-1- Title: DUAL RECEIVE FILTER Reference to Related Application [0001]
This application clainms priority fromU.S. Provisional Patent Application
Serial No. 60/642,551 filed on January 11, 2005. Field [0002] Enbodi nents
described herein relate generally to wirel ess conmunications devices and
more particularly to a receiver structurg for wreless comunications
devi ces. Background [0003] In a wireless device, such as a nobile phone,
the linearity of the anplifiers and m xers in the transceiver portion of
the wireless device is inportant. Wthout sufficient linearity the
received signals of interest can becone 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 iaxDU { ILUTER noi se anplifiers (LNA)
in the receiver_portion of the transceiver. However, in full duplex radio
systens, in whif¥e e licationl t aneously received and transnitted

|
by the transcei a4 Sub td.ak: ansmtter power |.eak from.the
transmitter poiI(tﬂlﬁgq of ft@gtdr@rl{g%tgq/8%’m?\tp(§'°”?3ﬁg%ﬂbggévgt"o‘ﬂﬂf:’[“'f"g%a@mt he
receiver such #Apaticatios SeriahNai 6664M551 fledlonpasakiot 1, 2bosugh the recei ver

portion of the transceiver can be mllions of tines stronger than the
recei ved si gnaFieldf interest. [0004] To address the full duplex issue, one

conventional a ch i o.solate the transmtter portion of the
dupl exer fr om'm&iecei 3%’}158%%“6% dg'scrk:bq:é r@ﬂ%‘ﬂe@tet gengraliede wirkleppwer
from the transoomiesicitignaldevicesrant sidetpdttculbide 16 &F RiceNer RULLRE @F the

dupl exer. Unfo t el t he .nost advanced duplexers and receiver filters
conventi onal | yGV[[é@gSgB%mWF@go%d?\%?e%ave enough isolation to conpensate

for the non-ligggg':lt%é gf the LNAs and the mxers that are used in the
receiver porti transcei ver, Further such an

[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 fult 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 naise figure for the receiver

portion of the transceiver.



approach may result in a degradation of the noise figure for the receiver
portion of the transceiver. -2- [0005] To further address this issue,
tradeof fs can be nade when designing the LNA used in the receiver. For

i nstance, tradeoffs can be made when selecting the LNA's noise figure
(NF), gain, linearity, stability and power consunption. However, certain
conventional LNAs may have a poor design that does not have good linearity
or stability. For instance, sone conventignal designs may trade off too
much NF and gain to achieve better linearity. Summary [0006] In one
aspect, at |east one enbodi nent described herein provides a pre-processing
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at | east a por tihwanted sipealargidi ;bnoddces amphﬂed 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
sighals 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 sighals 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 timit

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



unwant ed signals wherein the reflected unwanted signals are given a phase
shift for at least partially canceling the anplified unwanted signals at
the output of the anplifier. [0009] In another instance, the conponents of
the shunt path may limt the output swing of the amplifier by dissipating
at least a portion of the -3- anplified unwanted signals and reflecting at
| east a portion of the anplified unwanted signals wherein the reflected
unwant ed signals are given a phase shift for at |east partially canceling
the anplified unwanted signals at the output of the anplifier. [0010] The
shunt path may include a shunt filter connected to the matching network,
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[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 inferest 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
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 signais;



the operation of the pre-processing stage. Further, the matching network
may be adjustable during the operation of the pre-processing stage. [0014]
I n anot her aspect, at |east one enbodi nent described herein provides a

met hod for inproving the linearity in a pre-processing stage of a receiver
used in a wreless device. The nethod conprises: (a) receiving signals of

I nterest and unwanted signals; -4- (b) anplifying the signals of interest
and the unwanted signals with an anplifier,to produce anplified signals of
interest and anplified unwanted signals;"?é) provi di ng a mat chi ng network
and additional downstream filters for separating the anplified received

signal s of interest frombhempriyPly th &Shriaenintstesi SHakis ﬁ\géntﬁa%\{.r{?ﬂwg a
desi red si gnal ‘{@I‘h at thg_ out put of the matching netvvorﬁ wth'c onent s
for receiving and' feaprieesde mictues amnlified ctignals gfainderest iant eareplifiecand,

(e) providing ausfanidéd @i?hé‘lspt the output of the matching network, in
parallel with the signal path, with conponents for adjusting reflected

energy sent back to the i f i b 0 | f_Lhe
anplifier ina_,fre uenc;@lr;gﬁdl cr‘o%“{ ?e@%ghlcﬁgngé%r% %@da%%(ﬁﬁr?azggoﬁ%ﬁgﬁ%
signals. [0015]MER Wes?ﬂ%&aéﬁeéﬁe(%mpﬁfmd recdivete signels iafigntemestofibmutheswi ng

of the anplif i@ﬁp[ﬂﬂﬁd@h%h%’[%i id-he anplified unwanted signals. [0016] In
anot her instance, (c) may inc e'limting the output swing of the

anplifier by reflecting i L e i fied.unwant ed
signals wherein the ref ggtrg\gélh%\%a%r%tj% “%L éﬁaﬁtgggioy&ﬁ?gfgﬁd?@&gmgft f or
at |east part NGMYrkcwitl cormpnemts deneasebing ingrdapre-mbckssing uhe uimifficdhe

anplifier. [00%ighalsbfamne r.dqnstance, (c) may include limting the output
swing of the arz‘r;pbl I fier t)e{/%%cﬁdgéi pating a portion of the anplified unwanted

tSihgn?lafsl ZQSedr eflecting @) dewg‘a%iwuh%tﬁ%?{ﬂef&ﬁ&t“é]“@ﬁ‘é%% chslégrqgtlw%rl\(’:her ein
in parallel with the signai 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 inciude limiting the output swing of the
amplifier by dissipating the amplified unwanted signals.

[0016] In another instance, (¢) 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 iimiting 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 refiected
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, (¢) 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
aliowing 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



unwanted signals are given a phase shift for at |east partially canceling
the anplified unwanted signals at the output of the anplifier. [0018] In
anot her 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 downstreamfilters and having a passband for allow ng
the anplified unwanted signals of interest to pass therethrough; and,

provi ding the shunt path with a |oad connected to the shunt filter, the

| oad having an inpedance for at |east on®-of dissipating the anplified
unwanted -5- signals and reflecting the portion of the anplified unwanted
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enbodi nent and_J ich:, FIG 1 is a block diagram of apn exenpl ar

enbodi nent of &dWel es8 %%‘f‘ﬁﬁi'ﬁ%‘laf‘_ﬁﬂsféema&efwﬁ]% '_"?'qdé* égﬁisaeﬁ Bfagr am
of an exenpl ar Waﬂxfﬂ&@%h@lﬂl&k Gﬁrirﬁq thRQIder RIdnAf tite bfcAPVee8sRy stagal s

conventionally used by the wirel ess comrunications device;, FIG 3 is a

bl ock di agram 8riefidesxepidRby tisBrairegnt of a

[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 wili now be made, by way of exampie
only, to the accompanying drawings which show at least one exempiary
.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,



portion of a transceiver, for use by the wi reless comuni cations devi ce,
having circuitry for inproving linearity of received signals of interest;
and, FIG 4 is a block diagramof an exenplary enbodi nrent of a portion of
a transceiver, for use by the wreless conmunications device, having
circuitry for inproving linearity of received signals of interest. Detailed
Description [0022] It wll be appreciated that for sinplicity and clarity
of illustration, where considered appropriate, reference nunerals nay be
repeated anong the figures to indicate c@crespondi ng or anal ogous

el ements. In addition, -6- nunmerous specific details are set forth in order
to provide a thorough understanding of the enbodi nents descri bed herein.
However, it wi himgeousunpecific aisdaily arhasd forthdndprderytospravide @ thsorgh t hat
t he enbodi nent ri ' A 1 e pggi fic
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wireless commugdasi RN dM-GRy communications device with advanced data
communication capabilities having the capability to communicate with other
computer sysfems. 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,



comuni cates with other devices through a network of transceiver stations.
[0024] Referring first to FIG 1, shown therein is a block diagram of an
exenpl ary enbodi nent of a wireless comuni cati ons device 100 whi ch nmay
also be referred to as a nobile conmuni cati ons device. The w rel ess
comuni cati ons device 100 conprises a nunber of conponents, such as a
control unit 102 which controls the overall operation of the wreless
comuni cati ons device 100. The control unit 102 may be a m croprocessor or
a mcrocontroller. Any conmmercially availadble mcrocontroller, such as a
m crocontrol l er available from ARM Mtorola, Intel and the |like may be
used for the ntrol unit 102. LOOZS Commruni_cation functions, including
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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 shori-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 aiphanumeric 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



swi t ched voi ce communi cati ons and packet sw tched data communi cati ons.

[ 0026] The control unit 102 also interacts with additional subsystens such
as a Random Access Menory (RAM 106, a flash nenory 108, a display 110, an
auxiliary input/output (1/0O subsystem 112, a serial port 114, a keyboard
116, a speaker 118, a m crophone 120, a short-range conmunications unit
122 and ot her devices 124. Sone of these conponents may be optional
depending on the particular type of wireless conmuni-cati ons device. O her
types of non-volatile storage devices knovh-in the art may be used rather
than the flash nenory 108. The keyboard 116 may be a tel ephone-type
keypad, an aIpBa peric keyboard or sone other suitable keypad. [0027].
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associated with a subscriber or user of the wireless communications device '
100. To identify a subscriber, the wireless communications device 100
requires a Subscriber Identity 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 alsc 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.



requires a Subscriber Identity Module or "SIM card 126 or an R-U M
(Renmovabl e User Identity Module) to be inserted in a SIMinterface 128 (or
an R-UMinterface) in order to cormmunicate with the network 150. The SIM
card or RUMI126 is one type of a conventional "smart card" that is used
to identify a subscriber of the wireless comunications device 100 and to
personalize the wireless comuni cati ons devi ce 100, anong other things.

Al ternatively, user identification information can al so be progranmed into
flash nenory 108. Services may include: web browsi ng and nessagi ng such as
email, voice mail, Short Message Service (SM5), and Miultinmedia Messaging
SerV|ces ( MVB) Nbre advanced services may. i ncl ude: point of_ sale, field

service and sall®@%or ce e Rt nunit OU)ZQQ] ‘nTﬁédWPﬂeﬂoe% BRRFRAIAY cEASIPMS
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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



receive data itens via the wirel ess network 150. In one enbodi nent, PIM
data itens are seanmlessly integrated, synchronized, and updated via the
wirel ess network 150 with the wirel ess comuni cati ons devi ce subscriber's
correspondi ng data itens stored and/ or associated with a host conputer
system This functionality creates a mrrored host conputer on the wreless
communi cations device 100 with respect to such itens. This is especially
advant ageous where the host conputer systemis the wireless comrunications
devi ce subscriber's office conputer systemQ-0031] Additional applications

may al so be | oaded onto the wireless conmunications device 100 through the
the serial port 114, the
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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 1/O 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 /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 signhals 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. Aithough voice or



different systens or devices, wthout the use of the network 150. For
exanpl e, the subsystem 122 may include an infrared device and associ at ed
circuits and conponents for short-range communi cati on. Exanpl es of short-
range comuni cati on may i nclude standards devel oped by the Infrared Data
Associ ation (IrDA), Bluetooth, and the 802.11 famly of standards devel oped
by IEEE. [0034] In use, a received signal such as a text nessage, an e-nmai
nmessage, or web page downl oad will be processed by the conmunications
subsystem 104 and input to the control uniit- 102. The control unit 102 wll
then process the received signal for output to the display 110 or
alternatively to the auxiliary I/O subsystem 112. A subscri ber
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i nformation, antenna 212. Structures that are su;tabie 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 ampilifier 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



[ 0036] Referring nowto FIG 2, shown therein is a block diagramof an
exenpl ary enbodi nent of a portion of a transceiver 200 that is
conventionally wused in the comruni cations subsystem 104 of the wreless
communi cations device 100. The transceiver 200 includes a transmtter 202
and a receiver 204 both connected to a dupl exer 206. The dupl exer 206 has
a transmtter duplex portion 208 and a receiver duplex portion 210. The
dupl exer 206 is connected to an antenna 212. Both signal transm ssion and
reception involve the antenna 212. Struct2ires that are suitable for the
transmtter 202, the duplexer 206 and the antenna 212 are comonly known
to those skilled in the art and w | not be described further. [0037] The
pre- processi ng C4PRIBS can achrlly hepperat thermixenstegpi2d81ang/orithe pOrdiger4i4.
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m xer stage 2185 nHeofiiter 286 2mAlthé hikerdldhe 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 256 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 294. This improves the third-order intercept
point (IP3) of the amplifier 214 since the components of the shunt path 255
provide favorable lcads 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



For instance, if the filter 216 does not provide enough rejection of the
unwant ed | eaked transm ssion signal energy, then clipping nay occur in the
m xer stage 218. [0039] Referring nowto FIG 3, shown therein is a block
di agram of an exenplary enbodi nent of a portion of a transceiver 250 for
use by the wreless communications device 100. The transceiver 250 is
somewhat simlar to transceiver 200. However, the transceiver 250 includes
a nodified receiver 252 in which the pre-processing stage 253 of the
recei ver 252 includes a matching network 1354 between the anplifier 214 and
the filter 216 and an additional shunt path 255 that includes a shunt

58. . The 6 and the m xer stage 218 are
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possibly causi ggck BRAM K70 AYF aRtfin 1% 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 channe! 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 fransmission frequency band, at the
outpqt of the ampilifier 214 for transmitting the unwanted leaked transmission
signal 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



clip. In another exenplary inplenentation, the conmponents of the shunt path
-13- 255 may be configured to reflect the unwanted | eaked transm ssi on
signal energy with an appropriate phase for canceling out at |east a
portion of the |eaked transm ssion signal energy at the anplifier 214.
[0041] In another exenplary inplenentation, the conponents of the shunt
path 255, i.e. the shunt filter 256 and the |oad 258, may further be

i npl ement ed such that a portion of the unwanted | eaked transm ssion signal
energy is dissipated and a portion of thi-siqunwanted energy is reflected
back towards the amplifier 214 with the appropriate phase for canceling
out at | east sp S01‘ t he unwant ed | eaked transni ssion energy that
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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 batanced.

[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



signal energy to the shunt filter 256 and | oad 258. |In one enbodi nent, the
structure of the matching network 254 is fixed once constructed. In other
enbodi ments, the structure of the matching network 254 and | oad 258 may be
variable to allow the matching network 254 to be tuned depending on the
-14- transm ssion and reception frequencies of the wirel ess conmunications
device 100. To switch the | oad 258, one nay use a FET switch, a PIN di ode
and the like. Alternatively, a varactor diode may be used to provide

conti nuous tuning. [0043] The shunt filt€t5256 requires a certain anount of
selectivity to separate the unwanted | eaked transm ssion signal energy
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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 fransceiver 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 additiona! 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



tone desensitization performance of the transceiver 250 especially in cases
in which the m xer stage 218 has m xers that are poorly bal anced. [0045]
Alternatively, the | oad 258 can be adjusted so that a desired phase is
achieved for any of the unwanted | eaked transm ssion signal energy that is
reflected fromthe input of the shunt filter 256. A correctly phased
reflection presented at the output of the anplifier 214 (in the

transm ssion -15- frequency band) will decrease the clipping that my

ot herwi se occur at the output of the ampl@fier 214 as in conventional
designs. [0046] In another alternative enbodi nent, the |oad 258 may be
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250 allows one to easily adjust the matching network 254 which affects the

amount of power sent to each filter 216 and 256.

[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



dupl exer 304 is connected to the m xer stage 218 and the transmtter input
of the additional duplexer 304 is connected to the |oad 258. In sone
cases, the conponents connected to the transnmitter and receiver ports can
be reversed although this may affect performance due to the different
characteristics of filters 308 and 310. [0049] In this exenplary
enbodi nent of the transceiver 300, the duplexer 206, as in the previous
enbodi ments, is used to separate the transmt and receiver signals while
the additional duplexer 304 is used sinceldt conveniently packages two
filters and a matching network in a single package -16- that can be used,
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there is I|ittthe ispétdotthareddiver reysiiee this coofigemayjorsprovidas a low Naifer thed

noi se factor (Pé@eiver amplifier while stiil 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 ieaked 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 patent 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



of the anplifier 214 are preserved. This has the benefit of inproving the
single tone performance of the receiver 252 if the receiver 252 is used in
CDMA or other duplex systens without the technically difficult task of
inmproving the isolation between the transmtter and receiver portions 208
and 210 of the duplexer 206. [0052] The pre-processing stage of the

recei ver trades off cost and conplexity to achieve good linearity with no
degradation of NF for the anplifier used in the receiver portion of the
transcei ver. For instance, in one exenpli®y enbodinent, a shunt filter and
|l oad is used in the receiver portion of the transceiver to "trap" energy
fromthe unwanted | eaked transm ssion signal energy before this energy can
reach the ni xe&eRgadigentpethecgenaral scorenel WHGH: istdafingd 1Rd)e PPENEed { or
that is typicakjaynd/sed in the transmtter portion -17- of the transceiver,
It has been found that this configuration allows for an increase in the

i nternodul ati on margins of the transceiver w thout conprom sing
sensitivity. [0053] Another aspect of the enbodi ments described herein is
that the shunt filter and | oad nay 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 signal that propagated through the
anplifier. The optinmal reflected phase will vary from design to design.
The optimal reflected phase w |l depend on the full S-paraneters of the
anplifier 214. In one instance, the optinmal phase can be determ ned
experinmentally by tuning. By not nodifying the input to the receiver
anplifier, this configuration provides a |low NF for the receiver anplifier
while still inmproving the linearity of the receiver anplifier even though
the shunt filter is situated dowmstreamfromthe anplifier. [0054] In

anot her enbodi nent, the shunt filter and | oad may be designed to both

di ssipate a portion of the | eaked transm ssion, signal and



reflect a portion 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 signal that propagated through the
anplifier. [0055] In all three cases, the shunt path is adapted to reduce
the voltage swng of the anplifier in the frequency band of the unwanted
signals thereby inproving the linearity of the anplifier. [0056] A portion
of the disclosure of this patent docunent contains mterial which is

subj ect to copyright protection. The copytdght owner has no objection to
the facsimle reproduction by any one of the patent docunent or patent

di scl osure, as lt' aEpears in the Patent and Trademark O fice patent file
or records, bu rwi se reserves all copyrights whatsoever. [0057] It
shoul d be understood that various nodifications can be made to the

enbodi ment s dedcri bagremtoddskingtstageetdr baeesingr ofid Woulessldpeice,i wigerkinahe- 18-

t he enbodi nents, the general scope of which is defined in the appended
clains. -19- Cpgq'ﬂré):ce%mgf%g@-cﬁpg’@ég%i ng stage for a receiver of a wreless

device, wherein the pres)paAceRSified i 266ei¢oNBignaRSef idlerédt Amplmbasedt hat

receives signals of interest and L[l,n%@gt ed, si ?nal s and aPrO\'f/fi@ges amplified

signal s of int&9881 & PERifes ARwliliedutitnals of injatast ang)ampifiedcyiwey Rt wor k
connected to thgnawplifier, the matching network being configured for

separating the anplified received signals of interest fromthe anplified
unwant ed signals in conjRinBtMshiRE MeMRIBicoNeeried te dimrmpEigmn thenpalelingc) a

signal path CORpRRiRtheirty LBRNGTEE Tondopsiatig line difpifieanekeivBatdighdls|ardi ng
conmponents for receiving and pre-processing the anplifie ) B
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
signhals 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 ampilifier 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 ampilifier.

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 signais 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.



signals of interest; and, d) a shunt path connected to the matching
network, the shunt path including conponents for adjusting reflected
energy sent back to the anplifier for limting the output swing of the
anplifier in a frequency band corresponding to the anplified unwanted
signals. 2. The pre-processing stage of claim1, wherein the conponents of
the shunt path limt the output swng of the anplifier by dissipating at
| east a portion of the anplified unwanted signals. 3. The pre-processing
stage of claim1, wherein the conponents-dt-the shunt path limt the
output swing of the anplifier by reflecting at |east a portion of the

anplified unwanted signals with a has hift for as i.al l
cancel i ng he Aol | TPEASTHRARERES SIAgAAN SEID s LSt SOt PRD IBGHEHET i e
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partially cancelin he anpli unwant ed signal s at the output of the
anplifier. - 2oihesetfnm@hpa@d processing stage of claim1, wherein the shunt

path includes: e) a shu(r)}? fi lat%fig%%g'{eﬁ tﬂets'iﬁ%nfrﬁ?éﬁh'tﬁ@déﬁt h.k%ahhe

shunt filter being one itron ownstreamfilters an
passband for almmdametfmafdapﬂ;thnee@f dissigatingdtheiagnelified sihwantast ¥ignals @npass

theret hrough; fé(;f%'ctuf@ H ddifish Sﬂﬂg%ﬁ‘fp‘?ﬁeé B{!@Vgﬁte?%yhtalg W’tl% ﬁé%% éhﬁf"d havi ng

an inpedance St oné of di'ssI d e
signal s and reflectlng the portion of the anpllfled unmanted signals with

t he phase shif. 6. Timprepprecessingstopagf siegs, whewinthe sgnalpathaneiudess si gnal
path includes: g) a fi 'ggﬁ;l %ggt’é?%ﬁr‘?eét&%fd‘tﬂe’?ﬁét‘éﬁha%eﬂ%m"){hlé ﬂtEPEeIB 'ter

being one of the additi wnstrea I'lters and”havi ng afpass
al | owi ng 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 8, wherein the pre-processing stage
includes a duplexer having an antenna port, a transmitter port and a receiver
port, the dupiexer further includes circuitry for providing the matching network,
the filter and the shunt filter, and wherein the ampiifier 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 §, 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;



the anplified signals of interest to pass therethrough; and, h) a m xer
stage connected to the filter, the m xer stage being adapted for receiving
and denodul ating the anplified signals of interest. 7. The pre-processing
stage of claim6, wherein the pre-processing stage includes a duplexer
having an antenna port, a transmtter port and a receiver port, the

dupl exer further includes circuitry for providing the matchi ng network,

the filter and the shunt filter, and wherein the anplifier is connected to
the antenna port of the duplexer and thellm xer stage and the shunt filter
are connected to one of the receiver and transnitter ports of the

dupl exer. 6. The pre-prqgcessing. e .of n t he, magni t.ude and
phase of the load is agi UQTQE@ %'?18?5]? 5t FB‘E “Eﬁ uf‘W@”ﬁdeg ’P%Eesm ng
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I's adjustable duri ng the operation of the pre-processing stage. 10. A
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i nterest and unwanted si nal S, - fying the signals of interest
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of interest an dethted B} 5|ged signals; c) providing a matching
net wor k and ad |onallw?’,e am filters for separating the anplified
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conponents for receiving Fe-processi n
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refl ected energy
in paraliel 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 ampilifier by reflecting at least a portion of the amplified unwanted
signals with a phase shift for at least partiaily 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
teast 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



sent back to the anplifier for limting the output swing of the anplifier
in a frequency band corresponding to the anplified unwanted signals. 11.
The net hod of claim 10, wherein (e) includes Iimting the output swing of
the anplifier by dissipating the anplified unwanted signals. 12. The net hod
of claim 10, wherein (e) includes |limting the output swng of the
anplifier by reflecting at |least a portion of the anplified unwanted
signals with a phase shift for at |east partially canceling the anplified
unwanted signals at the output of the am®dfier. 13. The method of claim
10, wherein (e) includes Iiniting t he output SW ng of t he anplifier by

di ssipating a portion of t I|f|e efl ecting a
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canceling the I|f edu nte S out put. of t l.ifier.
15. The net hod?g;? zﬁerﬁ’?ﬁ vm %lf“n {é‘thrﬁ@l(ﬁg "&%’1 LE‘{Wﬂ@QttH% Yude
and phase of th@m]dﬁ@du fhthddhsticPRsTIR | pbeddivty $aBepr ocessi ng stage. 16.
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network during the operation of the pre-processing stage.



