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Methods, devices, and systems for controlling a beamforming antenna with reconfigurable parasitic elements Is provided. A
method of controlling a beamforming antenna in a wireless device comprises calculating the input impedance of the beamforming
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(57) Abrege(suite)/Abstract(continued):

antenna using an adaptive matching network, wherein said beamforming antenna includes a primary radiating element and one or
more reconfigurable parasitic elements, and said primary radiating element and said reconfigurable parasitic elements
cooperatively receive, transmit, or both a radio frequency signal; determining the input impedance of the beamforming antenna Is
outside a tolerance; recognizing the environment of the wireless device; selecting a portion of said reconfigurable parasitic
elements using the Input impedance of the beamforming antenna, a predetermined Input impedance observation table, said
recognized environment, or any combination thereof; and updating the beamforming antenna by electrically connecting, electrically
coupling, or both said selected portion of said reconfigurable parasitic elements to said primary radiating element.
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ABSTRACT

Methods, devices, and systems for controlling a beamforming antenna with reconfigurable
parasitic elements is provided. A method of controlling a beamforming antenna in a wireless
device comprises calculating the input impedance of the beamforming antenna using an
adaptive matching network, wherein said beamforming antenna includes a primary radiating
element and one or more reconfigurable parasitic elements, and said primary radiating
element and said reconfigurable parasitic elements cooperatively receive, transmit, or both
a radio frequency signal; determining the input impedance of the beamforming antenna is
outside a tolerance; recognizing the environment of the wireless device; selecting a portion
of said reconfigurable parasitic elements using the input impedance of the beamforming
antenna, a predetermined input impedance observation table, said recognized environment,
or any combination thereof; and updating the beamforming antenna by electrically

connecting, electrically coupling, or both said selected portion of said reconfigurable parasitic

elements to said primary radiating element.
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CONTROLLING A BEAMFORMING ANTENNA USING

RECONFIGURABLE PARASITIC ELEMENTS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] There are no related applications.
FIELD
[0002] The invention generally relates to antennas and, in particular, to controlling a

bcamforming antcnna using rcconfigurable parasitic clements.

BACKGROUND
[0003] Wireless communication systems are widely deployed to provide, for example, a
broad range of voice and data-related services. Typical wireless communication systems consist
of multiple-access communication networks that allow users of wireless devices to share
common nctwork resources. These networks typically require multiple-band antennas for
transmitting and receiving radio frequency (“RF”) signals from wireless devices to infrastructure
cquipment such as a basc station. Examples of such nctworks arc the global system for mobile
communication (“GSM™) , which operates between 890 MHz and 960 MHz; the digital
communications system (“DCS”), which operates between 1,710 MHz and 1,880 MHz; the
personal communication system (“PCS™), which operates between 1,850 MHz and 1,990 MHz;
and the universal mobile telecommunications system (“UMTS”), which operates between 1,920

MHz and 2,170 MHz.
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[0004] Emerging and future wireless communication systems may require wireless
devices and infrastructurc cquipment to operate new modces of communication at diffcrent
frequency bands to support, for instance, higher data rates, increased tunctionality and more
uscrs. Examplcs of these emerging systems are the single carrier frequency division multiple
access (“SC-FDMA”) system, the orthogonal frequency division multiple access (“OFDMA”)
systcm, and other like systems. An OFDMA system 1s supported by various technology
standards such as evolved untversal terrestrial radio access (“E-UTRA™), Wi-Fi1, worldwide
intcroperability for microwave access (“WiIMAX™), wircless broadband (*Wi1Bro”), ultra mobile
broadband (“UMB"), long-term evolution (“LTE"), and other similar standards.

[00035] Moreover, wireless devices and infrastructure equipment may provide additional
functionality that requires using other wireless communication systems that operate at different
frequency bands. Examples of these other systems are the wireless local area network
(“WLAN”) system, the [EEE 802.11b system and the Bluetooth system, which operate between
2,400 MHz and 2.484 MHz; the WLAN system, the IEEE 802.11a system and the HiperLAN
system, which operate between 5,150 MHz and 5,350 MHz: the global positioning system
(“GPS™), which operates at 1,575 MHz; and other like systems.

Many wireless communication systems in both government and industry require a
broadband, low profile antenna. Such systems may requirc antennas that simultaneously support
multiple frequency bands. Further, such systems may require dual polarization to support
polarization diversity, polarization frequency re-use, or other similar polarization operation.

In addition, smart antennas such as beamforming antennas can be used to increase
capacity, reduce co-channel and adjacent channel interference, improve range, reduce

transmitted power, and mitigate multipath propagation elfects in wireless communication

QB 10674115.1 2
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systems. Smart antennas can direct electromagnetic RF energy 1n a preferred direction such as
towards the antcnna of a basc station. A smart antcnna 1s typically composcd of multiplc
radiating elements that can be switched into certain configurations to shape and direct an
antcnna-pattcrn bcam.

However, smart antennas can sufter from a number of limitations including performance
dcgradation from environmental-related conditions. Such conditions can includc the presence of
a user or an object near the smart antenna; multipath propagation effects; the speed of the
wircless device traveling through a network; and other similar effects. The impact of such
environmental conditions can result in, for instance, dropped calls, increased transmit power
[cvels, lower data rates, higher power consumption, and other simtlar cffccts. As such, it 1s

desirable to have a smart antenna that can adapt to such environmental conditions.

QB 10674115.1 3
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BRIEF DESCRIPTION OF THE DRAWINGS
[0006] In order for this disclosure to be understood and put into practice by one having
ordinary skill in the art, reference 1s now made to exemplary embodiments as illustrated by
relerence to the accompanying {igures. Like reference numbers refer to 1dentical or functionally
similar clements throughout the accompanying figurcs. The figurcs along with the detailed
description are incorporated and form part of the specification and serve to further illustrate
cxemplary cmbodiments and cxplain various principles and advantagces, in accordance with this
disclosure, where:
[0007] FIG. 1 1s an example of a wireless communication system.
[0008] FIG. 2 is a block diagram illustrating onc embodiment of a wireless device in
accordance with various aspects set forth herein.
[0009] FIG. 3 illustrates a block diagram of onc embodiment of a beamforming antenna
system for a wireless device in accordance with various aspects set forth herein.
[0010] F1G. 4 illustrates a block diagram of another embodiment of a beamforming
antenna system for a wireless device in accordance with various aspects set forth herein.
[0011] FIG. 5 illustrates a block diagram of another embodiment of a beamforming
antcnna system for a wireless device 1n accordance with various aspects set lorth herein.
[0012] FIG. 6 is a flow chart of onc cmbodiment of a mcthod of adapting a bcamforming
antenna using reconfigurable parasitic elements in accordance with various aspects sct forth
herein.
[0013] FIG. 7 is a flow chart of another embodiment of a method of adapting a
beamforming antenna using reconfigurable parasitic elements in accordance with various aspects

sct forth herein.

OB 106741151 1
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[0014] FIG. 8 1s a flow chart of another embodiment of a method of adapting a
bcamforming antcnna using rcconfigurable parasitic clements in accordance with various aspects
sct forth herein.

[0015] FIG. 9 1s a flow chart of another embodiment of a method of adapting a
beamforming antenna using reconfigurable parasitic elements in accordance with various aspects
set forth herein.

[0016] FIG. 10 illustrates a block diagram of another embodiment of a beamforming
antenna system [or a wireless device in accordance with various aspects set [orth herein.

[0017] FIG. 11 1llustrates simulated results of the performance of one embodiment of a
beamforming antenna system in accordance with various aspects set [orth herein.

[0018] Skilled artisans will appreciate that elcments in the accompanying figures are
lustrated for clarity, simplicity and to {urther help improve understanding of the exemplary

embodiments, and have not necessarily been drawn to scale.
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DETAILED DESCRIPTION
[0019] Although the [ollowing discloses exemplary methods, devices and systems [or use
in wireless communication systems, it will be understood by one of ordinary skill in the art that
the teachings of this disclosure are in no way limited to the exemplary embodiments shown. On
the contrary, it 1s contemplatcd that the tcachings of this disclosurc may be implemented in
alternative configurations and environments. For example, although the exemplary methods,
devices and systems described hercin are described in conjunction with a configuration for
aforementioned wireless communication systems, those of ordinary skill in the art will readily
rccognize that the cxemplary methods, devices and systems may be used 1n other wircless
communication systems and may be configured to correspond to such other systems as needed.
Accordingly, whilc the following describes exemplary methods, devices and systems of usc
thercof, persons of ordinary skill in the art will appreciate that the disclosed exemplary
cmbodiments arc 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.
[0020] Various techniques described herein can be used for various wircless
communication systems. The various aspects described herein are presented as methods, devices
and systcms that can include a number of components, clements, members, modulcs, peripherals,
or the like. Further, these methods, devices and systems can include or not include additional
components, elements, members, modules, peripherals, or the like. It 1s important to note that
the terms “network™ and “system” can be used interchangeably. Relational terms described
herein such as “above” and “below™, “left” and “night™, *“first” and “second”, and the like may be
used solely to distinguish one entity or action from another entity or action without necessarily

requiring or implying any actual such relationship or order between such entittes or actions. The

QB 10674115.1 6
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term “or” 18 intended to mean an inclusive “or” rather than an exclusive “or.” Further, the terms
“a” and “an” arc intended to mcan onc or morc unless specificd otherwisc or clcar from the
context to be directed to a singular form. The term “electrical coupling™ as described herein,
which 1s also referred to as “capacitive coupling,” “inductive coupling,” or both, includcs at lcast
coupling via electric and magnetic fields, including over an electrically insulating area. The term
“clectrically connected™ as described herctn comprises at Icast by means of a conducting path, or
through a capacitor, as distinguished from connected merely through electromagnetic induction.
[0021] Wircless communication systems typically consist of a plurality of wircless
devices and a plurality of base stations. A base station can also be referred to as a node-B
(“NodcB™), a basc transceiver station (“BTS”), an access point (“AP”), a satcllite, a router, or
some other equivalent terminology. A base station typically contains one or more RF
transmitters, RE receivers, or both electrically connected to one or more antennas to
communicate with a wireless devices.

[0022] A wireless device used in a wireless communication system may also be referred
to as a mobile station (“MS™), a termunal, a cellular phone, a cellular handset, a personal digital
assistant (“PDA”), a smartphone, a handheld computer, a desktop computer, a laptop computer, a
tablet computer, a printer, a set-top box, a television, a wireless appliance, or some other
equivalent terminology. A wireless device may contain one or more RF transmitters, RE
receivers or both electrically connected 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 wireless communication network.

[0023] FIG. 1 is a block diagram of a wircless communication systecm 100 1n accordance

with various aspects described herein. In one embodiment, the system 100 can mclude a

QOB 10674115.]1 7/
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wireless device 101, a base station 102, a satellite 125, an access point 126, another wireless
device 127, or any combination thercof, The wircless device 101 can include a processor 103,
which can also be referred to as a co-processor, controller, or other similar term, electrically
connccted to a memory 104, input/output devices 105, a transceiver 106, a short-range RF
communication subsystem 109, another RF communication subsystem 110, or any combination
thereof, which can be utilized by the wircless device 101 to implement various aspects described
herein. The processor 103 can manage and control the overall operation of the wireless device
101. The transceiver 106 of the wircless device 101 can include a transmitter 107, a receiver
108, or both. Further, associated with the wireless device 101, the transmitter 107, the receiver
108, the short-range RF communication subsystem 109, the other RE communication subsystem
[ 10, or any combination thercof can be electrically connected to an antenna 141.

[0024] In the current embodiment, the wireless device 101 can be capable of two-way
voice communication, two-way data communication, or both including with the base station 102,
the satellite 125, the access point 126, the other wireless device 127, or any combination thereof.
The voice and data communications may be associated with the same or different networks
using, for instance, the same or diffcrent base stations 102. The detailed design of the
transcetver 106 of the wireless device 101 is dependent on the wireless communication system
used. When the wireless device 101 1s operating two-way data communication with the base
station 102, a text message, for instance, can be received at the antenna 141, can be processed by
the recetver 108 of the transceiver 106, and can be provided to the processor 103.

[0025] In FIG. 1, the short-range RF communication subsystem 109 may also be
integrated 1n the wireless device 101. For example, the short-range RF communication

subsystem 109 may include a Bluetooth module, a WLAN module, or both. The short-range RF
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communication subsystem 109 may use the antenna 141 for transmitting RF signals, receiving
RF signals, or both. Thc Bluctooth module can usc the antenna 141 to communicate, for
instance, with the other wireless devices 127 such as a Bluetooth-capable printer. Further, the
WLAN modulc may usc the antcnna 141 to communicate with the access point 126 such as a
router or other similar device.

[0026] In addition, the other RF communication subsystem 110 may be intcgrated in
wireless device 101. For example, the other RF communication subsystem 110 may include a
GPS receiver that uses the antenna 141 of the wireless device 101 to reccive information from
onc or more GPS satellites 125, Further, the other RF communication subsystem 110 may use
the antecnna 141 of the wircless device 101 for transmitting RF signals, recciving RF signals, or
both.

[0027] Similarly, the base station 102 can include a processor 113 clectrically connected
to a memory 114 and a transcerver 116, which can be utilized by the base station 102 to
implement various aspects described herein. The transcciver 116 of the base station 102 can
include a transmitter 117, a receiver 118, or both. Further, associated with base station 102, a
transmitter 117, a recetver 118, or both can be electrically connected to an antenna 121.

[0028] In FIG. 1, the base station 102 can communicate with the wireless device 101 on
the uplink using the antennas 141 and 121, and on the downlink using the antennas 141 and 121,
assoclated with the wireless device 101 and the base station 102, respectively. The uplink refers
to communication from a wireless device to a base station, while the downlink refers to
communication {rom a base station to a wireless device. In one embodiment, the base station
102 can onginatc downlink information using the transmitter 117 and the antenna 121, where 1t

can be recerved by the recerver 108 at the wireless device 101 using the antenna 141. Such

QR 10674115, 9
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information can be related to a communication link between the base station 102 and the wireless
device 101, Once such information is received by the wircless device 101 on the downlink, the
wireless device 101 can process the received information to generate a response relating to the
rcceived information. Such response can be transmitted back from the wircless device 101 on
the uplink using the transmitter 107 and the antenna 141, and received at the base station 102
using the antenna 121 and the receiver 118.

[0029] FIG. 215 a block diagram illustrating one embodiment of a wireless device 200 in
accordancc with various aspects sct forth herein. In FIG. 2, the wircless device 200 can include a
processor 203 electrically connected to, for instance, a transceiver 205, a decoder 206, an
cncoder 207, a memory 204, a navigation mechanism 211, a display 212, an emitter 213, a
display overlay 214, a display controller 216, a touch-sensitive display 218, an actuator 220, a
sensor 223, an auxiliary input/output subsystem 224, a data port 226, a speaker 228, a
microphone 230, a short-range communication subsystem 209, another RF communication
subsystem 210, a subscriber identity module or a removable user identity module (“SIM/RUIM™)
interface 240, a battery interface 242, other component, or any combination thercof. The
navigation mechanism 211 can be, for instance, a trackball, a directional pad, a trackpad, a
touch-sensitive display, a scroll wheel, or other similar navigation mechanism.

[0030] In F1G. 2, the processor 203 can control and perform various functions associated
with the control, operation, or both of the wireless device 200. The wireless device 200 can be
powered by, for instance, the battery 244, an alternating current (“AC") source, another power
source, or any combination thereof. In FIG 2, the wireless device 200 can use, for instance, the

battery interface 242 to receive power from the battery 244. The battery 244 can be, for instance,

QB 10674115, 10
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a rechargeable battery, a replaceable battery, or both. The processor 203 can control the battery

244 via the battcry interface 242.

[0031] In this embodiment, the wireless device 200 can perform communication
functions, including data communication, voicc communication, videco communication, other
communication, or any combination thereof using, for instance, the processor 203 electrically
connccted to the auxiliary input/output subsystem 224, the data port 226, the transceiver 205, the
short-range communication subsystem 209, the other RF communication subsystem 210, or any
combination thercof. The wircless device 200 can communicate between, for instance, the
network 250. The network 250 may be comprised of, for instance, a plurality of wireless devices
and a plurality of infrastructurc cquipment.

[0032] In F1G. 2, the display controller 216 can be electrically connected to the display
overlay 214, display 212, or both. For example, the display overlay 214 and the display 212 can
be electrically connected to the display controller 216 to form, for instance, the touch-sensitive
display 218. The touch-sensitive display 218 can also be referred to as a touch-screen display,
touch-screen monitor, touch-screen terminal, or other similar term. The processor 203 can
directly control display overlay 214, indirectly control display overlay 214 using display
controller 216, or both. The processor 203 can display, for instance, an electronic document
stored 1n the memory 210 on the display 212, the touch-sensitive display 218, or both of the
wireless device 200.

[0033] In the current embodiment, the wireless device 200 can include the sensor 223,
which can be electrically connected o the processor 203. The sensor 223 can be, for instance, an
accclerometer sensor, a tilt sensor, a force sensor, an optical sensor, or any combination thercof,

Further, the sensor 223 may comprise multiple sensors which are the same or different. For
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example, the sensor 223 can include an accelerometer sensor and an optical sensor. An
accclerometer sensor may be uscd, for instance, to detect the dircction of gravitational forces,
gravity-induced reaction forces, or both. Further, the accelerometer sensor may be used to detect
th¢ placement of the wircless device 200 in various dircctional alignments such as a horizontal
directional alignment. The accelerometer sensor may include, for instance, a cantilever beam
with a proof mass and suitable dcflection scnsing circuitry. The optical scnsor can be the same
or similar to the sensor used in, for instance, a desktop mouse. Alternatively, the optical sensor
can be, for instance, a camera lens. The processor 203 may be configured to process contiguous
images captured by the camera lens and use such images to detect the direction, distance, or both
ot the wircless deviee 100 relative to an object, surface, or uscr. For instance, the processor 203
may be configured to process contiguous images captured by the camera lens and use such
images to detect a user of the wireless device 200 placing such device, for instance, against the
user's ear.

[0034] In FIG. 2, the wireless device 200 may include the subscriber identity module or a
removable user identity module (“SIM/RUIM™) card 238. The SIM/RUIM card 238 can contain,
for instance, user identification information, which can be used to allow access to network 250
for the user of the wireless device 200. The SIM/RUIM card 238 can be electrically connected
to the SIM/RUIM interface 240, wherein the processor 203 can control the SIM/RUIM card 238
via the SIM/RUIM interface 240. The uscr identification information may also be stored in the
memory 204 and accessed by the processor 203.

[0035] In this embodiment, the wireless device 200 can include an operating system 246
and software modules 248, which may be stored in a computer-readable medium such as the

memory 204. The memory 204 can be, lor instance, RAM, static RAM ("SRAM"), dynamic
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RAM ("DRAM"), read only memory ("ROM"), volatile memory, non-volatile memory, cache
memory, hard drive memory, virtual memory, other memory, or any combination thercof, The
processor 203 can execute program instructions stored in the memory 204 associated with the
opcrating system 246, the softwarc modules 248, other program instructions, or combination of
program instructions. The processor 203 may load the operating system 246, the software
modulcs 248, data, an clectronic document, or any combination thercof into the memory 204 via
the transceiver 2035, the auxiliary /O subsystem 224, the data port 226, the short-range RF
communications subsystem 209, the other RF communication subsystem 210, or any
combination thereof.

[0036] FI1G. 3 illustrates a block diagram of onc cmbodiment of a bcamforming antenna
system 300 for a wireless device in accordance with various aspects set forth herein. In FIG. 3,
the system 300 can include a beamforming antenna 341, an adaptive matching network 342, a
transceiver 305, a usage detector 344, a sensor 323, a controller 303, a switching circuit 347,
other element, or any combination thereof. The beamforming antenna 341 can include a primary
radiating element with one or more reconfigurable parasitic elements. The beamforming antenna
341 can shape and direct an electromagnetic antenna-pattern beam radiated from the
beamforming antenna 341 to, for instance, improve the quality of a transmitted signal, received
signal, or both. For example, the beamforming antenna 341 can adaptively steer the antenna-
pattern beam towards a base station while traveling throughout the coverage area of such base
station. Further, the beamforming antenna 341 can direct the antenna-pattern beam away from a
user of the associated wireless device to reduce the amount of electromagnetic energy absorbed
by such user. Also, by directing the antenna-pattern beam of the beamforming antenna 341

towards a recelving antenna such as at a base station can reduce the amount of co-channel or
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adjacent channel interference received by other wireless devices. By more effectively and
ctficiently recciving RF signals, radiating RF signals, or both, the wircless device using the
beamforming antenna 341 can achieve better performance with lower average power
consumption.

[0037] In FIG. 3, the steering of the antenna-pattern beam can be performed using, for
instance, switching clements associated with the switching circuit 347 to sclect reconfigurable
parasitic elements of the beamforming antenna 341. The selected parasitic elements and the
primary radiating clement can cooperatively recetve and radiate RF signals. The bcamforming
antenna 341 can be electrically connected to the adaptive matching network 342, which can be
uscd in, for instance, rcal time, necar-real time, non-real time, periodically, aperiodically, or any
combination thereof to match the input impedance of the beamforming antenna 341 to improve
the power transfer and reduce reflections from the beamforming antenna 341. Further, the
adaptive matching network 342 can be used in, for instance, real time, near-real time, non-real
time, periodically, aperiodically, or any combination thereof to estimate the input impedance of
the beamforming antenna 341. The transcetver 305 can include a transmitter, a receiver, or both.
The input to the transcetver 305 can be an RF signal, which has been converted from an
electromagnetic signal to an electrical signal via the beamforming antenna 341. The output of
the transceiver 305 can be a baseband signal or an intermediate frequency ("IF") signal. On the
downlink, the input to the transceiver 305 can be an RF signal, which can be converted from an
clectromagnetic signal to an electrical signal via the beamforming antenna 341. The output of
the transceiver 305 can be a baseband signal or an intermediate frequency ("IF") signal.
Similarly, on the uplink, the input to the transcetver 305 can be a baseband signal or an IF signal.

The output of the transceiver 305 can be an RF signal, which can be converted from an electrical
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signal to an electromagnetic signal by the beamforming antenna 341. The detailed design of the
transcciver 305 1s dependent on, for instance, the wircless communication system uscd.

[0038] [n the current embodiment, the usage detector 344 can be used to determine, for
Instance, the oricntation, the operating mode, the operating cnvironment, or any combination
thereof of the wireless device, which may be used to determine to update the beamforming
antcnna 341, adapt the antenna-pattern beam of the bcamforming antcnna 341, or both. The
usage detector 344 can recetve, for instance, a signal from the adaptive matching network 342, a
signal from the transceiver 303, a signal from the scnsor 323, other signal, or any combination
thereot. The usage detector 344 can determine the operating environment of the wireless device
by identitying a change 1n, for instance, the received signal strength of the bcamtorming antenna
341: the directional alignment of the wireless device using, for instance, an accelerometer; the
propagation characteristics of a recetved signal; the input impedance of the beamforming antenna
341; other information; or any combination thereof.

[0039] For instance, the usage detector 344 can determince that the wireless device is
placed against a user's ear during a voice call using the call processing state of the wireless
device, the directional alignment of the wireless device, a change (n the input impedance of the
beamforming antenna 341, other factor, or any combination thereof. For example, the usage
detector 344 can receive a signal from the sensor 323 indicating that the wireless device 1s 1n a
substantially horizontal directional alignment consistent with the positioning of the wireless
device by a user during a voice call. Further, the controller 303 can provide the usage detector
344 with, for instance, the call processing state of the wireless device such as a voice call state.
In addition, the usage detector 344 can monitor for a change in the input impedance of the

beamforming antenna 341 using the adaptive matching network 342, which may be used 10
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determine, for instance, that a wireless device 1s close to the user's body. After determining, for
instance, that the wircless device s placed against a uscr's car during a voicce call, the controller
303 can switch one or more reconfigurable parasitic elements of the beamforming antenna 341 to
stcer the antecnna-pattern becam away from the uscr's body.

[0040] In FIG. 3, the controller 303 can determine to update the antenna-pattern beam of
thc bcamforming antcnna 341 by using, for instance, a change in the reccived signal strength of
the beamforming antenna 341, the directional alignment of the wireless device, the propagation
characteristics of a received signal via the bcamforming antenna 341, the input impedance of the
beamftorming antenna 341 using the adaptive matching network 342, or any combination thereof.

In another cmbodiment, the controller 303 can mcasurc a plurality of received signal strengths of

radiating element with one or more different reconfigurable parasitic elements. Further, the
controller 303 can determine to steer the beamforming antenna 341 by, for instance, comparing
on¢ or more of such received signal strengths to the recerved signal strength of the currently
configured beamforming antenna.

[0041] FIG. 4 illustrates a block diagram of another embodiment of a beamforming
antenna system 400 for a wireless device in accordance with various aspects set forth herein. In
FIG. 4, the system 400 can include a beamforming antenna 441, an adaptive matching network
442, a transceiver 405, a usage detector 444, a sensor 423, a controller 403, a switching circuit
447, other element, or any combination thereof. The beamforming antenna 441 can include a
primary radiating clement 450 with one or more secondary parasitic elements 451ato 451¢. In
this embodiment, the primary radiating element 450 is a dipole. Further, there arc five

reconfigurable parasitic elements, wherein each ol the reconfigurable parasitic clements 451a to
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451e1s a dipole. In another embodiment, the primary radiating element and the reconfigurable
parasitic clements arc monopolcs. It is important to recognize that the primary radiating clement
and any combination of the reconfigurable parasitic elements form a beamforming antenna,
which can radiatc with spccific characteristics. Further, the primary radiating clement and any
combination of the reconfigurable parasitic elements can be electrically connected, electrically
coupled, or both. Therctore, the primary radiating clement and any combination of the
reconfigurable parasitic elements can be physically connected or not physically connected.
[0042] In onc definition, a dipole antenna, is an omnidirectional radio antenna with a
center-fed driven element, which can be made of, for instance, a simple copper wire. Further, in
onc dcfinition, a monopolc antcnna 1s an omnidircctional antenna formed by replacing onc half
of a dipole antenna with a ground plane at a substantially perpendicular angle to the monopole,
wherein the monopole can behave like a dipole 1f the ground plane 1s sufficiently large. The
length of a radiating element such as a monopole can typically be as short as about one-quarter
the wavelength of the desired resonant frequency. One skilled in the art will appreciate that the
length of a radiating element of the present disclosure 1s not limited to onc-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. Similarly, the length of a radiating element
such as a dipole can typically be as short as about one-half the wavelength of the desired

resonant frequency.

[0043] The beamforming antenna 441 can direct an electromagnetic antenna-pattern
beam 461a to 461¢ radiated from the beamforming antcnna 441 to improve the quality of a
transmitted signal, received signal, or both. The beamforming antenna 441 can adaptively steer

the antenna-patiern beam 461a to 46 le towards, for instance, a base station while traveling
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throughout the coverage area of the base station. For example, the controller 403 selects the
parasitic clement 451a. In such configuration, the primary radiating clement 450 and the
parasitic element 451a cooperatively transmit an antenna-pattern beam 1n the direction consistent
with th¢ antenna-pattern bcam 461a. In another cxamplce, the controller 403 docs not sclect any
reconfigurable parasitic elements 451a to 451e. In such configuration, the primary radiating
clement 450 provides an omnidircctional bcam. In another cxample, the controller 403 sclects
the reconfigurable parasitic elements 451a and 451b. In such configuration, the primary
radiating clement 450 and the reconfigurable parasitic clements 451a and 451b provide an
antcnna-pattern beam in the direction between the antenna-pattern beams 461a and 461b.
Further, the bcamforming antenna 441 can dircct the antenna-pattern bcam 461a to 461¢c away
from a user of the associated wireless device to reduce the amount of electromagnetic energy
absorbed by such user. Also, by directing the antenna-pattern beam 461a to 461¢ of the
beamforming antenna 441 towards a receiving antenna such as at a base station can reduce the
amount of interference received by other wireless devices. By more effectively and efficiently
receiving RF signals, radiating RF signals, or both, the wireless device using the beamtorming
antenna 441 can achieve better performance and lower power consumption. It 1s important to
recognize any combination of reconfigurable parasitic elements can be used in conjunction with
the primary radiating element. Further, any number of primary and reconfigurable parasitic
elements can be used. For example, two primary radiating clements can be used to provide, for
instance, polarization diversity. Further, six reconfigurable parasitic elements can be used 1n
conjunction with the two primary radiating clements to cooperatively provide an antenna-pattern

beam in a predetermined direction.
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[0044) In FlG. 4, the adaptive steering of the antenna-pattern beam can be performed
using, for instance, switching clements associatcd with the switching circuit 447 to sclect
parasitic elements 451a and 451b of the beamforming antenna 441. The selected parasitic
clements 451a and 451b and the primary radiating clement 450 can coopcratively receive and
radiate RF signals. For example, a plurality of reconfigurable parasitic elements 451a and 451b
such as monopoles, dipoles, or both can be contiguously and uniformly distributcd around a
primary radiating element 450. Such parasitic elements 451a and 451b can be adaptively
switched to cooperatively work with the primary radiating clement 450 to adaptively steer the
antenna-pattern beam. It is important to recognize that the beamforming antenna configurations
described by this disclosurc may also provide polarization diversity, frequency diversity,
multiband operation, broadband operation, or any combination thereof. Further, a person of
ordinary skill in the art will recognize that there are many different antenna systems, structures,
and configurations, which may support a beamforming function as described 1n this disclosure.
[0045] In the current embodiment, the beamforming antenna 441 can be electrically
connected to the adaptive matching network 442, which can be used to match the input
impedance of the beamforming antenna 441, for instance, after switching to the desired parasitic
clement or elements is made to improve the power transfer and reduce retlections from the
beamforming antenna 44 1. Further, the adaptive matching network 442 can be used to estimate
the input impedance of the beamforming antenna 441. The transceiver 405 can include a
transmitter, a receiver, or both. On the downlink, the input to the transcetver 405 can be an RF
signal, which can be converted from an electromagnetic signal to an electrical signal via the
beamforming antenna 441. The output of the transceiver 405 can be a baseband signal or an

intermediate {requency ("IF") signal. Similarly, on the uplink, the input to the transceiver 405
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can be a baseband signal or an IF signal. The output of the transceiver 405 can be an RF signal,
which can be converted from an clectrical signal to an clectromagnetic signal by the
beamforming antenna 44 1. The detailed design of the transceiver 405 1s dependent on the
wircless communication system uscd.

[0046] In FIG. 4, the usage detector 444 can be used to determine the operating
cnvironment of the wircless device, which may be uscd to further adapt or control the antenna-
pattern beam of the beamforming antenna 441. The usage detector 444 can recelve a signal trom
the adaptive matching network 442, a signal from the transcciver 4035, a signal from the sensor
423, other signal, or any combination thereof. The usage detector 444 can determine the
operating cnvironment of the wircless device by identifying a change in, for instance, the
received signal strength of the beamforming antenna 44 1; the directional alignment of the
wireless device: the propagation characteristics of a received signal; the input impedance of the
beamforming antenna 441; other information; or any combination thereof.

[0047] For instance, the usage detector 444 can determine that the wireless device 1s
placed against a user's ear during a voice call using the call processing state of the wireless
device, the directional alignment of the wireless device, a change in the input impedance of the
beamforming antenna 441, other factor, or any combination thereof. For example, the usage
detector 444 can receive a signal from the scnsor 423 indicating that the wireless device 1s 1n a
substantially horizontal directional alignment consistent with the positioning of the wireless
device by a user during a voice call. Further, the controller 403 can provide the usage detector
444 with, for instance, the call processing state of the wireless device such as a voice call state.
In addition, the usage detector 444 can monitor for a change in the input impedance of the

becam(lorming antenna 441 using the adaptive matching network 442, which may be used to
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determine, for instance, that a wireless device 1s close to the user's body. After determining that
the wircless device is placed against a user's car during a voice call, the controller 403 can switch
one or more reconfigurable parasitic elements 451a and 451b of the beamforming antenna 441 to
steer the antenna-pattern becam away from the uscr's body.

[0048] In FIG. 4, the controller 403 can determine to update the antenna-pattern beam of
thc bcamforming antcnna 441 by using, for instance, a change in the received signal strength of
the beamforming antenna 441; the directional alignment of the wireless device; the propagation
charactcristics of a rcceived signal via the bcamforming antenna 44 1; the input impedance of the
beamforming antenna 441 using the adaptive matching network 442; or any combination thereof.
In another embodiment, the controller 403 can measure a plurality of received signal strengths
for the beamforming antenna 441, wherein each measurement can correspond to the primary
radiating element 450 with one or more different reconfigurable parasitic elements 451a and
451b. Further, the controller 403 can determine to adaptively steer the beamforming antenna 441
by, for instance, comparing one or more of such received signal strengths to the received signal
strength of the currently configured beamforming antenna. If one or more of such received
signal strengths is sufficiently greater than the received signal strength of the currently
configured beamforming antenna, then the controller 403 can switch to the one or more
reconfigurable parasitic elements 451a and 451b corresponding to the greater recetved signal
strength by using the switching circuit 447.

[0049] FIG. 5 illustrates a block diagram of another embodiment of a beamforming
antcnna system 500 for a wireless device in accordance with various aspects set forth herein. In
FIG. 5. the system 500 can include a beamforming antenna 541, an adaptive matching network

542, a transceiver 505, a usage detector 544, a sensor 523, a controller 503, a switching circuit
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547, other element, or any combination thereof. The beamforming antenna 541 can include a
primary radiating clement 552 with onc or morce rcconfigurablce parasitic clements 553a to 553¢.
In this embodiment, the primary radiating element 552 1s a patch antenna. Further, each of the
rcconfigurable parasitic clements 553a to 553¢ 1s a radiating strip or patch clement.

[0050] A patch antenna typically is a miniaturized antenna radiating structure, such as a
planar inverted-F antenna (“PIFA”). Patch antcnnas arc popular for usc in wircless devices duc
to their low profile, ability to contorm to surface profiles, and unlimited shapes and sizes. Patch
antcnna polarization can be lincar or clliptical, with a main polarization component parallel to
the surface of the patch antenna. Operating characteristics of patch antennas are predominantly
cstablished by their shape and dimensions. The patch antenna 1s typically fabricated using
printed-circuit techniques and mtegrated with a printed circuit board (“PCB”). The patch
antenna is typically electrically coupled to a ground area, wherein the ground area 1s 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 components, ground planes, and signal traces,
which may impact the design and performance of the antenna. In addition, patch antennas are
typically considered to be lightweight, compact, and relatively easy to manufacture and integrate

into a wireless device.

[0051] A patch antenna design can include one or more slots in the antenna's radiating
member. Selection of the position, shape, contour, and length of a slot depends on the design
requirements of the particular patch antenna. The function of a slot in a patch antenna design
includes physically partitioning the radiating member of a single-band patch antenna into a
subset of radiating members for multiple-band operation, providing reactive loading to modity

the resonant [requencies ol a radiating member, and controlling the polarnzation characteristics ol
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a multiple-band patch antenna. In addition to a slot, radiating members of a patch antenna can
havc stub mcmbers, usually consisting of a tab at the end of a radiating member. The function of
a stub member includes prqviding reactive loading to modify the resonant frequencies of a
radiating mcmboer.

[0052] The beamforming antenna 541 can direct an electromagnetic beam radiated from
the bcamforming antcnna 541 to improve the quality of a transmitted signal, received signal, or
both. For example, the beamforming antenna 541 can steer the antenna-pattern beam towards a
basc station whilc traveling throughout the coverage arca of the basc station. Further, the
beamforming antenna 541 can direct the antenna-pattern beam away from a user of the
associated wircless device to reduce the amount of clectromagnctic cnergy absorbed by such
user. Also, by directing the antenna-pattern beam of the beamforming antenna 541 towards a
receilving antenna such as at a base station can reduce the amount of interference received by
other wireless devices. By more effectively and efficiently receiving RF signals, radiating RF
signals, or both, the wireless device using the beamforming antenna 541 can achieve lower
power consumption.

[0053] In FIG. 5, the steering of the antenna-pattern beam can be performed using, for
instance, switching elements associated with the switching circuit 547 to select recontigurable
parasitic elements of the beamforming antenna 541. The selected parasitic elements and the
primary radiating element can cooperatively receive and radiate RF signals. For example, a
plurality of radiating strip elements 553a to 553¢ can be adaptively switched to cooperatively
work with the patch antenna 552 to steer the antenna-pattern beam. It 1s important to recognize

that the aforementioned beamforming antenna configurations may also provide polarization
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diversity, frequency diversity, multiband operation, broadband operation, or any combination
thereof.

[0054] In the current embodiment, the beamforming antenna 541 can be electrically
connccted to the adaptive matching nctwork 542, which can be uscd to match the input
impedance of the beamforming antenna 541 to tmprove the power transter and reduce retlections
from thc bcamforming antenna 541. Further, the adaptive matching nctwork 542 can be uscd to
estimate the mput impedance of the beamforming antenna 541. The transceiver 505 can include
a transmitter, a receiver, or both. On the downlink, the input to the transcetver 505 can be an RFE
signal, which can be converted from an electromagnetic stgnal to an electrical signal via the
bcamforming antcnna 541. The output of the transceiver 505 can be a bascband signal or an
intermediate frequency ("IF") signal. Similarly, on the uplink, the input to the transceiver 503
can be a baseband signal or an [F signal. The output of the transceiver 505 can be an RF signal,
which can be converted from an electrical signal to an electromagnetic signal by the
beamforming antenna 541. The detailed design of the transceiver 505 1s dependent on the
wireless communication system used.

[0055] In FIG. 5, the usage detector 544 can be used to determine the operating
environment of the wireless device, which may be used to further adapt the antenna-pattern beam
of the beamforming antenna 541. The usage detector 544 can receive a signal from the adaptive
matching network 542, a signal from the transceiver 503, a signal from the sensor 523, other
signal, or any combination thereof. The usage detector 544 can determine the operating
environment of the wireless device by i1dentifying a change in, for instance, the recerved signal

strength of the beamforming antenna 541; the directional alignment of the wireless device, the
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propagation characteristics of a received signal; the input impedance of the beamforming antenna
541; other information; or any combination thercof.

[0056] For instance, the usage detector 544 can determine that the wireless device is
placcd against a uscr's car during a voicc call using the call processing state of the wircless
device, the directional alignment of the wireless device, a change in the input impedance of the
becamforming antenna 541, other factor, or any combination thercof. For cxample, the usage
detector 544 can receive a signal from the sensor 523 indicating that the wireless device is in a
substantially horizontal dircctional alignment consistent with the positioning of the wircless
device by a user during a voice call. Further, the controller 503 can provide the usage detector
544 with, for winstancc, the call processing state of the wircless device such as a voice call state.
In addition, the usage detector 544 can monitor for a change in the input impedance of the
beamforming antenna 541 using the adaptive matching network 542, which may be used to, for
Instance, initiate the adaptive beam steering operation after determining that a wireless device is
close to the user's body. After determining that the wireless device is placed against a user's ear
during a voice call, the controller 503 can switch one or more radiating strip elements 553a to
553e¢ of the beamforming antenna 541 to steer the antenna-pattern beam away from the user's
body.

[0057] In FIG. 5, the controller 503 can determine to update the antenna-pattern beam of
the beamforming antenna 541 by using, for instance, a change in the received signal strength of
the beamforming antenna 541, the directional alignment of the wircless device, the propagation
characteristics of a received signal via the beamforming antenna 541, the input impedance of the
beamforming antenna 541 using the adaptive matching network 542, or any combination thereof.

In another embodiment, the controller 503 can measure a plurality of received signal strengths
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for the beamforming antenna 541, wherein each measurement can correspond to the primary
radiating clement with onc or morc different reconfigurable parasitic clements. Further, the
controller 503 can determine to steer the beamforming antenna 541 by, for instance, comparing
onc or morc ot such rceeived signal strengths to the received signal strength of the currently
configured beamforming antenna.

[0058] F1G. 6 1s a flow chart of onc embodiment of a method 600 of adapting a
beamforming antenna using reconfigurable parasitic elements in accordance with various aspects
sct forth herein. In FIG. 6, the method 600 can start at block 681, where the method 600 can
calculate the input impedance of the beamforming antenna using an adaptive matching network,
wherein the adaptive matching network is clectrically connected to the bcamforming antenna. At
block 682, the method 600 can determine whether the input impedance of the beamforming
antenna s outside a tolerance. The tolerance can reflect the variability of the input impedance of
the beamforming antenna while in a static environment. For instance, the tolerance can be
correlated to the variance of the input impedance of the beamforming antenna while in a specific
environment. The quality of the design of the beamforming antenna, the quality of the
components used for the beamforming antenna, environmental conditions, other factor, or any
combination thereof may impact the tolerance of the beamforming antenna.

[0059] If the input impedance is outside the tolerance of the beamforming antenna, at
block 683, the method 600 can determine the operating environment of the wireless device using,
for instance, the received signal strength of the beamforming antenna, the propagation
characteristics of a received signal via the beamforming antenna, the input impedance of the
beamforming antenna, the speed of the wireless device, the delay spread of signals received at

the beamlorming antenna, the directional alignment of the wireless device, other factor, or any
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combination thereof. The method 600 can use a sensor such as an accelerometer to determine,
for instance, the dircctional alignment of the wircless device, the speed of the wircless device,
the acceleration of the wireless device, other factor, or any combination thereof. In another
cmbodiment, the mcthod 600 can usc a sensor such as a camcra to monitor contiguous imaggs to
determine whether the wireless device 1s placed against or near a user’s ear.

[0060] In FIG. 6, at block 684, thc mcthod 600 can sclcet a sct of onc or morce
reconfigurable parasitic elements using, for instance, the input impedance, a predetermined input
impedancce obscrvation table, the recognized operating cnvironment, other factor, or any
combination thereof. For example, the method 600 can compare the measured input impedance
of the becamforming antcnna to cntrics in the predetermined input impedance observation table to
select one or more reconhigurable parasitic elements. The predetermined input impedance
observation table can be derived by capturing the measurements of the input impedance of the
beamforming antenna under various environments and conditions. The various environments
and conditions can be, for instance, the presence of a user or an object near the beamforming
antenna of a wireless device: an RF signal transmutted from a specific direction towards the
beamforming antenna of a wireless device; the propagation environment; other condition or
environment; or any combination thercof. At block 689, the method 600 can update the
beamforming antenna by electrically connecting, electrically coupling, or both the set of one or
more reconfigurable parasitic elements with the primary radiating element. The input impedance
matching of the beamforming antenna formed by the primary radiating element electrically
connected, electrically coupled, or both to one or more selected parasitic elements can be

adaptively optimized for maximum power transfer using the calculated impedance value.
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[0061] FIG. 7 1s a tlow chart of one embodiment of a method 700 of adapting a
bcamforming antcnna using reconfigurablce parasitic clements in accordance with various aspects
set forth herein. In FIG. 7, the method 700 can start at block 781, where the method 700 can
calculate the input impedance of the bcamforming antenna using an adaptive matching nctwork,
wherein the adaptive matching network 1s electrically connected to the beamforming antenna. At
block 782, the method 700 can determine whether the input impedance of the bcamforming
antenna 1s outside a tolerance. The tolerance can reflect the variability of the input impedance of
the bcamforming antcnna while in, for instance, a static cnvironment. For cxample, the tolerance
can be correlated to the variance of the tnput impedance of the beamforming antenna while in a
spectfic environment, The quality of the design of the beamforming antenna, the quality of the
components used for the beamforming antenna, environmental conditions, other tactor, or any
combination thereof may impact the tolerance of the beamforming antenna.

[0062] [f the input tmpedance 1s outside the tolerance of the beamforming antenna, at
block 783, the method 700 can determine the operating environment of the wireless device using,
for instance, the received signal strength of the beamforming antenna, the propagation
characteristics of a received signal via the beamforming antenna, the input impedance of the
beamforming antenna, the speed of the wireless device, the delay spread of signals received at
the beamforming antenna, the directional alignment of the wireless device, other factor, or any
combination thereof. The method 700 can use a sensor such as an accelerometer to determine,
for instance, the directional alignment of the wireless device, the speed of the wireless device,
the acceleration of the wireless device, other factor, or any combination thereof. In another
cmbodiment, the method 700 can usc a sensor such as a camera to monitor contiguous 1mages to

determine whether the wireless device 1s placed against or near a user's ear.
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[0063] In FIG. 7, at block 784, the method 700 can select a portion of one or more
rcconfigurablc parasitic clements using, for instance, the input impedance, a predetermined input
impedance observation table, the recognized operating environment, other factor, or any
combination thercof. For cxample, the method 700 can comparce the measurcd input impedance
of the beamtorming antenna to entries in the predetermined input impedance observation table to
sclect onc or more reconfigurable parasitic clements. The predetermined input impedance
observation table can be derived by capturing the measurements of the input impedance of the
bcamforming antenna undcr various environments and conditions. The various cnvironments
and conditions can be, for instance, the presence of a user or an object; an RF signal transmitted
from a spccific dircction towards the bcamforming antenna; the propagation cnvironment; other
condition; or any combination thereof.

[0064] At block 785, the method 700 can calculate the input impedance of the
beamforming antenna for each of the portion of reconfigurable parasitic elements using the
adaptive matching network. At block 786, the method 700 can determine whether to consider
more than one parasitic element configuration using the input impedance calculated at block 7835.
[f more than one parasitic element configuration 1s considered, then at block 787 the method 700

can calculate the received signal strength of the beamforming antenna tor the primary radiating

element with any combination of the parasitic clement configurations. At block 788, the method
700 can select one or more of the parasitic element configurations having the largest received
signal strength. At block 789, the method 700 can update the beamforming antenna by
electrically connecting, electrically coupling, or both the selected parasitic element configuration
or configurations with the primary radiating element by using, for instance, a switching circuit.

The input impedance match of the antenna [ormed by the primary radiating element electrically
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connected, clectrically coupled, or both to one or more of the selected parasitic elements can be
adaptively updated to improve the power transfer of the bcamforming antenna by using the
adaptive matching network to calculate the input impedance value.

[0065] FIG. 8 1s a tlow chart of another ecmbodiment of a method 800 of adapting a
beamforming antenna using reconfigurable parasitic elements in accordance with various aspects
sct forth herein. In FIG. 8, the method 800 can start at block 881, where the method 800 can
calculate the mput impedance of the beamforming antenna using an adaptive matching network,
wherein the adaptive matching network is clectrically connected to the beamforming antenna. At
block 882, the method 800 can determine whether the input impedance of the beamforming
antenna 1s outside a tolerance. The tolerance can reflect the variability of the input impedance of
the beamforming antenna whilc in a static environment. For instance, the tolerance can be
correlated to the variance of the input impedance of the beamforming antenna while in a specific
environment. The quality of the design of the beamforming antenna, the quality of the
components used tor the beamforming antenna, environmental conditions, other factor, or any
combination thereof may impact the tolerance of the beamforming antenna.

[0066] [f the input impedance 1s outside the tolerance of the beamforming antenna, at
block 883, the method 800 can determine the operating environment of the wireless device using,
for instance, the recetved signal strength of the beamforming antenna, the propagation
characteristics of a received signal via the beamforming antenna, the input impedance of the
beamforming antenna, the speed of the wireless device, the delay spread of signals received at
the beamforming antenna, the directional alignment of the wireless device, other factor, or any
combination thereof. The method 800 can use a sensor such as an accelerometer to determine,

[or instance, the directional alignment of the wireless device, the speed of the wireless device,
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the acceleration of the wireless device, other factor, or any combination thereof. In another
cmbodiment, the method 800 can usc a sensor such as a camcra to monitor contiguous imagcs to
determine whether the wireless device is placed against or near a user's ear.

[0067] In FIG. 8, at block 884, thc mcthod 800 can sclect a sct of one or more
reconfigurable parasitic elements using, for instance, the input impedance, a predetermined input
impedance obscrvation table, the recognized operating cnvironment, other factor, or any
combination thereof. For example, the method 800 can compare the measured input impedance
of the bcamforming antenna to cntrics in the predetermined input impedance observation table to
sclect one or more reconfigurable parasitic elements. The predetermined input impedance
obscrvation table can be derived by capturing the measurecments of the input impedance of the
beamforming antenna under various environments and conditions. The various environments
and conditions can be, for instance, the presence of a user or an object; an RF signal transmitted
from a specific direction towards the beamforming antenna; the propagation environment of the
wireless device: other condition; or any combination thereof. At block 889, the method 800 can
update the beamforming antenna by clectrically connecting, electrically coupling, or both the set
of one or more reconfigurable parasitic elements with the primary radiating element. After
updating the beamforming antenna, at block 890, the method 800 can re-calculate the input
impedance of the updated beamforming antenna using, for instance, the adaptive matching
network. At block 891, the method 900 can then match the adaptive matching network to about
the same calculated input impedance of the updated beamforming antenna.

[0068] FIG. 9 15 a flow chart of another embodiment of a method 900 of adapting a
beamforming antenna using reconfigurable parasitic elements in accordance with various aspects

setl [orth herein. In FIG. 9, the method 900 can start at block 980, where the method 900 can
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determine whether to update the beamforming antenna by, for instance, determining a change in
the received signal strength of the beamforming antenna, the dircctional alignment of the
wireless device, the propagation characteristics of a received signal via the beamforming
antcnna, the input impedance of the bcamforming antcnna, or any combination thercof, In
another embodiment, the method 900 can measure a plurality of received signal strengths of the
bcamforming antenna, wherein cach measurement corresponds to a primary radiating clement of
the beamforming antenna with one or more different reconfigurable parasitic elements. Further,
the method 900 can determine to update the becamforming antenna by determining whether one
of the plurality of received signal strengths corresponding to a specific configuration of one or
morc rcconfigurable parasitic clements with the primary radiating clement is greater than the
received signal strength of the currently configured beamtorming antenna. If one of the plurality
of received signal strengths is greater than the received signal strength of the currently
configured beamforming antenna, then the method 900 can update the beamforming antenna.
[0069] At block 981, the method 900 can calculate the input timpedance of the
beamforming antenna using an adaptive matching network, wherein the adaptive matching
network 1s electrically connected to the beamforming antenna. At block 982, the method 900

can determine whether the input impedance of the beamforming antenna is outside a tolerance.
The tolerance can reflect the variability of the input impedance of the beamforming antenna
while 1n a specific environment such as a static environment. For instance, the tolerance can be

correlated to the variance of the input impedance of the beamforming antenna while in a specific
environment. The quality of the design of the beamforming antenna, the quality of the
components used for the beamforming antenna, environmental conditions, other factor, or any

combination thereol may impact the tolerance ol the beamforming antenna.
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[0070] It the mput impedance is outside the tolerance of the beamforming antenna, at
block 983, the mecthod 900 can determine the opcerating cnvironment of the wircless device using,
for instance, the recetved signal strength, the propagation characteristics of the received signal,
the mput impedance of the beamforming antenna, the speed of the wireless device, the delay
spread ol signals received at the beamforming antenna, the directional alignment of the wireless
device, other factor, or any combination thercof. The method 900 can usc a sensor such as an
accelerometer to determine, for instance, the directional alignment of the wireless device, the
spced of the wireless deviee, the accceleration of the wircless device, other factor, or any
combination thereof. In another embodiment, the method 900 can use a sensor such as a camera
to monitor contiguous imagcs to determine whether the wircless device is placed against or near
4 user's ear.

[0071] In FIG. 9, at block 984, the method 900 can select a portion of one or more
reconfigurable parasitic elements using, for instance, the measured input impedance of the
beamforming antenna, a predetermined input impedancc observation table, the recognized
operating environment, other factor, or any combination thereof. For example, the method 900
can compare the measured input tmpedance of the beamforming antenna to entrics in the
predetermined input impedance observation table to select the set of one or more reconfigurable
parasitic elements. The predetermined input impedance observation table can be derived by
capturing the measurements of the input impedance of the beamforming antenna under various
cnvironments and conditions. The various environments and conditions can be, for instance, the
presence of a user or an object; an RF signal transmitted from a specific direction towards the
beamforming antenna; the propagation environment of the wireless device; other condition; or

any combination thereol. At block 988, the method 900 can update the beamlorming antecnna by
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electrically connecting, electrically coupling, or both the set of one or more reconfigurable
parasitic clements with the primary radiating clement.

[0072] FIG. 10 1llustrates a block diagram of another embodiment of a beamforming
antcnna systcm 1000 for a wircless device in accordance with various aspects sct forth herein. In
FIG. 10, the system 1000 can include a beamforming antenna 1041, an adaptive matching
nctwork 1042, a transcciver 1005, a usage detector 1044, a sensor 1023, a controller 1003, a
switching circuit 1047, other element, or any combination thereof. The beamforming antenna
1041 can include a primary radiating clement 1050 with a reconfigurable parasitic clements
1051. In this embodiment, the primary radiating element 1050 is a monopole or a dipole, and the
rcconfigurable parasitic clement 1051 is a monopolc or a dipolc.

[0073] Under normal operation of the wireless device, the beamforming antenna can use
the pnimary radiating element 1050 to generate an omnidirectional antenna-pattern beam 1060.
When, for instance, the wireless device is placed to the user's ear, the beamforming antenna 1041
can direct the antenna-pattern beam 1061 away from the user to reduce the amount of
clectromagnetic energy absorbed by such user. The directing of the antenna-pattern beam away
from a user can be performed using, for instance, a switching clement associated with the
switching circuit 1047 to select the parasitic element 1051 of the beamforming antenna 1041.
The parasitic element 1051 and the primary radiating element 1050 can cooperatively receive
and radiate RF signals.

[0074] In the current embodiment, the beamforming antenna 1041 can be electrically
connected to the adaptive matching network 1042, which can be used to match the input
impedance of the bcamforming antcnna 1041 to improve the power transfer and reducc

retlections from the beamforming antenna 1041. Further, the adaptive matching network 1042
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can be used to estimate the input impedance of the beamforming antenna 1041. The transceiver
1005 can includc a transmuittcr, a receiver, or both. On the downlink, the input to the transceiver
1005 can be an RF signal, which can be converted from an electromagnetic signal to an electrical
signal via the bcamtorming antcnna 1041. The output of the transceiver 1005 can be a bascband
signal or an intermediate frequency ("IF") signal. Similarly, on the uplink, the input to the
transcciver 1005 can be a bascband signal or an IF signal. The output of the transcciver 1005
can be an RF signal, which can be converted from an electrical signal to an electromagnetic
signal by thc bcamforming antcnna 1041. The dctatled design of the transceiver 1005 1s
dependent on the wireless communication system used.

[0075] [n FIG. 10, thc usage detector 1044 can be used to determine the opcerating
environment of the wireless device, which can be used to determine when to switch the parasitic
clement 1051 of the beamforming antenna 1041. The usage detector 1044 can receive a signal
from the adaptive matching network 1042, a signal from the transceiver 1003, a signal from the
sensor 1023, other signal, or any combination thereot. The usage detector 1044 can determine
the operating environment of the wireless device by identifying a change in, for instance, the
received signal strength of the beamforming antecnna 1041; the directional alignment of the
wireless device, the propagation characteristics of a received signal; the input impedance of the
beamforming antenna 1041; other information; or any combination thercof.

[0076] For instance, the usage detector 1044 can determine that the wireless device 1s
placed against a user's ear during a voice call using the call processing state of the wireless
device, the directional alignment of the wireless device, a change 1n the input impedance of the
beamforming antenna 1041, other factor, or any combination thereof. For example, the usage

detector 1044 can receive a signal from the sensor 1023 indicating that the wireless device 15 1n a
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substantially horizontal directional alignment consistent with the positioning of the wireless
device by a user during a voice call. Further, the controller 1003 can provide the usage detector
1044 with, for instance, the call processing state of the wircless device such as a voice call state.
In addition, the usage detector 1044 can monitor for a change in the input impedance of the
beamforming antenna 1041 using the adaptive matching network 1042, which may be used to
determune, for mnstance, that a wircless device is closc to the user's body. After determining that
the wireless device is placed against a user's ear during a voice call, the controller 1003 can
switch the parasitic clement 1051 of the becamforming antenna 1041 to steer the antenna-pattern
beam away from the user's body.

[0077] FIG. [ tlustrates simulated results of the performance of one cmbodiment of a
beamtorming antenna system 400 in accordance with various aspects set forth herein, wherein
the results show the measured input impedance of the beamforming antenna 441 over time for a
user operating a wireless device in a voice call. The graphical representation in its entirety 1s
referred to by 1100. The number of the discrete-time sample of the measured input impedance
of the beamforming antenna 441 is shown on the abscissa 1101. The measured input impedance
of the beamforming antenna 441 1s shown on the ordinate 1102. The graph 1103 shows the real
values of the measured input impedance of the beamforming antenna 441. The graph 1104
shows the imaginary values of the measured input impedance of the beamforming antenna 441.
In the simulation, the beamforming antenna 441 uses a half-wavelength dipole for the primary
radiating element 450 and five half-wavelength dipoles for the reconfigurable parasitic elements
451a to 451e. Each of the five reconfigurable parasitic elements 451a to 451¢ are one tenth of a
wavelength from the primary radiating element 450. Further, the antenna gain of the primary

radiating element 450 is 1.65 dB and the antenna gain of the primary radiating element coupled
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with one of the reconfigurable parasitic elements 451a to 451¢ 15 4.99 dB. The simulation was
performed at a frcquency of 900 MHz.

[0078] Having shown and described exemplary embodiments, further adaptations of the
mcthods, devices, and systems described hercin may be accomplished by appropriate
modifications by one of ordinary skill in the art without departing from the scope of the present
disclosurc. Scveral of such potcntial modifications have been mentioned, and others will be
apparent to those skilled in the art. For instance, the exemplars, embodiments, and the like
discusscd above arc illustrative and arc not nccessarily required. Accordingly, the scope of the
present disclosure should be considered 1n terms of the following claims and 1s understood not to
be limited to the details of structurc, operation, and function shown and described 1n the
specification and drawings.

[0079] As set forth above, the described disclosure includes the aspects set forth below.
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IN THE CLAIMS:

1. A method of controlling an antenna-pattern of a beamforming antenna in a wireless

device, comprising:

calculating the input impedance of the beamforming antenna using an adaptive
matching network, wherein said beamforming antenna includes a primary radiating
element and one or more reconfigurable parasitic elements to shape and direct the
antenna-pattern, and said primary radiating element and said reconfigurable parasitic
elements cooperatively receive, transmit, or both a radio frequency signal:

determining that the input impedance of the beamforming antenna is outside a
tolerance:

recognizing an environment of the wireless device;

selecting a portion of said reconfigurable parasitic elements using the input
impedance of the beamforming antenna, an input impedance observation table, said
recognized environment, or any combination thereof; and

updating the beamforming antenna by electrically connecting, electrically
coupling, or both said selected portion of said reconfigurable parasitic elements to said

primary radiating element to adaptively steer the antenna-pattern in a preferred direction.

2. The method of claim 1, further comprising:
calculating the input impedance of the beamforming antenna for said primary

radiating element with each reconfigurable parasitic element of said portion using the
adaptive matching network;

determining a subset of said portion of reconfigurable parasitic elements to match
the calculated input impedance;

calculating the received signal strength of the beamforming antenna for said

primary radiating element with each reconfigurable parasitic element in said subset; and

selecting one or more reconfigurable parasitic elements of said subset having the

largest received signal strength.
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The method of claim 1, further comprising:

re-calculating the input impedance of said updated beamforming antenna using
said adaptive matching network; and

adjusting said adaptive matching network to match the input impedance of said

updated beamforming antenna.

The method of claim 1, wherein said primary radiating element and said recontigurable

parasitic elements are monopoles or dipoles.

The method of claim 1, wherein said primary radiating element 1s a patch antenna and
said reconfigurable parasitic elements are one or more radiating strip elements, wherein
said patch antenna is electrically connected, electrically coupled, or both to said radiating

strip elements.

The method of claim 1, said recognizing including:

identifying a change in one or more of the recetved signal strength of the
beamforming antenna, the directional alignment of the wireless device, the propagation
characteristics of a received signal via the beamforming antenna, the input impedance of

the beamforming antenna, or any combination thereof.

The method of claim 1, further comprising:

determining to update the beamforming antenna.

The method of claim 7, said determining to update the beamforming antenna including:
determining a change in one or more of the received signal strength of the
beamforming antenna, the directional alignment of the wireless device, the propagation

characteristics of a received signal via the beamforming antenna, the input impedance of

the beamforming antenna, or any combination thereof.
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The method of claim 7, said determining to update the beamforming antenna including:
measuring a plurality of received signal strengths for the beamtorming antenna,
wherein each measurement corresponds to said primary radiating element with one or
more different reconfigurable parasitic elements;
determining one of said plurality of received signal strengths 1s greater than the

received signal strength for the beamforming antenna.

The method of claim 1, wherein the primary radiating element is used to provide an

omnidirectional antenna-pattern beam.

An antenna system for a wireless device, comprising:

a beamforming antenna for generating an antenna-pattern beam, said
beamforming antenna comprising:

a primary radiating element electrically connected to an adaptive matching
network, wherein said adaptive matching network is used for matching the input
impedance of said beamforming antenna;

one or more reconfigurable parasitic elements electrically connected, electrically
coupled, or both to said primary radiating element and electrically connected to a
switching circuit, wherein said switching circuit is used to select one or more ot said
reconfigurable parasitic elements, and said primary radiating element and said selected
parasitic elements cooperatively receive, transmit, or both a radio frequency-signal, the
parasitic elements for shaping and directing the antenna-pattern;

a transceiver electrically connected to said beamforming antenna tor transmitting
a signal, receiving a signal, or both;

a usage detector electrically connected to said beamforming antenna and said
transceiver for recognizing the environment of the wireless device; and

a controller electrically connected to said beamforming antenna, said usage
detector, said transceiver, said switching circuit, and said adaptive matching network to
adapt the antenna-pattern beam of said beamforming antenna, wherein said controller 1s

configured to:
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determine that the input impedance of the beamforming antenna using said
adaptive matching network is outside a tolerance;

recognize the environment of the wireless device using said usage detector;

select a portion of said reconfigurable parasitic elements using the input
impedance of the beamforming antenna, an observation table, said recognized
environment, or any combination thereof; and

update the beamforming antenna by electrically connecting, electrically coupling,
or both said selected portion of reconfigurable parasitic elements with said primary
radiating element using said switching circuit, to adaptively steer the antenna-pattern in a

preferred direction.

The antenna system of claim 11, wherein said usage detector further comprises:
a sensor for determining the directional alignment of the wireless device, the
speed of the wireless device, the acceleration of the wireless device, or any combination

thereof.

The antenna system ot claim 11, wherein said controller is further configured to:

calculate the input impedance of the beamforming antenna for said primary
radiating element with each reconfigurable parasitic element of said portion using the
adaptive matching network;

determine a subset of said portion of reconfigurable parasitic elements to match
the calculated input impedance;

calculate the received signal strength of the beamforming antenna for said
primary radiating element with combinations of reconfigurable parasitic elements in said

subset; and
select one or more reconfigurable parasitic elements of said subset having the

largest received signal strength in said combination with said primary radiating element.

The antenna system of claim 11, wherein said controller 1s further configured to:
re-calculate the mnput impedance ot said updated beamforming antenna using said

adaptive matching network; and
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update said adaptive matching network to the input impedance of said updated

beamforming antenna.

The antenna system of claim 11, wherein said primary radiating element and said

reconfigurable parasitic elements are monopoles or dipoles.

The antenna system of claim 11, wherein said primary radiating element 1s a patch

antenna and said reconfigurable parasitic elements are radiating strip elements.

The antenna system of claim 11, wherein said usage detector s further contigured to:
identify a change in one or more of the received signal strength of the

beamforming antenna, the directional alignment of the wireless device, the propagation

characteristics of a received signal via the beamforming antenna, the input impedance of

the beamforming antenna, or any combination thereof.

The antenna system of claim 11, wherein the controller 1s further configured to:
determine to update the beamforming antenna by using a change in one or more
of the received signal strength of the beamforming antenna, the directional alignment of
the wireless device, the propagation characteristics of a received signal via the
beamforming antenna, the input impedance of the beamforming antenna, or any

combination thereof.

The antenna system of claim 11, wherein the controller 1s further contigured to:
determine to update the beamforming antenna by measuring a plurality of
received signal strengths for the beamforming antenna, wherein each measurement
corresponds to said primary radiating element with one or more different reconfigurable
parasitic elements, and determining one of said plurality of received signal strengths 1s

greater than the received signal strength for the beamforming antenna.

The antenna system of claim 11, wherein the primary radiating element 1s used to provide

an omnidirectional antenna-pattern beam.
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The antenna system of claim 11, wherein said controller operates 1n real time.

An antenna system for a wireless device, comprising:

a beamforming antenna for generating an antenna-pattern beam, said
beamforming antenna comprising:

a primary radiating element electrically connected to an adaptive matching
network, wherein said adaptive matching network 1is used for matching the input
impedance of said beamforming antenna;

one or more reconfigurable parasitic elements electrically connected, electrically
coupled, or both to said primary radiating element and electrically connected to a
switching circuit, wherein said switching circuit is used to select one or more of said
reconfigurable parasitic elements, and said primary radiating element and said selected
parasitic elements cooperatively receive, transmit, or both a radio frequency signal, the
parasitic elements to shape and direct the antenna-pattern;

a transceiver electrically connected to said beamforming antenna for transmitting
a signal, receiving a signal, or both;

a sensor to detect the directional alignment of the wireless device, the speed of the
wireless device, the acceleration of the wireless device, or any combination thereof; and

a controller electrically connected to said beamforming antenna, said transceiver,
said switching circuit, said adaptive matching network, and said sensor to adapt the
antenna-pattern beam of said beamforming antenna, wherein said controller 1s configured
to:

determine that the input impedance of the beamforming antenna using said
adaptive matching network is outside a tolerance;

recognize the environment of the wireless device using said beamforming
antenna, said transceiver, said switching circuit, said adaptive matching network, said
sensor, or any combination thereof;

select a portion of said reconfigurable parasitic elements using the input

impedance of the beamforming antenna, an observation table, said recognized

environment, or any combination thereof; and
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update the beamforming antenna by electrically connecting, electrically coupling,

or both said selected portion of reconfigurable parasitic elements with said primary
radiating element using said switching circuit to adaptively steer the antenna-pattern in a

preterred direction.

The antenna system of claim 22, wheretn said sensor i1s an accelerometer.

The antenna system of claim 22, wherein said sensor 1s a camera lens.
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