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(57) Abstract: A pre-processing stage is provided for a receiver of a wireless device. The pre-processing stage includes an amplifier
& that receives signals of interest and unwanted signals and produces amplified signals of interest and amplified unwanted signals, and
N , matching network that separates the amplified signals of interest from the amplified unwanted signals in conjunction with additional
downstream filters. The preprocessing stage also includes a signal path that includes components for receiving and pre-processing
the amplified signals of interest, and a shunt path that includes 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.
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Title: DUAL RECEIVE FILTER

Reference to Related Application
[0001] This application claims priority from U.S. Provisional Patent

Application Serial No. 60/642,551 filed on January 11, 2005.

Field
[0002] @ Embodiments described herein relate generally to wireless

communications devices and more particularly to a receiver structure for

wireless communications devices.

Background
[0003] In a wireless device, such as a mobile phone, the linearity of the

amplifiers and mixers in the transceiver portion of the wireless device is
important. Without sufficient linearity the received signals of interest can
become distorted if they are strong or may be masked by out of band noise
when they are weak. A partial solution is to pre-filter the received signal
before the low noise amplifiers (LNA) in the receiver portion of the transceiver.
However, in full duplex radio systems, in which the data may be
simultaneously received and transmitted by the transceiver, substantial
transmitter power may leak from the transmitter portion of the transceiver into
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 resulit in a degradation of the noise figure for the receiver

portion of the transcelver.
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[0005] To further address this issue, tradeoffs can be made when
designing the LNA used in the receiver. For instance, tradeoffs can be made
when selecting the LNA’s noise figure (NF), gain, linearity, stability and power
consumption. However, certain conventional LNAs may have a poor design
that does not have good linearity or stability. For instance, some conventional

designs may trade off too much NF and gain to achieve better linearity.

summary
[0006] In one aspect, at least one embodiment described herein

provides a pre-processing stage for a receiver of a wireless device. The pre-
processing stage comprises an amplifier that receives signals of interest and
unwanted signals and produces amplified signals of interest and amplified
unwanted signals of interest; a matching network connected to the amplifier,
the matching network being configured for separating the amplified received
signals of interest from the amplified unwanted signals in conjunction with
additional downstream filters; a signal path connected to the matching
network, the signal path including components for receiving and pre-
processing the amplified signals of interest; and, a shunt path connected to
the matching 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.
[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
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amplified unwanted signals and 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.

[0010] The shunt path may include 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, a load connected to the shunt filter, the
load having an impedance for at least one of dissipating the amplified
unwanted signals and reflecting a portion of the amplified unwanted signals

with the phase shift.

[0011] The signal path may include a filter connected to the matching
network, the filter being one of the additional downstream filters and having a
passband for allowing the amplified signals of interest to pass therethrough;
and, a mixer stage connected to the filter, the mixer stage being adapted for

receiving and demodulating the amplified signals of interest.

[0012] In another instance, the pre-processing stage may include a
duplexer having an antenna port, a transmitter port and a receiver port, the
duplexer further including circuitry for providing the matching network, the
fiter 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) receliving signals of interest and unwanted signals;
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(b) amplifying the signals of interest and the unwanted signals
with an amplifier to produce amplified signals of interest and amplified

unwanted signals;

(c) providing a matching network and additional downstream
filters for separating the amplified received signals of interest from the
amplified unwanted signals;

(d) providing a desired signal path at the output of the matching
network with components for receiving and pre-processing the amplified

signals of interest: and.

(e) providing a shunt path at the output of the matching network
in parallel with the signal path, with 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.

[0015] In one instance, (c) may include limiting the output swing of the

amplifier by dissipating the amplified unwanted signals.

[0016] In another instance, (c) may include limiting 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 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
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signals and reflecting the 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.

[0019] In another instance, (¢) may further include adjusting the
magnitude and phase of the load during the operation of the pre-processing

stage.

[0020] In another instance, (¢c) may further include adjusting the

matching network during the operation of the pre-processing stage.

Brief description of the Fiqures
[0021] For a better understanding of a portion of a receiver that may be

used in a transceiver of a wireless device and to show more clearly how it
may be carried into effect, reference will now be made, by way of example
only, to the accompanying drawings which show at least one exemplary

embodiment and in which:

FIG. 1 is a block diagram of an exemplary embodiment of a

wireless communications device;

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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numerous specific details are set forth in order to provide a thorough
understanding of the embodiments described herein. However, it will be
understood by those of ordinary skill in the art that the embodiments
described herein may be practiced without these specific details. In other
instances, well-known methods, procedures and components have not been
described in detail so as not to obscure the embodiments described herein.
Furthermore, this description is not to be considered as limiting the scope of
the embodiments described herein, but rather as merely describing the

implementation of the various embodiments described herein.

[0023] The embodiments relate to a portion of a receiver that may be
applied to a wireless communications device. A wireless communications
device is a two-way communications device with advanced data
communication capabilities having the capability to communicate with other
computer systems. The wireless communications device may also include the
capability for voice communications. Depending on the functionality provided
by the wireless communications device, it may be referred to as a data
messaging device, a two-way pager, a cellular telephone with data messaging
capabilities, a wireless Internet appliance, or a data communications device
(with or without telephony capabilities). The wireless communications device

communicates with other devices through a network of transceiver stations.

[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.
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The communications subsystem 104 receives messages from and sends
messages to a wireless network 150. In one embodiment, the
communications subsystem 104 may be configured in accordance with
cdma2000 standards, or with Global System for Mobile Communication
(GSM) and General Packet Radio Services (GPRS) standards. The
GSM/GPRS wireless network is used worldwide and it is expected that these
standards will eventually be superseded by the Enhanced Data GSM
Environment (EDGE) and Universal Mobile Telecommunications Service
(UMTS) standards. New standards are still being defined, but it is believed
that they will have similarities to the network behaviour described herein, and
it will also be understood that the device is intended to use any other suitable
standards that are developed in the future. The wireless link connecting the
communications subsystem 104 with the network 150 represents one or more
different Radio Frequency (RF) channels, operating according to defined
protocols specified for cdma2000 or GSM/GPRS communications. With the
network protocols, these channels are capable of supporting both circuit

switched voice communications and packet switched data communications.

[0026] The control unit 102 also interacts with additional subsystems
such as a Random Access Memory (RAM) 106, a flash memory 108, a
display 110, an auxiliary input/output (I/O) 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
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functions, such as entering a text message for transmission over the network
180, and device-resident functions such as a calculator or task list. Operating
system software, and other various algorithms, used by the control unit 102 is
typically stored in a persistent store such as the flash memory 108, which may
alternatively. be a read-only memory (ROM) or similar storage element (not
shown). Those skilled in the art will appreciate that the operating system,
specific device applications, or parts thereof, may be temporarily loaded into.a
volatile store such as the RAM 106.

10028] The wireless communications device 100 may send and receive
communication signals over the network 150 after required network
registration or activation procedures have been completed. Network access is
associated with a subscriber or user of the wireless communications device
100. To identify a subscriber, the wireless communications device 100
requires a Subscriber ldentity Module or “SIM” card 126 or an R-UIM
(Removable User Identity Module) to be inserted in a SIM interface 128 (or an
R-UIM interface) in order to communicate with the network 150. The SIM card
or R-UIM 126 is one type of a conventional “smart card” that is used to
identify a subscriber of the wireless communications device 100 and to
personalize the wireless communications device 100, among other things.
Alternatively, user identification information can also be programmed into
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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[0030] The control unit 102, in addition to its operating system
functions, enables execution of software appiications on the wireless
communications device 100. A set of applications which control basic device
operations, including data and voice communication applications will normally
be installed on the wireless communications device 100 during its
manufacture. Another application that may be loaded onto the wireless
communications device 100 may be a personal information manager (PIM). A
PIM has the ability to organize and manage data items of interest to a
subscriber, such as, but not limited to, e-mail, calendar events, voice mails,
appointments, and task items. A PIM application has the ability to send and
receive data items via the wireless network 150. In one embodiment, PIM
data items are seamlessly integrated, synchronized, and updated via the
wireless network 150 with the wireless communications device subscriber’s
corresponding data items stored and/or associated with a host computer
system. This functionality creates a mirrored host computer on the wireless
communications device 100 with respect to such items. This is especially
advantageous where the host computer system is the wireless

communications device subscriber’'s office computer system.

[0031] Additional applications may also be loaded onto the wireless
communications device 100 through the network 150, the auxiliary /O
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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Information or software downloads to the wireless communications device 100
other than through a wireless communication network. The alternate
download path may, for example, be used to load an encryption key onto the
wireless communications device 100 through a direct and thus reliable and

trusted connection to provide secure device communication.

[0033] The short-range communications subsystem 122 provides for
communication between the wireless communications device 100 and
different systems or devices, without the use of the network 150 For
example, the subsystem 122 may include an infrared device and associated
circuits and components for short-range communication. Examples of short-
range communication may include standards developed by the Infrared Data
Association (IrDA), Bluetooth, and the 802.11 family of standards developed
by |IEEE.

[0034] In use, a received signal such as a text message, an e-mail
message, or web page download will be processed by the communications
subsystem 104 and input to the control unit 102. The control unit 102 will then
process the received signal for output to the display 110 or alternatively to the
auxiliary /0O subsystem 112. A subscriber may also compose data items,
such as e-mail messages, for example, using the keyboard 116 in conjunction
with display 110 and possibly auxiliary I/0 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
recelved signals are output to the speaker 118, and most of the signals for
transmission are transduced by microphone 120. Alternative voice or audio
/O subsystems, such as a voice message recording subsystem, may also be

Implemented on the wireless communications device 100. Although voice or
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audio signal output is accomplished primarily through the speaker 118, the
display 110 may also be used to provide additional information such as the
identity of a calling party, duration of a voice call, or other voice call related

information.

[0036] Referring now to FIG. 2, shown therein is a block diagram of an
exemplary embodiment of a portion of a transceiver 200 that is conventionally
used in the communications subsystem 104 of the wireless communications
device 100. The transceiver 200 includes a transmitter 202 and a receiver 204
both connected to a duplexer 206. The duplexer 206 has a transmitter duplex
portion 208 and a receiver duplex portion 210. The duplexer 206 is connected
to an antenna 212. Both signal transmission and reception involve the
antenna 212. Structures that are suitable for the transmitter 202, the duplexer
206 and the antenna 212 are commonly known to those skilled in the art and

will not be described further.

[0037] The pre-processing stage 212 of the receiver 204 typically
includes an amplifier 214, a filter 216, and a mixer stage 218 connected as
shown. Other receiver components are connected to the receiver pre-
processing stage as is commonly known by those skilled in the art. The
amplifier 214 is typically 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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clipping can actually happen at the mixer stage 218 and/or the amplifier 214.
For instance, if the filter 216 does not provide enough rejection of the
unwanted leaked transmission signal energy, then clipping may occur in the

mixer stage 218.

[0039] Referring now to FIG. 3, shown therein is a block diagram of an
exemplary embodiment of a portion of a transceiver 250 for use by the
wireless communications device 100. The transceiver 250 is somewhat
similar to transceiver 200. However, the transceiver 250 includes a modified
receiver 252 in which the pre-processing stage 253 of the receiver 252
includes a matching network 254 between the amplifier 214 and the filter 216
and an additional shunt path 255 that includes a shunt filter 256 and a load
258. The filter 216 and the mixer stage 218 are components in the signal path
260. Conventionally, a matching network may be used to provide an
impedance match between the amplifier 214 and the filter 216. However, In
accordance with the embodiments described herein, the matching network
254 provides an impedance match between the amplifier 214 and the two
filters 216 and 256 in the signal and shunt paths 260 and 255 respectively.
The matching network 254 directs unwanted leaked transmission signal
energy to the shunt path 255 and directs the received signals of interest to the
remainder of the receiver 204. The action of the shunt path 285 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 255
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
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255 may be configured to reflect the unwanted leaked transmission signal
energy with an appropriate phase for canceling out at least a portion of the
leaked transmission signal energy at the amplifier 214.

[0041] In another exemplary implementation, the components of the
shunt path 285, i.e. the shunt filter 256 and the load 258 may further be
Implemented such that a portion of the unwanted leaked transmission signal
energy Is dissipated and a portion of this unwanted energy Is reflected back
towards the amplifier 214 with the appropriate phase for canceling out at least
some of the unwanted leaked transmission energy that propagates through
the amplifier 214. For each of these implementations, tuning may be done by
making measurements of the complete system performance while adjusting
the load 258. The phase of the reflection is usually not directly measured
since adding probes may disturb the system too much. Rather, a series of test
signals may be injected into the system which are expected to compress the
amplifier 214 while adjusting the load 258. The tuning is adjusted while
observing the degradation in radio sensitivity. Since the additional test signals
are chosen to mix noise into the channel of interest when there is non-linear
distortion in the stage under test, one can optimize the linearity of the stage

by tuning for minimum sensitivity degradation.

[0042] The matching network 254 may include several reactive
components such as 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 fiiter 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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transmission and reception frequencies of the wireless communications
device 100. To switch the load 258, one may use a FET switch, a PIN diode
and the like. Alternatively, a varactor diode may be used to provide

continuous tuning.

10043] The shunt filter 256 requires a certain amount of selectivity to
separate the unwanted leaked transmission signal energy froh1 the received
signals of interest. Accordingly, the matching network 254 provides a first
level of crude separation of the signals but it is the high selectivity of both of
the filters 216 and 256 used in conjunction with one another and the matching
network 254 that provides the desired separation effect. The S-parameters of
the two filters 216 and 256 can be selected together to achieve this effect.
The shunt filter 256 may be implemented by any low-loss filter with high
reflection in the receiver band. For instance, filters traditionally used in the
transmitter portions of transceivers may be used. The shunt filter 256 is
preferably implemented using a ceramic or Surface Acoustic Wave (SAW)
filter since the Q-factor of the shunt filter is high.

[0044] The load 258 may be any suitable reactive load. The load 258
can be adjusted such that the leaked transmission signal energy effectively
'sees"” a low impedance path at the transmission frequency. The shunt filter
256 "traps" the unwanted leaked transmission signal energy before this
energy has a chance to reach the mixer stage 218. 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 signhal 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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frequency band) will decrease the clipping that may otherwise occur at the

output of the amplifier 214 as in conventional designs.

[0046] In another alternative embodiment, the load 258 may be
designed to provide a tradeoff between the dissipation of the unwanted
leaked transmission signal energy and the amount of correctly phased
reflection of unwanted leaked transmission signal energy back to the output of
the amplifier 214. It has been found through experimentation that reflecting a
portion of the unwanted leaked transmission signal energy rather than just

dissipating it in the load 258 improves the linearity of the amplifier 214.

[0047] In either embodiment, the load 258 may be a fixed load or it may
be a variable load that can be adjusted "on-the-fly" depending on the
operating frequency. Accordingly, the load 258 may be a frequency
dependant load that can be controlled by software executed by the wireless

communications device 100.

[0048] Referring now to FIG. 4, shown therein is an alternative
embodiment of a portion of the transceiver 300 that may be used In the
communications subsystem 104 of the wireless communications device 100.
The transceiver 300 has a receiver 302 with a pre-processing stage 303 that
includes an additional duplexer 304 which provides circuitry for a matching
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 matching network in a single package
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that can be used, in a similar fashion to the embodiment of FIG. 3, to improve
the linearity of the linear amplifier 214. A convenient feature of transceiver
300 is that the receiver port of the additional duplexer 304 brovides a
differential signal line, which simplifies connection to the mixer stage 218
since mixers typically require a differential input. The circuitry of the
transceiver 300 used in the shunt and signal paths 255 and 260'operate

similarly to the shunt and signal path circuitry of transceiver 250.

[0050] The additional duplexer 304 provides circuitry for portions of the
shunt and signal path in a single package which results in a significant
savings in board space. However, the tradeoff is a reduction in the amount of
tuning flexibility since there is no longer as much control of the power split
between the filters 308 and 310. In contrast, the embodiment of transceiver
250 allows one to easily adjust the matching network 254 which affects the
amount of power sent to each filter 216 and 2356.

[0051] The shunt configuration of the various embodiments described
herein provides a selective improvement in the linearity of the amplifier 214 at
the transmission frequency by clamping the voltage swing of the output of the
amplifier 214 at that frequency. When the load 258 is correctly adjusted there
is little effect at the receiver frequency so that the gain and noise factor (NF)
of the amplifier 214 are preserved. This has the benefit of improving the single
tone performance of the receiver 252 if the receiver 252 is used in CDMA or
other duplex systems without the technically difficult task of improving the
isolation between the transmitter and receiver portions 208 and 210 of the

duplexer 206.

[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
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of the transceiver. It has been found that this configuration allows for an
increase in the intermodulation margins of the transceiver without

compromising sensitivity.

[0053] Another aspect of the embodiments described herein is that the
shunt filter and load may be designed so that it reflects a certain amount of
the leaked transmission signal back to the output of the receiver amplifier
such that the reflected energy is out of phase with respect to the leaked
transmission signal that propagated through the amplifier. The optimal
reflected phase will vary from design to design. The optimal reflected phase
will depend on the full S-parameters of the amplifier 214. In one instance, the
optimal phase can be determined experimentally by tuning. By not modifying
the input to the receiver amplifier, this configuration provides a low NF for the
receiver amplifier while still improving the linearity of the receiver amplifier

even though the shunt filter is situated downstream from the amplifier.

[0054] In another embodiment, the shunt filter and load may be
designed to both dissipate a portion of the leaked transmission signal and
reflect a portion of the leaked transmission signal back to the output of the
receiver amplifier such that the reflected energy is out of phase with respect

to the leaked transmission signal that propagated through the amplifier.

[0055] In all three cases, the shunt path is adapted to reduce the
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 patqnt 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
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the embodiments, the general scope of which is defined in the appended

claims.
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Claims:
1. A pre-processing stage for a recgiver of a wireless device, wherein the

pre-processing stage comprises:

a) an amplifier that receives signals of interest and unwantea
signals and provides amplified signals of interest and amplified unwanted
signhals;

b) a matching network connected to the amplifier, the matching
network being configured for separating the amplified received signals of
interest from the amplified unwanted signals in conjunction with additional
downstream filters;

c) a signal path connected to the matching network, the signal
path including components for receiving and pre-processing the amplified
signals of interest; and,

d) a shunt path connected to the matching 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 amplifier.
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5. The pre-processing stage of claim 1, wherein the shunt path includes:
e) 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,
f) a load connected to the shunt filter, the load having an
impedance for at least one of dissipating the amplified unwanted signals and

reflecting the portion of the amplified unwanted signals with the phase shift.

6. The pre-processing stage of claim 5, wherein the signal path includes:
g) a filter connected to the matching network, the filter being
one of the additional downstream filters and having a passband for allowing
the amplified signals of interest to pass therethrough; and,
h) a mixer stage connected to the filter, the mixer stage
being adapted for receiving and demodulating the amplified signals of

interest.

7. The pre-processing stage of claim 6, wherein the pre-processing stage
includes a duplexer having an antenna port, a transmitter port and a receiver
port, the duplexer further includes 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.

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;



CA 02553716 2006-07-13
WO 2006/074533 PCT/CA2005/000681

-21 -

b) amplifying the signals of interest and the unwanted signals
with an amplifier to generate amplified signals of interest and amplified
unwanted signals;

c) providing a matching network and additional downstream
filters for separating the amplified received signals of interest from the
amplified unwanted signals;

d) providing a desired signal path at the output of the matching
network with components for receiving and pre-processing the amplified
signals of interest; and,

e) providing a shunt path at the output of the matching network,
in parallel with the signal path, with 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.

11. The method of claim 10, wherein (e) includes limiting the output swing

of the amplifier by dissipating the amplified unwanted signals.

12. The method of claim 10, wherein (e) includes limiting 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.

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
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having an impedance for at least one of dissipating the amplified unwanted
signals and reflecting the 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.

15. The method of claim 14, wherein (e) includes adjusting the magnitude

and phase of the load during the operation of the pre-procéssing stage.

16. The method of claim 14, wherein (e) includes adjusting the matching

network during the operation of the pre-processing stage.
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