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(54) ANTENNA TUNING FOR MULTIBAND OPERATION

(57) A system and process that incorporates teach-
ings of the subject disclosure may include, for example,
a multiband antenna as may be used in mobile commu-
nications devices. The multiband antenna includes a
common feed port (1202) coupled to each of a first radi-
ating portion (1210) and a second radiating portion
(1220). Each of the first and second radiating portions
defines a respective resonant bandwidth. The multiband
antenna also includes at least one adjustable tuning cir-
cuit (1224) disposed between physically isolated radiat-
ing segments (1222a,1222b) of a respective one of the
first and second radiating portions. Adjustment of the tun-
ing circuit alters a corresponding resonant bandwidth al-
lowing the corresponding resonant bandwidth to be tuned
independently of the other resonant bandwidth and with-
out affecting performance of the other resonant band-
width. In at least some embodiments, the tuning circuit
can include a tunable phase shifter having one or more
components, each having a variable reactance. Other
embodiments are disclosed.
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Description

FIELD OF THE DISCLOSURE

[0001] The subject disclosure relates generally to an-
tennas and more particularly to tunable multi-band an-
tennas.

BACKGROUND

[0002] Cellular communication devices such as cellu-
lar telephones, tablets, and laptops can support multi-
cellular access technologies, peer-to-peer access tech-
nologies, personal area network access technologies,
and location receiver access technologies, which can op-
erate concurrently. Cellular communication devices have
also integrated a variety of consumer features such as
MP3 players, color displays, gaming applications, cam-
eras, and other features. Cellular communication devices
can be required to communicate at a variety of frequen-
cies, and in some instances are subjected to a variety of
physical and functional use conditions.
[0003] In some instances, such communication devic-
es are required to operate within different frequency
bands, referred to generally as multi-band operation. For
example, a cellular communication device may be re-
quired to operate in a low-frequency cellular band, e.g.,
for voice communications, and in a relatively highfre-
quency cellular band, e.g., for data communications. Ad-
ditionally, with advancements in mobile communications
devices resulting in smaller packages with greater func-
tionality, such a demand for multi-band operation without
a corresponding proliferation of antennas is desirable.
[0004] Multiband antennas can provide coverage with-
in different operating bands, such as a planar inverted
"F" antenna (PIFA) used in mobile communications de-
vices. Unfortunately, however, such antennas typically
provide relatively narrow operational bandwidths deter-
mined by resonances of the multiband antenna struc-
tures. Thus, if greater bandwidth coverage is required,
additional elements area may be added, adding to the
size and complexity of the multiband antenna structure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Reference will now be made to the accompa-
nying drawings, which are not necessarily drawn to scale,
and wherein:

FIG. 1 depicts an illustrative embodiment of a com-
munication device;
FIG. 2 depicts an illustrative embodiment of a portion
of a transceiver of the communication device of FIG.
1;
FIGs. 3-6B depict illustrative embodiments of a tun-
able matching network of the transceiver of FIG. 2;
FIG. 7 depicts an illustrative embodiment of a look-
up table utilized by the communication device of FIG.

1 for controlling tunable reactive elements utilized
by the communication device;
FIGs. 8-11 depict illustrative physical and operation-
al use cases of a communication device;
FIG. 12 depicts a schematic diagram of an illustrative
embodiments of a dual-band, independently tunable
antenna assembly;
FIG. 13 depicts illustrative embodiments of a process
for tuning a dual-band, independently tunable anten-
na assembly;
FIG. 14 depicts illustrative embodiments of a process
for operating a dual-band, independently tunable an-
tenna assembly;
FIG. 15 depicts a planar view of an embodiment of
a dual-band, independently tunable antenna assem-
bly;
FIG. 16 depicts a planar view of another embodiment
of a dual-band, independently tunable antenna as-
sembly;
FIGs. 17A-17D depict graphical representations of
performance of an illustrative embodiment of a dual-
band, independently tunable antenna element;
FIGs. 18A-18C depict planar and sectional views of
a portion of a circuit assembly including dual-band,
independently tunable antenna assembly; and
FIG. 19 depicts an illustrative diagrammatic repre-
sentation of a machine in the form of a computer
system within which a set of instructions, when ex-
ecuted, may cause the machine to perform any one
or more of the methodologies disclosed herein.

DETAILED DESCRIPTION

[0006] The subject disclosure describes, among other
things, illustrative embodiments of tunable multiband an-
tennas, in which at least one operating band of a multi-
band antenna is independently tunable, without affecting
other operating bands of the same antenna. Thus, a lim-
ited number of resonant portions of a multiband radiating
structure are able to cover a greater operational band-
width than would otherwise be possible. Other embodi-
ments are described by the subject disclosure.
[0007] One embodiment of the subject disclosure in-
cludes a multiband antenna having a common feed port
and a first radiating portion coupled to the common feed
port. The first radiating portion defines a first resonant
bandwidth. The multiband antenna also includes a sec-
ond radiating portion coupled to the common feed port
and defining a second resonant bandwidth differing from
the first resonant bandwidth. The second radiating ele-
ment includes a proximal radiating segment coupled to
the common feed port, a distal radiating segment phys-
ically isolated from the proximal radiating segment and
the common feed port, and an adjustable tuning circuit.
The adjustable tuning circuit is coupled between the prox-
imal radiating segment and the distal radiating segment.
Adjustment of the tuning circuit modifies the second res-
onant bandwidth, without altering the first resonant band-
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width.
[0008] Another embodiment of the subject disclosure
includes a process for tuning an antenna. The process
includes identifying, by a system including at least one
processor, a target frequency for operation of a multiband
antenna comprising a number of radiating portions. Each
radiating portion contributes a different respective reso-
nance bandwidth that can be realized at a common an-
tenna port. One of the radiating portions is selected, by
the system, responsive to the identified target frequency
to accommodate operation of the multiband antenna at
the target frequency. A tuning circuit is integrally coupled
between adjoining radiating segments of the selected ra-
diating portion. The tuning circuit is adjusted, by the sys-
tem, thereby altering a resonance of the selected radiat-
ing portion, such that a resonant bandwidth of the select-
ed radiating portion includes the target frequency. Such
adjustment of the resonant bandwidth of the selected ra-
diating portion is accomplished without altering reso-
nance bandwidths of non-selected radiating portions of
the number of radiating portions of the multiband anten-
na.
[0009] Yet another embodiment of the subject disclo-
sure includes a communications device including at least
one of a transmitter or a receiver and a multiband anten-
na. The multiband antenna includes a common feed port
and a number of radiating portions. Each radiating portion
of the number of radiating portions is coupled to the com-
mon feed port and defines a respective resonant band-
width. The multiband antenna also includes at least one
adjustable reactive impedance coupled between a prox-
imal radiating segment and a distal radiating segment of
a respective radiating portion of the number of radiating
portions. Adjustment of the at least one reactive imped-
ance modifies the respective resonant bandwidth, with-
out altering the resonant bandwidths of other radiating
portions of the number of radiating portions.
[0010] FIG. 1 depicts an illustrative embodiment of a
communication device 100. The communication device
100 can comprise one or more transceivers 102 coupled
to one or more antennas 101, each transceiver having
transmitter and receiver sections (herein transceiver 102
or transceivers 102), a tunable circuit 122, one or more
tuning sensors 124, a user interface (UI) 104, a power
supply 114, a location receiver 116, a motion sensor 118,
an orientation sensor 120, and a controller 106 for man-
aging operations thereof. The transceiver 102 can sup-
port short-range or long-range wireless access technol-
ogies such as Bluetooth, ZigBee, Wireless Fidelity (WiFi),
Digital Enhance Cordless Telecommunications (DECT),
or cellular communication technologies, just to mention
a few.
[0011] One or more of the antennas 101 can be a multi-
band antenna configured to operate in different operating
frequency bands. An example multiband antenna 101’ is
illustrated including a first resonant portion 101a’ having
a resonance within a first operational bandwidth and a
second resonant portion 101b’ having a resonance within

a second, different operational bandwidth. In at least
some embodiments, each of the different operating band-
widths can be selected independently of any other oper-
ating bandwidths of the same antenna 101’. In at least
some embodiments, the multiband antenna 101’ in-
cludes at least one second tunable circuit 150 associated
with a respective one of the first and second resonant
portions 101a’, 101b’. The tunable circuit is operable to
selectively alter resonant performance of the associated
resonant portion 101a’, 101b’, thereby changing the op-
erational bandwidth. In the illustrative embodiment, the
tuning circuit 150 is associated with the first resonant
portion 101a’.
[0012] Cellular technologies can include, for example,
Global System for Mobile (GSM), Code Division Multiple
Access (CDMA), Time Division Multiple Access (TDMA),
Universal Mobile Telecommunications (UMTS), World
interoperability for Microwave (WiMAX), Software De-
fined Radio (SDR), Long Term Evolution (LTE), as well
as other next generation wireless communication tech-
nologies as they arise. The transceiver 102 can also be
adapted to support circuit-switched wireline access tech-
nologies such as Public Switched Telephone Network
(PSTN), packet-switched wireline access technologies
such as TCP/IP, Voice over IP-VoIP, etc., or combina-
tions thereof. Operational bandwidths of the one or more
antennas 101 can be selected based on one or more of
such cellular technologies, alone or in combination with
other wireless technologies, such as one or more of wire-
less Local Area Networks (LANs), e.g., IEEE 802.11
technologies generally known as Wireless Fidelity (Wi-
Fi), wireless Personal Area Networks (PANs), such as
BLUETOOTH, and navigational systems, such as the
Global Positioning System (GPS), and the like.
[0013] The first and second tunable circuits 122, 150
can comprise variable reactive elements such as variable
capacitors, variable inductors, or combinations thereof
that are tunable with digital and/or analog bias signals.
The first tunable circuit 122 can represent a tunable
matching network coupled to the antenna 101 to com-
pensate for a change in impedance of the antenna 101,
a compensation circuit to compensate for mutual cou-
pling in a multi-antenna system, an amplifier tuning circuit
to control operations of an amplifier of the transceiver
102, a filter tuning circuit to alter a pass band of a filter
used by the transceiver 102, and so on.
[0014] The tuning sensors 124 can be placed at any
stage of the transceiver 102 such as, for example, before
or after a matching network 202, and/or at a power am-
plifier 201 as shown in FIG. 2. Alternatively or in addition,
the tuning sensors 124 can be placed between the trans-
ceiver and one or more of the antennas 101, and along
one or more resonant segments 101a’, 101b’ of a multi-
band antenna 101’. The tuning sensors 124 can utilize
any suitable sensing technology such as directional cou-
plers, voltage dividers, or other sensing technologies to
measure signals at any stage of the transceiver 102, be-
tween the transceiver 102 and one or more of the anten-
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nas 101, and along one or more resonant segments
101a’, 101b’ of a multiband antenna 101’. The digital
samples of the measured signals can be provided to the
controller 106 by way of analog-to-digital converters in-
cluded in the tuning sensors 124. Data provided to the
controller 106 by the tuning sensors 124 can be used to
measure, for example, one or more of transmit power,
transmitter efficiency, receiver sensitivity, power con-
sumption of the communication device 100, resonant cur-
rents, e.g., current magnitude, frequency band selectivity
by adjusting filter passbands, linearity and efficiency of
power amplifiers, specific absorption rate (SAR) require-
ments, and so on. The controller 106 can be configured
to execute one or more tuning algorithms to determine
desired tuning states of one or more of the first and sec-
ond tunable circuits 122, 150 based on the foregoing
measurements.
[0015] In at least some embodiments, such tuning al-
gorithms function cooperatively to determine desired tun-
ing states. For example, such a cooperative tuning algo-
rithm can initially tune one of the first and second tunable
circuits 122, 150, and subsequently tune another of the
first and second tunable circuits 122, 150. The coopera-
tive tuning process can be repeated, for example, to re-
fine tuning of one or more of the first and second tunable
circuits. Such cooperative tuning algorithms can operate
similarly for embodiments having one or more of either
or both of the first and second tunable circuits 122. For
example, a match network 122 might be tuned to an initial
state, and one of a number of second tunable circuits
tuned to a respective state. Another of the second tunable
circuits can be tuned to a respective state, continuing,
and possibly retuning, until an overall system tuned state
is achieved.
[0016] The UI 104 can include a depressible or touch-
sensitive keypad 108 with a navigation mechanism such
as a roller ball, a joystick, a mouse, or a navigation disk
for manipulating operations of the communication device
100. The keypad 108 can be an integral part of a housing
assembly of the communication device 100 or an inde-
pendent device operably coupled thereto by a tethered
wireline interface (such as a USB cable) or a wireless
interface supporting, for example, Bluetooth. The keypad
108 can represent a numeric keypad commonly used by
phones, and/or a QWERTY keypad with alphanumeric
keys. The UI 104 can further include a display 110 such
as monochrome or color LCD (Liquid Crystal Display),
OLED (Organic Light Emitting Diode) or other suitable
display technology for conveying images to an end user
of the communication device 100. In an embodiment
where the display 110 is touch-sensitive, a portion or all
of the keypad 108 can be presented by way of the display
110 with navigation features.
[0017] The display 110 can use touch screen technol-
ogy to also serve as a user interface for detecting user
input. As a touch screen display, the communication de-
vice 100 can be adapted to present a user interface with
graphical user interface (GUI) elements that can be se-

lected by a user with a touch of a finger. The touch screen
display 110 can be equipped with capacitive, resistive or
other forms of sensing technology to detect how much
surface area of a user’s finger has been placed on a
portion of the touch screen display. This sensing infor-
mation can be used to control the manipulation of the
GUI elements or other functions of the user interface.
The display 110 can be an integral part of the housing
assembly of the communication device 100 or an inde-
pendent device communicatively coupled thereto by a
tethered wireline interface (such as a cable) or a wireless
interface.
[0018] The UI 104 can also include an audio system
112 that utilizes audio technology for conveying low vol-
ume audio (such as audio heard in proximity of a human
ear) and high volume audio (such as speakerphone for
hands free operation). The audio system 112 can further
include a microphone for receiving audible signals of an
end user. The audio system 112 can also be used for
voice recognition applications. The UI 104 can further
include an image sensor 113 such as a charged coupled
device (CCD) camera for capturing still or moving imag-
es.
[0019] The power supply 114 can utilize common pow-
er management technologies such as replaceable and
rechargeable batteries, supply regulation technologies,
and/or charging system technologies for supplying ener-
gy to the components of the communication device 100
to facilitate long-range or short-range portable applica-
tions. Alternatively, or in combination, the charging sys-
tem can utilize external power sources such as DC power
supplied over a physical interface such as a USB port or
other suitable tethering technologies.
[0020] The location receiver 116 can utilize location
technology such as a global positioning system (GPS)
receiver capable of assisted GPS for identifying a loca-
tion of the communication device 100 based on signals
generated by a constellation of GPS satellites, which can
be used for facilitating location services such as naviga-
tion. The motion sensor 118 can utilize motion sensing
technology such as an accelerometer, a gyroscope, or
other suitable motion sensing technology to detect mo-
tion of the communication device 100 in three-dimension-
al space. The orientation sensor 120 can utilize orienta-
tion sensing technology such as a magnetometer to de-
tect the orientation of the communication device 100
(north, south, west, and east, as well as combined ori-
entations in degrees, minutes, or other suitable orienta-
tion metrics).
[0021] The communication device 100 can use the
transceiver 102 to also determine a proximity to or dis-
tance to cellular, WiFi, Bluetooth, or other wireless ac-
cess points by sensing techniques such as utilizing a
received signal strength indicator (RSSI) and/or signal
time of arrival (TOA) or time of flight (TOF) measure-
ments.
[0022] The controller 106 can utilize computing tech-
nologies such as a microprocessor, a digital signal proc-
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essor (DSP), and/or a video processor with associated
storage memory such as Flash, ROM, RAM, SRAM,
DRAM or other storage technologies for executing com-
puter instructions, controlling, and processing data sup-
plied by the aforementioned components of the commu-
nication device 100.
[0023] Other components not shown in FIG. 1 can be
used by the subject disclosure. The communication de-
vice 100 can include a slot for inserting or removing an
identity module such as a Subscriber Identity Module
(SIM) card. SIM cards can be used for identifying and
registering for subscriber services, executing computer
programs, storing subscriber data, and so forth.
[0024] Other components not shown in FIG. 1 can be
added to the communication device 100. For example,
the communication device 100 can include a slot for in-
serting or removing an identity module such as a Sub-
scriber Identity Module (SIM) card. SIM cards can be
used for identifying and registering subscriber services,
executing computer programs, storing subscriber data,
and so forth.
[0025] Referring again to FIG. 2, an illustrative embod-
iment is depicted of a portion of the wireless transceiver
102 of the communication device 100 of FIG. 1. In GSM
applications, the transmit and receive portions of the
transceiver 102 can include amplifiers 201, 203 coupled
to a tunable matching network 202 that is in turn coupled
to an impedance load 206. The impedance load 206 in
the present illustration can be an antenna as shown in
FIG. 1 (herein antenna 206). A transmit signal in the form
of a radio frequency (RF) signal (TX) can be directed to
the amplifier 201 which amplifies the signal and directs
the amplified signal to the antenna 206 by way of the
tunable matching network 202 when switch 204 is ena-
bled for a transmission session. The receive portion of
the transceiver 102 can utilize a pre-amplifier 203 which
amplifies signals received from the antenna 206 by way
of the tunable matching network 202 when switch 204 is
enabled for a receive session. Other configurations of
FIG. 2 are possible for other types of cellular access tech-
nologies such as CDMA, UMTS, LTE, and so forth. These
undisclosed configurations are applicable to the subject
disclosure.
[0026] FIGs. 3 and 4 depict illustrative embodiments
of a tunable circuit 122, 150, such as the tunable match-
ing network 202 of the transceiver 102 of FIG. 2. In one
embodiment, the tunable matching network 202 can
comprise a control circuit 302 and a tunable reactive el-
ement 310. The control circuit 302 can comprise a DC-
to-DC converter 304, one or more digital-to-analog con-
verters (DACs) 306 and one or more corresponding buff-
ers 308 to amplify the voltage generated by each DAC.
The amplified signal can be fed to one or more tunable
reactive components 404, 406 and 408 such as shown
in FIG. 4, which depicts a possible circuit configuration
for the tunable reactive element 310. In this illustration,
the tunable reactive element 310 includes three tunable
capacitors 404-408 and two inductors 402-403 with a

fixed inductance. Circuit configurations such as "Tee",
"Pi", and "L" configurations for a matching circuit are also
suitable configurations that can be used in the subject
disclosure. Although the illustrative embodiment refers
to the tunable matching network 202, it is understood that
the disclosure related to such tunable circuits can be ap-
plied to any of the tunable circuits disclosed herein, such
as the tunable circuits 122, 150 illustrated in FIG. 1.
[0027] The tunable capacitors 404-408 can each utilize
technology that enables tunability of the reactance of the
component. One embodiment of the tunable capacitors
404-408 can utilize voltage or current tunable dielectric
materials. The tunable dielectric materials can utilize,
among other things, a composition of barium strontium
titanate (BST). Alternatively or in addition, the tunable
reactive element 310 can utilize semiconductor varac-
tors, or micro-electromechanical systems (MEMS) tech-
nology capable of mechanically varying the dielectric
constant of a capacitor. Other present or next generation
methods or material compositions that result in a voltage
or current tunable reactive element are applicable to the
subject disclosure for use by the tunable reactive element
310 of FIG. 3.
[0028] The DC-to-DC converter 304 can receive a DC
signal such as 3 volts from the power supply 114 of the
communication device 100 in FIG. 1. The DC-to-DC con-
verter 304 can use technology to amplify a DC signal to
a higher range (e.g., 30 volts) such as shown. The con-
troller 106 can supply digital signals to each of the DACs
306 by way of a control bus 307 of "n" or more wires or
traces to individually control the capacitance of tunable
capacitors 404-408, thereby varying the collective reac-
tive impedance of the tunable matching network 202. The
control bus 307 can be implemented with a two-wire serial
bus technology such as a Serial Peripheral Interface
(SPI) bus (referred to herein as SPI bus 307). With an
SPI bus 307, the controller 106 can transmit serialized
digital signals to configure each DAC in FIG. 3. The con-
trol circuit 302 of FIG. 3 can utilize digital state machine
logic to implement the SPI bus 307, which can direct dig-
ital signals supplied by the controller 106 to the DACs to
control the analog output of each DAC, which is then
amplified by buffers 308. In one embodiment, the control
circuit 302 can be a stand-alone component coupled to
the tunable reactive element 310. In another embodi-
ment, the control circuit 302 can be integrated in whole
or in part with another device such as the controller 106.
[0029] Although the tunable reactive element 310 is
shown in a unidirectional fashion with an RF input and
RF output, the RF signal direction is illustrative and can
be interchanged. Additionally, either port of the tunable
reactive element 310 can be connected to a feed point
of the antenna 206, a structural element of the antenna
206 in an on-antenna configuration, for example along
one of the resonant segments 10Ia’, 101b’ of a multiband
antenna 101’ (FIG. 1), or between antennas for compen-
sating mutual coupling when diversity antennas are used,
or when antennas of differing wireless access technolo-
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gies are physically in close proximity to each other and
thereby are susceptible to mutual coupling. The tunable
reactive element 310 can also be connected to other cir-
cuit components of a transmitter or a receiver section
such as filters, amplifiers, and so on, to control operations
thereof.
[0030] In another embodiment, the tunable matching
network 202 of FIG. 2 can comprise a control circuit 502
in the form of a decoder and a tunable reactive element
504 comprising one or more switchable reactive ele-
ments such as shown in FIGs. 6A and 6B. In this embod-
iment, the controller 106 can supply the control circuit
402 signals via the SPI bus 307, which can be decoded
with Boolean or state machine logic to individually enable
or disable the switching elements 602A, 602B (generally
602). The switching elements 602 can be implemented
with semiconductor switches, MEMS, or other suitable
switching technology. By independently enabling and
disabling the reactive elements 604A, 604B (capacitor
or inductor) of FIGs. 6A and 6B with the switching ele-
ments 602, the collective reactive impedance of the tun-
able reactive element 504 can be varied by the controller
106.
[0031] The tunable reactive elements 310 and 504 of
FIGs. 3 and 5, respectively, can be used with various
circuit components of one or more of the transceiver 102
and the first and second tunable circuits 122, 150 of FIG.
1, to enable the controller 106 to manage performance
factors such as, for example, but not limited to, transmit
power, transmitter efficiency, receiver sensitivity, power
consumption of the communication device 100, frequen-
cy band selectivity by adjusting filter passbands, linearity
and efficiency of power amplifiers, SAR requirements,
among other operational parameters.
[0032] FIG. 7 depicts an illustration of a look-up table,
for example, stored in a memory, which can be indexed
by the controller 106 of the communication device 100
of FIG. 1 according to physical and/or functional use cas-
es of the communication device 100. A physical use case
can represent a physical state of the communication de-
vice 100, while a functional use case can represent an
operational state of the communication device 100. For
example, for a flip phone 800 of FIG. 8, an open flip can
represent one physical use case, while a closed flip can
represent another physical use case. In a closed flip state
(i.e., bottom and top flips 802-804 are aligned), a user is
likely to have his/her hands surrounding the top flip 802
and the bottom flip 804 while holding the phone 800,
which can result in one range of load impedances expe-
rienced by an internal or retrievable antenna (not shown)
of the phone 800. The range of load impedances of the
internal or retrievable antenna can be determined by em-
pirical analysis.
[0033] With the flip open a user is likely to hold the
bottom flip 802 with one hand while positioning the top
flip 804 near the user’s ear when an audio system of the
phone 800, such audio system 112 of FIG. 1, is set to
low volume, and voice channel is active. If, on the other

hand, the audio system 112 is in speakerphone mode, it
is likely that the user is positioning the top flip 804 away
from the user’s ear. In these arrangements, different
ranges of load impedances can be experienced by the
internal or retrievable antenna, which can be analyzed
empirically. The low and high volume states of the audio
system 112, as well as, a determination that a voice chan-
nel is active, illustrates varying functional use cases.
[0034] For a phone 900 with a slideable keypad 904
(illustrated in FIG. 9), the keypad in an outward position
can present one range of load impedances of an internal
antenna, while the keypad in a hidden position can
present another range of load impedances, each of which
can be analyzed empirically. For a smartphone 1000 (il-
lustrated in FIG. 10) presenting a video game, an as-
sumption can be made that the user is likely to hold the
phone away from the user’s ear in order to view the game.
Placing the smartphone 1000 in a portrait position 1002
can represent one physical and operational use case,
while utilizing the smartphone 1000 in a landscape posi-
tion 1004 presents another physical and operational use
case.
[0035] The number of hands and fingers used in the
portrait mode may be determined by the particular type
of game being played by the user. For example, a par-
ticular video game may require a user interface where a
single finger in portrait mode may be sufficient for con-
trolling the game. In this scenario, it may be assumed
that the user is holding the smartphone 1000 in one hand
in portrait mode and using a finger with the other. By
empirical analysis, a possible range of impedances of
the internal antenna(s) of the communication device can
be determined when using the video game in portrait
mode. Similarly, if the video game selected has a user
interface that is known to require two hands in landscape
mode, another estimated range of impedances of the in-
ternal antenna can be determined empirically.
[0036] A multimode phone 1100 capable of facilitating
multiple access technologies such as GSM, CDMA, LTE,
WiFi, GPS, and/or Bluetooth in two or more combinations
can provide additional insight into possible ranges of im-
pedances experienced by two or more internal antennas
of the multimode phone 1100. For example, a multimode
phone 1100 that provides GPS services by processing
signals received from a constellation of satellites 1102,
1104 can be empirically analyzed when other access
technologies are also in use. Suppose, for instance, that
while navigation services are enabled, the multimode
phone 1100 is facilitating voice communications by ex-
changing wireless messages with a cellular base station
1106. In this state, an internal antenna of the GPS re-
ceiver may be affected by a use case of a user holding
the multimode phone 1100 (e.g., near the user’s ear or
away from the user’s ear). The effect on the GPS receiver
antenna and the GSM antenna by the user’s hand posi-
tion can be empirically analyzed.
[0037] Suppose in another scenario that the antenna
of a GSM transceiver is in close proximity to the antenna
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of a WiFi transceiver. Further assume that the GSM fre-
quency band used to facilitate voice communications is
near the operational frequency of the WiFi transceiver.
Also assume that a use case for voice communications
may result in certain physical states of the multimode
phone 1100 (e.g., slider out), which can result in a prob-
able hand position of the user of the multimode phone
1100. Such a physical and functional use case can affect
the impedance range of the antenna of the WiFi trans-
ceiver as well as the antenna of the GSM transceiver.
[0038] A close proximity between the WiFi and GSM
antennas and the near operational frequency of the an-
tennas may also result in cross-coupling between the
antennas. Mutual or cross-coupling under these circum-
stances can be measured empirically. Similarly, empiri-
cal measurements of the impedances of other internal
antennas can be measured for particular physical and
functional use configurations when utilizing Bluetooth,
WiFi, Zigbee, or other access technologies in peer-to-
peer communications with another communication de-
vice 1108 or with a wireless access point 1110. In diver-
sity designs such as multiple-input and multiple output
(MIMO) antennas, physical and functional use cases of
a communication device can be measured empirically to
determine how best to configure a tunable compensation
circuit 122, 150 such as shown in FIG. 1.
[0039] The number of physical and functional use cas-
es of a communication device 100 can be substantial
when accounting for combinations of access technolo-
gies, frequency bands, antennas of different access tech-
nologies, antennas configured for diversity designs, and
so on. These combinations, however, can be empirically
analyzed to determine load impedances of the anten-
na(s), mutual coupling between them, and the effects on
transmitter and receiver performance metrics. Mitigation
strategies to reduce mutual coupling, counter the effect
of varying load impedances, and to improve other per-
formance metrics of the transceiver 102 can also be de-
termined empirically. The empirical data collected and
corresponding mitigation strategies can be recorded in
the look-up table of FIG. 7 and indexed according to com-
binations of physical and functional use cases detected
by the communication device 100. The information stored
in the look-up table can be used in open-loop RF tuning
applications to initialize tunable circuit components of the
transceiver 102, as well as, tuning algorithms that control
operational aspects of the tunable circuit components.
[0040] FIG. 12 depicts a schematic diagram of an il-
lustrative embodiment of a dual-band, independently tun-
able antenna assembly 1200. The tunable antenna as-
sembly 1200 can include a common feed port 1202 cou-
pled to each of a first resonant portion 1210 and a second
resonant portion 1220. Each resonant portion 1210, 1220
of the antenna assembly 1200 can contribute to a re-
spective different operational bandwidth, realizable, for
example, at the common feed port 1202. For example,
the first resonant portion 1210 contributes to a first op-
erational bandwidth defined by favorable or desired per-

formance within the first operational bandwidth. Such fa-
vorable performance can include, for example, a voltage
standing wave ratio (VSWR) below a defined level, such
as 2:1, or return loss below a certain level, such as 3 dB
or 6 dB, within the first operational bandwidth. Likewise,
the second resonant portion 1220 can contribute to a
second operational bandwidth similarly defined by favo-
rable or desired performance. In one embodiment, the
first and second operational bandwidths can be substan-
tially unrelated, such that a change to resonant perform-
ance of one of the first and second resonant portions
1210, 1220, as might be introduced by way of a tuning
circuit 1214, described below, does not substantially af-
fect or otherwise alter an operational bandwidth of the
other resonant portion 1210, 1220.
[0041] In at least some embodiments, the first resonant
portion 1210 includes at least two segments: a proximal
segment 1212a and a distal segment 1212b. The proxi-
mal and distal segments 1212a, 1212b can be physically
separated from each other, such that a direct current (DC)
path does not exist between the two segments 1212a,
1212b. A tuning circuit 1214 can be electrically coupled
between the proximal and distal segments 1212a, 1212b
of the first resonant portion 1210. The proximal segment
1212a can extend between the feed port 1202 and the
tuning circuit 1214. The distal segment 1212b is coupled
at one end to the tuning circuit 1214, the other end ex-
tending away from the tuning circuit 1214.
[0042] The tuning circuit 1214, at least in part, can con-
trol electrical coupling between the proximal segment
1212a and the distal segment 1212b. For example, the
tuning circuit 1214 can provide substantially high circuit
impedance, e.g., an open circuit, between the two seg-
ments 1212a, 1212b, such that the distal segment 1212b
is substantially disconnected or electrically isolated from
the proximal segment 1212a. In such a configuration,
resonance of the first resonant portion 1210 can be sub-
stantially defined by the physical and electrical features
of the proximal segment 1212a. Considering each seg-
ment 1212a, 1212b as consisting of a linear conductor,
resulting resonances occur at operational bandwidths at
which the electrical length of the proximal segment 1212a
approximates a quarter wavelength. Of course, the actual
resonance and corresponding operational bandwidth will
correspond to the nature of the antenna structure, ac-
cording to well established principles of antenna design.
[0043] Alternatively, the tuning circuit 1214 can provide
a substantially low circuit impedance (e.g., short circuit)
between the two segments 1212a, 1212b, such that the
distal segment 1212b is substantially electrically coupled
to, and an extension of, the proximal segment 1212a.
Once again, by way of example, considering linear ar-
rangements, a resonance can be observed at operational
bandwidths at which the electrical length of the combined
proximal and distal segments 1212a, 1212b approxi-
mates a quarter wavelength. Providing different imped-
ance values between open circuit and short circuit values
by the tuning circuit 1214 can provide a selectable

11 12 



EP 3 131 157 A1

8

5

10

15

20

25

30

35

40

45

50

55

amount of coupling between the proximal and distal seg-
ments 1212a, 1212b, or otherwise alter resonant per-
formance of the first resonant portion 1210 of the antenna
assembly 1200. Such a capability of tuning the reso-
nance of the first resonant portion 1210 using the tuning
circuit 1214 allows for control of the operational band-
width. Thus, an operational bandwidth of the antenna
assembly 1200 can be extended by adjusting or other-
wise controlling the tuning circuit 1214 disposed along
the first resonant portion. The particular tuning value,
e.g., open, short, or some other impedance value can be
selected in response to an operational frequency, such
that the operational frequency falls within an operational
bandwidth of a suitably tuned resonant portion 1210.
[0044] Circuit topologies usable within any of the tuning
circuits disclosed herein, include one or more of tradi-
tional topologies: series, shunt, pi, tee, bridge, lattice, Y,
delta, ladder, combinations of one or more etc. Tuning
circuits can be balanced or unbalanced, grounded or
floating. Tuning circuits can include one or more switch-
es, such as single-pole-single-throw (SPST) switches. In
some embodiments, tuning circuits configured as an
open circuit can be approximated by a circuit presenting
a sufficiently high series impedance between adjacent
proximal and distal segments. Such a circuit element can
include a series capacitor of a suitable value to provide
a relatively high reactive impedance (e.g., above 10kΩ,
above 100kΩ, or above 1MΩ) at the operational frequen-
cy band of interest, e.g., high-band and/or low-band. Sim-
ilarly, tuning circuits configured as a short circuit can be
approximated by a circuit presenting a sufficiently low
series impedance between adjacent proximal and distal
segments. Such a circuit element can also include a se-
ries capacitor of a suitable value to provide a relatively
low reactive impedance (e.g., below 100Ω, below 10Ω,
or below 1Ω) between the adjacent antenna segments.
One or more variable reactive elements, such as variable
capacitors can be incorporated into the tuning circuit to
achieve such desired results. The exemplary embodi-
ments can also include other configurations utilizing var-
ious electrical components, including capacitors, resis-
tors, inductors and so forth.
[0045] In some embodiments, the second resonant
portion 1220 can similarly include a proximal segment
1222a and a physically separate distal segment 1222b,
with a second tuning circuit 1224 coupled between the
two segments 1222a, 1222b. The configuration of the
second resonant portion 1220, e.g., its shape, size, con-
struction, can be selected to provide a corresponding op-
erational bandwidth different than the first resonant por-
tion 1210. The second tuning circuit 1224 can be con-
trolled to alter or otherwise adjust the second operational
bandwidth, for example, extending a range of the second
operational bandwidth. The second tuning circuit 1224
is optional, shown in phantom, and can be left out alto-
gether. For embodiments of the second resonant portion
1220 that do not include the second tuning circuit 1224,
the proximal and distal segments 1220a, 1220b can be

adjoining, or otherwise arranged as a single contiguous
segment, without any separation. It is understood that
additional resonant portions (not shown) can be provid-
ed, each driven by the common feed port 1202 and pro-
viding a respective operational bandwidth different from
any other resonant portions driven by the same feed port
1202. Such other resonant portions can be tunable or not.
[0046] In some embodiments, one or more of the tun-
ing circuits 1214, 1224 can be fixed or otherwise non-
tunable. In other embodiments, one or more of the tuning
circuits 1214, 1224 can be tunable, for example, accord-
ing to the various tuning arrangements disclosed herein.
For such tunable embodiments, a controller 1230 can be
included as part of the antenna assembly 1200 as shown,
or provided separate from the antenna assembly, but in
electrical communication with the one or more tuning cir-
cuits 1214, 1224 of the antenna assembly 1200. The con-
trol circuit 1230 is configured to provide a suitable control
signal, respectively, to each of the one or more tuning
circuits 1214, 1224. The control signals adjust the corre-
sponding circuit configuration to achieve a desired oper-
ational bandwidth. To the extent that any of the tuning
circuits 1214, 1224 require biasing, e.g., one or more DC
voltages, the control circuit can be configured as a bias
and control circuit 1230 to also provide such biasing. Al-
ternatively or in addition, such biasing can be provided
separately from the controller 1230.
[0047] By way of illustrative example, the controller
1230 can receive an indication of an operational band-
width. As illustrated, the controller 1230 can receive an
indication of one or more frequencies, such as an as-
signed frequency for cellular operation as might be as-
signed by way of a local cell tower. Alternatively or in
addition, the assigned frequency can be determined by
selection of an operational feature of the corresponding
communication device, e.g., selecting a channel or op-
erating in a particular mode, such as WiFi. The controller
1230 can determine which of the multiple operational
bands should serve the frequency request, e.g., either a
low-band or a high-band of a dual band antenna assem-
bly, as in the illustrative example. Once the appropriate
band of such a multi-band antenna assembly has been
determined, the controller can next determine a config-
uration of the corresponding tuning circuit 1214, 1224
that results in an acceptable performance at the assigned
frequency, e.g., as measured by VSWR, return loss or
other parameters, such as efficiency. The tuning process
can be repeated, as necessary, for other operational
bands of a multi-band device, or in response to assign-
ment of a different frequency within the same band.
[0048] In some embodiments, one or more of the tun-
ing circuits 1214, 1224 can be operated in an "open loop"
configuration. Such open-loop operation can include a
lookup table, such as the example lookup table shown
in FIG. 7. The lookup table can be determined before-
hand, for example, by one or more of analytical or exper-
imental techniques. For example, the lookup table can
include an association between one or more frequencies
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or frequency bands and corresponding tuning circuit con-
trol signal, resulting in a tuning circuit configuration that
provides acceptable antenna performance, e.g., reso-
nance, within a vicinity of the assigned frequency. Thus,
in response to receiving an assigned frequency, the con-
troller 1230 consults the lookup table, and identifies from
the lookup table a corresponding tuning circuit configu-
ration, or control signal to achieve the corresponding tun-
ing circuit configuration. The controller 1230 can then
provide the tuning circuit control signal obtained using
the lookup table to the corresponding tuning circuit 1214,
1224 to adjust resonance of the corresponding resonant
portion 1210, 1220 of the antenna assembly 1200. Alter-
natively or in addition, such tuning by lookup table can
include additional provisions to account for one or more
the physical and functional configurations, for example,
as described in relation to FIGs. 7 and 8.
[0049] Alternatively or in addition, one or more of the
tuning circuits 1214, 1224 can be operated in a "closed
loop" configuration. Such closed-loop operation includes
monitoring of a feedback signal indicative of performance
of the corresponding resonant portion 1210, 1220. As
illustrated, one or more of the resonant portions 1210,
1220 can include a respective sensor 1216, 1226, such
as directional couplers, voltage dividers, or other suitable
sensing technologies. Each sensor 1216, 1226 can be
positioned at a suitable position of the antenna assembly
1200. For example, the sensors 1216, 1226 can be po-
sitioned along one of the corresponding proximal or distal
segments 1212a, 1212b, 1222a, 1222b, or between ad-
jacent segments, as shown. Other suitable locations
might include closer to the common feed port 1202, or
even external and connected to the feed port 1202. Each
of the sensors 1216, 1226 can be coupled to a monitor
circuit 1240, as shown, or directly to the controller 1230.
[0050] Whether by the monitor circuit 1240 or directly
from the sensor 1216, 1226, the controller receives an
indication of the operational bandwidth performance
within the vicinity of the assigned one or more frequen-
cies. The controller 1230 can adjust the respective tuning
circuit 1214, 1224 associated with the corresponding
sensor 1216, 1226, monitor the performance, and further
adjust the tuning circuit 1214, 1224 to improve perform-
ance or otherwise retain performance within an accept-
able tolerance prior to or during operation. It is under-
stood that well established feedback control techniques
can be applied to such closed loop circuits and tech-
niques.
[0051] In at least some embodiments, a lookup table
can be used in combination with such closed loop tech-
niques. For example, a lookup table can provide an initial
tuning control signal give one or more of an assigned
frequency, and/or physical and functional configurations
of the associated communications device. The exempla-
ry embodiments can also include the use of various com-
binations of open looped and closed loop tuning, includ-
ing nesting of open and/or closed loop tuning.
[0052] As shown, the antenna assembly 1200 can op-

tionally include a matching or common tuning network
1250 (shown in phantom). The matching network 1250
can be disposed along a common portion of the antenna
assembly 1200 shared by all of the two or more resonant
portions 1210, 1220, such as near the antenna feed port
1202, as shown. Thus, the matching network 1250 can
simultaneously alter performance of each of the two or
more resonant portions 1210, 1220. Such a matching
network 1250 can be controlled by the same controller
1230, or a separate controller (not shown).
[0053] The controller 1230 can operate according to
the various open or closed loop techniques disclosed
herein. For closed loop techniques, a sensor 1252 can
be provided in relation to the matching network 1250.
The sensor 1252 can include one or more of directional
couplers, voltage dividers, or other suitable sensing tech-
nologies, such as those disclosed herein. The sensor
1252 can provide an indication of matched performance
to the monitor 1240 or directly to the controller 1230, for
example, as described above in relation to the sensors
1216, 1226 of the individual resonant portions 1210,
1220. The controller 1230 can implement one or more
tuning algorithms that work independently, for example,
adjusting the matching network 1250 without regard to
the tuning circuits 1214, 1224. Alternatively or in addition,
the controller 1230 can implement cooperative tuning al-
gorithms, for example, first adjusting the matching net-
work 1250, then adjusting each of the one or more tuning
circuits 1214, 1224, in turn, perhaps repeating such ad-
justments periodically to achieve further refinements in
operation and/or to respond to changes encountered to
operational performance.
[0054] FIG. 13 depicts an illustrative embodiment of
an antenna tuning process 1300 that operates in portions
of the devices of FIGs. 1-12. The process 1300 can begin
at 1310 in which a first operating frequency is received
or otherwise accessed, for example by a controller 1230
(FIG. 12). A tuner setting can be determined at 1320,
responsive to the first operating frequency. In one em-
bodiment, the tuner setting can be determined by the
controller 1230 to result in a resonance of the antenna
assembly within the vicinity of the first operating frequen-
cy. A tuning circuit, such as the first tuning circuit 1214
(FIG. 12), can be adjusted to attain the desired resonance
performance at 1330. Preferably, such adjustment of the
resonance performance responsive to the received first
operating frequency is achieved without compromising
resonance performance at other operating bandwidths
of a multi-band antenna assembly 1200. In one embod-
iment, the controller 1230 can provide a control signal to
the corresponding tuning circuit 1214 to adjust resonant
performance of the associated resonant portion 1210.
The tuning circuit 1214 can reconfigure itself in response
to the command received from the controller 1230. Ad-
justment of the tuning circuit 1214 can change a circuit
property of the associated resonant portion 1210, such
as a reactance, thereby altering a corresponding reso-
nance of the first resonant portion. Such control can be
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accomplished in an open loop and/or closed loop man-
ner, according to the various tuning techniques disclosed
herein and otherwise known to those skilled in the art of
automated equipment control.
[0055] In some embodiments, the process can be re-
peated as in steps 1340, 1350 and 1360, shown in phan-
tom. Thus, at 1340 a second operating frequency can be
received, for example by the controller 1230. A corre-
sponding setting of a second tuning circuit 1224 can be
determined at 1350, responsive to the received second
operating frequency. In a similar manner, the tuner set-
ting can be determined by the controller 1230 to attain a
resonance of the antenna assembly 1200 within the vi-
cinity of the second operating frequency. A tuning circuit,
such as the second tuning circuit 1224 (FIG. 12) can be
adjusted to attain the desired resonance performance at
1360. The process of steps 1340 through 1360 can be
repeated to achieve tuning of additional resonant por-
tions of the same antenna assembly. Alternatively or in
addition, one or more of steps 1310-1330 and 1340-1360
can be repeated, as required, according to receipt of up-
dated first and/or second operating frequencies.
[0056] FIG. 14 depicts an illustrative embodiment of
another antenna tuning process 1400 that operates in
portions of the devices of FIGs. 1-12. The process 1400
can begin at 1410 in which at least one operating fre-
quency is received or otherwise obtained. For example,
a controller 1230 as in FIG. 12 can receive an operating
frequency. At 1420, a tuning circuit can be adjusted in
response to the received operating frequency. For ex-
ample, a tuning circuit 1214, 1224, as in FIG. 12, can be
instructed by the controller 1230 to adjust its configura-
tion responsive to the at least one operating frequency.
At 1430, a determination can be made as to whether the
adjusted tuning circuit has resulted in tuning of a corre-
sponding resonant portion, e.g., the first resonant portion
1210, as in FIG. 12. Upon a determination that the res-
onant portion 1210 has not been tuned, further adjust-
ment of the tuning circuit 1214 can be performed back
at 1420. The process can repeat as necessary until it has
been determined at 1430 that the resonant portion 1210
has been tuned.
[0057] In at least some embodiments, determination
as to whether the antenna has been tuned at 1430 can
be accomplished at least in part using a sensor 1216, as
in FIG. 12. The sensor 1216 can provide feedback that
can be used to arrive at a determination as to whether
the first resonant portion 1210 is sufficiently tuned. It is
understood that in at least some embodiments, a test
signal can be injected into the antenna assembly 1200,
e.g., through the antenna port 1202, to provide any of
the feedback signals disclosed herein. Alternatively or in
addition, an external signal, e.g., received by the antenna
assembly 1200, can serve as a means for producing such
feedback. Such external signals can be provided, for ex-
ample, by a test source, by a signal of opportunity, or by
a target received signal, e.g., at or near the at least one
operating frequency.

[0058] Once the first resonant portion 1210 of the an-
tenna assembly has been sufficiently tuned, as deter-
mined at 1430, the antenna assembly 1200 can be used
to receive and/or transmit at 1460. In at least some em-
bodiments, the antenna tuning process 1400 includes
provisions for further adjusting an antenna matching net-
work, such as the matching network 1250 shown in FIG.
12. For example, at 1440 (shown in phantom), a matching
circuit 1250 is adjusted for operation at the at least one
operating frequency and at least one other operational
frequency in a different operational frequency band of
the multiband antenna assembly. Such a common
matching can represent a compromise considering op-
eration within multiple operating bands, such that the
match is not optimized for any one operational frequency
band, although, in some embodiments, a preferred match
to one of the multiple operational bands can be achieved,
at least temporarily.
[0059] In at least some embodiments, determination
as to whether the antenna has been matched at 1440
can be accomplished at least in part using a sensor 1252,
as in FIG. 12. The sensor 1252 can provide feedback
that can be used to arrive at a determination as to whether
the antenna assembly 1200 is sufficiently matched. At
1450 (also shown in phantom), a determination is made
as to whether the adjusted matching network 1250 has
resulted in a sufficient match. Upon a determination that
the antenna assembly 1200 has not been sufficiently
matched, further adjustment of the matching circuit 1250
can be performed at 1440. The process can repeat as
necessary until it has been determined at 1450 that the
antenna assembly has been sufficiently matched. Once
the resonant portion 1210 of the antenna assembly has
been sufficiently tuned, as determined at 1430, and the
antenna assembly 1200 has been sufficiently matched,
the antenna assembly 1200 can be used to receive
and/or transmit at 1460. In one or more embodiments,
acts described with respect to process 1300 can be used
with acts described with respect to process 1400.
[0060] FIG. 15 depicts a planar view of an illustrative
embodiment of a dual-band, independently tunable an-
tenna assembly 1500, called a planar inverted "F" anten-
na (PIFA) 1500. The antenna assembly 1500 can include
a common feed port 1502a, through which a signal
source and/or a signal receiver can be interconnected to
the antenna assembly 1500. The feed port 1502a can
include a first contact location or point along a portion of
the antenna 1500, as shown. In at least some embodi-
ments, the antenna feed can include a second feed port
1502b also including a respective contact location or
point along another portion of the antenna, as driving two
halves of a balanced antenna structure (e.g., a dipole
antenna, not shown). Alternatively or in addition, the sec-
ond contact location of the feed port 1502b can be con-
nected to a ground reference, including a radio frequency
(RF) ground. In the illustrative embodiment, the second
feed port 1502b includes such a ground port 1502b. Al-
though referred to as being grounded, there is no require-
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ment that the second feed port 1502b be grounded. Ref-
erence to a ground port can simply indicate a feed port
to which a grounded interconnection can be made (e.g.,
to a shield of a coaxial cable connected to a transmitter
and/or a receiver).
[0061] The antenna assembly 1500 can also include
a first resonant portion 1510 and a second resonant por-
tion 1520. Each resonant portion 1510, 1520 can be in
electrical communication with the common feed port
1502a and ground port 1502b. In the illustrative example,
the first resonant portion 1510 can extend away from a
common section or segment 1515 of the antenna adja-
cent to the feed port 1502a. The second resonant portion
1520 can extend away from the common section 1515,
along a different, non-overlapping direction. The first res-
onant portion 1510 can be divided into two segments: a
proximal segment 1512a coupled at one end to the com-
mon section 1515 and a distal segment 1512b physically
separated from the proximal segment 1512a. In the illus-
trative embodiment, an isolating gap is formed between
adjacent proximal and distal segments 1512a, 1512b,
each extending in opposite directions away from the gap.
[0062] A tuning circuit 1514 can be coupled between
the adjacent proximal and distal segments 1512a, 1512b,
for example, bridging the gap formed therebetween. In
at least some embodiments, the tuning circuit 1514 can
be configurable, such that configuration of the tuning cir-
cuit 1514 alters a corresponding resonance of the asso-
ciated resonant portion 1510. The second resonant por-
tion 1520 has a length L2 measured from a common ref-
erence. The first resonant portion 1510 has a length (L1)
determined as the sum of the lengths of the proximal
segment (L1a) and the distal segment 1512b (L1b). In the
illustrative embodiment, the length of the first segment
(i.e., L1a+L1b) can be greater than the length L2 of the
second resonant portion 1520, such that each resonant
portion 1510, 1520 exhibits a respective resonance at a
different portion of the electromagnetic spectrum.
[0063] In the illustrative embodiment, a resonance of
first resonant portion 1510 can be adjusted to some de-
gree by reconfiguration of the tuning circuit 1514; where-
as, a resonance of the second resonant portion 1520 can
be fixed or substantially fixed, as determined by the con-
figuration of the antenna assembly, e.g., the length L2 of
the second resonant portion 1520. Preferably, adjust-
ment of the tuning circuit 1514 can change a resonance
of (i.e., tunes) the first resonant portion 1510, without
substantially affecting the resonance of the second res-
onant portion 1520.
[0064] An example of the resonant performance is il-
lustrated in the return loss plots shown in FIG. 17A. A
"low-band" resonance associated with the first resonant
portion 1510 is shown for three example configurations
of the tuning circuit 1514. In a first configuration the tuning
circuit 1514 is an open circuit. In this configuration, the
distal segment 1512b is substantially isolated from the
proximal segment 1512a by the gap (open circuit). In this
configuration, the resonance performance of the first res-

onant portion 1510 corresponds substantially to the
length L1a of the proximal segment 1512a, which remains
coupled to the common feed port 1502. Accordingly, the
first resonant portion 1510 is relatively short, exhibiting
a resonance at a higher frequency, yet still within the low-
band. In the example embodiment, the center frequency
fc of the open-circuit resonance is located at about 950
MHz.
[0065] In a second configuration the tuning circuit 1514
is a short circuit. In this configuration, the distal segment
1512b is substantially an extension of the proximal seg-
ment 1512a, with a resonance corresponding to the
length L1=L1a +L1b of the combined proximal segment
1512a and distal segment 1512b. Accordingly, the first
resonant portion 1510 is relatively long, exhibiting a res-
onance at a lower frequency, yet still within the low band.
A center frequency fc of the short-circuit resonance is
located at about 780 MHz. In a third configuration the
tuning circuit 1514 is a series capacitance of about 1
picofarad coupled in series between the proximal seg-
ment 1512a and the distal segment 1512b. The series
reactance of the capacitive tuning circuit 1514 configu-
ration results in a center frequency fc somewhere in be-
tween the resonances of the open-circuit and short-circuit
configurations, at about 810 MHz.
[0066] As illustrated, each resonance is identifiable by
a relatively low return loss, indicating that less energy is
reflected from the antenna feed port 1502 within the vi-
cinity of the resonant frequency fc. A 6 dB value of return
loss represents a reflection coefficient of about 0.5, or
50%. An operational bandwidth of each resonance can
be defined according to a value of return loss, such as a
6 dB bandwidth. Such a bandwidth corresponds to the
range of frequencies extending between the locations on
either side of the center frequency fc, at which the return
loss has increased to 6 dB. As can be observed from the
plot, the 6 dB bandwidth at each tuning can be used to
extend a 6 dB bandwidth of the antenna assembly 1500,
by reconfigurations of the tuning circuit 1514 a disclosed
herein. Thus, a 6 dB bandwidth can be extended from
about 760 MHz to about 950 MHz, which is much greater
than a 6 dB bandwidth at any of the individual tuned con-
figurations.
[0067] The upper boundary of this range can be con-
trolled at least to some degree by a length of the proximal
segment 1512a; whereas, a lower boundary of this range
can be controlled at least to some degree by a combined
length of the proximal segment 1512a and the distal seg-
ment 1512b. A minimum number of tuning circuit config-
urations can be determined, as required, to provide a 6
dB bandwidth between the upper and lower limits. It is
important to recognize the existence of a second reso-
nance at about 1750 MHz resulting from the second res-
onant portion 1520. In particular, it is important to recog-
nize that the center frequency fc of the second resonance
and the 6 dB bandwidth performance remain substan-
tially unchanged or otherwise unaffected by reconfigura-
tions of the first resonant portion 1510.
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[0068] An illustration of the efficiency performance of
the antenna assembly 1500 is provided in the plot of FIG.
17C, for low-band tuning. A measure of antenna efficien-
cy under the various configurations of the first tuning cir-
cuit 1514 is shown for the low band. As can be seen,
desirable efficiency performance (e.g., above some
specified value, such as 33%), can be extended by var-
ying the configuration of the first tuning circuit 1524, de-
pending upon the particular operating frequency. As with
the return loss, reconfiguration of the first tuning circuit
1514 does not substantially affect efficiency performance
at the high-band associated with the second resonant
portion 1520.
[0069] FIG. 16 depicts a planar view of another em-
bodiment of a dual-band, independently tunable antenna
assembly 1600 having first and second resonant portions
1610, 1620, each coupled to a common feed port 1602a
and a common ground port 1602b. The first resonant
portion 1610 includes a proximal segment 1612a adja-
cent to and separated from a distal segment 1612b. A
first tuning circuit 1614 is coupled between the proximal
segment 1612a and the distal segment 1612b. Likewise,
the second resonant portion 1620 includes a proximal
segment 1622a adjacent to and separated from a distal
segment 1622b. A second tuning circuit 1624 is coupled
between the proximal segment 1622a and the distal seg-
ment 1622b.
[0070] Resonant performance of the low-band reso-
nant portion 1610 can be similar to the low-band resonant
performance described in relation to the antenna assem-
bly 1500. Referring next to FIG. 17B, resonant perform-
ance of the second resonant portion, corresponding to
high-band operation, is illustrated for four different con-
figurations: an open circuit, having a center frequency fc
of about 1925 MHz; a series connected 0.2 picofarad
capacitor, having a center frequency fc of about 1850
MHz; a series connected 1 picofarad capacitor, having
a center frequency fc of about 1800 MHz; and a short
circuit, having a center frequency fc of about 1750 MHz.
The four configurations provide a 6 dB bandwidth of about
255 MHz and a 3 dB bandwidth of about 414 MHz. Once
again, it is important to recognize the existence of a sec-
ond, low band resonance at about 800 MHz resulting
from the first resonant portion 1610. In particular, it is
important to recognize that the center frequency fc of the
first resonance and the 6 dB bandwidth performance re-
main substantially unchanged or otherwise unaffected
by reconfigurations of the tuning circuit 1624 of the sec-
ond resonant portion 1620.
[0071] An illustration of the antenna assembly efficien-
cy is provided in the plot of FIG. 17D, for high-band tuning.
A measure of antenna efficiency under the various con-
figurations of the second tuning circuit 1624 is shown for
the high band. As can be seen, desirable efficiency per-
formance (e.g., above some specified value, such as
33%), can be extended by varying the configuration of
the second tuning circuit 1624, depending upon the par-
ticular operating frequency. As with the return loss,

reconfiguration of the second tuning circuit 1624 does
not substantially affect efficiency performance at the low-
band associated with the first resonant portion 1610.
[0072] In some embodiments, tunable portions of a
multi-band tunable antenna assembly can be formed
from electrical conductors. The electrical conductors can
be structurally self supportive, as in wire antennas. Al-
ternatively or in addition, the electrical conductors can
be supported, at least in part, by a non-conducting sub-
strate. For example, one or more conductive portions of
any of the antenna assemblies disclosed herein can be
formed with relatively thin metallic leaf radiating elements
supported by rigid, semi-rigid or flexible non-conducting
substrates. Such metallic leaf elements can include elec-
trical conductors, such as copper, silver, gold, aluminum,
and other conductors, including metal alloys. Substrates
include flexible plastic substrates, including but not lim-
ited to polyester, polyimide, polyether ether ketone
(PEEK), allowing the board to conform to a desired
shape, or to flex during use. Alternatively or in addition,
substrates can include a more rigid, e.g., glass epoxy
substrate, such as FR-4 grade, or other grades (e.g., G-
10, G-11, FR-5).
[0073] Conductive antenna elements can be applied
to one or more such non-conducting substrates by ap-
plication of a conductive foil, a conductive chemical dep-
osition, e.g., chemical vapor deposition or sputtering,
electroplating, screen printed bonding, or any other suit-
able method for attaching one or more conductive layers
to a non-conducting substrate. Other techniques for form-
ing flexible circuits include laminating thin (e.g., 0.1 mm
or less) conductive strips on or in-between layers of a
flexible, non-conductive substrate, such as polyethylene
terephthalate (PET).
[0074] In some embodiments, such as those embodi-
ments in which the conductive elements are formed as
leaf conductors, attachment to one or more of the tuning
elements can be challenging. For example, one or more
conductive portions of any of the antenna assemblies
disclosed herein can be formed on a flexible circuit or
another substrate, such as a housing or other structural
component of a communications device, e.g., a cover of
a cell phone. Any need for interconnections to other cir-
cuit elements, such as bias and control circuitry, for con-
ductors formed on such flexible, or structural, traditionally
non circuit bearing elements presents similar challenges
of attachment, interconnection and signal routing.
[0075] FIGs. 18A-18C depict planar and sectional
views of a portion of a circuit assembly including dual-
band, independently tunable antenna assembly 1700,
adapted to facilitate inclusion of tuning elements along
resonant portions of metallic leaf antenna segments.
Once again, the multi-band tunable antenna assembly
1700 includes a first resonant portion 1710 and a second
resonant portion 1720, each in electrical communication
with a common feed port 1702. The first resonant portion
1710 include a proximal segment 1712a coupled to the
feed port 1702a and a ground port 1702b, and a distal
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segment 1712b coupled to the proximal segment 1712a
through a first tuning circuit 1714. Likewise, the second
resonant portion 1720 include a proximal segment 1722a
coupled to the common feed port 1702a and ground port
1702b, and a distal segment 1722b coupled to the prox-
imal segment 1722a through a second tuning circuit
1724.
[0076] The proximal segments 1712a, 1722a of each
of the first and second resonant portions 1710, 1720 as
well as any common conducting portions and the com-
mon feed port 1702a and ground port 1702b, are provid-
ed as a relatively thin or leaf conductor structure support-
ed upon a first non-conducting substrate 1762, having a
dielectric constant conducive to operation in the intended
frequency range, e.g., low loss. The distal segments
1712b, 1722b of the first and second resonant portions
1710, 1720 are also provided as relatively thin or leaf
conductor structures, however, these structures are sup-
ported on a second substrate 1764, also having a die-
lectric constant conducive to operation in the intended
frequency range, e.g., low loss. The first and second sub-
strates 1762, 1764 can be substantially planar and ar-
ranged in at least a partially overlapping manner, such
that the distal segments 1712b, 1722b are aligned with
the proximal segments 1712a, 1722a as illustrated in
FIG. 18A. Electrical contacts 1760a, 1760b can be pro-
vided between the first and second substrates 1762,
1764 within the vicinity of overlapping ends of the first
and second segments 1712a, 1722a, 1712b, 1722b to
provide electrical continuity therebetween. The first and
second tuning circuits 1714, 1724 can be positioned on
one of the substrates 1762, 1764, such as the second
substrate 1764, as shown. In this configuration, a gap
between the proximal and distal segments 1712a, 1722a,
1712b, 1722b is disposed on the second substrate 1764,
between the electrical contact 1760a, 1760b and the ex-
tending second segment 1712b, 1722b. As also illustrat-
ed, related circuitry, such as the controller and bias mod-
ule 1730 can be located on the second substrate 1764,
together with the first and second tuning circuits 1714,
1724.
[0077] In some embodiments, the first substrate 1762
corresponds to a non-conducting cover of a communica-
tions device, such as device 100 in FIG. 1. As such, the
conductive portions can be located along a surface of
the substrate 1762 facing the second substrate 1764.
Thus, vias 1763 would not be necessary. The second
substrate 1764 can represent a portion of a printed circuit
board of the communications device 100, facilitating ac-
cess to power, control for the first and second tuning cir-
cuits 1714, 1724. Preferably, the printed circuit board
1764 is free from any electrical ground plane at least
within the vicinity of overlap with other portions of the
antenna assembly.
[0078] Upon reviewing the aforementioned embodi-
ments, it would be evident to an artisan with ordinary skill
in the art that said embodiments can be modified, re-
duced, or enhanced without departing from the scope of

the claims described below. For example, other config-
urations and combinations, including different arrange-
ment of the various components between the different
substrates 1762, 1764 are within the scope of the disclo-
sure. For example, the distal segments can also be pro-
vided on the first substrate 1762, also including second
contacts, such that the first and second tuning circuits
1714, 1724 can remain on the circuit board, while sub-
stantially all of the antenna segments can reside on the
first substrate 1762.
[0079] Other embodiments can be applied to the sub-
ject disclosure without departing from the scope of the
claims described below.
[0080] It should be understood that devices described
in the exemplary embodiments can be in communication
with each other via various wireless and/or wired meth-
odologies. The methodologies can be links that are de-
scribed as coupled, connected and so forth, which can
include unidirectional and/or bidirectional communica-
tion over wireless paths and/or wired paths that utilize
one or more of various protocols or methodologies,
where the coupling and/or connection can be direct (e.g.,
no intervening processing device) and/or indirect (e.g.,
an intermediary processing device such as a router).
[0081] FIG. 19 depicts an exemplary diagrammatic
representation of a machine in the form of a computer
system 1900 within which a set of instructions, when ex-
ecuted, may cause the machine to perform any one or
more of the methods discussed above. One or more in-
stances of the machine can operate, for example, as the
communication device 100 of FIG. 1. For example, the
computer system 1900 can serve at least in part as the
controller 106 of FIG. 1. Thus, the computer system 1900
can at least in part perform the functions of controlling
one or more of the tunable circuits 122, 150 (FIG. 1), 102
(FIG. 2), 202 (FIGs. 3 and 5), the bias and control module
1230, and the monitor module 1240 (FIG. 12). In some
embodiments, the machine may be connected (e.g., us-
ing a network) to other machines. In a networked deploy-
ment, the machine may operate in the capacity of a server
or a client user machine in server-client user network
environment, or as a peer machine in a peer-to-peer (or
distributed) network environment.
[0082] The machine may comprise a server computer,
a client user computer, a personal computer (PC), a tablet
PC, a smart phone, a laptop computer, a desktop com-
puter, a control system, a network router, switch or
bridge, or any machine capable of executing a set of in-
structions (sequential or otherwise) that specify actions
to be taken by that machine. It will be understood that a
communication device of the subject disclosure includes
broadly any electronic device that provides voice, video
or data communication. Further, while a single machine
is illustrated, the term "machine" shall also be taken to
include any collection of machines that individually or
jointly execute a set (or multiple sets) of instructions to
perform any one or more of the methods discussed here-
in.
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[0083] The computer system 1900 may include a proc-
essor (or controller) 1902 (e.g., a central processing unit
(CPU), a graphics processing unit (GPU, or both), a main
memory 1904 and a static memory 1906, which commu-
nicate with each other via a bus 1908. The computer
system 1900 may further include a video display unit
1910 (e.g., a liquid crystal display (LCD), a flat panel, or
a solid state display. The computer system 1900 may
include an input device 1912 (e.g., a keyboard), a cursor
control device 1914 (e.g., a mouse), a disk drive unit
1916, a signal generation device 1918 (e.g., a speaker
or remote control) and a network interface device 1920.
[0084] The disk drive unit 1916 may include a tangible
computer-readable storage medium 1922 on which is
stored one or more sets of instructions (e.g., software
1924) embodying any one or more of the methods or
functions described herein, including those methods il-
lustrated above. The instructions 1924 may also reside,
completely or at least partially, within the main memory
1904, the static memory 1906, and/or within the proces-
sor 1902 during execution thereof by the computer sys-
tem 1900. The main memory 1904 and the processor
1902 also may constitute tangible computer-readable
storage media.
[0085] Dedicated hardware implementations includ-
ing, but not limited to, application specific integrated cir-
cuits, programmable logic arrays and other hardware de-
vices can likewise be constructed to implement the meth-
ods described herein. Applications that may include the
apparatus and systems of various embodiments broadly
include a variety of electronic and computer systems.
Some embodiments implement functions in two or more
specific interconnected hardware modules or devices
with related control and data signals communicated be-
tween and through the modules, or as portions of an ap-
plication-specific integrated circuit. Thus, the example
system is applicable to software, firmware, and hardware
implementations.
[0086] In accordance with various embodiments of the
subject disclosure, the methods described herein are in-
tended for operation as software programs running on a
computer processor. Furthermore, software implemen-
tations can include, but not limited to, distributed process-
ing or component/object distributed processing, parallel
processing, or virtual machine processing can also be
constructed to implement the methods described herein.
[0087] While the tangible computer-readable storage
medium 1922 is shown in an example embodiment to be
a single medium, the term "tangible computer-readable
storage medium" should be taken to include a single me-
dium or multiple media (e.g., a centralized or distributed
database, and/or associated caches and servers) that
store the one or more sets of instructions. The term "tan-
gible computer-readable storage medium" shall also be
taken to include any non-transitory medium that is capa-
ble of storing or encoding a set of instructions for execu-
tion by the machine and that cause the machine to per-
form any one or more of the methods of the subject dis-

closure.
[0088] The term "tangible computer-readable storage
medium" shall accordingly be taken to include, but not
be limited to: solid-state memories such as a memory
card or other package that houses one or more read-only
(non-volatile) memories, random access memories, or
other re-writable (volatile) memories, a magneto-optical
or optical medium such as a disk or tape, or other tangible
media which can be used to store information. Accord-
ingly, the disclosure is considered to include any one or
more of a tangible computer-readable storage medium,
as listed herein and including art-recognized equivalents
and successor media, in which the software implemen-
tations herein are stored.
[0089] Although the present specification describes
components and functions implemented in the embodi-
ments with reference to particular standards and proto-
cols, the disclosure is not limited to such standards and
protocols. Each of the standards for Internet and other
packet switched network transmission (e.g., TCP/IP,
UDP/IP, HTML, HTTP) represent examples of the state
of the art. Such standards are from time-to-time super-
seded by faster or more efficient equivalents having es-
sentially the same functions. Wireless standards for de-
vice detection (e.g., RFID), short-range communications
(e.g., Bluetooth, WiFi, Zigbee), and long-range commu-
nications (e.g., WiMAX, GSM, CDMA, LTE) are contem-
plated for use by computer system 1900.
[0090] The illustrations of embodiments described
herein are intended to provide a general understanding
of the structure of various embodiments, and they are
not intended to serve as a complete description of all the
elements and features of apparatus and systems that
might make use of the structures described herein. Many
other embodiments will be apparent to those of skill in
the art upon reviewing the above description. Other em-
bodiments may be utilized and derived therefrom, such
that structural and logical substitutions and changes may
be made without departing from the scope of this disclo-
sure. Figures are also merely representational and may
not be drawn to scale. Certain proportions thereof may
be exaggerated, while others may be minimized. Accord-
ingly, the specification and drawings are to be regarded
in an illustrative rather than a restrictive sense.
[0091] Although specific embodiments have been il-
lustrated and described herein, it should be appreciated
that any arrangement calculated to achieve the same
purpose may be substituted for the specific embodiments
shown. This disclosure is intended to cover any and all
adaptations or variations of various embodiments. Com-
binations of the above embodiments, and other embod-
iments not specifically described herein, are contemplat-
ed by the subject disclosure.
[0092] The Abstract of the Disclosure is provided with
the understanding that it will not be used to interpret or
limit the scope or meaning of the claims. In addition, in
the foregoing Detailed Description, it can be seen that
various features are grouped together in a single embod-
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iment for the purpose of streamlining the disclosure. This
method of disclosure is not to be interpreted as reflecting
an intention that the claimed embodiments require more
features than are expressly recited in each claim. Rather,
as the following claims reflect, inventive subject matter
lies in less than all features of a single disclosed embod-
iment. Thus the following claims are hereby incorporated
into the Detailed Description, with each claim standing
on its own as a separately claimed subject matter.
[0093] The present disclosure includes the following
numbered clauses:

1. A multiband antenna comprising: a feed port; a
first radiating portion coupled to the feed port and
defining a first resonant bandwidth; a second radiat-
ing portion coupled to the feed port and defining a
second resonant bandwidth differing from the first
resonant bandwidth, the second radiating portion
comprising: a proximal radiating segment coupled
to the feed port; a distal radiating segment physically
isolated from the proximal radiating segment and the
feed port; and an adjustable tuning circuit coupled
between the proximal radiating segment and the dis-
tal radiating segment, wherein adjustment of the ad-
justable tuning circuit modifies the second resonant
bandwidth without altering the first resonant band-
width.
2. The multiband antenna of numbered clause 1,
wherein the adjustable tuning circuit may comprise
a tunable phase shifter.
3. The multiband antenna of numbered clause 2,
wherein the tunable phase shifter may comprise at
least one of a variable reactance diode, a variable
inductor, or a variable capacitor.
4. The multiband antenna of numbered clause 2, op-
tionally further comprising a memory storing instruc-
tions, and a controller coupled to the memory and
the tunable phase shifter, wherein the controller up-
on executing the instructions may perform opera-
tions comprising providing a tuning signal to the tun-
able phase shifter.
5. The multiband antenna of numbered clause 4,
wherein the controller upon executing the instruc-
tions may perform operations comprising determin-
ing the tuning signal desired from one or more entries
in a look-up table according to one of a desired fre-
quency, a mode of operation of a communication
device utilizing the multiband antenna, or a combi-
nation thereof.
6. The multiband antenna of numbered clause 4,
wherein the controller upon executing the instruc-
tions may perform operations comprising determin-
ing the tuning signal responsive to feedback ob-
tained from the multiband antenna, wherein the feed-
back is indicative of performance of the second res-
onant bandwidth with respect to a desired frequency.
7. The multiband antenna of any previous numbered
clause, wherein the adjustable tuning circuit may

comprise at least one of a first fixed reactive element
controlled by at least one semiconductor device to
produce a variable reactance, a second fixed reac-
tive element controlled by a first micro-electro-me-
chanical systems (MEMS) device to produce the var-
iable reactance, a first variable reactive element con-
trolled by a second MEMS device to produce the
variable reactance, a second variable reactive ele-
ment controlled by a bias signal that varies a dielec-
tric constant of the variable reactive element to pro-
duce the variable reactance, or combinations there-
of.
8. The multiband antenna of any previous numbered
clause, wherein the first radiating portion may com-
prise: a proximal radiating segment coupled to the
feed port; a distal radiating segment physically iso-
lated from the proximal radiating segment and the
feed port; and an adjustable tuning circuit coupled
between the proximal radiating segment and the dis-
tal radiating segment, wherein adjustment of the tun-
ing circuit modifies the first resonant bandwidth with-
out altering the second resonant bandwidth.
9. The multiband antenna of any previous numbered
clause, optionally further comprising an adjustable
tuning circuit coupled between the feed port and
each of the first radiating portion and the second ra-
diating portion.
10. A method comprising: identifying, by a system
including at least one processor, a desired frequency
for operation of a multiband antenna comprising a
plurality of radiating portions, at least some of the
plurality of radiating portions contributing a different
respective resonance bandwidth realizable at a an-
tenna port; selecting, by the system, one of the ra-
diating portions to accommodate operation of the
multiband antenna at the desired frequency; and ad-
justing, by the system, a tuning circuit coupled be-
tween adjoining radiating segments of the selected
radiating portion, wherein adjustment of the tuning
circuit alters a resonance of the selected radiating
portion, such that a resonant bandwidth of the se-
lected radiating portion includes the desired frequen-
cy, without altering resonance bandwidths of non-
selected radiating portions of the plurality of radiating
portions of the multiband antenna.
11. The method of numbered clause 10, optionally
further comprising:

determining, the system, a tuning control signal
responsive to the desired frequency;
and applying, by the system, the tuning control
signal to the tuning circuit coupled between ad-
joining segments of the selected radiating por-
tion, wherein adjusting of the tuning circuit may
be responsive to the applied tuning control sig-
nal.

12. The method of numbered clause 11, wherein
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identifying the tuning control signal may comprise
utilizing, by the system, a predetermined association
between a plurality of desired frequencies and cor-
responding plurality of tuning control signals, where-
in each tuning control signal of the plurality of tuning
control signals when applied to the tuning circuit may
result in an adjustment of the tuning circuit thereby
altering the resonance of the selected radiating por-
tion, such that the resonant bandwidth of the select-
ed radiating portion includes the desired frequency.
13. The method of numbered clause 11, wherein de-
termining the tuning control signal may comprise ob-
taining, by the system, an antenna performance
measure at the desired frequency and adjusting the
tuning control signal responsive to the antenna per-
formance measure.
14. The method of numbered clause 13, wherein ad-
justing the tuning circuit may comprise varying, by
the system, a phase shift of a variable phase shifter.
15. The method of numbered clause 13, wherein ad-
justing the tuning circuit may comprise varying, by
the system, at least one of a switch path through
different reactive elements, a dielectric value of a
variable capacitor, a resistance value of a PIN diode,
or an inductance value of a variable inductor.

Claims

1. A multiband antenna comprising:

a feed port (1202);
a first radiating portion (1210) coupled to the
feed port (1202) and defining a first resonant
bandwidth;
a second radiating portion (1220) coupled to the
feed port (1202) and defining a second resonant
bandwidth differing from the first resonant band-
width, the second radiating portion (1220) com-
prising:

a first radiating segment (1222a);
a second radiating segment (1222b) phys-
ically isolated from the first radiating seg-
ment (1222a); and
a first adjustable tuning circuit (1224),
wherein adjustment of the first adjustable
tuning circuit (1224) modifies the second
resonant bandwidth without altering the first
resonant bandwidth.

2. The multiband antenna of claim 1, wherein the first
adjustable tuning circuit (1224) comprises a tunable
phase shifter.

3. The multiband antenna of claim 1, wherein the first
adjustable tuning circuit (1224) comprises at least
one of a variable reactance diode, a variable induc-

tor, or a variable capacitor.

4. The multiband antenna of claim 1, further comprising
a memory storing instructions, and a controller
(1230) coupled to the memory and the first adjusta-
ble tuning circuit (1224), wherein the controller
(1230) upon executing the instructions performs op-
erations comprising providing a tuning signal to the
first adjustable tuning circuit (1224).

5. The multiband antenna of claim 4, wherein the con-
troller (1230) upon executing the instructions per-
forms operations comprising determining the tuning
signal desired from one or more entries in a look-up
table according to one of a desired frequency, a
mode of operation of a communication device utiliz-
ing the multiband antenna, or a combination thereof.

6. The multiband antenna of claim 4, wherein the con-
troller (1230) upon executing the instructions per-
forms operations comprising determining the tuning
signal responsive to feedback obtained from the
multiband antenna, wherein the feedback is indica-
tive of performance of the second resonant band-
width with respect to a desired frequency.

7. The multiband antenna of any previous claim, where-
in the first adjustable tuning circuit (1224) comprises
at least one of a first fixed reactive element controlled
by at least one semiconductor device to produce a
variable reactance, a second fixed reactive element
controlled by a first micro-electro-mechanical sys-
tems, "MEMS", device to produce the variable reac-
tance, a first variable reactive element controlled by
a second MEMS device to produce the variable re-
actance, a second variable reactive element control-
led by a bias signal that varies a dielectric constant
of the variable reactive element to produce the var-
iable reactance, or combinations thereof.

8. The multiband antenna of any previous claim, where-
in the first radiating portion (1210) comprises:

a first radiating segment (1212a);
a second radiating segment (1212b) physically
isolated from the first radiating segment
(1212a); and
a second adjustable tuning circuit (1214),
wherein adjustment of the second adjustable
tuning circuit (1214) modifies the first resonant
bandwidth without altering the second resonant
bandwidth.

9. The multiband antenna of any previous claim, further
comprising an adjustable tuning circuit (1250) cou-
pled between the feed port (1202) and each of the
first radiating portion (1210) and the second radiating
portion (1220).
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10. A method comprising:

identifying (1400), by a system including at least
one processor, a desired frequency for opera-
tion of a multiband antenna (1200) comprising
a plurality of radiating portions (1210, 1220), at
least some of the plurality of radiating portions
(1210, 1220) contributing a different respective
resonance bandwidth realizable at an antenna
port;
selecting, by the system, one (1220) of the ra-
diating portions (1210, 1220) to accommodate
operation of the multiband antenna (1200) at the
desired frequency; and
adjusting (1420), by the system, a tuning circuit
(1224), wherein adjustment of the tuning circuit
(1224) alters a resonance of the selected radi-
ating portion (1220), such that a resonant band-
width of the selected radiating portion includes
the desired frequency, without altering reso-
nance bandwidths of non-selected radiating por-
tions (1210) of the plurality of radiating portions
(1210, 1220) of the multiband antenna (1200).

11. The method of claim 10, further comprising:

determining, by the system, a tuning control sig-
nal responsive to the desired frequency; and
applying, by the system, the tuning control signal
to the tuning circuit (1224), wherein adjusting of
the tuning circuit (1224) is responsive to the ap-
plied tuning control signal.

12. The method of claim 11, wherein identifying the tun-
ing control signal comprises utilizing, by the system,
a predetermined association between a plurality of
desired frequencies and corresponding plurality of
tuning control signals, wherein each tuning control
signal of the plurality of tuning control signals when
applied to the tuning circuit (1224) results in an ad-
justment of the tuning circuit (1224) thereby altering
the resonance of the selected radiating portion
(1220), such that the resonant bandwidth of the se-
lected radiating portion (1220) includes the desired
frequency.

13. The method of claim 11, wherein determining the
tuning control signal comprises obtaining, by the sys-
tem, an antenna performance measure at the de-
sired frequency and adjusting the tuning control sig-
nal responsive to the antenna performance meas-
ure.

14. The method of claim 13, wherein adjusting the tuning
circuit (1224) comprises varying, by the system, a
phase shift of a variable phase shifter.

15. The method of claim 13, wherein adjusting the tuning

circuit (1224) comprises varying, by the system, at
least one of a switch path through different reactive
elements, a dielectric value of a variable capacitor,
a resistance value of a PIN diode, or an inductance
value of a variable inductor.
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