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[0003] Within each cell, several WCDs may communicate with a base station

simultaneously using a single frequency band. Sharing of the frequency band can be
accomplished using any of a variety of multiple access techniques. For example, some
wireless communication systems use time division multiple access (TDMA) or Global
System for Mobile (GSM) technologies in which WCDs communicate during allocated
time slots. Some other wireless communication systems use other multiple access
technologies, including, for example, frequency division multiple access (FDMA),
amplitude companded single sideband (ACSSB) and other amplitude modulation (AM)
schemes.

[0004] One technology that has enjoyed rapid growth is code division multiple
access (CDMA). In CDMA systems, speech or data is converted to a digital form,

which is then transmitted as a radio signal. Each call is distinguished by a unique code.
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a very high IIP3 characteristic. See, e.g., V. Aparin, B. Butler, P. Draxler, “Cross
Modulation Distortion in CDMA Receivers,” IEEE Intermational Microwave
Symposium, Boston, June 2000. Using a high IIP3 value increases the linearity of an
LNA or mixer channel, but also increases the bias current to the LNA or mixer channel.
In a bipolar transistor LNA design, the IIP3 characteristic typically increases with
increasing current consumption. However, the noise figure also increases at high
currents. As a result, in some conventional implementations, a high IIP3 characteristic

often results in a poor noise figure and excessive current consumption. High current
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SUMMARY OF THE INVENTION
[0009] According to various embodiments, a feedforward nonlinearity
cancellation scheme is used to improve the linearity of a low noise amplifier (LNA).
An LNA incorporates a main amplifier and an auxiliary amplifier. The auxiliary
amplifier may be implemented as a very low power auxiliary amplifier having a very

low linearity. The auxiliary amplifier is coupled to receive the same input signal as the
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component. The first and second amplifiers are arranged, e.g., AC coupled, to generate
a third output signal as a function of a sum of the first and second output signals. The
first and second intermodulation components substantially cancel each other.

[0012] In still another embodiment, a wireless communication device (WCD)
includes an antenna arranged to receive an RF signal. A first amplifier is operatively
coupled to the antenna and generates a first output signal as a function of the RF signal.

The first output signal has a first intermodulation component. A second amplifier is

coupled to the first amplifier and generates a second output signal as a function of the
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[001%w noi SEGanpl ii$ i er system diagram illustrating an example wireless
communication system according to an embodiment;
[0016] FIG. 2 is a block diagram illustrating an example wireless
communication device according to another embodiment;
[0017] FIG. 3 is a block diagram illustrating an example low noise amplifier
with an example two-tone input and corresponding output;
[0018] FIG. 4 is a schematic diagram illustrating an example implementation of
the low noise amplifier depicted in FIG. 3; and
[0019] FIG. 5 is a flow diagram illustrating nonlinearity cancellation according

to still another embodiment.
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outputs of the main amplifier and the auxiliary amplifier coupled, their respective IM3

products are summed together and effectively cancel each other out. As a result, the
output of the LNA contains substantially no IM3 products, and the linearity of the LNA
is substantially improved. The LNA can be incorporated as part of a wireless
communication device (WCD), which can in turn form part of a wireless
communication system.

[0022] FIG. 1 is a system diagram illustrating an example wireless
communication system 100 according to an embodiment. In particular, the wireless
communication system 100 is depicted as a wireless telephone network. However, it
will be appreciated by those skilled in the art that the principles disclosed herein are
equally applicable to wireless communication systems in which LNAs are employed to

amplify received radio frequency (RF) signals. The wireless telephone network shown
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linki DO dragEik\ifidin GR€ WCD 1B € iBas Baset @htieN304.04sikb these RF

.. using nodul ated RF signals. WCDs 102A-D are depicted
interlgegsy weal] with appother asar may kperndueied yimuniobte telephose myitehing

. t j. in.t YY) .
o RS O] f ind 4 3886 3ich WBeotl Pty BK B8R to- The tinks
betwergnl thenbaseestatitms My ¢leddlTSOe] Hplhnd dse PHEN 112emay beformed via

..protocols, such, as.the GSM: st andﬁr d. Further, any or
elthET erS‘? CQREEEUONS PR SGSS CHNCFtigNSe$HEA 28 ANiGOWaY e 8kt ypes
[0028] WCDs, Ad B&cHBEN SbovkOfachewaiP i 62 r&@igﬁf Hﬁ‘!RPdéigﬁag Fom one or
assistants (PDAs) with wireless capabilities an
moig hage stagions 104 via a forward link 106. This RF signal is relatively low in

power. Accordingly, an LNA forming part of the WCD 102 amplifies the received RF
signal so that the WCD 102 can downconvert the received RF signal to baseband
signals, e.g., in-phase (I) and quadrature (Q) baseband signals for CDMA. The
baseband signals are then demodulated by a modem to extract the voice or data signal
carried by the RF signal.

[0026] High performance for the RF front-end, including the LNA, is important
to prevent cross-modulation of the transmit signal envelope and resulting degradation in
received signal quality. To improve the performance of the RF front-end, the WCD 102
incorporates an LNA with a high linearity. In particular, the LNA uses a feedforward



nodens for use with | aptop conputers. Wrel ess

comruni cation functions can also be incorporated into
wotharocsppes of devi ces, such as autonobil es. PODAKL004/001642

Each RF interface between a base station 104 and a WD

102 includes a forward link 106, or downlink, from

the base station 104 to the WCD 102 and a reverse

link 108, or uplink, fromtBe WCD 102 to the base

station 104. Using these RF interfaces, a call wth
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b i3 ek e e Th Do ¥ SppgealiBec B Tpeirestvely
canéklt &ucB dthéthodtl NMERS, e ohtgmpaf TReCUNA corthifis Lsh@st&lﬁﬁtﬂyano M3
f eedf orward WO 2004/ 068700 PCT/ US2004/ 001642 8

Progis,i #nshittiet jinaagific of Ithe iLoVA J¢ isabssantiadly d@mwe@e @s lieltbevoverall
perfclﬁn%ﬁ&n %’F tttgéj rkfwffo t-glll&i ﬁe Bga%onl‘(l)\l’b‘réc]cﬁlgd a{lhq%aﬁg is thus

an auxiTi ar

subsframﬂzil]y mcﬂeﬁhmerebytrmmbﬁagaﬁe inhﬁleﬂW(bﬂ dréppedaapd.i fier and
éh]e npl ifier are AC coupled. That is, the input
[00¢ the 1i%ary dhpblork ediggramnciliusirating) g examplapyireless

corﬂﬁluﬁlbﬁadﬁaﬂéqﬂ& C QE)Z 2%@ %’B%? l 'ilpéét &‘fan Il}? fgn%lfpattlh and a

auxi | lary anp to t e o

recernt nigaalppathi.i br the[tmmﬁﬁﬁ}t sTgrel patkj & nexdgmaltBol neﬁeleass mampbeSlgnal
auxiliary a fier

i npl enented as a very | ow power,
from i o r By OB i B e] Soopdent it EXEnacpi Jicrophone
or @l@@paﬁl e infod¥HE 20 H&fs%]uﬁ&ﬁiu'ré‘?ﬁdse tshgikdyi; PIK) to modulate
anplifier, the auxiliary anplifier generates
thetuspy enpyt (ygqng a spreading code unique to the WCD 102. As a result of the
modulation process, the modem 120 generates in-phase (I) and quadrature (Q) baseband
signals. A transmit processor 122 performs baseband-to-RF signal processing to
produce an RF signal to be transmitted by the WCD 102. In particular, the transmit
processor 122 upconverts the baseband quadrature signals to an RF signal in the CDMA
frequency band and amplifies the baseband quadrature signals to provide signal drive
capability to a power amplifier 124. The baseband quadrature signals may first be
upconverted to an intermediate frequency (IF) before being upconverted to the CDMA
frequency band. Alternatively, the baseband quadrature signals may be upconverted

directly to the CDMA frequency band without first being upconverted to the



i nternmodul ation (1 MB) products that are of simlar

anplitude relative to the | M3 products generated by
woheod4roasn0 anpl i fi er. However, the | M3 product SPCT/US2004/001642

generated by the auxiliary anplifier are of

substantially opposite phase to the I M3 products

generated by the main anplifier. As a result, with

the outputs of the main anp?ifier and the auxiliary

anplifier coupled, their respective M3 products are
intesmedietd fteqgeidyein atltbr ehdes ttei posley amphifiercl 24datheraintygifies the RF

. out. Thus, the output of the LNA contains
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[002%¥cei vednsthgnkeiye ssignal path, ttheislupkubistlahitreediveg an RF signal.

e 0 B SR Bk ShUGRE b 6RO g o
1owaﬂbi@w<%%fﬂimmw) a3 anﬁﬁiﬁ%’b“ﬂ’i&RFiSE%ﬁaﬂ eXir6@ikeBbesO2132 then
a

The 102 uses a transmt signal path and a receive
perfoirg s RE-foanaseband signal pragessinia tosprgdude hraehand guadigtue sizoals to
be ‘dErBfiERa’ by A8 Uodl " ;’i‘bo. fﬁ&g{&ﬁﬂcq‘ﬂ}‘f Ocﬁé‘rreéé}% SO 132

that encodes user 1 hput, for example, Troma

dowricotiapfiahe RFodigl ke yipphase Theandafiadiahite (QF bascharatisighals.e The
phase shift keying (QPSK) to nodul ate _the user input_ .
RF senalymay dssteciangiconyatedniofneintesmeiate\feggueney, (LK) before being

dowieehvertedf tol iR bﬁgégé{ﬁ‘gﬁle ﬁgfezpc;?ﬁﬁmattil@@lgg)?ﬁ%'ﬁl’lé%%l may be

generates i n-phase uadrature ase
dovgicgmedrted divetthateshe basgbankieprendp ®itheutffostrieing downconverted to

e BB Tt A 05 P e BLIEIER B pscbana
quaBfkidre §ighalk to pRoRuéd MGt si@iaP R RAUecdded HAPRINEIE 1S ahRRitput
baseband quadrature signals to an RF signal in the
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requency d wt I r'st” beéi hg apconvert
LN 300 0skk 06 Seedfbriveitl hisiDR41i0dméellatidni schanered iimpsove linearity.

frequency. i ther case, the power, a ifier, 124 -
SpepEgiie Tk AR PO RORE & A RTAIh R PRESA TG amplifier
Thefdmilaky 89pBfidRAk atv‘éaalow_@iﬁ 48] vekd fow FlSarfiY %ﬁgﬁ%a e main

then ‘provides the RF signal to an antenna 128, which
amplifeens Fot exanipée, RFsangimeplempiiag@ls, the geineanddineinty of itigreaixiliary
amﬁﬁ’}err] ’ma}y S fjvxllJ(P Iore &18 0 nzlggnriﬁl &'1Swer raepatil\:\;g t5 Itlgenr%tain amplifier. As a
result, the auxiliary amplifier can be configured to generate third-order intermodulation
(IM3) products that are of similar amplitude, but opposite phase, relative to the IM3
products generated by the main amplifier. With the outputs of the main amplifier and
the auxiliary amplifier coupled, their respective IM3 products are summed together and
cancel each other out. Thus, the output of the LNA 130 contains substantially no IM3
products, and the linearity of the LNA 130 is substantially improved, as is the overall

performance of the RF front-end. Because the gain of the auxiliary amplifier is much

lower than the gain of the main amplifier, the components of the output at the



Because the RF signal is of relatively | ow power

conpared to the baseband signals, a | ow noise
wanpl4iobs®o (LNA) 130 anplifies the RF signal. ACTAES210¢/601642

processor 132 then perforns RF-to-baseband signal

processing to produce baseband quadrature signals to

be denodul ated by the nodem 120. In particular, the

recei ve processor 132 dowld®onverts the RF signal to

i n-phase (1) and quadrature (Q baseband signals. The
freqensiey filbhndviy gdnieratdd pethd aamidiany emphfiert e asgligible relative to the

I nternmedi ate frequency (I F) before being
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speaker or a displ a&l screen. [0030]° Wth the received

sucieithad tiymeainhaoplifter [140vapd weer auxiliary gmplifior 142hteceivaidentieal input
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nvel ope . and, as._a result, to_ prevent degradation in

of thepain applificg 4P apditheiapyiliapeanplifisidry, the LNA 130

es a fgedf r 4 ' Gan o
[OO?@r;pr ove Iﬁ %ecg?llw?‘y .gyﬂ%‘g’efé |q$ ?@gpﬁﬁﬁq@ﬁi{%i&qm{)ﬁp let h?ghly
linelan penfproraate s One madasurarfllinkawty ianke HR3 abadattedstic. According to

anpl j.fier The auxi.l i amplifier has a very | ow
an gibodiment. e ain s iee LA el g qpiiaey WePlHRS I opp airanged so
as @Mkl 4 BedfdrRarEadt B inkfRovO IR 11D |RABALALHCHS he! NRA 130.
gain and linearity of the auxiliary anplifier may be

Specifisaly.cibe gupiiaryeayaplified d 42 dsvimplemkntied ve atvory loav poawer auxiliary

lifier. As esult, 4h ilj i f.i -
om0, 5 B R 550 R P bR b 4B
am{l{fid8) 140r ﬁldﬁ HeSappaetimaledy 6o Drddrk BF Bagtituts dSwethan the main
Qpposite ase, relative to the I M3 products

ampleE 4P e PVith theEPHrand saimmfithe apxiliggyamnlifier dd2 purch lower than

h i Lt er an o i
oe 8 B45. 40T, AOSRAL SAIAp) o
gentmatpel byethe awdlianyangifiee thare tshiestamiatly sibhiles in afplitadé porhpared

f_the LNA 130 contains substantially no | M3 -
to tﬁq ME cp{g(hl'@lgrﬁfnfzﬁga |l:iyntgg|n‘i1qu§, a@pﬂ%1ﬁ1‘elé}_ [ hesmaingamplifier 140 and
the SURBREANA St 14PEOUREhocASuR thAlhOYRBAbdydBPIED BRAGR arc

i front-end. Because the gain e au rary
subgtanfiallyi 0° iovt-aliplhnse kadative toteach pther.gaks a refult, mhemthenoutputs of

the %%@%b&%@fﬁ%ﬁg&aé%f%@h 1e601lﬁbpéjrg s%ltnrr}ela,e th\é\g respective
IM3 products cancel each other. Consequently, the output of the LNA 130 contains
nearly no IM3 products and is highly linear.

[0033] By way of illustration, the main amplifier 140 and the auxiliary amplifier
142 are depicted in FIG. 3 as receiving a two-tone input signal having components at
two frequencies f1 and 2. In response to this two-tone input signal, the main amplifier
140 and the auxiliary amplifier 142 each generate an output signal having components
at the two frequencies fl1 and f2. The output signals thus generated also contain third-

order intermodulation (IM3) products at the frequencies (2f1-f2) and (2f2-f1). With the



frequencies fl and f2 generated by the auxiliary

anplifier are negligible relative to the output of
woheo4roasmo anpl i fier. [0031] FIG 3 is a bl ock #CamsS2004/001642

illustrating an exanple inplenmentation of the |ow

noi se anplifier (LNA) 130 with an exanple two-tone

i nput and corresponding out put The LNA 130 incl udes

a main anplifier 140 and arlauxi | i ary anplifier 142.
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e approximately two orders magni t ower
nonfipearrtham theamgpini anipdified 440 am that hiea imueB sanatlerygain thxsfn thhanain
t han 11P3 of

am@ Xe'r lryé ¥%ﬂ§%ﬂ1¢1{ Iél?er aigr;élar%/nuﬁlélpltxh?r 201's aglilflgurgtf s0 as to ensure that
the Imﬁeﬁbﬁﬂd&b #dt on dn'e{’@és € Q90CThEt ofUFINRE 348GV fh@ M3 P]roducts

auxi |ary arrpll ier 142 are substantially simlar

gengriﬁg wihe n&m@@pb@er 148. ﬁqagaqsp:/[ghqgal.@dlmy gm@l;ﬁetr bet?edc]lu;les only
a feWﬁ'aﬁ@é saagﬁlr«%&étg {}é%np%%zofar 2 a I I Wl g{?&ﬁ&? TN th{; ﬁlgvme

t he aux |ary arrp
sizel A8l gmml U@ﬁsﬂnipheiy ofyhie & INA Q3@Is&mn$mbl$t ant ially 180
t-of - erelatlveto each other. As a result, when
008¥e out 44 a schematigidinezam iilystating an exgraple fimplementation of

the EN’SAL |13@E1¥ i&e@rlid i r3 1%]9%1&% e folfisd ?IF gﬁ %ﬁ%r'at\éﬁ circuit

pro cts cancel nsequen
(IC)o laucpuas wf apiphieatidi/spe@fic tuegraied Tircnie LABIC)N CTHeMBaip rapligics 140

e L0 S s B

matddidg ALRVAHRABE! &h nBudtbG.,; RS d’s%eéx‘férﬁﬂ 18 ENGkel BB blocks the
i nput signal having conponents at frequenci es ?

RF gignalfand MS@Se%EéTn%nad o preividet mbowhlep Ilefﬁp@nces i 4 medistot Re and
1nd1ﬂ:%rﬁ Lgener 'tfg)fné ﬁ%gégie%ﬂl? matc %ﬁ%uét%l | alf]éSZg gﬁ;ﬁ W{@ﬁ%ﬁe supply
voltage Vcc is supplied. The main amphfler 140 itself includes a transistor Qp and an
on-chip degeneration inductor Ly arranged in a single common emitter stage
architecture that provides a high IIP3 characteristic and a high noise figure.

[0036] The auxiliary amplifier 142 includes a two-stage common emitter
amplifier arranged in parallel to the main amplifier 140 so as to provide nonlinearity
cancellation. The first stage of the auxiliary amplifier 142 is formed by a transistor Q;
and resistors Ry and Rs. The second stage of the auxiliary amplifier 142 is formed by a

transistor Q and resistors R, and Ry. The first and second stages of the auxiliary



at the two frequencies fl and f2. The output signals
t hus generated also contain third- order
wonv@roegol ati on (1 M3) products at the frequeneCeaS2004/001642
(2f1-f2) and (2f2-fl). Wth the WD 2004/ 068700
PCT/ US2004/ 001642 11 gain of the auxiliary anplifier
142 much | ower than that of the main anplifier 140,
the conponents at the freddencies fl and f2 generated
by the auxiliary anplifier 142 are negligible
ampléieat i42e ateo ACh eoupléco tigethier tviee anedpacisorpCi. f i@apadiddds C; and Cq4
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prodimss geriepatedrpy il wainlangplifich440. Wiklel B showulube sapanitoh@; may

commbi ned out f the main anplifier 140 and the
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[oo81e | i nepuq. tsyisQf fléw @idghitn 1R tratif® AdilineRri§ @ncellation according
i npl ementation, the main anplifier 140 i S a common
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the gHpiliary amphler. 14hamdaneh iwer Crepatee toi the ynafsmpifier 140, the
auxilftdy hﬁlpﬁﬁ?{]g‘?yé&%ﬁ& 183 ]éx%d§<9§ H{fg gegkﬁtcogkgﬁﬂ?g%%nplitude to the

products t generates are
IM3 ptodticts geneyatetl dy thmpmcahyifer 1¢2.nhatgshchyrstGeandwi,rof FIG. 4

anplifier, 140. Because t uxiliary amplifjer 142
ensiiantidhe T odtty exerrahey Beghatfin afgbies Mas g oucor.
phakdRAve @b tHTRIPPr6iIhdtR EdncAIBd by iR anhsibhergdevi ce

size and power consunption of” the LNA 130 is mninal.
[003®l035] @h ﬂneiosltmtSsghPéﬂanﬂiu agipdigiea i land she awxiligryaamplifier

142 AR oIk TR B sedr Bty 0 A Arelficy 4o and the
aux@liairg iinplifiéd 132 aré YoRnRE (862)AHHcheRIthOIMS RRSduktsCeenerated by the
int e%r,at ed circuit (ASIC). The main anplifier 140 )
maipggngliies 140 aethe jagkidipry-anplifier dfa erefgimilarcapliydegrut gpposite
PRSI e T8 Dl e T U A il e

IM3 patiudts arksibsthetialpFelisiigned framche astpasofah®CN Boal to

ovide an on-chip.reference., A resistor_ Ro and . i
100805 uct oS Lsgo‘gﬁ AL e BRREPg dxCuPR tﬁ?ﬁtfeﬁ?fﬁ@wétmmemy
canéregﬂtibﬂ SOk m;yqesdmﬁl SR nﬂéahlt;a&ﬁ HCENIAS F&P%ﬁ% the

e main anpli [

ier 140 itself i1ncl'udes a transistor

TP eidthe d-N A ga bé mptegeshiey approximatedyit@dB with aarinsigrgidarit incxease
in c%irrglgtl Faw® rmi[t)er}nae[meh}, He Eﬁggcean realize similar linearity to prior art LNAs
with significantly lower current draw. In addition, the auxiliary amplifier described
above includes only a few transistors and resistors and therefore impacts device size
only minimally.

[0040] The foregoing description of various embodiments is provided to enable
any person skilled in the art to practice the present invention. Various modifications to
these embodiments will be readily apparent to those skilled in the art, and the general
principles described herein may be applied to other embodiments without the use of the

inventive faculty. Accordingly, the present invention is not intended to be limited to the



architecture that provides a high 11P3 characteristic
and a high noise figure. [0036] The auxiliary
wanpl4iobs®o 142 includes a two-stage common e PCEUS2004/001642
anplifier arranged in parallel to the nmain anplifier
140 so as to provide nonlinearity cancellation. The
first stage of the auxiliary anplifier 142 is forned
by a transistor Q1 and redPstors Rl and R3. The
second stage of the auxiliary anplifier 142 is forned
emimdiments rexpsdsslyodesGibeth tieress i it oisstoRBe aqvdoriddd théewildests scope
and second stages of th uxiliar 2004/ 068700
Conﬁ‘éf’??‘i@g glf‘/ Wg’j% anglnoxgl featpres di Sfﬁ’égghgelﬂc coupl ed
together via a capacitor C5. Capacitors Cl and 4
coll ectively provide nonlinearity cancellation by
WIBNE I8 ChapIMEI? I3:he | MB products generated by the
auxiliary anplifier 142 are 180 out-of-phase rel ative
to the M3 products generated by the main anplifier
140. Wiile not shown, the capacitor ClL may be
repl aced by a passive RC phase shifter. [0037] FIG 5
is aflowdiagramillustrating nonlinearity
cancel l ati on according to still another enbodi nent.
The main anplifier 140 and the auxiliary anplifier 142
each generate an out put signal (160). As descri bed
above, the output signals each contain third-order
i nternodul ation (1 MB) products. Because the gain and
linearity of the auxiliary anplifier 142 are nuch
| ower conpared to the main anplifier 140, the
auxiliary anmplifier 142 generates | M products that
are of conparable anplitude to the |M products
generated by the main anplifier 142. The capacitors Cl
and C4 of FIG 4 ensure that the I M3 products
generated by the auxiliary anplifier 142 are 180
out -of - phase relative to the 1M3 products generated
by the main anplifier 140. [0038] Wth the outputs of
the main anplifier 140 and the auxiliary anplifier
142 AC coupl ed, the output signals generated by the
main anplifier 140 and the auxiliary anplifier 142
are summed (162). Because the | M3 products generated
by the main anplifier 140 and the auxiliary anplifier
142 are of simlar anplitude but opposite phase, they
cancel each other when the output signals are sunmed.
Accordingly, the |M products are substantially
elimnated fromthe output of the LNA 130. [0039] As
shown in the foregoing description, the feedforward
nonlinearity cancellation scheme may result in
improved linearity for an LNA. For exanple, the



| HP3 of the LNA can be inproved by approximtely 10dB
wWth an insignificant increase in current draw.
waho@roagto vel y, the LNA can realize simlar |i REaSLop4/001642
to prior art LNAs wth significantly |ower current
draw. In addition, the auxiliary anplifier described
above includes only a few transistors and resistors
and therefore inpacts devidé size only minimlly.
[ 0040] The foregoi ng description of various
enbodi ments is provided CoAAMEDI e, any person skilled
inthe art to practice the present invention. Various
nodi fications to these enbodinments will be readily

appRrr ent Algw hbRs 8mpkitibd @nfdRidgre art, and the general

principles described herein nay be applied to other
enbolishemplifiencohplad ta teeeive en ofput RE signal/amt donighmdwd pynerate

: ' Lt t] ion i t intended to.
a i SRl Tt s b e o5 Gl kB P 2Bt FhodSommton Bespa! hving
firseiftotibd®nticn eotpicdeht; ¥ndlescri bed herein, but is to be

accorded the wi dest scope consistent with the
pr i hegepnd amphifier seupled emthgrfisst amplifiersand ¢rafigired torgsTerate a

o, S 5 IO Q38756 S5TL SR 0SE8LR iy s

havingph istierd mberplodlation roeaporentast subptahtiRly singi@! ardglfude and
bc%ﬂ{?h]g,ur ed .t ch]ilgener at a first qutput signal as a
subst ¥ SRPotiteRhasee the st intgrgedplation gompensnt. out put

si gh@kirdialinGedhd frhpifier %ead']l%&' ' : :

a secolrr1d anpl icfi er goueprlk g%i(%t[l t ege?jlk}?dget agﬁr%ﬂ&ﬁbé} S%ﬁ% as a
funetiont pHur edmt of dghndirst end sesembrdtpmttgigitalsi thaafirsasnd second
. ti.on of the RF.j t.signal, the second out put
lnteéﬁg&éléﬁltlonhcgmpﬁaelgs ‘é‘%???ﬁﬁ%f%ﬁ?ﬂmﬁﬁaﬁb Pa"ﬁr -conponent  of

substantially simlar anplitude and substantially

opposi te phase to the first internodul ati on conponent,
t he-f i r skhedaw noisesmplifiepdf ¢laior &, wharainghelfitso applifientommises

'asi@i‘%é(?nlgl%eﬂﬁﬁ&isgfl%gh gﬁl?gﬁ_ function of a sumof the

secon signals, the first and second
i nt ernodul ati on conponents substantially canceling
each other. 2. The |ow noise anplifier of claima1,
\Nhél‘ ei n elow rr@gseaﬁ@phﬁeprepf @m il g @dherein the second amplifier

comprises a two-stage common emitter amplifier.

4. The low noise amplifier of claim 1, wherein the first and second

intermodulation components comprise third-order intermodulation (IM3) components.

5. The low noise amplifier of claim 1, wherein a gain of the second

amplifier is lower than a gain of the first amplifier.

6. The low noise amplifier of claim 5, wherein the gain of the second
amplifier is substantially two orders of magnitude lower than the gain of the first

amplifier.

7. The low noise amplifier of claim 1, wherein a linearity characteristic of

the second amplifier is lower than a linearity characteristic of the first amplifier.



a single common emitter stage anplifier. 3. The | ow

noi se anplifier of claiml1, wherein the second
wanpl4iobg®0 conprises a two-stage conmon em tt BCT/US2004/001642

anplifier. 4. The | ow noise anplifier of claima1l,

wherein the first and second internodul ation

conponents conprise third-order internodul ati on (1M)

conponents. 5. The | ow noil8e anplifier of claima1,

wherein a gain of the second anplifier is |lower than a

gain of the first anplifier. 6. The | ow noise

ampl i fi f claimb5, wherein the gain of the second, .

St 11 e lownoerainr e o e T linergey ateristi of
the SEARE dnAhct BFpSiBly WG oHeLobt paPRNde 6fvcr fran S tincarit
chaviateriaiie ef the first apfplifiche second anplifier is |ower than

a linearity characteristic of the first anplifier. WO

2004/ 068700 PCT/ US2004/ 001642 15 S. The | ow noi se

anp).i fi eAn aftegrhi@l Birduit W Ridy:t he linearity

characteristic of the second anplifier is

s ubsiihamplifigy coupled taeeeivean pyhRE stimal aegonfigareditgenerate

] i & I eri st f . st Lifier. :
o figh BFREL ¥y B R o W b Gichdl” e BFPlp g having o
firsCiatgpmedulhtor @dporen@and nput RF signal and confi gured

to generate _a first outPut .signal _as a function of

t het fgeond, gmplibiey poypled tasthe;firgt agplifier: ang epndiguresh forgpngrate a

. u L " .

secgld PlphEHERITENS FulcBi0p R e R npuf Rk, 1RE 86Fond. output signa
havingn4 i sgeoreld intfernpenkatian eomposet oofdsubstaptialls isgniddr @splitude and

f ' f. the RF j . S |, .th d t put
subg(plfaly SBRay e ose (e abO Rt I EPHBUPR PR S monent  of
subgé éti Al %c&mgﬁﬁ@fﬁfﬁkﬂaﬁgﬁetoaﬁerﬁ?& BshAd duflul Eéign.tell as a

opposite phase to the first Tnternodul ati on conponent,
fungtiom of ras surinaf ghe dirgt ang| setomd Dutput avigrads, t e glirse randesezond
. hi ut put signal, as..a. function of .a sum of the
mte%fp?él{qatg%o‘;% (%lﬁ%S g‘b‘%‘“‘%ﬁ‘?*‘%}( %Wﬁ‘%ér}g ?Eﬁg Of}ferr‘st and second
i nt ernodul ati on conponents substantially canceling
each other. 10. The integrated circuit of claim?9,

whetlei n Ehecntegraied cirgyit afickaimc vpiereie sheafirss pmgliBierceomnsises a
singqm:(;rf]ﬁ%n hds s@arg@ lafnfp!liﬁér.

11.  The integrated circuit of claim 9, wherein the second amplifier comprises

a two-stage common emitter amplifier.

12. The integrated circuit of claim 9, wherein the first and second

intermodulation components comprise third-order intermodulation (IM3) components.

13.  The integrated circuit of claim 9, wherein a gain of the second amplifier

is lower than a gain of the first amplifier.

14.  The integrated circuit of claim 13, wherein the gain of the second
amplifier is substantially two orders of magnitude lower than the gain of the first

amplifier.



11. The integrated circuit of claim9, wherein the

second anplifier conprises a two-stage comon emtter
wanpl4iobs®o. 12. The integrated circuit of clai RC®US2004/001642

wherein the first and second internodul ation

conponents conprise third-order internodul ation (1M)

conponents. 13. The integrated circuit of claim?9,

wherein a gain of the secod& anplifier is lower than

a gain of the first anplifier. 14. The integrated

circuit of claim13, wherein the gain of the second

anp)ifier is substantially.t qQrders of nmagnitude

| owet t hEf W@rﬁ%ﬁ Firaft Qfiain Stheretprg linepmhy Chegacteristic of the

6 15 [ ted

e R o I N e Rucot o R BRRBERT <1

of the second anplifier is lower than a linearity

ch cteristic of the.first. applifier. 16. The ..

" nt L at DR BiSEEtied Cigtuitelaleimy b wiasiaithe Whrariy phassstiptic of
the GBINA n@IlifRE i€ sWstantiBy ﬁ%@f&r@ﬁ@hﬂagﬁiﬁfde' I®wer than the linearity

substantially two orders of nmagnitude | ower than the
chardctesigh¢ ofthe dtstrazpllifier.stic of the first anplifier. 17.

The integrated circuit of claim9, wherein the

integrated circuit conprises an application specific

I NtEQr at’Be Ghtegratdd (CHSNIE) of TEimAIM WBIESS the integrated circuit

communi cation device conprising: an _antenna arranged
compsispeabiRphcfpIRIpesifig infperatedicireait (AMSDi fi er operativel y

coupled to the antenna and configured to generate a

first output signal as a function of the RF signal,

t held.i r sA varelgss tomnyniviatibmdévige coniprisite:

i nt er npdul ati on conponent ) eciond anplifier coupled

. a.s
to %tﬁ}rﬁnﬁgfra%g?ﬂltf’fr C@P’%ﬁ&‘@%ﬁ?“} gured to generate a
SeCOfifkt AMpRHLr @[Je%ﬁfhlyac%luﬁlﬁﬁ 4o 8e Sierh ah8 Soﬁ’fgtﬁf&@ RPbenerate a

t he second out put signal "having a secon
firs§ ontpvintighdl as iaclncitomoihiba tRIH figsalb dteafintst abitipyt signalllaving a first
irltean‘Béilttudecoand su[bst antially opposite phase to the
PP My S HRSAE At i on conponent, the first and second

ampl bdcbfd ampiifieRbagled & SRNAsALApRfidrhinddc B i gdlate a
as a function of a sumof the first and second output

seceiidypipy, signaé a3 pfunctionpfdbe BEcignel.dhersehondtaugmut signal having a
secGHRIRAMRBhESafHP t?&ﬁ}%ﬂeﬁ{ Liy su%@ﬁﬁ%ﬂypgrrﬂlgra&rﬁpﬁ%uag and substantially

opposite phase to the first intermodulation component, the first and second amplifiers
arranged to generate a third output signal as a function of a sum of the first and second
output signals, the first and second intermodulation components substantially canceling
each other;

a downconversion arrangement coupled to the first and second amplifiers and
configured to generate a baseband signal as a function of the third output signal; and

a demodulator arrangement coupled to the downconversion arrangement and

configured to demodulate the baseband signal.

19. The wireless communication device of claim 18, wherein the first

amplifier comprises a single common emitter stage amplifier.



a downconversion arrangenent coupled to the first and

second anplifiers and configured to generate a
woas@aasmo si gnal as a function of the third ouPpUAUS2004/001642

signal; and a denodul ator arrangenment coupled to the

downconver si on arrangenent and configured to

denodul ate the baseband signal. 19. The w rel ess

conmuni cati on device of clai’m 18, wherein the first

anplifier conprises a single common emtter stage

anp2.f i €The WReRBO4L06SiHXAIBL et AT4CINR 482 whi®iR@he second

T% wi rel.ess comruni cati on device o{%cl aim 18, wherein
amplffier SOROBHEPES a4H9rstagesommpf s idiesamplifis. st age common

emtter anplifier. 21. The mnreless comuni cat i on

device of claim 18, wherein the first and second

i nt 2. nodlheawirelesc ompnma'rmﬁorc deyiceé of claim rld; ovidesin the first and

ni er ul atl on onent 2. Tevvlrles
sccly Rt e oo CPaTioEs Uik aider it atiogen (M3)
coﬂﬂuﬂentgecond anplifier is lower than a ga| n of the
first anplifier. 23. The wirel ess comuni cati on device

of claim 22, wherein the gain of the second arrpllfler

IS bst-ant | al orders

e nibr Y Ekists FRpRR R Al Te, e d2in of e
sec@mimmiﬂ'baﬁs lowvetlthah @ezaif ofah@fits: ddplifilerein a linearity

characteristic of the second arrpf)l fier is lower than a

linearity characteristic of the first anplifier.

25.
Theyni 1 efRs i SRRk ARnARYI ff gfmlﬁ'z@ Wgzr%m ﬁ@gaglr& the

thellnearlty characteristic o e secod
secorgl auflFiea s subbtaytidliyawor aders obfnagmignietlonler thmv\ﬂfe gatrheftthe first
ge linearity characteristic of the first anplifier.
AMPIKIETThe “yi r el ess conmmuni cation device of claim 18,
wherein the baseband signal is a CDVA quadrature
baseband signal. 27. The wirel ess comruni cati on device
of 4 ai AtESWitaless e?pmmmatmn alegis ofcdami8c attiecsin a 11near1ty
ast one of a SS teI

rLSes
chafy B RER SR Mol R Pchi b PR SRR
ampiiﬁéran autonobile. 28. A nethod to generate an
anplified signal, the nethod conpri sing:
25. The wireless communication device of claim 24, wherein the linearity
characteristic of the second amplifier is substantially two orders of magnitude lower

than the linearity characteristic of the first amplifier.

26. The wireless communication device of claim 18, wherein the baseband

signal is a CDMA quadrature baseband signal.

217. The wireless communication device of claim 18, wherein the wireless
communication device comprises at least one of a wireless telephone, a personal digital

assistant (PDA), a wireless modem, and an automobile.

28. A method to generate an amplified signal, the method comprising:

receiving an RF signal;



recei ving an RF signal; WO 2004/068700

PCT/ US2004/ 001642 18 generating a first output signal
wao@/obgmat i on of the RF signal, the first out par/us2004/001642

signal having a first internodul ati on conponent;

generating a second output signal as a function of the

RF signal, the second output signal having a second

i nt er modul ati on conponent df substantially simlar

anpl i tude and substantially opposite phase to the

f i rgeneiating arfosudepitosiges e enémttioranfl thgeRE rsignial) ghd Fiest output

li.fie L gnal a function of a sumof the first
a\glé%%ﬁ&g rgm?@ioar‘f&@omﬂﬁ;e first and second
i nt%hﬂiﬁﬁh‘é atdeBbh @ﬁ%ﬁf‘ izhsl z?suﬁ’?ﬁlﬁﬁbhadfl the Q@ﬂ‘%%lhln %he second

each other. 29. A low noise anplifier, conpri
outpi avigndl dravingc 8| spromyl amemrocmlgm gompanast focﬁrsugsmmmyl signilar

am@}jlc{l&efa ?B'sttgnlﬁtagz Eﬁ?sgtﬁ zﬂ%aWat\?'l{E gflrgg %tqorgpf dll'lllgtlon comgonenf and
| ntghemathd dld ANpleRPsIRRdtas SRABEod 6f aGaRLHREHeGksPland second
second output signal as a function of the RF signal,
Outpy signalscihp élfﬁ@ﬁé secadgptermpdilating eompsnerfd substantially canceling
each Binef nodul ati on conmponent of substantially simlar
hl I'tude and substantially opposite phase to the
f| rst | nt er nodul ati on conponent; and neans for

}_41? t he aglglt%i ed signal as a function of a sum
Bf IYFHIBRETnEOBRHEPYE signals, the first and

squ%s E&trggéﬁgggggmg&qmponent S substantially
cancel i ng each ot her. ’

means for generating a first output signal as a function of the RF signal, the first

output signal having a first intermodulation component;

means for generating a second output signal as a function of the RF signal, the
second output signal having a second intermodulation component of substantially
similar amplitude and substantially opposite phase to the first intermodulation
component; and

means for generating the amplified signal as a function of a sum of the first and
second output signals, the first and second intermodulation components substantially

canceling each other.



