité et une deuxième extrémité,
et utilisé pour modifier la largeur de bande de fré-
quence, produire une plus grande adaptation d’im-
pédance, accorder ladite troisième fréquence de ré-
sonance, ou l’une quelconque de leurs combinai-
sons, pour ledit troisième élément rayonnant (512),
ladite première extrémité dudit deuxième élément
de tronçon (521) étant électriquement connectée
audit troisième élément rayonnant (512), et ladite
deuxième extrémité dudit deuxième élément de tron-
çon (521) étant non connectée.

16. Antenne à bandes multiples selon la revendication
11, comprenant de plus :
un troisième élément de tronçon (522) comportant
une première extrémité et une deuxième extrémité,
et utilisé pour modifier la largeur de bande de fré-
quence, produire une plus grande adaptation d’im-
pédance, accorder ladite quatrième fréquence de ré-
sonance, ou l’une quelconque de leurs combinai-
sons, pour ledit quatrième élément rayonnant (513),
ladite première extrémité dudit troisième élément de
tronçon (522) étant électriquement connectée audit
quatrième élément rayonnant (513), et ladite deuxiè-
me extrémité dudit troisième élément de tronçon
(522) étant non connectée.

17. Antenne à bandes multiples selon la revendication
11, comprenant de plus :
un élément de court-circuit (506) comportant une
première extrémité et une deuxième extrémité, et
utilisé pour produire une plus grande adaptation
d’impédance, ledit élément de court-circuit (506)

étant positionné entre ledit premier point d’alimen-
tation (504) et ladite zone de masse (501) avec ladite
première extrémité dudit élément de court-circuit
(506) électriquement connectée à ladite zone de
masse (501), et ladite deuxième extrémité dudit élé-
ment de court-circuit (506) électriquement connec-
tée à ladite première extrémité dudit premier élément
rayonnant (510).

18. Antenne à bandes multiples selon la revendication
11, comprenant de plus :
une première encoche de couplage (530) pour mo-
difier la largeur de bande de fréquence, produire une
plus grande adaptation d’impédance, accorder ladite
première fréquence de résonance, ou l’une quelcon-
que de leurs combinaisons, dudit premier élément
rayonnant (510), ladite première encoche de cou-
plage (530) étant positionnée entre ledit premier élé-
ment rayonnant (510) et ladite zone de masse (501) .

19. Antenne à bandes multiples selon la revendication
11, dans laquelle ledit troisième élément rayonnant
(512) est en méandres, de façon à réduire le poids
total de ladite antenne, à accorder ladite troisième
fréquence de résonance, ou les deux.

20. Antenne à bandes multiples selon la revendication
11, dans laquelle ladite quatrième fréquence de ré-
sonance est encore davantage ajustée par le chan-
gement de l’emplacement dudit deuxième point d’ali-
mentation (505).
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