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(54)

(67) A mobile wireless communications device (10)
includes a wireless transceiver (18), and a reconfigurable
antenna (11) coupled to the wireless transceiver. The
reconfigurable antenna has a dielectric substrate (22),
with a plurality of electrical conductors on the dielectric
substrate laterally adjacent a ground plane (16) and ar-
ranged in a series of spaced apart antenna loops (14a,
14b, 14c) with each successive outer antenna loop sur-

Mobile device having reconfigurable antenna and associated methods

rounding an adjacent inner loop, each antenna loop hav-
ing a pair of endpoints (23a, 23b, 23c, 25a, 25b, 25¢). A
plurality of switches (22a, 22b, 22c, 24a, 24b, 24c) are
associated with respective endpoints of the antenna
loops. A processor (20) is adapted to reconfigure the
reconfigurable antenna and couple the wireless trans-
ceiver thereto via the plurality of switches.The reconfig-
urability of the reconfigurable antenna (11) provides fre-
quency, pattern, and polarization reconfigurability.
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Description
Technical Field

[0001] The presentdisclosure related to the field of mo-
bile wireless communications devices, and, more partic-
ularly, to mobile wireless communications devices with
reconfigurable antennas.

Background

[0002] Wireless communicationtechnology, which has
become a fundamental part of modern communications
infrastructures, is evolving at an ever growing pace in
order to meet the demanding performance characteris-
tics of new mobile wireless communication devices. The
continued increase in demand for various wireless serv-
ices such as voice, data, and multimedia is also fueling
the desire for higher data rates. Given that the wireless
bandwidth can be expensive, technologies that improve
spectrum efficiency in wireless systems are becoming
desirable.

[0003] Multiple-input multiple-output (MIMO) systems
can multiply data throughput, with increases also in range
and reliability, without consuming extra bandwidth, there-
by resulting in an improved spectral efficiency. To take
fulladvantage of the benefits of MIMO systems, however,
a design that is able to respond to the wireless channel
is useful. The goal is to maximize the resources available
in multiple antenna channels by using optimal schemes
at all possible times.

[0004] In atypical adaptive MIMO system, some of the
adjustable parameters are the modulation level, coding
rate, and the transmission signaling schemes such. The
performance of such an adaptive system can be superior
compared to that of a non-adaptive one. However, when
an inter-disciplinary analysis is performed on the interre-
lationships of transmission signaling schemes, antenna
properties and propagation conditions, it becomes ap-
parent that there is an additional room for further exploi-
tation of gains of the MIMO systems. In current adaptive
MIMO systems the antenna properties are fixed by the
initial design and cannot be changed. It is therefore de-
sirable to introduce an additional degree of freedom by
to adaptive MIMO systems treating the antenna element
properties as an additional component in the joint opti-
mization of the adaptive system parameters. Therefore,
the design of reconfigurable antennas for MIMO systems
is desirable.

[0005] One use for reconfigurable antennas is in cog-
nitive radio systems. Cognitive radio is a system in which
either a network or a wireless node changes its trans-
mission or reception parameters to communicate effi-
ciently while avoiding interference with other users. This
alteration of parameters is based on the active monitoring
of several factors in the external and internal radio envi-
ronment, such as radio frequency spectrum, user behav-
ior and network state. Since the the operating frequency
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of the a mobile wireless communications device changes
frequently in cognitive radio based on detected empty
spectrum, adaptive and reconfigurable antennas for
these systems that are able to change their resonance
frequency dynamically are desirable.

Brief Description of the Drawings

[0006] For a better understanding of the various em-
bodiments described herein and to show more clearly
how they may be carried into effect, reference will now
be made, by way of example only, to the accompanying
drawings which show example embodiment and in which:
[0007] FIG. 1is schematic block diagram of an exam-
ple embodiment of a mobile wireless communications
device in accordance with the present disclosure.
[0008] FIG. 2is a schematic block diagram of another
example embodiment of a mobile wireless communica-
tions device in accordance with the present disclosure.
[0009] FIG. 3 is a schematic block diagram of a further
embodiment of a mobile wireless communications device
in accordance with the present disclosure.

[0010] FIG. 4 is a flowchart of a method of making a
mobile wireless communications device in accordance
with the present disclosure.

[0011] FIG. 5 shows S-parameter plots of each anten-
na loop, in turn, radiating while being coupled between
the wireless transceiver and ground.

[0012] FIG. 6 shows an S-parameter plot of the first
antenna loop radiating while being coupled between the
wireless transceiver and ground, and also while operat-
ing as a monopole antenna.

[0013] FIG. 7 shows an S-parameter plot of the second
antenna loop radiating while being coupled between the
wireless transceiver and ground, and also while operat-
ing as a monopole antenna.

[0014] FIG. 8 shows an S-parameter plot of the first
antenna loop radiating while being coupled between the
wireless transceiver and ground, and also while operat-
ing as a monopole antenna.

[0015] FIG. 9 shows an S-parameter plot of the recon-
figurable antenna radiating when all antenna loops are
coupled between the wireless transceiver and ground.
[0016] FIG. 10 shows a three dimensional radiation
pattern of the first antenna loop of the reconfigurable an-
tenna radiating while coupled to the wireless transceiver
and ground.

[0017] FIG. 11 shows a three dimensional radiation
pattern of the first antenna loop of the reconfigurable an-
tenna radiating while coupled to the wireless transceiver
and operating as a monopole antenna.

[0018] FIG. 12 shows a two dimensional radiation pat-
tern of the first antenna loop of the reconfigurable anten-
nain the XY plane radiating while coupled to the wireless
transceiver and operating as a monopole antenna.
[0019] FIG. 13 shows a two dimensional radiation pat-
tern of the first antenna loop of the reconfigurable anten-
na in the XZ plane radiating while coupled to the wireless
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transceiver and operating as a monopole antenna.
[0020] FIG. 14 shows a two dimensional radiation pat-
tern of the first antenna loop of the reconfigurable anten-
nain the YZ plane radiating while coupled to the wireless
transceiver and operating as a monopole antenna.
[0021] FIG. 15 shows an S-parameter plot of the first
antenna loop of the reconfigurable antenna of Figure 3
alone, and the first and second antenna loops both cou-
pled to the wireless transceiver and the ground plane.
[0022] FIG. 16 shows a three dimensional radiation
pattern of the antenna structure of Figure 3, while the
first and second antenna loops are coupled to the wire-
less transceiver and the ground plane.

[0023] FIG. 17 is a schematic block diagram illustrating
example components of a mobile wireless communica-
tions device that may include the reconfigurable antenna
in FIGS. 1-3.

Detailed Description

[0024] It will be appreciated that for simplicity and clar-
ity of illustration, where considered appropriate, refer-
ence numerals may be repeated among the figures to
indicate corresponding or analogous elements. In addi-
tion, numerous specific details are set forth in order to
provide a thorough understanding of the embodiments
described herein. However, it will be understood by those
of ordinary skill in the art that the embodiments described
herein may be practiced without these specific details.
In other instances, well-known methods, procedures and
components have not been described in detail so as not
to obscure the embodiments described herein. Also, the
description is not to be considered as limiting the scope
of the embodiments described herein.

[0025] Generally speaking, a mobile wireless commu-
nications device may include a wireless transceiver, and
a reconfigurable antenna coupled to the wireless trans-
ceiver. The reconfigurable antenna may include a die-
lectric substrate. The reconfigurable antenna may further
comprise a plurality of electrical conductors on the die-
lectric substrate arranged in a nested series of spaced
apart antenna loops with each successive outer antenna
loop surrounding an adjacent inner loop, and each an-
tenna loop having a pair of endpoints. A plurality of
switches may be associated with respective endpoints
of the antenna loops. In addition, a processor may be
adapted to reconfigure the reconfigurable antenna and
couple the wireless transceiver thereto via the plurality
of switches. This system advantageously allows recon-
figuring of the antenna so as to provide optimal perform-
ance in a variety of operating conditions. The perform-
ance is evaluated by parametersincluding, but notlimited
to operating frequency, specific absorption rate, gain, ef-
ficiency, and bandwidth.

[0026] The reconfigurable antenna may also include
an electrically conductive layer on the dielectric substrate
defining a ground plane. In this embodiment, the plurality
of electrical conductors may be laterally adjacent the
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ground plane. The processor may be adapted to recon-
figure the reconfigurable antenna by causing the plurality
of switches to couple at least one of the antenna loops
to the wireless transceiver and not to the ground plane.
[0027] Additionally or alternatively, the mobile wireless
communications device may have a printed circuit board
having an electrically conductive layer thereon defining
a ground plane. In this embodiment, the processor may
be adapted to reconfigure the reconfigurable antenna
and couple the wireless transceiver and the ground plane
thereto via the plurality of switches. The processor may
be adapted to reconfigure the reconfigurable antenna by
causing the plurality of switches to couple at least one of
the antenna loops to the wireless transceiver and not to
the ground plane.

[0028] The plurality of switches may include a respec-
tive feed switch coupled to a respective feed endpoint of
each antenna loop. Additionally or alternatively, the plu-
rality of switches may include a respective ground switch
coupled to a respective ground endpoint of each antenna
loop.

[0029] The processor may be adapted to reconfigure
the reconfigurable antenna by coupling at least two an-
tenna loops to each other and to the wireless transceiver.
The processor may also be adapted to reconfigure the
reconfigurable antenna by causing the plurality of switch-
es to couple a selected one of the antenna loops to the
wireless transceiver, while disconnecting or decoupling
the other antenna loops from the transceiver.

[0030] The antennaloops may be equally spaced apart
from each other. In addition, the antennaloops may share
a common axis. Furthermore, each of the antenna loops
may have a rectangular shape. Moreover, the antenna
loops may be at least three in number. Each successive
outer antenna loop may have a greater length than an
adjacent inner loop. At least one of the antenna loops
may have a rectangular shape with at least one electri-
cally conductive path extending between a pair of trans-
verse sides thereof.

[0031] Amethod aspectis directed to a method of mak-
ing a mobile wireless communications device with a
reconfigurable antenna. The method may include form-
ing the reconfigurable antenna by forming a plurality of
electrical conductors on a dielectric substrate and ar-
ranged in a nested series of spaced apart antenna loops
with each successive outer antenna loop surrounding an
adjacent inner loop, each antenna loop having a pair of
endpoints, for example a feed endpoint and a ground
endpoint. A plurality of switches may be associated with
respective endpoints of the antenna loops. The method
may further include adapting a processor to reconfigure
the reconfigurable antenna and to couple a wireless
transceiver thereto via the plurality of switches.

[0032] Withinitial reference to FIG. 1,amobile wireless
communications device 10 is now described. The mobile
wireless communications device 10 includes a wireless
transceiver 18 and a processor 20 coupled thereto. A
reconfigurable antenna 11 is coupled to the wireless
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transceiver 18 and processor 20. The reconfigurable an-
tenna 11 includes a dielectric substrate 12 with an elec-
trically conductive ground patch formed thereon to define
aground plane 16. A plurality of electrical conductors are
on the dielectric substrate laterally adjacent the ground
plane 16, and are and arranged in a series of spaced
apart antennaloops 14a, 14b, 14c, with each successive
outer antenna loop surrounding an adjacent inner loop.
[0033] Those of skill in the art will appreciate that the
electrical conductors need not be on the dielectric sub-
strate laterally adjacent the ground plane 16. For exam-
ple, as shown in FIG. 2, the reconfigurable antenna 11’
may be on a dielectric substrate, and the ground plane
16’, wireless transceiver 18’, and processor 20’ may be
on a separate printed circuit board 13’.

[0034] Referring againto FIG. 1, a plurality of switches
22a, 24a, 22b, 24b, 22c, 24c are associated with respec-
tive endpoints 23a, 23b, 23c, 25a, 25b, 25c of the an-
tenna loops 14a, 14b, 14c. The processor 20 is adapted
to reconfigure the reconfigurable antenna 11 and to cou-
ple the wireless transceiver 18 thereto via the switches
22a, 24a, 22b, 24b, 22c, 24c.

[0035] The switches include a respective feed switch
24a, 24b, 24c coupled to arespective endpoint 25a, 25b,
25c of each antenna loop 14a, 14b, 14c. The feed switch-
es 24a, 24b, 24c selectively couple their respective an-
tennaloops 14a, 14b, 14c to the wireless transceiver 18.
[0036] The switches also include a respective ground
switch 22a, 22b, 22c coupled to a respective endpoint
23a, 23b, 23c of each antenna loop 14a, 14b, 14c. The
ground switches 22a, 22b, 22c selectively couple their
respective antenna loops 14a, 14b, 14c to the ground
plane 16.

[0037] The processor 20 may reconfigure the recon-
figurable antenna 11 to match operating conditions and
a system operating frequency, by operating the proper
switches to couple a selected one of the antenna loops
to the wireless transceiver 18 and the ground plane 16.
Each antenna loop 14a, 14b, 14c, when coupled to the
wireless transceiver 18 and the ground plane 16, with
the other antenna loops disconnected, resonates at its
resonance frequencies, which include a one wavelength
mode. The processor 20, based upon the system oper-
ating frequency, can select the antenna loop 14a, 14b,
14c that has a resonance frequency that matches the
system operating frequency, thereby delivering robust
performance. An S-parameter plot of each antenna loop
14a, 14b, 14c radiating while coupled between the wire-
less transceiver 18 and the ground plane 16, is shown in
FIG. 5 (in FIG. 5, the first loop, second loop and third loop
correspond to antenna loop 14c, 14b and 14a, respec-
tively.) A three dimensional radiation pattern of the an-
tennaloop 14c radiating while coupled between the wire-
less transceiver 18 and the ground plane 16 is shown in
FIG. 10.

[0038] Additionally, in some application, the processor
20 may also reconfigure the reconfigurable antenna 11
by coupling or connecting at least two of the antenna
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loops 14a, 14b, 14c to each other, either in series or in
parallel. FIG. 9 shows an S-parameter plot of each an-
tenna loop 14a, 14b, 14c radiating, while their switches
22a, 22b, 22c, 24a, 24b, 24c are closed and the loops
are connected to each other, with their respective feed
endpoints 25a, 25b, 25¢ coupled to the wireless trans-
ceiver 18, and their respective ground endpoints 23a,
23b, 23c coupled to the ground plane 16.

[0039] Furthermore, in some applications, the proces-
sor 20 may reconfigure the reconfigurable antenna 11
by coupling at least one of the antenna loops 14a, 14b,
14c to the wireless transceiver 18, and decoupling the
at least one antenna loop from the ground plane 16,
thereby causing the reconfigurable antenna 11 to act as
a monopole antenna. This is particularly advantageous
because it enables reconfiguration of the reconfigurable
antenna 11 as either a loop antenna or a monopole an-
tenna, each having different features and characteristics.
[0040] FIGS. 4-6 show S-parameter plots of the first
antenna loop 14c, second antenna loop 14b, and third
antenna loop 14a, respectively, radiating while coupled
between to wireless transceiver 18 and while acting as
amonopole antenna. FIG. 11 shows a three dimensional
radiation pattern of the first antenna loop 14c radiating
while coupled to the wireless transceiver 18, acting as a
monopole antenna. FIG. 12, FIG. 13, and FIG. 13 show
two dimension radiation patterns of the first antenna loop
14c radiating while coupled to the wireless transceiver
18, acting as a monopole antenna, in the XY, XZ, and
YZ planes, respectively.

[0041] The antenna loops 14a, 14b, 14c are illustra-
tively equally spaced apart from each other, although it
should be appreciated that they need not be equally
spaced apart from each other. For example, none of the
antenna loops 14a, 14b, 14c may be equally spaced
apart from each other, or some but not all of the antenna
loops may be equally spaced apart from each other.
[0042] The antenna loops 14a, 14b, 14c illustratively
share a common axis, but it should be recognized that
they need not share a common axis. Indeed, none of the
antenna loops 14a, 14b, 14c may share a common axis,
or some but not all of the antenna loops may share a
common axis.

[0043] Each of the antenna loops 14a, 14b, 14c illus-
tratively has a rectangular shape. Those of skill in the art
will recognize, though, that the antenna loops 14a, 14b,
14c need not have a rectangular shape, and each of the
antenna loops may have different shapes, such as spi-
rals, curves, and meanders. Each antennaloop 14a, 14b,
14c need not have a same shape, and, indeed, each
antenna loop may have a separate and distinct shape
from each other antenna loop in some applications.
[0044] Each successive outer antenna loop 14b, 14c
illustratively has a greater length than an adjacent inner
loop 14a, 14b. It should be appreciated that all outer an-
tenna loops 14b, 14c need not have greater lengths than
their adjacent inner loops 14a, 14b in all embodiments,
and that in some embodiments, some inner loops may
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actually have greater lengths than their adjacent outer
loops.

[0045] Three antennaloops 14a, 14b, 14c are illustra-
tively shown, but it should be appreciated that there may
be as few as two antenna loops, and that there is no
upper limit on the number of antenna loops that may be
on the dielectric substrate 12.

[0046] The dielectric substrate 12 may have a length
of 100mm, a width of 4mm, and a permittivity of 2.2. The
ground plane 16 may have alength of 80mm, and a width
of 40mm. The innermost antenna loop 14a may have a
total length of 64mm, the middle antenna loop 14b may
have a total length of 80mm, and the outer antenna loop
14c may have a total length of 106mm. It should be ap-
preciated that these measurements are merely illustra-
tive, and are in no way intended to be limiting. Thus, the
dielectric substrate 12, ground plane 16, and antenna
loops 14a, 14b, 14c may have a variety of different suit-
able dimensions.

[0047] In some situations, the antenna loops may be
rectangular but have angled shoulders. Such an embod-
iment is shown in FIG. 3. Here, there are two antenna
loops 14a", 14b". The antenna loop 14a" is rectangular
in shape, with the ends being thicker than the sides. The
antenna loop 14b" is rectangular, but with conductive
patches or shoulders extending between transverse
sides. FIG. 15 shows an S-parameter plot of the antenna
loop 14a" alone coupled between the wireless transceiv-
er 18" and the ground plane 16" (dashed line) versus
the antenna loops 14a", 14b" both coupled between the
wireless transceiver 18" and the ground plane 16". A
three dimensional antenna radiation pattern of the an-
tenna loops 14a", 14b™ both coupled between the wire-
less transceiver 18" and the ground plane 16" is shown
in FIG. 16.

[0048] Referring again to FIG. 1, this design contains
a variety of advantageous features. The use of loop an-
tennas 14a, 14b, 14c helps to reduce the specific ab-
sorption rate (SAR) of the mobile wireless communica-
tions device 10 in use. The size and shape of these an-
tenna loops 14a, 14b, 14c can be selected based upon
the desired frequencies of operation of the mobile wire-
less communications device 10, such that they resonate
as desired.

[0049] In addition, the reconfigurability of the reconfig-
urable antenna 11 provides frequency, pattern, and po-
larization reconfigurability. The resonance frequency of
the reconfigurable antenna 11 can therefore be tuned by
reconfiguration via the processor 20.

[0050] Withreference to flowchart 30 of FIG. 4, a meth-
od of making the mobile wireless communications device
is now described. After the start (Block 32), a reconfig-
urable antennais formed. Forming the reconfigurable an-
tenna also includes forming a plurality of electrical con-
ductors on a dielectric substrate arranged in a series of
spaced apart antenna loops with each successive outer
antenna loop surrounding an adjacent inner loop, each
antenna loop having a pair of endpoints (Block 346).
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Forming the reconfigurable antenna further includes as-
sociating a plurality of switches with respective endpoints
of the antenna loops (Block 38). Then, a processor is
adapted to reconfigure the reconfigurable antenna and
to couple a wireless transceiver thereto via the plurality
of switches, at Block 40. Block 42 indicates the end of
the method.

[0051] Example components of a mobile wireless com-
munications device 1000 that may be used in accordance
with the above-described embodiments are further de-
scribed below with reference to FIG. 17. The device 1000
illustratively includes a housing 1200, a keyboard or key-
pad 1400 and an output device 1600. The output device
shownis a display 1600, which may comprise a full graph-
ic LCD. Other types of output devices may alternatively
be utilized. A processing device 1800 is contained within
the housing 1200 and is coupled between the keypad
1400 and the display 1600. The processing device 1800
controls the operation of the display 1600, as well as the
overall operation of the mobile device 1000, in response
to actuation of keys on the keypad 1400.

[0052] The housing 1200 may be elongated vertically,
or may take on other sizes and shapes (including clam-
shell housing structures). The keypad may include a
mode selection key, or other hardware or software for
switching between text entry and telephony entry.
[0053] In addition to the processing device 1800, other
parts of the mobile device 1000 are shown schematically
in FIG. 17. These include a communications subsystem
1001; a short-range communications subsystem 1020;
the keypad 1400 and the display 1600, along with other
input/output devices 1060, 1080, 1100 and 1120; as well
as memory devices 1160, 1180 and various other device
subsystems 1201. The mobile device 1000 may com-
prise a two-way RF communications device having data
and, optionally, voice communications capabilities. In ad-
dition, the mobile device 1000 may have the capability
to communicate with other computer systems via the In-
ternet.

[0054] Operating system software executed by the
processing device 1800 is stored in a persistent store,
such as the flash memory 1160, but may be stored in
other types of memory devices, such as aread only mem-
ory (ROM) or similar storage element. In addition, system
software, specific device applications, or parts thereof,
may be temporarily loaded into a volatile store, such as
the random access memory (RAM) 1180. Communica-
tions signals received by the mobile device may also be
stored in the RAM 1180.

[0055] The processing device 1800, in addition to its
operating system functions, enables execution of soft-
ware applications 1300A-1300N on the device 1000. A
predetermined set of applications that control basic de-
vice operations, such as data and voice communications
1300A and 1300B, may be installed on the device 1000
during manufacture. In addition, a personal information
manager (PIM) application may be installed during man-
ufacture. The PIM may be capable of organizing and
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managing data items, such as e-mail, calendar events,
voice mails, appointments, and task items. The PIM ap-
plication may also be capable of sending and receiving
data items via a wireless network 1401. The PIM data
items may be seamlessly integrated, synchronized and
updated via the wireless network 1401 with correspond-
ing data items stored or associated with a host computer
system.

[0056] Communication functions, including data and
voice communications, are performed through the com-
munications subsystem 1001, and possibly through the
short-range communications subsystem. The communi-
cations subsystem 1001 includes a receiver 1500, a
transmitter 1520, and one or more antennas 1540 and
1560. In addition, the communications subsystem 1001
also includes a processing module, such as a digital sig-
nal processor (DSP) 1580, and local oscillators (LOs)
1601. The specific design and implementation of the
communications subsystem 1001 is dependent upon the
communications network in which the mobile device
1000 is intended to operate. For example, a mobile de-
vice 1000 may include a communications subsystem
1001 designed to operate with the Mobitex™, Data
TAC™ or General Packet Radio Service (GPRS) mobile
data communications networks, and also designed to op-
erate with any of a variety of voice communications net-
works, such as AMPS, TDMA, CDMA, WCDMA, PCS,
GSM, EDGE, etc. Other types of data and voice net-
works, both separate and integrated, may also be utilized
with the mobile device 1000. The mobile device 1000
may also be compliant with other communications stand-
ards such as 3GSM, 3GPP, UMTS, 4G, etc.

[0057] Network access requirements vary depending
upon the type of communication system. For example,
in the Mobitex and DataTAC networks, mobile devices
are registered on the network using a unique personal
identification number or PIN associated with each device.
In GPRS networks, however, network access is associ-
ated with a subscriber or user of adevice. A GPRS device
therefore typically involves use of a subscriber identity
module, commonly referred to as a SIM card, in order to
operate on a GPRS network.

[0058] When required network registration or activa-
tion procedures have been completed, the mobile device
1000 may send and receive communications signals over
the communication network 1401. Signals received from
the communications network 1401 by the antenna 1540
are routed to the receiver 1500, which provides for signal
amplification, frequency down conversion, filtering, chan-
nel selection, etc., and may also provide analog to digital
conversion. Analog-to-digital conversion of the received
signal allows the DSP 1580 to perform more complex
communications functions, such as demodulation and
decoding. In a similar manner, signals to be transmitted
to the network 1401 are processed (e.g. modulated and
encoded) by the DSP 1580 and are then provided to the
transmitter 1520 for digital to analog conversion, frequen-
cy up conversion, filtering, amplification and transmission
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to the communication network 1401 (or networks) via the
antenna 1560.

[0059] In addition to processing communications sig-
nals, the DSP 1580 provides for control of the receiver
1500 and the transmitter 1520. For example, gains ap-
plied to communications signals in the receiver 1500 and
transmitter 1520 may be adaptively controlled through
automatic gain control algorithms implemented in the
DSP 1580.

[0060] Inadatacommunications mode, areceived sig-
nal, such as a text message or web page download, is
processed by the communications subsystem 1001 and
is input to the processing device 1800. The received sig-
nal is then further processed by the processing device
1800 for an output to the display 1600, or alternatively to
some other auxiliary 1/0 device 1060. A device may also
be used to compose data items, such as e-mail messag-
es, using the keypad 1400 and/or some other auxiliary
1/0 device 1060, such as a touchpad, a rocker switch, a
thumb-wheel, or some other type of input device. The
composed data items may then be transmitted over the
communications network 1401 via the communications
subsystem 1001.

[0061] In avoice communications mode, overall oper-
ation of the device is substantially similar to the data com-
munications mode, except that received signals are out-
put to a speaker 1100, and signals for transmission are
generated by a microphone 1120. Alternative voice or
audio /0 subsystems, such as a voice message record-
ing subsystem, may also be implemented on the device
1000. In addition, the display 1600 may also be utilized
in voice communications mode, for example to display
the identity of a calling party, the duration of a voice call,
or other voice call related information.

[0062] Many modifications and other embodiments of
the invention will come to the mind of one skilled in the
art having the benefit of the teachings presented in the
foregoing descriptions and the associated drawings.
Therefore, it is understood that the invention is not to be
limited to the specific embodiments disclosed, and that
modifications and embodiments are intended to be in-
cluded within the scope of the appended claims.

Claims

1. A mobile wireless communications device (10) com-
prising:

a wireless transceiver (18);

a reconfigurable antenna (11) coupled to said
wireless transceiver and comprising

a dielectric substrate (12),

a plurality of electrical conductors (14a, 14b,
14c) on said dielectric substrate and arranged
in a series of spaced apart antenna loops with
each successive outer antenna loop surround-
ing an adjacent inner loop, each antenna loop
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having a pair of endpoints (23a, 23b, 23c, 253,
25b, 25c¢), and

a plurality of switches (22a, 22b, 22c¢, 24a, 24b,
24c) associated with respective endpoints of
said antenna loops; and

a processor (20) adapted to reconfigure said
reconfigurable antenna and couple said wire-
less transceiver thereto via said plurality of
switches.

The mobile wireless communications device (10) of
Claim 1, wherein said reconfigurable antenna (11)
further comprises an electrically conductive layer on
said dielectric substrate (12) defining a ground plane
(16); and wherein said plurality of electrical conduc-
tors (14s, 14b, 14c) are laterally adjacent said ground
plane.

The mobile wireless communications device (10) of
Claim 2, wherein said processor (20) is adapted to
reconfigure said reconfigurable antenna (11) into a
monopole mode by causing said plurality of switches
(22a, 22b, 22c¢, 24a, 24b, 24c) to couple at least one
of the antenna loops (14a, 14b, 14c) to said wireless
transceiver (18) and not to the ground plane (16).

The mobile wireless communications device (10’) of
Claim 1, further comprising a printed circuit board
(13’) having an electrically conductive layer thereon
defining a ground plane (16’); and wherein said proc-
essor (20’) is adapted to reconfigure said reconfig-
urable antenna (11’) and couple said wireless trans-
ceiver (18’) and said ground plane thereto via said
plurality of switches (22a’, 22b’, 22¢’, 24a’, 24b’,
24¢).

The mobile wireless communications device (10’) of
Claim 4, wherein said processor (20’) is adapted to
reconfigure said reconfigurable antenna (11’) into a
monopole mode by causing said plurality of switches
(222, 22b’, 22¢’, 24a’, 24b’, 24c¢’) to couple at least
one of the antenna loops (14a’, 14b’, 14c’) to said
wireless transceiver (18’) and not to the ground plane
(16°).

The mobile wireless communications device (10) of
Claim 1, wherein said plurality of switches (22a, 22b,
22c¢, 24a, 24b, 24c) comprises a respective feed
switch coupled to a respective endpoint of each an-
tenna loop (14a, 14b, 14c).

The mobile wireless communications device (10) of
Claim 1, wherein said plurality of switches (22a, 22b,
22c, 24a, 24b, 24c) comprises a respective ground
switch (22a, 22b, 22c) coupled to a respective end-
point(23a, 23b, 23c) of each antennaloop (14a, 14b,
14c) .
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10.

1.

12.

13.

14.

15.

The mobile wireless communications device (10) of
Claim 1, wherein said processor (20) is adapted to
reconfigure said reconfigurable antenna (11) by cou-
pling at least two antenna loops (14a, 14b, 14c) to
each other and to said wireless transceiver (18).

The mobile wireless communications device (10) of
Claim 1, wherein said processor (20) is adapted to
reconfigure said reconfigurable antenna (11) by
causing said plurality of switches (22a, 22b, 22c,
24a, 24b, 24c) to couple a selected one of the an-
tenna loops (14a, 14b, 14c) to said wireless trans-
ceiver (18).

The mobile wireless communications device (10) of
Claim 1, wherein said processor (20) is adapted to
reconfigure said reconfigurable antenna (11) by
causing said plurality of switches (22a, 22b, 22c,
24a, 24b, 24c) to couple at least one of the antenna
loops (14a, 14b, 14c) to said wireless transceiver
(18) and not to the ground plane (16).

The mobile wireless communications device (10) of
Claim 1, wherein said antenna loops (14a, 14b, 14c)
are equally spaced apart from each other.

The mobile wireless communications device (10) of
Claim 1, wherein said antenna loops (14a, 14b, 14c)
share a common axis.

A method of making a mobile wireless communica-
tions device (10) with a reconfigurable antenna (11)
comprising:

forming the reconfigurable antenna by

forming a plurality of electrical conductors (14a,
14b, 14c) on a dielectric substrate (12) arranged
in a series of spaced apart antenna loops with
each successive outer antenna loop surround-
ing an adjacent inner loop, each antenna loop
having a pair of endpoints,

associating a plurality of switches (22a, 22b,
22c¢, 24a, 24b, 24c) with respective endpoints
(23a, 23b, 23c, 25a, 25b, 25c) of the antenna
loops;

adapting a processor (20) to reconfigure the
reconfigurable antenna and to couple a wireless
transceiver (18) thereto via the plurality of
switches.

The method of Claim 13, wherein the reconfigurable
antenna (11) is reconfigured by the processor (20)
by coupling at least two antenna loops (14a, 14b,
14c) to each other and to the wireless transceiver
(18).

The method of Claim 13, wherein the reconfigurable
antenna (11) is reconfigured by the processor (22)
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by causing the plurality of switches (22a, 22b, 22c,
24a, 24b, 24c) to couple a selected one of the an-
tenna loops (14a, 14b, 14c) to the wireless trans-
ceiver (18).

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

1. A mobile wireless communications device (10)
comprising:

a wireless transceiver (18);

a reconfigurable antenna (11) coupled to said
wireless transceiver and comprising

a dielectric substrate (12),

a plurality of electrical conductors (14a, 14b,
14c) on said dielectric substrate and arranged
in a series of spaced apart antenna loops with
each successive outer antenna loop surround-
ing an adjacent inner loop, each antenna loop
having a pair of endpoints (23a, 23b, 23c, 253,
25b, 25c¢), and

a plurality of switches (22a, 22b, 22¢, 24a, 24b,
24c) associated with respective endpoints of
said antenna loops; and

a processor (20) adapted to reconfigure said
reconfigurable antenna and couple said wire-
less transceiver thereto via said plurality of
switches.

2. The mobile wireless communications device (10)
of Claim 1, wherein said reconfigurable antenna (11)
further comprises an electrically conductive layer on
said dielectric substrate (12) defining a ground plane
(16); and wherein said plurality of electrical conduc-
tors (14s, 14b, 14c) are laterally adjacent said ground
plane.

3. The mobile wireless communications device (10)
of Claim 2, wherein said processor (20) is adapted
to reconfigure said reconfigurable antenna (11) to
operate as a monopole antenna by causing said plu-
rality of switches (22a, 22b, 22c¢, 24a, 24b, 24c) to
couple at least one of the antenna loops (14a, 14b,
14c) to said wireless transceiver (18) and not to the
ground plane (16).

4. The mobile wireless communications device (10’)
of Claim 1, further comprising a printed circuit board
(13’) having an electrically conductive layer thereon
defining a ground plane (16’); and wherein said proc-
essor (20’) is adapted to reconfigure said reconfig-
urable antenna (11°) and couple said wireless trans-
ceiver (18’) and said ground plane thereto via said
plurality of switches (22a’, 22b’, 22¢’, 24a’, 24b’,
24¢).
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5. The mobile wireless communications device (10°)
of Claim 4, wherein said processor (20’) is adapted
to reconfigure said reconfigurable antenna (11’) to
operate as a monopole antenna by causing said plu-
rality of switches (22a’, 22b’, 22c’, 24a’, 24b’, 24c’)
to couple at least one of the antenna loops (14a’,
14b’, 14¢’) to said wireless transceiver (18’) and not
to the ground plane (16’).

6. The mobile wireless communications device (10)
of Claim 1, wherein said plurality of switches (22a,
22b,22c, 244, 24b, 24c) comprises arespective feed
switch coupled to a respective endpoint of each an-
tenna loop (14a, 14b, 14c).

7. The mobile wireless communications device (10)
of Claim 1, wherein said plurality of switches (22a,
22b, 22c, 24a, 24b, 24c) comprises a respective
ground switch (22a, 22b, 22c) coupled to a respec-
tive endpoint (23a, 23b, 23c) of each antenna loop
(14a, 14b, 14c).

8. The mobile wireless communications device (10)
of Claim 1, wherein said processor (20) is adapted
to reconfigure said reconfigurable antenna (11) by
coupling at least two antenna loops (14a, 14b, 14c)
to each other and to said wireless transceiver (18).

9. The mobile wireless communications device (10)
of Claim 1, wherein said processor (20) is adapted
to reconfigure said reconfigurable antenna (11) by
causing said plurality of switches (22a, 22b, 22c,
24a, 24b, 24c) to couple a selected one of the an-
tenna loops (14a, 14b, 14c) to said wireless trans-
ceiver (18).

10. The mobile wireless communications device (10)
of Claim 1, wherein said processor (20) is adapted
to reconfigure said reconfigurable antenna (11) by
causing said plurality of switches (22a, 22b, 22c,
24a, 24b, 24c) to couple at least one of the antenna
loops (14a, 14b, 14c) to said wireless transceiver
(18) and not to the ground plane (16).

11. The mobile wireless communications device (10)
of Claim 1, wherein said antenna loops (14a, 14b,
14c) are equally spaced apart from each other.

12. The mobile wireless communications device (10)
of Claim 1, wherein said antenna loops (14a, 14b,
14c) share a common axis.

13. A method of making a mobile wireless commu-
nications device (10) with a reconfigurable antenna
(11) comprising:

forming the reconfigurable antenna by
forming a plurality of electrical conductors (14a,
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14b, 14c) on a dielectric substrate (12) arranged

in a series of spaced apart antenna loops with
each successive outer antenna loop surround-

ing an adjacent inner loop, each antenna loop
having a pair of endpoints, 5
associating a plurality of switches (22a, 22b,
22c, 24a, 24b, 24c) with respective endpoints
(23a, 23b, 23c, 25a, 25b, 25c) of the antenna
loops;

adapting a processor (20) to reconfigure the 170
reconfigurable antenna and to couple a wireless
transceiver (18) thereto via the plurality of
switches.

14. The method of Claim 13, wherein the reconfig- 75
urable antenna (11) is reconfigured by the processor
(20) by coupling at least two antenna loops (14a,
14b, 14c) to each other and to the wireless trans-
ceiver (18).

20
15. The method of Claim 13, wherein the reconfig-
urable antenna (11) is reconfigured by the processor
(22) by causing the plurality of switches (22a, 22b,
22c, 24a, 24b, 24c) to couple a selected one of the
antenna loops (14a, 14b, 14c) to the wireless trans- 25
ceiver (18).
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36 | FORMING A PLURALITY OF ELECTRICAL CONDUCTORS ON A DIELECTRIC SUBTRATE
\.  AND ARRANGED IN A SERIES OF SPACED APART ANTENNA LOOPS WITH EACH

SUCCESSIVE OUTER ANTENNA LOOP SURROUNDING AN ADJACENT INNER LOOP,

EACH ANTENNA LOOP HAVING A PAIR OF ENDPOINTS

38

\ RESPECTIVE ENDPOINTS OF THE ANTENNA LOOPS

Y
ASSOCIATING A PLURALITY OF SWITCHES WITH

!

\| ADAPTING A PROCESSOR TO RECONFIGURE THE RECONFIGURABLE ANTENNA AND TO

COUPLE A WIRELESS TRANSCEIVER THERETO VIA THE PLURALITY OF SWITCHES
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