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the receiver portion of the receiver such that the transmission signal passing

through the receiver portion of the transceiver can be millions of times

stronger than the received signals of interest.

[0004] To address the full duplex issue, one conventional approach is
to isolate the transmitter portion of the duplexer from the receiver portion of
the duplexer to prevent the power from the transmitted signals from disrupting
the receiver portion of the duplexer. Unfortunately, the most advanced
duplexers and receiver filters conventionally used sometimes do not have
enough isolation to compensate for the non-linearity of the LNAs and the
mixers that are used in the receiver portion of the transceiver. Further such an
approach may result in a degradation of the noise figure for the receiver
portion of the transceiver.



portion of the transceiver. WO 2006/ 074533
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used in the receiver. For instance, tradeoffs can be

made when sel ecting the LNA ZZnOi se figure (NF),

gain, linearity, stability and power consunption.
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reflected energy sent back to the amplifier for limiting the output swing of the

amplifier in a frequency band corresponding to the amplified unwanted

signals.
[0007] The components of the shunt path may limit the output swing of
the amplifier by dissipating at least a portion of the amplified unwanted
signals.
[0008] In another instance, the components of the shunt path may limit

the output swing of the amplifier by reflecting at least a portion of the amplified
unwanted signals wherein the reflected unwanted signals are given a phase
shift for at least partially canceling the amplified unwanted signals at the

output of the amplifier.

[0009] In another instance, the components of the shunt path may limit
the output swing of the amplifier by dissipating at least a portion of the



shift for at |least partially canceling the anplified
unwanted signals at the output of the anplifier.
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one of the receiver and transmtter ports of the
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meduplexer further including circuitry for providing the matching network, the
filter and the shunt filter, and wherein the amplifier is connected to the
antenna port of the duplexer and the mixer stage and the shunt filter are

connected to one of the receiver and transmitter ports of the duplexer.

[0013] The magnitude and phase of the load may be adjustable during
the operation of the pre-processing stage. Further, the matching network may
be adjustable during the operation of the pre-processing stage.

[0014] In another aspect, at least one embodiment described herein
provides a method for improving the linearity in a pre-processing stage of a
receiver used in a wireless device. The method comprises:

(a) receiving signals of interest and unwanted signals;



be adj ustable during the operation of the
pre-processing stage. [0014] In another aspect, at
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wherein the reflected unwanted signals are given a phase shift for at least
partially canceling the unwanted signals at the output of the amplifier.

[0017] In another instance, (c) may include limiting the output swing of
the amplifier by dissipating a portion of the amplified unwanted signals and
reflecting a portion of the amplified unwanted signals wherein the reflected
unwanted signals are given a phase shift for at least partially canceling the
amplified unwanted signals at the output of the amplifier.

[0018] In another instance, (c) may further include providing the shunt
path with a shunt filter connected to the matching network, the shunt filter
being one of the additional downstream filters and having a passband for
allowing the amplified unwanted signals of interest to pass therethrough; and,
providing the shunt path with a load connected to the shunt filter, the load
having an impedance for at least one of dissipating the amplified unwanted



anplified unwanted signals at the output of the
anplifier. [0018] In another instance, (c) may further
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FIG. 2 is a block diagram of an exemplary embodiment of a
portion of a transceiver that is conventionally used by the wireless

communications device;

FIG. 3 is a block diagram of an exemplary embodiment of a
portion of a transceiver, for use by the wireless communications device,

having circuitry for improving linearity of received signals of interest; and,

FIG. 4 is a block diagram of an exemplary embodiment of a
portion of a transceiver, for use by the wireless communications device,

having circuitry for improving linearity of received signals of interest.

Detailed Description
[0022] It will be appreciated that for simplicity and clarity of illustration,

where considered appropriate, reference numerals may be repeated among

the figures to indicate corresponding or analogous elements. In addition,
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transceiver s
[0024] Referring first to FIG. 1, shown therein is a block diagram of an

exemplary embodiment of a wireless communications device 100 which may
also be referred to as a mobile communications device. The wireless
communications device 100 comprises a number of components, such as a
control unit 102 which controls the overall operation of the wireless
communications device 100. The control unit 102 may be a microprocessor or
a microcontroller. Any commercially available microcontroller, such as a
microcontroller available from ARM, Motorola, Intel and the like may be used

for the control unit 102.

[0025] Communication functions, including data and possibly voice

communications, are performed through the communications subsystem 104.



[0024] Referring first to FIG 1, shown therein is a
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referred to as a nobil e conmuni cations device. The
wi rel ess comuni cations device 100 conprises a nunber
of conmponents, such as a cont/rol unit 102 which
controls the overall operation of the wireless
connunlcatlons device 100. The control unit 10
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SR 5.2 FRHBRE Rtk bt S, 305, HskhFrory 108, =
CEPIAY 48] MM auxiliary input/output (1/0) subsystem 112, a serial port 114, a
keyboard 116, a speaker 118, a microphone 120, a short-range
communications unit 122 and other devices 124. Some of these components
may be optional depending on the particular type of wireless communications
device. Other types of non-volatile storage devices known in the art may be
used rather than the flash memory 108. The keyboard 116 may be a
telephone-type keypad, an alphanumeric keyboard or some other suitable

keypad.

[0027] Some of the subsystems of the wireless communications device
100 perform communication-related functions, whereas ‘other subsystems
may provide “resident” or on-device functions. By way of example, the display
110 and the keyboard 116 may be used for both communication-related



[0026] The control unit 102 also interacts with
addi tional subsystens such as a Random Access Menory

w@ BA7485, a flash nmenory 108, a display 110PCEOA2005/000681
auxi liary input/output (1/0O subsystem 112, a seri al
port 114, a keyboard 116, a speaker 118, a m crophone
120, a short-range conmunicat8 ons unit 122 and ot her
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flash memory 108. Services may include: web browsing and messaging such
as email, voice mail, Short Message Service (SMS), and Multimedia
Messaging Services (MMS). More advanced services may include: point of

sale, field service and sales force automation.

[0029] The wireless communications device 100 is a battery-powered
device and includes a battery interface 132 for receiving one or more
rechargeable batteries 130. The battery interface 132 is coupled to a regulator
(not shown) which assists the battery 130 in providing power V+ to the
wireless communications device 100. Although current technology makes use
of a battery, future power source technologies such as micro fuel cells may
provide the power to the wireless communications device 100.
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Wi doth@ehiciomy kidvife 100 tirsughtiedi AeorkPi 50, the auxiliary I/0
subsystem 112, the serial port 114, the short-range communications

subsystem 122, or any other suitable subsystem 124. This flexibility in
application installation increases the functionality of the wireless
communications device 100 and may provide enhanced on-device functions,
communication-related functions, or both. For example, secure
communication applications may enable electronic commerce functions and
other such financial transactions to be performed using the wireless

communications device 100.

[0032] The serial port 114 enables a subscriber to set preferences
through an external device or software application and extends the

capabilities of the wireless communications device 100 by providing for
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t Bachias eainatl Imeessaiges| for ExABmpl@rusing the keyboard 116 in conjunction
with display 110 and possibly auxiliary /O subsystem 112. The auxiliary
subsystem 112 may include devices such as: a touch screen, mouse, track
ball, infrared fingerprint detector, or a roller wheel with dynamic button
pressing capability. The keyboard 116 may be an alphanumeric keyboard
and/or telephone-type keypad. A composed item may be transmitted over the
network 150 through the communications subsystem 104.

[0035] For voice communications, the overall operation of the wireless
communications device 100 is substantially similar, except that most of the
received signals are output to the speaker 118, and most of the signals for
transmission are transduced by microphone 120. Alternative voice or audio
I/O subsystems, such as a voice message recording subsystem, may also be
implemented on the wireless communications device 100. Although voice or



exanpl e, the subsystem 122 may include an infrared
devi ce and associated circuits and conponents for
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conmuni cation may include standards devel oped by the
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802.11 family of standards deV&loped by |IEEE. [0034]
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dlaa@sliimarOIM\ns typicaily a low noise amplifier (LNA) and the filter 216 is

typically a band pass or band selection filter. In one embodiment, the filter 216
may be a Surface Acoustic Wave (SAW) filter. However, these components
may be implemented using other means as is commonly known by those
skilled in the art.

[0038] In use, the filter 216 is tuned to pass the received signals of
interest to the mixer stage 218 and almost always reflects any unwanted
signals. However, in a full duplex topology, some of the transmission energy
leaks from the transmitter portion of the duplexer 208 to the receiver portion of
the duplexer 210 to the receiver 204 and unfavorable loads may be
connected to the amplifier 214 at the transmission frequencies. The net effect
is a reflection of transmission signal energy back to the amplifier 214 that
causes premature clipping of the output signal of the amplifier 214. The
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remainder of the receiver 204. The action of the shunt path 255 at the output
of the amplifier 214 essentially clamps the output swing of the amplifier 214 in
the frequency band of the unwanted signals by affecting the energy that gets
reflected back to the amplifier 214. This improves the third-order intercept
point (IP3) of the amplifier 214 since the components of the shunt path 2565
provide favorable loads at frequencies at which the maximum signal is

present. The IP3 is a figure of merit for linearity or distortion.

[0040] In one exemplary implementation, the components of the shunt
path 255 may be configured to dissipate the unwanted leaked transmission
signal energy which prevents this unwanted energy from reaching the
remainder of the receiver 204 and possibly causing the mixer stage 218 to

clip. In another exemplary implementation, the components of the shunt path



unwant ed | eaked transm ssion signal energy, then
clipping may occur in the mxer stage 218. [0039]
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ci%glent s anot r{gh a1 @ﬁ%@%g@g’&?ﬁ@% séyeial reactive
PCorpbARAl %3& capacitors and inductors. Those skilled in the art will be

familiar with various network topologies that can be used to construct the
matching network 254. The matching network 254 preferably has a three-port
configuration and is designed and adjusted to have minimal impact on the
transmission of the received signals of interest to the filter 216 while
presenting the correct impedance, in the transmission frequency band, at the
output of the amplifier 214 for transmitting the unwanted leaked transmission
signai energy to the shunt filter 256 and load 258. In one embodiment, the
structure of the matching network 254 is fixed once constructed. In other
embodiments, the structure of the matching network 254 and load 258 may
be variable to allow the matching network 254 to be tuned depending on the
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2Aetgy Hdo® EhaREE S RIAThtHE nfider 41898 A" This results in an effective
reduction of the gain of the amplifier 214 at the transmission frequency. This
in turn results in a reduction of distortion in the mixer stage 218 since there is
much less power at the input of the mixer stage 218. This improves the two-
tone desensitization performance of the transceiver 250 especially in cases in
which the mixer stage 218 has mixers that are poorly balanced.

[0045] Alternatively, the load 258 can be adjusted so that a desired
phase is achieved for any of the unwanted leaked transmission signal energy
that is reflected from the input of the shunt filter 256. A correctly phased
reflection presented at the output of the amplifier 214 (in the transmission
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network 306, a filter 308 and a second filter 310 which acts as the shunt filter
256. The antenna input/output of the additional duplexer 304 is connected to
the output of the input amplifier 214, the receiver output of the additional
duplexer 304 is connected to the mixer stage 218 and the transmitter input of
the additional duplexer 304 is connected to the load 258. in some cases, the
components connected to the transmitter and receiver ports can be reversed
although this may affect performance due to the different characteristics of
filters 308 and 310.

[0049] In this exemplary embodiment of the transceiver 300, the
duplexer 206, as in the previous embodiments, is used to separate the
transmit and receiver signals while the additional duplexer 304 is used since it
conveniently packages two filters and a matchi‘ng network in a single package
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[0052] The pre-processing stage of the receiver trades off cost and
complexity to achieve good linearity with no degradation of NF for the
amplifier used in the receiver portion of the transceiver. For instance, in one
exemplary embodiment, a shunt filter and load is used in the receiver portion
of the transceiver to "trap" energy from the unwanted leaked transmission
signal energy before this energy can reach the mixer stage of the receiver.
The shunt filter may be a filter that is typically used in the transmitter portion



conponents connected to the transmtter and receiver
ports can be reversed although this may affect
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filters 308 and 310. [0049] In this exenplary

enbodi nent of the transceiver 300, the duplexer 206,
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voltage swing of the amplifier in the frequency band of the unwanted signals

thereby improving the linearity of the amplifier.

[0056] A portion of the disclosure of this patent document contains
material which is subject to copyright protection. The copyright owner has no
objection to the facsimile reproduction by any one of the patgnt document or
patent disclosure, as it appears in the Patent and Trademark Office patent file

or records, but otherwise reserves all copyrights whatsoever.

[0057] It should be understood that various modifications can be made
to the embodiments described and illustrated herein, without departing from



ot her dupl ex systens without the technically difficult
task of inproving the isolation between the

wo ea@nemissd er and receiver portions 208 and 210p©f/CARN®5/000681
dupl exer 206. [0052] The pre-processing stage of the
receiver trades off cost and conplexity to achieve
good linearity with no degradtion of NF for the
anplifier used in the receiver portion of the
transceiver. For instance, in one_ _exenplary, .
etheogmberimentss b aaneraloscantiof ydiich & Gebnbd inithe appended
r@ggﬁ er portion of the transceiver to "trap" energy
f78M'¥he unwant ed | eaked transni ssi on si gnal energy
before this energy can reach the m xer stage of the
receiver. The shunt filter may be a filter that is
typically used in the transmtter portion WO
2006/ 074533 PCT/ CA2005/ 000681 -17 of the transceiver.
It has been found that this configuration allows for
an increase in the internodul ati on margi ns of the
transcei ver without conprom sing sensitivity. [0053]
Anot her aspect of the enbodi nents described herein is
that the shunt filter and | oad may be designed so
that it reflects a certain amount of the |eaked
transm ssion signal back to the output of the receiver
anplifier such that the reflected energy is out of
phase with respect to the | eaked transm ssion signa
that propagated through the anplifier. The opti nal
reflected phase will vary fromdesign to design. The
opti mal reflected phase w |l depend on the ful
S-paraneters of the anplifier 214. In one instance,
the optiml phase can be determ ned experinmentally by
tuning. By not nodifying the input to the receiver
anplifier, this configuration provides a |ow NF for
the receiver anplifier while still inproving the
linearity of the receiver anplifier even though the
shunt filter is situated downstreamfromthe
anplifier. [0054] In another enbodi nent, the shunt
filter and | oad may be designed to both dissipate a
portion of the |eaked transm ssion, signal and
reflect a portion of the | eaked transm ssion signa
back to the output of the receiver anplifier such
that the reflected energy is out of phase with respect



to the | eaked transm ssion signal that propagated

through the anplifier. [0055] In all three cases, the
weenn74sad h is adapted to reduce the voltage BOU/a82005/000681

the anplifier in the frequency band of the unwanted

signals thereby inproving the linearity of the

anplifier. [0056] A portion ol9the disclosure of this
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i n¢l udi ng conponents for receiving and pre-processin

the anplifi @) ashynhpathoconnacied e theymatching network, the shunt
path including components for adjusting reflected energy sent back to the

amplifier for limiting the output swing of the amplifier in a frequency band

corresponding to the amplified unwanted signals.

2. The pre-processing stage of claim 1, wherein the components of the
shunt path limit the output swing of the amplifier by dissipating at least a

portion of the amplified unwanted signals.

3. The pre-processing stage of claim 1, wherein the components of the
shunt path limit the output swing of the amplifier by reflecting at least a portion
of the amplified unwanted signals with a phase shift for at least partially

canceling the amplified unwanted signals at the output of the amplifier.

4. The pre-processing stage of claim 1, wherein the components of the
shunt path limit the output swing of the amplifier by dissipating at least a
portion of the amplified unwanted signals and reflecting at least a portion of
the amplified unwanted signals with a phase shift for at least partially

canceling the amplified unwanted signals at the output of the ampilifier.



d) a shunt path connected to the matching network, the
shunt path including conponents for adjusting

wo edobetesesl energy sent back to the anplifier POI/CA2005/000681

limting the output swing of the anplifier in a

frequency band corresponding to the anplified

unwant ed signals. 2. The pre-# ocessing stage of claim

1, wherein the conmponents of the shunt path limt the
out put _swing of the anplifier by dissipating at |east
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Sitﬁgf@{h?o@éh'tm out put of the anplifier. 4. The
pre-processi ng stage of claim1, wherein the

conmponents §f tha logtwennested ta the shuet titerpthe deachhaving an

¢ PSRy st inpe e s d Bkl e pERThef rRihed Bighpls and
ar@ﬁ&c&ihﬁ hébortidiEofaAB lanplifidd Winweitited! sinaalvith the phase shift.
phase shift for at least partially canceling the

anplified unwanted signals at .the output of

. .th .
afpl i f TEe. Promrooessing 3tags QBT MBS i3 Path includes:
The pre-progessi lsai j :
pat h incl udgi : 3)9“'%}?%'32?&? ?It?gﬁ% (i':noarﬁkr‘,@ﬁ{}gig’ﬂ/tv gmglt]?ﬁmr being
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addi ti onal downstream filters and having a , passband
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connected to'the shunt filTter, the |oad having an

i Inetnprackapted for resebingrandidemedulpting et peplified signals of
ar.mlf}i fited unwanted signals and reflecting the portion
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shift. 6. The pre-processing stage of claim5, wherein

thre si gmel preairacessihg desge oflaien 6 Wherein the eod-prbdessing stage
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the filter and the shunt filter, and wherein the amplifier is connected to the
antenna port of the duplexer and the mixer stage and the shunt filter are

connected to one of the receiver and transmitter ports of the duplexer.

8. The pre-processing stage of claim 5, wherein the magnitude and phase

of the load is adjustable during the operation of the pre-processing stage.

9. The pre-processing stage of claim 5, wherein the matching network is

adjustable during the operation of the pre-processing stage.

10. A method for improving the linearity in a pre-processing stage of a
receiver used in a wireless device, the method comprising:

a) receiving signals of interest and unwanted signals;



h) a m xer stage connected to the filter, the m xer
stage being adapted for receiving and denodul ating

wo bweamsBs fi ed signals of interest. 7. The  PCT/CA2005/000681
pre-processi ng stage of claim®6, wherein the
pre-processing stage includes a dupl exer having an
antenna port, a transmtter pdtt and a receiver port,
t he dupl exer further includes circuitry for providing
t he natching network, the filter and the shunt .
filter, andbwamRiffingnbessignals;efiinteresiand dhe unwanted signals
ankt.en . g e . . I: e .
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of théTp amplifier by reflecting at least a portion of the amplified unwanted
signals with a phase shift for at least partially canceling the amplified

unwanted signals at the output of the amplifier.

13.  The method of claim 10, wherein (e) includes limiting the output swing
of the amplifier by dissipating a portion of the amplified unwanted signals and
reflecting a portion of the amplified unwanted signals with a phase shift for at
least partially canceling the amplified unwanted signals at the output of the

amplifier.

14. The method of claim 10, wherein (e) includes providing the shunt path
with a shunt filter connected to the matching network, the shunt filter being
one of the additional downstream filters and having a passband for allowing
the amplified unwanted signals of interest to pass therethrough; and,
providing the shunt path with a load connected to the shunt filter, the load



frequency band corresponding to the anplified unwanted
signals. 11. The nethod of claim 10, wherein (e)

wo pwbotesss | i miting the output swing of the anptT/€AB05/000681
by dissipating the anplified unwanted signals. 12. The
met hod of claim 10, wherein (e) includes limting the
output swing of the anplifie22by reflecting at |east
a portion of the anplified unwanted signals mﬁth a

phase shift for at |east partially canceling t
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| oad connected to the shunt filter, the | oad WD

2006/ 074533 PCT/ CA2005/ 000681 -22 havi ng an i npedance
for at |east one of dissipating the anplified unwanted
signals and reflecting the portion of the anplified
unwanted signals with a phase shift for at | east
partially canceling the anplified unwanted signals at
the output of the anplifier. 15. The nethod of claim
14, wherein (e) includes adjusting the nagnitude and
phase of the | oad during the operation of the
pre-processing stage. 16. The nethod of claim 14,
wherein (e) includes adjusting the matching network
during the operation of the pre-processing stage.



