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Description

Background

[0001] This relates generally to communications cir-
cuitry, and more particularly, to electronic devices that
transmit and receive wireless signals using adjustable
wireless circuits.
[0002] Electronic devices such as computers and
handheld electronic devices are often provided with wire-
less communications capabilities. For example, electron-
ic devices may use long-range wireless communications
circuitry such as cellular telephone circuitry to communi-
cate using cellular telephone bands. Electronic devices
may use short-range wireless communications links to
handle communications with nearby equipment. For ex-
ample, electronic devices may communicate using the
WiFi® (IEEE 802.11) bands at 2.4 GHz and 5 GHz and
the Bluetooth® band at 2.4 GHz. Some devices have
satellite navigation receivers such as Global Positioning
System receivers operating at 1575 MHz.
[0003] In electronic devices with capabilities such as
these, there is a potential for interference. For example,
radio-frequency transmitters may serve as aggressors
that produce radio-frequency signals that directly or in-
directly interfere with the proper operation of victim radio-
frequency receivers. If care is not taken, device operation
may be disrupted. For example, interference may cause
telephone calls to be dropped or may interrupt a data
download. Other examples of prior art systems can be
found disclosed in, for example, WO2007/148143A1,
US2010/075595A1 and WO2005/104390A1. Document
EP 2 244 509 A2 discloses a coexistence method. In
view of these considerations, it would be desirable to
provide improved wireless circuitry for electronic devices.

Summary

[0004] The invention is defined in the claims. An elec-
tronic device is provided with wireless circuitry that is
controlled by control signals from control circuitry. The
wireless circuitry may include antenna structures, radio-
frequency transceiver circuitry, and front end circuitry that
couples the antenna structures to the transceiver circuit-
ry.
[0005] The radio-frequency transceiver circuitry in-
cludes transmitters and receivers. During simultaneous
operation of transmitter and receiver circuitry, a transmit-
ter may serve as an aggressor that has the potential to
create undesired wireless interference for a victim receiv-
er. The operation of the electronic device may be char-
acterized under a variety of operating conditions. The
results of these characterization operations are analyzed
to determine appropriate settings for adjusting the wire-
less circuitry in the event that the aggressor transmitter
and victim receiver are to be used simultaneously. The
aggressor comprises a radio-frequency transmitter with
an adjustable data rate and wherein the control circuitry

is configured to adjust the data rate in response to de-
termining that both the aggressor and victim are active
[0006] During operation, the control circuitry may use
one set of operating settings for the wireless circuitry
when the aggressor transmitter is active and the victim
receiver is not active. These settings may be used to
configure the wireless circuitry to optimize wireless per-
formance for the aggressor transmitter. Whenever the
control circuitry determines that the aggressor transmit-
ter and victim receiver are to be simultaneously active,
a different set of settings may be used to mitigate the
effects of interference. These settings may be used, for
example, to reduce transmit power for the aggressor
transmitter, to adjust the communications band that is
being handled by the transceiver, to detune an antenna
to reduce interference, to adjust a matching circuit or oth-
er front end circuitry, to alter which data rate or modula-
tion scheme is being used, or to make other adjustments.
Adjustments may also be made based on real time meas-
urements of signal quality.
[0007] Further features of the invention, its nature and
various advantages will be more apparent from the ac-
companying drawings and the following detailed descrip-
tion of the preferred embodiments.

Brief Description of the Drawings

[0008]

FIG. 1 is a schematic diagram of an illustrative elec-
tronic device in accordance with an embodiment of
the present invention.
FIG. 2 is a schematic diagram of an illustrative an-
tenna with an adjustable feed in accordance with an
embodiment of the present invention.
FIG. 3 is circuit diagram of an illustrative antenna
with an adjustable antenna resonating element in
accordance with an embodiment of the present in-
vention.
FIG. 4 is a circuit diagram of an illustrative adjustable
transmission line circuit in accordance with an em-
bodiment of the present invention.
FIG. 5 is a circuit diagram of an illustrative circuit that
may be used to selectively block signals using a filter
such as a notch filter in accordance with an embod-
iment of the present invention.
FIG. 6 is a diagram of illustrative front end circuitry
showing how the front end circuitry may contain tun-
able components in accordance with an embodiment
of the present invention.
FIG. 7 is a graph illustrating how adjustments to wire-
less circuitry in an electronic device may be made
to mitigate the effects of interference in accordance
with an embodiment of the present invention.
FIG. 8 is a diagram showing how an aggressor such
as a wireless transmitter has the potential to cause
interference with a victim such as a wireless receiver
due to potential nonlinearities in a component locat-
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ed between an antenna and the receiver in accord-
ance with an embodiment of the present invention.
FIG. 9 is a diagram showing how an aggressor such
as a wireless transmitter has the potential to cause
interference with a victim such as a wireless receiver
due to potential nonlinearities in a component locat-
ed between the transmitter and an antenna in ac-
cordance with an embodiment of the present inven-
tion.
FIG. 10 is a chart showing how wireless circuit ad-
justments may be made to avoid interference be-
tween aggressors and victims in accordance with an
embodiment of the present invention.
FIG. 11 is a flow chart of illustrative steps involved
in operating an electronic device so as to mitigate
the effects of interference in accordance with an em-
bodiment of the present invention.

Detailed Description

[0009] Electronic device 10 of FIG. 1 may be a cellular
telephone, a tablet computer, a laptop computer, a hand-
held electronic device, a wristwatch or pendant device,
a music player, or other electronic equipment. As shown
in FIG. 1, electronic device 10 may be provided with con-
trol circuitry 38 and wireless communications circuitry.
Control circuitry 38 may include microprocessor circuitry,
memory, application-specific integrated circuits, and oth-
er circuitry. In a typical scenario, control circuitry 38 may
include a processor such as host 42 (e.g., a processor
based on a microprocessor integrated circuit and asso-
ciated memory) and a baseband processor such as base-
band processor 40.
[0010] Baseband processor 40 may receive digital da-
ta to be transmitted from host 42 and may supply corre-
sponding signals to wireless circuitry such as transceiver
circuitry 30 over path 44 for wireless transmission. During
signal reception operations, transceiver circuitry 30 may
receive radio-frequency signals from external sources
(e.g., wireless base stations). Baseband processor 40
may convert signals received from transceiver circuitry
30 over path 44 into corresponding digital data for host
42. The functions of baseband processor 40 may be pro-
vided by one or more integrated circuits.
[0011] Transceiver circuitry 30 may include one or
more radio-frequency transmitters 34 and one or more
radio-frequency receivers 36. Transceiver circuitry 30
may be used to support wireless communications such
as long-range wireless communications (e.g., communi-
cations in cellular telephone bands) and short-range
communications (i.e., local area network links such as
WiFi® links, Bluetooth® links, etc.). Transceiver circuitry
30 may also include satellite navigation receiver circuitry
such as a Global Positioning System receiver operating
at 1575 MHz and other wireless circuits.
[0012] The wireless communications circuitry of device
10 may include one or more antennas 12. Circuitry such
as front end circuitry 14 (sometimes referred to as match-

ing network circuitry or front end module circuitry) may
be used to couple transceiver circuitry 30 and antennas
12.
[0013] Front end circuitry 14 may include amplifiers 18
such as power amplifiers for amplifying transmitted radio-
frequency signals and low noise amplifiers for amplifying
received radio-frequency signals.
[0014] Transmission line structures 26 may be used to
form radio-frequency signal paths between transceiver
circuitry 30 and other front end circuitry 14. For example,
received radio-frequency signals from the output of a low-
noise amplifier may be routed to the input of a receiver
using a transmission line. As another example, a trans-
mission line may be used to convey radio-frequency sig-
nals from the output of a transmitter to the input of a
power amplifier. Transmission line structures may also
be used in routing signals from the output of a power
amplifier to other circuitry in front end circuitry 14. Trans-
mission line structures 26 may include coaxial cables,
microstrip transmission lines, stripline transmission lines,
edge-coupled microstrip and stripline transmission lines,
etc.
[0015] Matching network circuits 24 may be used to
help impedance match transmission lines and other ra-
dio-frequency components to antennas 12. For example,
a network of resistors, inductors, and/or capacitors may
be used to help match the impedance of a given one of
antennas 12 to the 50 Ohm impedance of a transmission
line in structures 26.
[0016] Filters 22 may be used to route signals accord-
ing to their frequency. Filters 22 may include, for example,
low pass filters, high pass filters, band pass filters, notch
filters (band-blocking filters), diplexers, duplexers, tri-
plexers, and other filters. Examples of components that
may be used in implementing filters 22 include surface
acoustic wave (SAW) and bulk acoustic wave (BAW) ra-
dio-frequency filtering devices.
[0017] Switches 20 may be used to control the flow of
signals through front end circuitry 14. Switches 20 may
include, for example, transistor-based switches, diode-
based switches, microelectromechanical systems
(MEMS) switches, etc.
[0018] Antennas 12 may be based on antenna struc-
tures such as inverted-F antenna structures, planar in-
verted-F antenna structures, loop antennas, dipoles, mo-
nopoles, open and closed slot antennas, hybrid designs
that include more than one antenna structure of these
types, or other suitable antenna structures. There may
be one or more antenna 12 in device 10. In a configuration
with only one antenna 12, the antenna may be used for
transmitting and receiving all radio-frequency signals for
the device. In a configuration with multiple antennas 12,
one antenna may be active at any time (e.g., when im-
plementing an antenna diversity scheme in which an op-
timal antenna is selected for use based on real-time per-
formance data) or multiple antennas may be used (e.g.,
when implementing a multiple-input-multiple-output (MI-
MO) antenna scheme in which multiple antennas are
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used in receiving multiple simultaneous streams of data).
[0019] Cellular telephone signals (e.g., signals in
bands such as the 850 MHz band, 900 MHz band, 1800
MHz band, 1800 MHz band, and 2100 MHz band) may
be handled using one or more cellular telephone anten-
nas. Satellite navigation signals (e.g., Global Positioning
System signals at 1575 MHz) may be handled using a
cellular telephone antenna or using a dedicated antenna.
One or more local area network antennas may be used
to handle WiFi® (802.11) signals at 2.4 GHz and/or 5
GHz. If desired, a WiFi antenna may be shared between
a WiFi® transceiver and a Bluetooth® transceiver oper-
ating at 2.4 GHz. Combinations of these arrangements
may also be used (e.g., using antennas that are shared
between different combinations of transceivers, using
one or more different dedicated antennas that are used
by only one type of transceiver, etc.).
[0020] Transmitted radio-frequency signals from
transmitters 34 in transceiver circuitry 30 may be trans-
mitted through front end circuitry 14 and through one or
more antennas 12. Radio-frequency signals from exter-
nal sources that have been received by one or more of
antennas 12 may be conveyed to receivers 36 via front
end circuitry 14.
[0021] During operation of device 10, it may be neces-
sary to operate device 10 in a configuration that gives
rise to the potential for radio-frequency signal interfer-
ence. The source of the interference (sometimes referred
to herein as the aggressor) may be one of transmitters
34. The component that is adversely affected by the in-
terference (sometimes referred to herein as the victim)
may be one or receivers 36. Interference may arise, for
example, because it is necessary to operate in multiple
bands simultaneously. A user may desire, for example,
to download a web page using a WiFi® band at 2.4 GHz
while simultaneously conducting a cellular telephone call
over one of the cellular telephone bands. Particularly
when multiple transceiver circuits are active in device 10,
it is possible that the actions of an aggressor will disrupt
the operation of a victim.
[0022] The adverse effects of interference may be
avoided by designing the wireless circuitry of an elec-
tronic device so that the device will function satisfactorily
even under worst-case scenarios. If, for example, there
is a possibility for a cellular telephone transmitter in a
device to cause interference with a wireless local area
network receiver, the wireless circuitry of the device can
be designed so as to provide sufficient isolation between
the cellular telephone transmitter and wireless local area
network receiver. As an example, a device can include
antennas that are located at relatively remote locations
within the housing for the device, can include filter cir-
cuitry for rejecting out-of-band signals, and can operate
circuits such as amplifiers at relatively high bias voltages
to ensure that they operate linearly and therefore do not
generate undesirable out-of-band frequency compo-
nents.
[0023] This type of solution may be satisfactory in

many circumstances, but poses challenges. For exam-
ple, ensuring that antennas 12 are located at relatively
large distances from each other in a compact device
housing can be difficult or impossible in practice. The
inclusion of excessive filtering circuitry can create unde-
sirable frequency losses. Ensuring linear operation of
amplifiers and other components can be costly and can
consume undesirably large amounts of power. These de-
sign tradeoffs may therefore not always be acceptable,
particularly when attempting to construct a compact de-
vice with good power consumption, low cost, and high
performance.
[0024] With one suitable arrangement, which is some-
times described herein as an example, the circuitry of
device 10 is reconfigured depending on the operating
mode of the device. If device 10 is operating in a mode
in which an aggressor and victim are simultaneously ac-
tive, the control circuitry of device 10 can adjust the wire-
less circuitry of device 10 to mitigate the effects of inter-
ference. These adjustments can be made in proactively
(i.e., using an open-loop control scheme in which adjust-
ments are made based on predetermined optimized set-
tings). Interference-mitigating circuit adjustments may al-
so be made in real time based on measured signals or
other feedback (i.e., using closed-loop control).
[0025] The adjustments that are made to reduce inter-
ference may result in performance tradeoffs. For exam-
ple, a reduction in interference may result in a temporary
increase in power consumption or a temporary decrease
in signal quality. If device 10 is operating in a mode in
which there is little or no risk of undesirable interference,
device 10 can be returned to its original configuration so
as to remove these performance tradeoffs and optimize
performance. For example, if device 10 is operating in a
mode in which the aggressor transmitter is active and
the victim receiver circuitry is inactive, the control circuitry
of device 10 can configure the wireless circuitry of device
10 to optimize performance of the aggressor transmitter
without regard to whether interference is created.
[0026] Examples of adjustments that may be made to
device 10 include antenna adjustments, adjustments to
the circuitry of front end circuitry 14, and adjustments to
transceiver circuitry 30. Antennas 12 may, for example,
be adjusted using control signals from control circuitry
38 that are conveyed to antennas 12 via paths such as
path 16. Adjustments to front end circuitry 14 may be
made using control signals from control circuitry 38 that
are conveyed to front end circuitry 14 over path 32. Path
44 may be used to convey control signals from control
circuitry 38 to transceiver circuitry 30.
[0027] Antenna structures 12 may be tuned using ad-
justable circuitry such as switches and adjustable circuit
components. With one suitable arrangement, which is
shown in FIG. 2, the frequency response of antenna 12
may be tuned by adjusting the position of the antenna
feed. Antenna 12 of FIG. 2 is an inverted-F antenna hav-
ing a resonating element (antenna resonating element
12R) and a ground (antenna ground 12G). Other types
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of antennas may also be provided with tunable feeds.
The use of an inverted-F antenna with a tunable feed in
the antenna of FIG. 2 is merely illustrative.
[0028] As shown in FIG. 2, antenna resonating element
12R may have a main arm 56 that is coupled to ground
via branch SC. Antenna 12 may be fed using an antenna
feed having a positive terminal (positive antenna feed
terminal 46) and a ground terminal (ground antenna feed
terminal 48). Transceiver circuits 30 may be coupled to
the antenna feed made up of antenna feed terminals 46
and 48 (e.g., using a matching circuit, transmission line,
and other front end circuitry). Switch 50 may have two
positions (as an example). The position of switch 50 may
be controlled by control signals from path 16. When
placed in a first mode of operation, switch 50 will couple
terminal 46 to path 52. When placed in a second mode
of operation, switch 50 will couple terminal 46 to path 54.
With this arrangement, the location of the antenna feed
along the length of arm 56 and therefore the frequency
response of antenna 14 may be adjusted by configuration
of switch 50.
[0029] FIG. 3 shows another illustrative tunable anten-
na. Antenna 12 of FIG. 3 has a switch such as switch 58
with open and closed positions. The state of switch 58
may be adjusted in response to control signals on path
16 (FIG. 1). When switch 58 is open, arm segment 56-2
of antenna resonating element arm 56 will be electrically
isolated from arm segment 56-1. When switch 58 is
closed, arm segments 56-1 and 56-2 will be electrically
shorted together. By adjusting switch 58, control circuitry
38 can adjust the effective length of arm 56 and therefore
the frequency response of antenna 12.
[0030] In the configuration of FIG. 14, antenna 14 is
coupled to transceiver circuit 30 by transmission line seg-
ment 26-1. Switch 60 may have open and closed posi-
tions and may be controlled by control signals from con-
trol circuitry 38 that are provided to switch 60 over a path
such as path 32 of FIG. 1. When open, switch 60 can
electrically isolate transmission line segment 26-1 from
transmission line segment 26-2. When closed, switch 60
can connect transmission line segment 26-2 to a desired
location along the length of transmission line segment
26-1. In this configuration, transmission line segment
26-2 may serve as a tuning stub that adjusts the frequen-
cy response of the circuitry shown in FIG. 4.
[0031] Another way in which the wireless circuitry of
device 10 may be adjusted to mitigate the effects of in-
terference involves the use of switches and filter circuitry.
An example of an adjustable circuit that includes a switch
and a notch filter is shown in FIG. 5. As shown in FIG. 5,
circuit 62 may be coupled between path 64 and path 66.
Paths such as paths 64 and 66 may be connected to
transmission line structures 26, antennas 12, the inputs
and outputs of amplifiers 18, parts of matching circuits
24, or other suitable front end circuitry 14.
[0032] Switch 20 may have two positions (as an exam-
ple). The position in which switch 20 operates may be
selected by providing switch 20 with control signals on

path 32. In its first position, switch 20 may connect path
70 to path 64. In this configuration, signals can pass be-
tween paths 64 and 66 without interruption and without
experiencing attenuation from filter 22. In its second po-
sition, switch 20 may connect path 68 to path 64. In this
configuration, notch filter 22 is switched into use.
[0033] Notch filter 22 may block signals that fall within
a particular frequency band and may allow signals out-
side of the frequency band to pass. When notch filter 22
is switched into use between path 64 and path 66, signals
with frequencies within the notch filter band will be atten-
uated, whereas signals outside of this band will not be
significantly affected (other than by the relatively small
reduction in power due to the insertion loss of filter 22).
Filter 22 can be used whenever it is desired to reduce
signal interference. For example, switch 20 can be used
to switch filter 22 into use to block interference signals
that fall within the blocking range of filter 22. When it is
not necessary to block interference signals with filter 22,
signals can be routed along path 70, thereby bypassing
filter 22 and avoiding the insertion loss of filter 22.
[0034] As shown in FIG. 6, front end circuitry 14 may
include tunable components such as tunable capacitor
72, tunable inductor 74, and tunable resistor 76. Com-
ponents such as tunable capacitor 72, tunable inductor
74, and tunable resistor 76 may be interconnected to
form a tunable matching network. Adjustable compo-
nents such as switches 20, filters 22, amplifiers 18, and/or
transmission line structures 26 may be connected to
components such as tunable capacitor 72, tunable in-
ductor 74, and tunable resistor 76 within front end circuitry
14. During operation, control signals on paths such as
paths 32 and 16 may make adjustments to the compo-
nents of circuitry 14 and/or antenna 12 to help reduce
radio-frequency interference (e.g., by adjusting the fre-
quency response of the matching circuitry and thereby
adjusting the frequency characteristics of the wireless
circuitry).
[0035] A graph showing how wireless circuit adjust-
ments may reduce signal interference is shown in FIG.
7. In the example of FIG. 7, antenna performance pa-
rameters (S parameters) are plotted as a function of op-
erating frequency f. The example of FIG. 7 corresponds
to antenna structures with a frequency response that may
be tuned using a tunable feed, a tunable antenna reso-
nating element arm, or other antenna tuning techniques.
In general, interference may be adjusted using any suit-
able adjustments to circuitry 14 and/or antenna 12. The
tunable antenna arrangement described in connection
with FIG. 7 is merely illustrative.
[0036] Curve S11 of FIG. 7 (which represents return
loss of an aggressor that is transmitting signals through
an antenna in device 10) corresponds to the frequency
response of the antenna structures when operated in a
first mode (i.e., a mode that maximizes performance for
the aggressor). As shown by the valley and relatively low
value of curve S11 at point 84 (i.e., at frequency fa), the
antenna structures have a peak efficiency for transmitting
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(and receiving) signals when operating at frequencies
around fa. When adjusted to operate in a second mode,
the frequency response of the antenna structures shift
to lower frequencies, as shown by curve S11’. The effi-
ciency of the antenna structures in transmitting and re-
ceiving radio-frequency signals at frequency fa is there-
fore adversely affected, as illustrated by the elevated val-
ue of curve S11’ at point 80. The magnitude of the loss
of efficiency is depicted as change ΔE in the graph of
FIG. 7 (i.e., the distance between points 78 and 80).
[0037] Although antenna performance is reduced by
ΔE when the antenna is detuned, the amount by which
the antenna structures are exposed to potential signal
interference may be reduced significantly. In the example
of FIG. 7, signal interference is represented by curves
S21 and S21’. These curves illustrate the amount of
transmitted signal power from an aggressor that is cou-
pled through the antenna structures to a victim receiver.
[0038] Curve S21 corresponds to the amount of signal
interference as a function of frequency f when the anten-
na structures are operated in the first mode. Curve S21’
corresponds to the amount of signal interference that is
present when the antenna structures are detuned and
are operating in the second mode. In its first mode, the
amount of potential signal interference at operating fre-
quency fa (i.e., in the center of the communication band
that is being handled by the antenna structures), is rep-
resented by point 82. When the antenna structures are
adjusted and are operating in the second mode, the
amount of signal interference at the victim is reduced, as
represented by the value of curve S21’ at point 84. The
reduction in interference when adjusting the antenna
structures from the first operating mode to its second
operating mode corresponds to the difference between
points 82 and 84 in FIG. 7 (i.e., ΔC). By proper configu-
ration of antennas 12 and front end circuitry 14, the ad-
vantages from the reduction in interference (ΔC) for the
victim that is produced by adjusting (detuning) an anten-
na can more than offset the disadvantages associated
with the temporary reduction in efficiency ΔE for that is
experienced by the aggressor.
[0039] The potential of wireless circuitry in device 10
to cause interference of the type shown in FIG. 7 can be
characterized over a variety of operating parameters. Op-
timized settings for adjusting antenna structures 12 and
front end circuitry 14 may then be identified. In situations
in which only one transmitter is active or when it is oth-
erwise not expected that interference will degrade wire-
less performance in device 10, the front end circuitry and
antennas of device 10 may be placed in their most effi-
cient states (i.e., to maximize transceiver efficiency, as
illustrated by curve S11 of FIG. 7). If, however, device
10 is operated in a mode in which interference is expected
to degrade victim performance (i.e., a mode in which both
an aggressor transmitter and victim receiver are simul-
taneously active), the antenna structures and/or front end
circuitry may be adjusted (e.g., detuned) to mitigate the
effects of the interference.

[0040] In some configurations, interference may result
from the presence of nonlinearities in the components of
front end circuitry 14 (e.g., in switches, amplifiers, etc.).
To reduce or eliminate interference of this type, front end
circuitry 14 may be adjusted so as to interpose a notch
filter (e.g., notch filter 22 of FIG. 5) within an appropriate
circuit path.
[0041] Consider, as an example, the situation shown
in FIG. 8. In the scenario of FIG. 8, transceiver circuitry
30 includes an aggressor (transmitter TX) and a victim
(receiver RX). Aggressor TX transmits signals at frequen-
cy f1. These signals are amplified by power amplifier 18P
and are transmitted wirelessly through antenna 12A. Vic-
tim RX operates at a different frequency band (i.e., at
frequency f2). Victim RX receives signals using antenna
12B, front end circuitry 14, non-linear component 86 (i.e.,
a switch or other component that is nominally linear, but
that exhibits unavoidable nonlinearities in practice), and
low noise amplifier 18LNA. Frequency f2 (in this exam-
ple) is equal to twice frequency f1.
[0042] Because of a close proximity between antennas
12A and 12B or other factors, some of the transmitted
signals from antenna 12A at frequency f1 are received
by antenna 12B and pass through circuitry 14 to compo-
nent 86. Due to its nonlinear behavior, component 86
may produce second harmonics at a frequency of 2f1 (in
this example). Because of the relationship in frequencies
between f1 and f2 (i.e., because f2 is twice f1), the har-
monic signals at frequency 2f1 that are produced in com-
ponent 86 fall within the receive band of victim RX at
frequency f2 and therefore represent interference.
[0043] To reduce the impact of the interference at 2f1
on the operation of victim RX, front end module 14 can
be adjusted to insert a notch filter the blocks signals at
frequency f1 whenever aggressor TX and victim RX are
simultaneously operating. A notch filter arrangement of
the type shown in FIG. 5 may be used. When victim RX
is active and aggressor TX is inactive, switch 20 may be
used to route signals past the notch filter to avoid the
insertion loss penalty associated with the notch filter.
When aggressor TX is operating, switch 20 may be used
to switch the notch filter into use to prevent signals at
frequency f1 from reaching component 86. Because the
signals at frequency f1 do not reach component 86, victim
receiver RX can properly receive signals from external
sources at frequency f2 without interference.
[0044] Another illustrative scenario in which selective
filtering may be used to block undesired interference is
illustrated in FIG. 9. In the example of FIG. 9, transceiver
circuitry 30 includes an aggressor (transmitter TX) that
is transmitting radio-frequency signals in a communica-
tions band centered at frequency f1 and a victim (receiver
RX) that is receiving radio-frequency signals at frequency
f2 (i.e., a frequency f2 that is equal to 2f1 in this example).
Aggressor TX is transmitting wireless signals through
power amplifier 18PNL, front end circuitry 14, and anten-
na 12A. Victim RX is receiving wireless signals through
antenna 12B. The behavior of amplifier 18PNL is not ideal
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and therefore exhibits some nonlinearity. As a result,
when signals at frequency f1 pass through amplifier
18PNL, some second harmonics of this frequency (i.e.,
signals at a frequency of 2f1) are generated at the output
of amplifier 18PNL.
[0045] The signals at frequency 2f1 that are produced
by amplifier 18PNL have the potential to be transmitted
by antenna 12A and to be received by antenna 12B.
When victim RX is attempting to receive data signals at
frequency f2, the signals at frequency 2f1 from the ag-
gressor serve as a source of potential interference.
[0046] To mitigate the effects of the interference pro-
duced by signals at 2f1 at the output of amplifier 18PNL,
adjustable circuitry such as circuitry 62 of FIG. 5 may be
incorporated into front end circuitry 14 in the path of the
transmitted signals. When there is no risk interference
(i.e., when device 10 is operated in a mode in which ag-
gressor TX is active and victim RX is inactive), circuitry
62 can be adjusted to connect path 64 to path 66 through
path 70. This bypasses the insertion loss associated with
notch filter 22 and ensures that signals from transmitter
TX can be transmitted with maximum efficiency. When
a risk of performance degradation is present because
aggressor TX and victim RX are both active, circuitry 62
can be configured to route signals through path 68. Notch
filter 22 (e.g., a notch filter with a blocking band centered
about frequency 2f1) in path 68 can then filter out signals
with frequencies near 2f1. Because signals at 2f1 are
blocked by notch filter 22, only signals at frequency f1
are transmitted through antenna 12A. This reduces or
eliminates interference at frequency 2f1 at antenna 12B
and victim RX.
[0047] In the examples of FIG. 8 and 9, interference
was produced when a signal passed through a nonlinear
component and generated a second harmonic. This is
merely illustrative. Interference (e.g., intermodulation
distortion, etc.) can be produced due to the non-ideal
behavior of any wireless components (e.g., transmitters,
amplifiers, switches, filters, etc.) and may result from the
interaction of one or more signals in one or more of these
components. The examples of FIGS. 8 and 9 in which
signal interference is produced by an undesired second
harmonic of a fundamental frequency f1 is just an exam-
ple.
[0048] To avoid undesired interference, the behavior
of device 10 can be characterized by testing. During tests,
one or more representative versions of device 10 may
be placed in a radio-frequency test chamber. Tests may
be performed in which various functions of the device are
exercised. Examples of operations that may be per-
formed when testing device 10 include making and re-
ceiving cellular telephone calls, uploading and download-
ing data using WiFi® and Bluetooth® bands, receiving
satellite navigation signals, and using other wireless cir-
cuit functions. The test may be performed over a variety
of communications bands so as to indentify potentially
undesirable combinations of aggressors and victims in
device 10. After identifying potential operating conditions

that lead to undesired interference, suitable remedial ac-
tions can be identified.
[0049] Examples of remedial actions that can be taken
to mitigate the effects of interference include: adjusting
the wireless circuitry of device 10 (e.g., by tuning antenna
structures 12 and/or adjusting front end circuitry 14), ad-
justing a transmit data rate, adjusting a transmit power
level, adjusting the frequency at which signals are being
transmitted, and adjusting the modulation scheme that
is used in transmitting signals.
[0050] FIG. 10 is a table that illustrates the types of
actions that may be taken in device 10 to mitigate the
effects of interference. In the example of FIG. 10, an ag-
gressor transmits radio-frequency signals at a transmit
power level PTX, in a communications band centered at
frequency f, at a given data rate, using a given modulation
scheme, and using a selected tuning mode for antenna
structures and front end circuitry. These parameters may
be adjusted to mitigate interference when aggressors
and victims are simultaneously active. When aggressors
and victims are not both active, operating parameters
may be used to maximize performance of the active wire-
less circuitry.
[0051] There are three victims in the FIG. 10 example
(PA, PB, and PC). The performance of each victim is
represented by the performance metric values VA1...,
VB1..., and VC1..., in the columns at the right-hand side
of the FIG. 10 table. The performance metric values may
each include one or more parameters that are indicative
of wireless performance (e.g., bit error rate, frame error
rate, signal-to-noise ratio, adjacent channel leakage,
etc.). The values of these parameters may be character-
ized during testing or, if desired, one or more of these
values may be measured in real time using control cir-
cuitry 38 (e.g., using baseband processor 40). In general,
there may be more than one aggressor and fewer or more
than three victims. The example of FIG. 10 is merely il-
lustrative.
[0052] In the table of FIG. 10, configurations that have
been identified as being associated with undesired inter-
ference are labeled with circles. For example, the circle
around value VC5 in row R1 of the FIG. 10 table indicates
that the aggressor is generating interference that is ad-
versely affecting the performance of victim PC. The other
circled performance metric values in FIG. 10 correspond
to other interference scenarios. The lines in FIG. 10 such
as lines 88, 90, 92, 94, and 96 illustrate the types of ad-
justments that may be made in device 10 to mitigate the
effects of interference when device 10 is operated in a
mode where aggressors and victims are simultaneously
active.
[0053] As illustrated by line 88, for example, one way
in which to mitigate the effects of interference involves
adjusting the power of transmitter 34 (i.e., reducing the
maximum allowable output power when both the aggres-
sor and victim are active). If operated with the settings
of row R1 (which may be appropriate in the absence of
simultaneous operation of aggressor and victim circuits),
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transmitter 34 would transmit radio-frequency signals at
a power of up to 20 (e.g., 20 dBm). As shown in row R1,
this can cause an unacceptably high amount of interfer-
ence with victim PC if both the aggressor and victim PC
are active. Accordingly, if is desired to operate the ag-
gressor and victim PC simultaneously, device 10 can ad-
just the maximum transmit power setting of the aggressor
from 20 (as shown in row R1) to 15 (as shown in row R2),
as indicated by line 88. If only the aggressor is being
used, performance may be enhanced for the aggressor
by using the settings of row R1.
[0054] The adjustment associated with line 90 relates
to changing the data rate of transmitted signals (e.g.,
from a high data rate to a lower data rate that results in
less interference). If operated with the settings of row R3
(as may be appropriate in the absence of simultaneous
operation of aggressor and victim circuits), transmitter
34 would transmit data at a data rate of 5 and would
create an unacceptably high amount of interference for
victim PB. By using the settings of row R4 instead of row
R3 when both the aggressor and victim PB are simulta-
neously active (e.g., to lower the data rate to 2), undesired
interference with victim PB may be avoided.
[0055] The adjustment associated with line 92 relates
to selecting an appropriate frequency f for transmitting
signals. If operated with the settings of row R5 (which
may be appropriate in the absence of simultaneous op-
eration of aggressor and victim circuits), transmitter 34
would be transmitting signals in a communications band
centered at frequency f1 and would create an unaccept-
ably high amount of interference for victims PA and PB.
By using the settings of row R6 instead of row R5 when
both the aggressor and victim PA are active or when both
the aggressor and victim PC are active (e.g., by trans-
mitting signals in a communications band centered on
frequency f2 instead of frequency f1), undesired interfer-
ence with victims PA and PC may be avoided.
[0056] The adjustment associated with line 94 relates
to selecting an appropriate modulation scheme for the
radio-frequency signals handled by transceiver circuitry
30. Examples of modulation schemes that may be used
by transceiver circuitry 30 include Gaussian Minimum
Shift Keying (GMSK), 8 Phase Shift Keying (8PSK), Bi-
nary Phase Shift Keying (BPSK), Quadrature Phase Shift
Keying (QPSK), 16 Quadrature Amplitude Modulation
(16-QAM), 64-QAM, etc. If operated with the settings of
row R7 (which may be appropriate in the absence of si-
multaneous operation of aggressor and victim circuits),
transmitter 34 would transmit data using modulation
scheme T1 and would create an unacceptably high
amount of interference for victim PA. By using the settings
of row R8 instead of row R7 when both the aggressor
and victim PA are active (e.g., by operating the aggressor
with modulation scheme T2 instead of modulation
scheme T1), undesired interference with victim PA may
be avoided.
[0057] The adjustment associated with line 96 relates
to selecting an appropriate tuning for antenna structures

12 and/or front end circuitry 14. If operated with the set-
tings of row R9 (e.g., settings that can be used in the
absence of simultaneous operation of aggressor and vic-
tim circuits), signals would be transmitted and received
using tuning settings N for antennas 12 and front end
circuitry 14. Settings N may include, for example, settings
related to the position of switches such as switch 50 in
FIG. 2, switch 58 of FIG. 3, switch 60 of FIG. 5, switch
20 of FIG. 5, other settings that tune antennas, and the
settings for components such as components 72, 74, and
76 of FIG. 6 and other settings that adjust matching cir-
cuits and other front end circuitry 14 (as an example). If
operated with the settings of row R9, the aggressor would
create an unacceptably high amount of interference for
victim PA. By using the settings of row R10 when the
aggressor and victim PA are simultaneously active in-
stead of row R9 (e.g., to adjust antennas 12 and/or front
end circuitry 14), undesired interference between the ag-
gressor and victim PA may be avoided.
[0058] The examples of FIG. 10 are merely illustrative.
Other adjustments may be made as a function of whether
or not aggressors and victims are simultaneously active
if desired. For example, rather than changing the com-
munications band in which an aggressor is transmitting
signals, the band that is used by a victim in receiving
signals may be changed when both aggressor and victim
are active or both the aggressor and victim can change
to different communications bands to accommodate a
need for simultaneous operation. Tuning changes to an-
tennas and/or front end circuits in device 10 may involve
changes of the type shown in FIG. 8 in which circuitry
associated with a victim is tuned, changes of the type
shown in FIG. 9 in which circuitry associated with an ag-
gressor is tuned, or changes to both of these types of
circuits. Changes to antennas 12 of the type described
in connection with FIGS. 2, 3, 4, and 6 may be made for
one or more aggressor antennas, one or more victim an-
tennas, and/or one or more antennas being used by both
aggressors and victims. Adjustments to device 10 to mit-
igate the effects of interference may be made protectively
(e.g., by avoiding undesirable settings that test results
have revealed will lead to unacceptable interference and
using optimal alternative settings in their place whenever
aggressors and victims are used simultaneously) and/or
may be made based on real time feedback on wireless
performance (e.g., data on wireless performance metrics
measured using control circuitry 38). The settings for de-
vice 10 that enhance wireless performance whenever
there is an absence of simultaneous aggressor and victim
operation may also be used proactively (i.e., whenever
simultaneous operation is not present) or may be used
in response to real time measurements (i.e., when meas-
urements indicate that interference is not significant).
[0059] Illustrative steps involved in calibrating and op-
erating devices 10 to mitigate the effects of interference
are shown in FIG. 11. During the operations of step 98,
device operations may be characterized. In a typical sce-
nario, a test version of device 10 or a comparable eval-
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uation board may be inserted into a test chamber. Test
programs operating on the control circuitry of the device
or operating on associated test equipment may direct the
device to exercise a range of its capabilities. For example,
the device may be directed to transmit and receive sig-
nals over all available combinations of communications
bands, over a range of transmit powers, over a range of
modulation schemes, over a range of antenna tuning set-
tings and front end circuit settings, etc. Operations in
which victims and aggressors are simultaneously active
and in which victims and aggressors are not simultane-
ously active may be characterized. While adjusting the
operating settings of the device, the device and associ-
ated test equipment may be used to monitor the impact
of interference and other performance criteria. Perform-
ance data that may be gathered includes signal-to-noise
ratio measurements, bit error rates, frame error rates,
adjacent channel leakage, etc.
[0060] At step 100, the characterization measure-
ments that were made during step 98 may be analyzed
using computing equipment associated with or included
in the test equipment used in making the test character-
ization measurements. Analysis results may reveal com-
binations of settings that produce unacceptably low lev-
els of performance due to the effects of interference when
aggressors and victims are simultaneously active. Anal-
ysis results may also reveal optimum settings to use
when aggressors and victims are not simultaneously ac-
tive (i.e., if only an aggressor or only a victim is active).
[0061] Analysis results may therefore be used to iden-
tify combinations of settings that achieve acceptable per-
formance under a variety of settings. If, for example, it is
desirable to transmit signals at frequency f1 while receiv-
ing signals at frequency f2, a set of acceptable settings
(e.g., settings with a reduced maximum transmit power
at frequency f1) can be identified that allow the device to
function properly when both aggressor and victim are
active. Efficiency-maximizing settings may also be iden-
tified to cover the situation in which the aggressor and
victim are not simultaneously active. These settings may,
for example, include a maximum transmit power for fre-
quency f1 that is greater than the maximum transmit pow-
er at frequency f1 that is to be used when aggressor and
victim are simultaneously active.
[0062] In some situations, adjustments may be made
to accommodate simultaneous operation of aggressor
and victim that change multiple parameters relative to
the non-simultaneous scenario. For example, an alter-
native set of operating settings that avoids interference
may include changes to both a data rate and a modulation
scheme or to a tuning mode and a transmit power. Alter-
nate settings for use during simultaneous aggressor and
victim operation may include settings changes for one or
more aggressors and one or more victims.
[0063] At step 102, devices 10 may be manufactured
in a production environment and may be loaded with in-
formation on the alternative settings to use to mitigate
the effects of interference. The settings for device 10 use

may be located as part of a manufacturing process, dur-
ing a software installation process (e.g., during a
firmware update process in a factory or under user control
in the field), or using a combination of these arrange-
ments.
[0064] At step 104, device 10 may be operated in a
system. For example, device 10 may interact with remote
cellular telephone base stations, may receive satellite
navigation signals, may communicate with accessories
using Bluetooth® communications, and may communi-
cate with wireless access points using WiFi® communi-
cations or other wireless local area network protocols.
Other wireless activities may also be performed. The op-
eration of device 10 may be controlled using software
running on control circuitry 38. In some situations, the
mode in which device 10 operates (including whether or
not an aggressor and victim are in simultaneous use) is
influenced by environmental factors (e.g., which cellular
towers or local area network equipment is within range
of device 10). The operating mode of device 10 may also
be influenced by user input. For example, a wireless local
area network transceiver might be activated in response
to a user’s command. The presence of incoming calls
and messages may also affect which functions and trans-
ceiver circuits are needed by device 10. In response to
these various factors and based on its preconfigured de-
fault settings (i.e., settings that include the optimum in-
terference-mitigating settings and efficiency-maximizing
settings identified during the operations of step 100), de-
vice 10 may efficiently transmit and receive wireless sig-
nals while mitigating the adverse effects of wireless in-
terference whenever aggressors and victims are simul-
taneously active.
[0065] In some situations, only an aggressor may be
active. When only the aggressor is active, the perform-
ance of the aggressor may be optimized (e.g., efficiency
may be maximized) by using a first set of settings (e.g.,
the settings of rows such as rows R1, R3, R5, R7, and
R9 of FIG. 10). When both the aggressor and one or
more victims are active, the effects of interference may
be mitigated by operating device 10 with interference-
mitigating settings such as the settings of rows R2, R4,
R6, R8, and R10 of FIG. 10). Control circuitry 38 can
determine which transmitters and receivers are active by
communicating with transceiver circuitry 30.
[0066] If desired, control circuitry 38 (e.g. baseband
processor 40) may gather information on the wireless
performance of device 10 in real time. Examples of per-
formance criteria that may be measured by control cir-
cuitry 38 during operation of device 10 include C/No (car-
rier-to-noise power ratio), SINR (signal to interference-
plus-noise ratio), Ec/Io (the ratio of the average power of
a pilot channel to total signal power), signal-to-noise ratio,
bit error rate, frame error rate, adjacent channel leakage,
received signal power, etc. Information from these real
time signal quality measurements may be used in deter-
mining which operating mode to use for device 10. For
example, if the frame error rate of a received signal drops
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below a desired value when an aggressor and victim are
simultaneously active, device 10 can conclude that wire-
less interference is causing a loss of signal and can there-
fore switch to using a different set of operating settings
(e.g., by changing the frequency of transmission of the
aggressor, by using a lower maximum transmit power
setting to back off transmit power, etc.). Predetermined
settings and real time feedback on signal quality may
therefore be used together to select optimum settings for
mitigating the effects of interference when aggressors
and victims are simultaneously active while maximizing
efficiency and other performance metrics whenever the
aggressors and victims are not simultaneously active.
[0067] In accordance with an embodiment, an elec-
tronic device may be provided that includes wireless cir-
cuitry having transceiver circuitry that includes at least
one aggressor and at least one victim, and control cir-
cuitry that is configured to mitigate the effects of interfer-
ence between the aggressor and the victim by adjusting
the wireless circuitry in response to simultaneous activity
of both the aggressor and victim.
[0068] In accordance with another embodiment, the
wireless circuitry includes adjustable antenna structures
and the control circuitry is configured to adjust the ad-
justable antenna structures in response to determining
that both the aggressor and victim are active.
[0069] In accordance with another embodiment, the
wireless circuitry includes switching circuitry coupled be-
tween the transceiver circuitry and an antenna and the
control circuitry is configured to adjust the switching cir-
cuitry to switch a filter into use in response to determining
that both the aggressor and victim are active.
[0070] In accordance with another embodiment, the
control circuitry is configured to adjust the switching cir-
cuitry to bypass the filter in response to determining that
the aggressor and victim are not both active.
[0071] In accordance with another embodiment, the
aggressor includes a transmitter with an adjustable out-
put power and the control circuitry is configured to use a
first maximum setting for the adjustable output power in
response to determining that both the aggressor and vic-
tim are active and a second maximum setting for the ad-
justable output power in response to determining that the
aggressor and is active and the victim is inactive, where
the first maximum is lower than the second maximum.
[0072] In accordance with another embodiment, the
aggressor includes a radio-frequency transmitter with an
adjustable data rate and the control circuitry is configured
to adjust the data rate in response to determining that
both the aggressor and victim are active.
[0073] In accordance with another embodiment, the
aggressor includes a radio-frequency transmitter with an
adjustable modulation scheme and the control circuitry
is configured to adjust the modulation scheme in re-
sponse to determining that both the aggressor and victim
are active.
[0074] In accordance with another embodiment, the
aggressor includes a radio-frequency transmitter with an

adjustable transmission frequency and the control cir-
cuitry is configured to adjust the transmission frequency
in response to determining that both the aggressor and
victim are active.
[0075] In accordance with another embodiment, the
aggressor includes a radio-frequency receiver with an
adjustable receiver frequency and the control circuitry is
configured to adjust the receiver frequency in response
to determining that both the aggressor and victim are
active.
[0076] In accordance with another embodiment, the
control circuitry is configured to measure a wireless per-
formance value selected from the group of wireless per-
formance values including carrier-to-noise power ratio,
signal to interference-plus-noise ratio, a ratio of an aver-
age power of a pilot channel to total signal power, signal-
to-noise ratio, bit error rate, frame error rate, adjacent
channel leakage, and received power and is configured
to adjust the wireless circuitry based on the measured
wireless performance value.
[0077] In accordance with an embodiment, an elec-
tronic device may be provided that includes antenna
structures, radio-frequency transceiver circuitry includ-
ing an aggressor transmitter and a victim receiver, front
end circuitry that couples the radio-frequency transceiver
circuitry to the antenna structures, and control circuitry
that is configured to mitigate interference effects by mak-
ing adjustments to at least one of the antenna structures,
radio-frequency transceiver circuitry, and front end cir-
cuitry based a determination of whether the aggressor
transmitter and victim receiver are simultaneously active.
[0078] In accordance with another embodiment, the
control circuitry is configured to make the adjustments
by tuning the antenna structures differently when the ag-
gressor transmitter and victim receiver are both active
than when the victim receiver is inactive.
[0079] In accordance with another embodiment, the
control circuitry is configured to make the adjustments
by tuning front end circuitry differently when the aggres-
sor transmitter and victim receiver are simultaneously
active than when the aggressor transmitter and victim
receiver are not simultaneously active.
[0080] In accordance with another embodiment, the
front end circuitry includes at least one adjustable com-
ponent selected from the group of adjustable compo-
nents including a switch, an adjustable capacitor, an ad-
justable resistor, and an adjustable inductor, where the
control circuitry is configured to adjust the adjustable
component differently when the aggressor transmitter
and victim receiver are simultaneously active than when
the aggressor transmitter and victim receiver are not si-
multaneously active.
[0081] In accordance with another embodiment, the
control circuitry is configured to make the adjustments
by adjusting the aggressor transmitter differently when
the aggressor transmitter and victim receiver are simul-
taneously active than when the aggressor transmitter is
active and the victim receiver is inactive.
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[0082] In accordance with another embodiment, the
control circuitry is configured to make data rate and mod-
ulation scheme adjustments to the aggressor transmitter
so that the aggressor transmitter operates differently
when the aggressor transmitter and victim receiver are
both active than when the aggressor transmitter is active
and the victim receiver is inactive.
[0083] In accordance with an embodiment, a method
for operating an electronic device that has control circuit-
ry and wireless circuitry that is controlled by the control
circuitry may be provided, where the wireless circuitry
has antenna structures, radio-frequency transceiver cir-
cuitry including an aggressor transmitter and a victim re-
ceiver, and front end circuitry that couples the radio-fre-
quency transceiver circuitry to the antenna structures,
the method including, with the control circuitry, operating
the wireless circuitry with different settings when the ag-
gressor transmitter and victim receiver are simultaneous-
ly active than when the aggressor transmitter is active
and the victim receiver is inactive to mitigate interference
effects in the wireless circuitry.
[0084] In accordance with another embodiment, oper-
ating the wireless circuitry includes, with the control cir-
cuitry, tuning the antenna structures to maximize antenna
efficiency when transmitting signals with the aggressor
transmitter while the victim receiver is inactive and de-
tuning the antenna structures to reduce interference
when both the aggressor transmitter and victim receiver
are active.
[0085] In accordance with another embodiment, oper-
ating the wireless circuitry includes transmitting wireless
signals with the aggressor transmitter using a first max-
imum transmit power setting while operating in a first
mode in which the aggressor transmitter and victim re-
ceiver are simultaneously active, and transmitting wire-
less signals with the aggressor transmitter using a sec-
ond maximum transmit power setting that is greater than
the first maximum transmit power while operating in a
second mode in which the aggressor transmitter is active
and the victim receiver is inactive.

Claims

1. An electronic device (10), comprising:

wireless circuitry having transceiver circuitry
(30) that includes at least one aggressor trans-
mitter and at least one victim receiver (36); and
control circuitry (38) that is configured to mitigate
the effects of interference between the aggres-
sor transmitter and the victim receiver by adjust-
ing the wireless circuitry in response to simulta-
neous activity of both the aggressor transmitter
and victim receiver, wherein the aggressor
transmitter comprises a radio-frequency trans-
mitter (34) with an adjustable data rate and
wherein the control circuitry (38) is configured

to adjust the data rate to a lower data rate in
response to determining that both the aggressor
transmitter and victim receiver are active.

2. The electronic device defined in claim 1 wherein the
wireless circuitry includes adjustable antenna struc-
tures (12) and wherein the control circuitry (38) is
configured to adjust the adjustable antenna struc-
tures (12) in response to determining that both the
aggressor transmitter (34) and victim receiver (36)
are active.

3. The electronic device defined in claim 1 wherein the
wireless circuitry includes switching circuitry (20)
coupled between the transceiver circuitry and an an-
tenna and wherein the control circuitry (38) is con-
figured to adjust the switching circuitry (20) to switch
a filter (22) into use in response to determining that
both the aggressor transmitter (34) and victim re-
ceiver (36) are active.

4. The electronic device defined in claim 3 wherein the
control circuitry (38) is configured to adjust the
switching circuitry (20) to bypass the filter (22) in re-
sponse to determining that the aggressor transmitter
(34) and victim receiver (36) are not both active.

5. The electronic device defined in claim 1 wherein the
transmitter (34) has an adjustable output power and
wherein the control circuitry (38) is configured to use
a first maximum setting for the adjustable output
power in response to determining that both the ag-
gressor transmitter (34) and victim receiver (36) are
active and a second maximum setting for the adjust-
able output power in response to determining that
the aggressor transmitter (34) is active and the victim
receiver (36) is inactive, wherein the first maximum
is lower than the second maximum.

6. The electronic device defined in claim 1 wherein the
radio-frequency transmitter (34) has an adjustable
modulation scheme and wherein the control circuitry
(38) is configured to adjust the modulation scheme
in response to determining that both the aggressor
transmitter (34) and victim receiver (36) are active.

7. The electronic device defined in claim 1 wherein the
radio-frequency transmitter (38) has an adjustable
transmission frequency and wherein the control cir-
cuitry (38) is configured to adjust the transmission
frequency in response to determining that both the
aggressor transmitter (34) and victim receiver (36)
are active.

8. The electronic device defined in claim 1 wherein the
radio-frequency receiver (36) has an adjustable re-
ceiver frequency and wherein the control circuitry
(38) is configured to adjust the receiver frequency in
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response to determining that both the aggressor
transmitter (34) and victim receiver (36) are active.

9. The electronic device defined in claim 1 wherein the
control circuitry (38) is configured to measure a wire-
less performance value selected from the group con-
sisting of: carrier-to-noise power ratio, signal to in-
terference-plus-noise ratio, a ratio of an average
power of a pilot channel to total signal power, signal-
to-noise ratio, bit error rate, frame error rate, adjacent
channel leakage, and received power and is config-
ured to adjust the wireless circuitry based on the
measured wireless performance value.

10. A method for operating an electronic device (10) that
has control circuitry (38) and wireless circuitry that
is controlled by the control circuitry, wherein the wire-
less circuitry has antenna structures (12), radio-fre-
quency transceiver circuitry (30) including an ag-
gressor transmitter (34) and a victim receiver (36),
and front end circuitry (14) that couples the radio-
frequency transceiver circuitry (30) to the antenna
structures (12), wherein the aggressor transmitter
(34) has an adjustable data rate, the method com-
prising:

with the control circuitry, operating the wireless
circuitry with different settings when the aggres-
sor transmitter (34) and victim receiver (36) are
simultaneously active than when the aggressor
transmitter (34) is active and the victim receiver
(36) is inactive to mitigate interference effects in
the wireless circuitry; and with the control cir-
cuitry, adjusting the data rate to a lower data
rate in response to determining that both the ag-
gressor transmitter (34) and the victim receiver
(36) are active.

11. The method defined in claim 10 wherein operating
the wireless circuitry (38) comprises:

with the control circuitry, tuning the antenna
structures (12) to maximize antenna efficiency
when transmitting signals with the aggressor
transmitter (34) while the victim receiver (36) is
inactive and detuning the antenna structures
(12) to reduce interference when both the ag-
gressor transmitter (34) and victim receiver (36)
are active.

12. The method defined in claim 10 wherein operating
the wireless circuitry comprises:

transmitting wireless signals with the aggressor
transmitter (34) using a first maximum transmit
power setting while operating in a first mode in
which the aggressor transmitter (34) and victim
receiver (36) are simultaneously active; and

transmitting wireless signals with the aggressor
transmitter (34) using a second maximum trans-
mit power setting that is greater than the first
maximum transmit power while operating in a
second mode in which the aggressor transmitter
(34) is active and the victim receiver (36) is in-
active.

Patentansprüche

1. Elektronische Vorrichtung (10), umfassend:

Drahtlosschaltungen, die Sendeempfänger-
schaltungen (30) aufweisen, die zumindest ei-
nen Aggressorsender und zumindest einen Op-
ferempfänger (36) beinhalten; und
Steuerschaltungen (38), die eingerichtet sind,
um Interferenzeffekte zwischen dem Aggres-
sorsender und dem Opferempfänger durch An-
passen der Drahtlosschaltungen, in Antwort auf
gleichzeitige Aktivität sowohl des Aggressor-
senders als auch des Opferempfängers, zu ver-
ringern, wobei der Aggressorsender einen
Funkfrequenzsender (34) mit einer anpassba-
ren Datenrate umfasst, und wobei die Steuer-
schaltungen (38) eingerichtet sind, um die Da-
tenrate, in Antwort auf eine Bestimmung, dass
sowohl der Aggressorsender als auch der Op-
ferempfänger aktiv sind, auf eine geringere Da-
tenrate anzupassen.

2. Elektronische Vorrichtung nach Anspruch 1, wobei
die Drahtlosschaltungen anpassbare Antennen-
strukturen (12) beinhalten, und wobei die Steuer-
schaltungen (38) eingerichtet sind, um die anpass-
baren Antennenstrukturen (12) in, Antwort auf die
Bestimmung, dass sowohl der Aggressorsender
(34) als auch der Opferempfänger (36) aktiv sind,
anzupassen.

3. Elektronische Vorrichtung nach Anspruch 1, wobei
die Drahtlosschaltungen Umschaltschaltungen (20)
beinhalten, die zwischen die Sendeempfänger-
schaltungen und eine Antenne gekoppelt sind, und
wobei die Steuerschaltungen (38) eingerichtet sind,
um die Umschaltschaltungen (20) anzupassen, um
einen Filter (22), in Antwort auf die Bestimmung,
dass sowohl der Aggressorsender (34) als auch der
Opferempfänger (36) aktiv sind, in Verwendung zu
schalten.

4. Elektronische Vorrichtung nach Anspruch 3, wobei
die Steuerschaltungen (38) eingerichtet sind, um die
Umschaltschaltungen (20) anzupassen, um den Fil-
ter (22), in Antwort auf die Bestimmung, dass der
Aggressorsender (34) und der Opferempfänger (36)
beide nicht aktiv sind, zu umgehen.
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5. Elektronische Vorrichtung nach Anspruch 1, wobei
der Sender (34) eine anpassbare Ausgabeleistung
aufweist, und wobei die Steuerschaltungen (38) ein-
gerichtet sind, um eine erste Maximaleinstellung für
die anpassbare Ausgabeleistung, in Antwort auf die
Bestimmung, dass sowohl der Aggressorsender
(34) als auch der Opferempfänger (36) aktiv sind, zu
verwenden, und eingerichtet sind, um eine zweite
Maximaleinstellung für die anpassbare Ausgabe-
leistung, in Antwort auf die Bestimmung, dass der
Aggressorsender (34) aktiv ist und der Opferemp-
fänger (36) inaktiv ist, zu verwenden, wobei das erste
Maximum niedriger ist als das zweite Maximum.

6. Elektronische Vorrichtung nach Anspruch 1, wobei
der Funkfrequenzsender (34) ein anpassbares Mo-
dulationsschema aufweist, und wobei die Steuer-
schaltungen (38) eingerichtet sind, um das Modula-
tionsschema, in Antwort auf die Bestimmung, dass
sowohl der Aggressorsender (34) als auch der Op-
ferempfänger (36) aktiv sind, anzupassen.

7. Elektronische Vorrichtung nach Anspruch 1, wobei
der Funkfrequenzsender (38) eine anpassbare
Übertragungsfrequenz aufweist, und wobei die
Steuerschaltungen (38) eingerichtet sind, um die
Übertragungsfrequenz, in Antwort auf die Bestim-
mung, dass sowohl der Aggressorsender (34) als
auch der Opferempfänger (36) aktiv sind, anzupas-
sen.

8. Elektronische Vorrichtung nach Anspruch 1, wobei
der Funkfrequenzempfänger (36) eine anpassbare
Empfängerfrequenz aufweist, und wobei die Steu-
erschaltungen (38) eingerichtet sind, um die Emp-
fängerfrequenz, in Antwort auf die Bestimmung,
dass sowohl der Aggressorsender (34) als auch der
Opferempfänger (36) aktiv sind, anzupassen.

9. Elektronische Vorrichtung nach Anspruch 1, wobei
die Steuerschaltungen (38) eingerichtet sind, um ei-
nen Drahtlosleistungswert zu messen, der ausge-
wählt ist aus der Gruppe, die aus Folgendem be-
steht: Träger-zu-Rausch-Leistungsverhältnis, Sig-
nal-zu-Interferenz-plus-Rausch-Verhältnis, einem
Verhältnis einer mittleren Leistung eines Pilotkanals
zur gesamten Signalleistung, Signal-zu-Rausch-
Verhältnis, Bitfehlerrate, Rahmenfehlerrate, Lecka-
ge des angrenzenden Kanals und empfangene Leis-
tung, und wobei die Steuerschaltungen (38) einge-
richtet sind, um die Drahtlosschaltungen auf der Ba-
sis des gemessenen Drahtlosleistungswertes anzu-
passen.

10. Verfahren zum Betreiben einer elektronischen Vor-
richtung (10), die Steuerschaltungen (38) aufweist
und Drahtlosschaltungen aufweist, die durch die
Steuerschaltungen gesteuert werden, wobei die

Drahtlosschaltungen Antennenstrukturen (12) auf-
weisen, Funkfrequenz-Sendeempfängerschaltun-
gen (30) aufweisen, die einen Aggressorsender (34)
und einen Opferempfänger (36) beinhalten, und
Frontend-Schaltungen (14) aufweisen, welche die
Funkfrequenz-Sendeempfängerschaltungen (30)
an die Antennenstrukturen (12) koppeln, wobei der
Aggressorsender (34) eine anpassbare Datenrate
aufweist, wobei das Verfahren umfasst:

mit den Steuerschaltungen Betreiben der Draht-
losschaltungen mit unterschiedlichen Einstel-
lungen, wenn der Aggressorsender (34) und der
Opferempfänger (36) gleichzeitig aktiv sind, und
wenn der Aggressorsender (34) aktiv ist und der
Opferempfänger (36) inaktiv ist, um Interferenz-
effekte in den Drahtlosschaltungen zu verrin-
gern; und
mit den Steuerschaltungen Anpassen der Da-
tenrate, in Antwort auf eine Bestimmung, dass
sowohl der Aggressorsender (34) als auch der
Opferempfänger (36) aktiv sind, auf eine nied-
rigere Datenrate.

11. Verfahren nach Anspruch 10, wobei das Betreiben
der Drahtlosschaltungen (38) umfasst:

mit den Steuerschaltungen Abstimmen der An-
tennenstrukturen (12), um eine Antenneneffizi-
enz zu maximieren, wenn Signale mit dem Ag-
gressorsender (34) gesendet werden während
der Opferempfänger (36) inaktiv ist und Verstim-
men der Antennenstrukturen (12), um die Inter-
ferenz zu verringern, wenn sowohl der Aggres-
sorsender (34) als auch der Opferempfänger
(36) aktiv sind.

12. Verfahren nach Anspruch 10, wobei das Betreiben
der Drahtlosschaltungen umfasst:

Senden von Drahtlossignalen mit dem Aggres-
sorsender (34) unter Verwendung einer ersten
maximalen Sendeleistungseinstellung während
eines Betreibens in einem ersten Modus, in wel-
chem der Aggressorsender (34) und der Opfe-
rempfänger (36) gleichzeitig aktiv sind; und
Senden von Drahtlossignalen mit dem Aggres-
sorsender (34) unter Verwendung einer zweiten
maximalen Sendeleistungseinstellung, die grö-
ßer ist als die erste maximale Sendeleistung
während eines Betreibens in einem zweiten Mo-
dus, in welchem der Aggressorsender (34) aktiv
ist und der Opferempfänger (36) inaktiv ist.

Revendications

1. Un dispositif électronique (10) comprenant :
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des circuits électroniques possédant des cir-
cuits émetteurs-récepteurs (30) qui incluent au
moins un émetteur agresseur et au moins un
récepteur victime (36) ; et
des circuits de contrôle (38) qui sont configurés
pour amoindrir les effets des interférences entre
l’émetteur agresseur et le récepteur victime par
ajustement des circuits sans fil en réponse à une
activité simultanée à la fois de l’émetteur agres-
seur et du récepteur victime, l’émetteur agres-
seur comprenant un émetteur radiofréquence
(34) avec un débit de données ajustable et les
circuits de contrôle (38) étant configurés par
ajuster le débit de données à un débit de don-
nées inférieur en réponse à la détermination que
l’émetteur agresseur et le récepteur victime sont
tous deux actifs.

2. Le dispositif électronique défini dans la revendica-
tion 1, dans lequel les circuits sans fil incluent des
structures d’antenne ajustables (12), et dans lequel
les circuits de contrôle (38) sont configurés pour
ajuster les structures d’antenne ajustables (12) en
réponse à la détermination que l’émetteur agresseur
(34) et le récepteur victime (36) sont tous deux actifs.

3. Le dispositif électronique défini dans la revendica-
tion 1, dans lequel les circuits sans fil incluent des
circuits de commutation (20) couplés entre les cir-
cuits émetteurs-récepteurs et une antenne, et dans
lequel les circuits de contrôle (38) sont configurés
pour ajuster les circuits de commutation (20) pour
commuter en service un filtre (22) en réponse à la
détermination que l’émetteur agresseur (34) et le ré-
cepteur victime (36) sont tous deux actifs.

4. Le dispositif électronique défini dans la revendica-
tion 3, dans lequel les circuits de contrôle (38) sont
configurés pour ajuster les circuits de commutation
(20) pour contourner le filtre (22) en réponse à la
détermination que l’émetteur agresseur (34) et le ré-
cepteur victime (36) ne sont pas tous deux actifs.

5. Le dispositif électronique défini dans la revendica-
tion 1, dans lequel l’émetteur (34) possède une puis-
sance de sortie ajustable et dans lequel les circuits
de contrôle (38) sont configurés pour utiliser un pre-
mier réglage de maximum pour la la puissance de
sortie ajustable en réponse à la détermination que
l’émetteur agresseur (34) et le récepteur victime sont
tous deux actifs et un second réglage de maximum
pour la puissance de sortie ajustable en réponse à
la détermination que l’émetteur agresseur (34) est
actif et que le récepteur victime (36) est inactif, le
premier maximum étant inférieur au second maxi-
mum.

6. Le dispositif électronique défini dans la revendica-

tion 1, dans lequel l’émetteur radiofréquence (34)
dispose d’un schéma de modulation ajustable et
dans lequel les circuits de contrôle (38) sont confi-
gurés pour ajuster le schéma de modulation en ré-
ponse à la détermination que l’émetteur agresseur
(34) et le récepteur victime (36) sont tous deux actifs.

7. Le dispositif électronique défini dans la revendica-
tion 1, dans lequel l’émetteur radiofréquence (38)
dispose d’une fréquence d’émission ajustable et
dans lequel les circuits de contrôle (38) sont confi-
gurés pour ajuster la fréquence d’émission en ré-
ponse à la détermination que l’émetteur agresseur
(34) et le récepteur victime sont tous deux actifs.

8. Le dispositif électronique défini dans la revendica-
tion 1, dans lequel le récepteur radiofréquence (36)
dispose d’une fréquence de récepteur ajustable et
dans lequel les circuits de contrôle (38) sont confi-
gurés pour ajuster la fréquence de récepteur en ré-
ponse à la détermination que l’émetteur agresseur
(34) et le récepteur victime (36) sont tous deux actifs.

9. Le dispositif électronique défini dans la revendica-
tion 1, dans lequel les circuits de contrôle (38) sont
configurés pour mesurer une valeur de performance
sans fil choisie dans le groupe constitué par : un rap-
port de puissance porteuse-sur-bruit, un rapport si-
gnal sur interférence-plus-bruit, un rapport d’une
puissance moyenne d’un canal pilote par rapport à
une puissance totale de signal, un rapport signal-
sur-bruit, un taux d’erreurs de bits, un taux d’erreurs
de trames, une fuite entre canaux adjacents, et une
puissance reçue, et sont configurés pour ajuster les
circuits sans fil sur la base de la valeur de perfor-
mance sans fil mesurée.

10. Un procédé de mise en oeuvre d’un dispositif élec-
tronique (10) qui possède des circuits de contrôle
(38) et des circuits sans fil qui sont contrôlés par les
circuits de contrôle, les circuits sans fil possédant
des structures d’antenne (12), des circuits émet-
teurs-récepteurs radiofréquence (30) incluant un
émetteur agresseur (34) et un récepteur victime (36),
et des circuits frontaux (14) qui couplent les circuits
émetteurs-récepteurs radiofréquence aux structu-
res d’antenne (12), l’émetteur agresseur (34) dispo-
sant d’un débit de données ajustable, le procédé
comprenant :

avec les circuits de contrôle, la mise en oeuvre
des circuits sans fil avec des réglages, lorsque
l’émetteur agresseur (34) et le récepteur victime
(36) sont simultanément actifs, différents de
ceux utilisés lorsque l’émetteur agresseur (34)
est actif et le récepteur victime (36) est inactif,
pour amoindrir les effets des interférences dans
les circuits sans fil ; et
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avec les circuits de contrôle, l’ajustement du dé-
bit de données à un débit de données inférieur
en réponse à la détermination que l’émetteur
agresseur (34) et le récepteur victime (36) sont
tous deux actifs.

11. Le procédé défini dans la revendication 10, dans le-
quel la mise en oeuvre des circuits sans fil (38)
comprend :

avec les circuits de contrôle, l’accord des struc-
tures d’antenne (12) pour maximiser le rende-
ment d’antenne lors de l’émission de signaux
avec l’émetteur agresseur (34) tandis que le ré-
cepteur victime (36) est inactif, et le désaccord
des structures d’antenne (12) pour réduire les
interférences lorsque l’émetteur agresseur (34)
et le récepteur victime (36) sont tous deux actifs.

12. Le procédé défini dans la revendication 10, dans le-
quel la mise en oeuvre des circuits sans fil
comprend :

l’émission de signaux sans fil avec l’émetteur
agresseur (34) en utilisant un réglage de pre-
mière puissance d’émission maximale pendant
le fonctionnement dans un premier mode dans
lequel l’émetteur agresseur (34) et le récepteur
victime (36) sont simultanément actifs ; et
l’émission de signaux sans fil avec l’émetteur
agresseur (34) en utilisant un réglage de secon-
de puissance d’émission maximale qui est su-
périeure à la première puissance d’émission
maximale pendant un fonctionnement dans un
second mode où l’émetteur agresseur (34) est
actif et le récepteur victime (36) est inactif.
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