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Rel ated Applications: [0000] This application clains
w@eoosnigoyo t o U. S. Provi sional Application No. PCT/US2005/003155

60/ 544,282, filed February 11,,2004. BACKGROUND OF THE

| NVENTI ON [ 0001] Receivers in comuni cation systens

comonly incorporate one or nore | ow noise anplifiers

(LNAs) with suitable performance characteristics. For

exanplELBI EEFECTOIRANSISTOR ANERILIFIE ROWITHOEINE X RIZATION

mul ti pl e access (CDVA) tel ephones generally specify a

very high LNA third-order intercept point 11P3 in

cRektétbA pplicadion$r | ow noi se factor (NF), high gain, and

| ow current consunption. Linearization techniques are

CoooN| Y Thse dippBeatibh atlaing [Priopity aoe LNSr fPe¢visibaf. Application No.

[OOO@ For._ exanpl e, feed-forward distortion

co{eth 28 fidnd ishsuapeth 2084d to attain a very high 1LP3

for a conplenentary netal -oxi de sem conductor (CMOS)

| ow noi se anplifier. Feed-forward distortion

cancel | ati on hasBAGKGREOUND F THEIINVENTIOMuUSse of

hi gh sensitivity to m smatches between nmai n and

auxi liary gain stages and errors in input signal

s[eabijng. RedélO&} iA donehuhiedtioacdysterd ninghorly dacorpbrate & or more

| i neari zed hy biasjing at a.gafe-source valtage. (VGS
alouRois amplifiers c(LB{_Acfg !WIH’Q?‘P‘\%Q i Rﬁégoamaleqﬁe&\afa&?r‘w@%r Fescexample
:ﬁﬁggft&{e ABRL&RL RIS FrC cd®e aRKiGon EEEM fe! Bebetd ROPINEA P'telephones

-order I ntercept point P3 pe n a very narrow
r gangellyfsprtiBra merdyigh LN thedorierusteveept/ psiehHP inveomtination with

bj as vari atjon [Q0Q4] A derjvyative superposition . . .
(1685 B BetR a0 o el et 6. St ETeRY rpngRon.  Linearization
| REBTIGER ard@nithok iy 3s&ridSithinppiopliatePerformiREe] vati ve
superposition uses two or nore parallel field-effect
transistors of different gate widths and gate biases

L @0B2] &l ToR cEAAMOSIcb& fd¥wald BRBIEIN CIHREIRAIOR HaS beén WeddNo attain a
an extended VGS range in which the thirdorder

desry Jagh P for @l omeplementaryometdbmeide rsemidvadndtpr EMQrlow noise

h%%}@iffce?g{l’e%tq@%aﬁgg’tgé | %Xﬁ?egl.ggéeﬁ%}%ig %g%lo%f{sdegyg%%pted because of
Reidh GeAtivi BUTC MiHRAERE hatween thiit Wbldadi&eliaa Gafl fhgks! MdCerrors in

I npedance at a secondharnoni c frequency of a conposite
i mputsignahseaiisgor all ows an increase in third-order

[0003] A field-effect transistor can also be linearized by biasing at a gate-source
voltage (Vgs) at which a third-order derivative of the transistor DC transfer
characteristic 1s zero. Resulting transistor third-order intercept point IIP; peaks in a

very narrow range of Vgs, making the technique very sensitive to bias variations.

[0004] A derivative superposition (DS) method has been used to reduce third-order
intercept point IIP; sensitivity to bias. Derivative superposition uses two or more
parallel field-effect transistors of different gate widths and gate biases to attain a
composite DC transfer characteristic with an extended Vgs range in which the third-
order derivative is close to zero. However, the third-order intercept point IIP3
improvement attained is only modest at radio frequency, for example about 3dB.

Reducing source degeneration inductance and drain load impedance at a second-



i ntercept point 11P3 by as nuch as 1GdB. One
di sadvant age of the derivative superposition techni que
wo 3008/0789%ul t i ng hi gher noi se factor, for exanpP@r/Us2085/003155
range of about 0.6dB. [0005] The conventiona
derivative superposition nethod does not significantly

| REMRASE ﬁ%ghhdndy QFdeEorhpdsRE GaRIt tRPkiSlor HH3watanl idbledse in third-order
frequency due to the contribution of second-order

namercentapeint R bhi asdmichets i1AEBy néing dispdyantigst of theoderivative
( t e 0
R o BENSEL s LR KARL BRI B GERE BBl g o e o
t AbswdOredB®: contri bution and, therefore, the

contributions do not nutually cancel. SUMVARY [ 0006]

In accordance with an enbodi ment of an illustrative

CPOUDSNI Caltie0BordRAASE Uderivatived SiperpostionCRBthot Séses anot 51gmﬁcantly

sour ce degeneration i nductance and at Ieast two field
efrcaease thikdierdst gpercens o dll natyadio) frequens dpeiq H@f Contribution of
[ t
¢ et ot sph EhERly BPNRARK AR HOmOBINIER REPRRE'MADS. Oh goneral,
ditlfef wacton tof pleessecowdisrdef cdirhnblsmnrls eod@:ghlmr atithathe vector of the third-
ct ance. . BRI TH 0007]
RE5% erR P i BSTTEribt TR Bt 5@ APyl cance!
structure and net hod of operation, nay best be
understood by referring to _the fall ow ng description
and acconpanyi ng dramﬁngs.§E@éﬁk¥&¥|GURE lis a
schematic circuit diagramillustrating an embodi ment
of an anplifier_ conprising a source degeneratiaqn

| W08l ande asrerdance ewith amyrmahodigents phcan dilusiafivg ogamunication
bi g;%!:ngs., ?‘O%@@?ﬁ%{s‘éﬂgg§$ Q‘Qoﬂ&e gé@rét%ndfnﬁﬁafi&%t arﬁaﬁteleast two

I's a schématic circuilt
difielyk efifiecs mansistgrsacouplelanmtaliet apdrhedngemitualy different gate biasing.

transi stor squr.ce degeneratign. i hdugt

| SeRs RGP i P SOEUh Cena ARE GHICRET positions of
[ QR1BLre %ldggggéitl%ﬁ"mcﬁﬁtan@@d 3C are graphs used to

ilTustrate opti num gate biasing.[0011] FlI GURES 4A, 4B,

and 4C depict, respectively, a schematic circuit
di agram show ”ﬁl&EFg%&ﬁ;(bﬁ'& FHEHRAWERSISSL O ,
and graphs sho -

[0007] Embodiments of the invention relating to both structure and method of

operation, may best be understood by referring to the following description and

accompanying drawings.

[0008] FIGURE 1 is a schematic circuit diagram illustrating an embodiment of an
amplifier comprising a source degeneration inductance and at least two field effect

transistors coupled in parallel and having mutually different gate biasing.

[0009] FIGURE 2 is a schematic circuit diagram showing an alternative
embodiment of a transistor in which a source degeneration inductance includes at least

two inductors connected 1n series.

[0010] FIGUREs 3A, 3B, and 3C are graphs used to illustrate optimum gate

biasing.



series coefficients, and theoretical anplitude
response at DCto illustrate direct current (DC
wo bmenysded t he derivative superposition net hodpCT/082083/003155
FIGURE 5 is a schematic small-gignal nonlinear
equi valent circuit diagramthat illustrates a
q@ngSl t e1GUREL 44 f 48, lankl r@&ép‘iét?fespécﬂ@él?l a SHeARES cRéuit diagram
and 6B are graphs respectively illustrating neasured
cthawingt argosmposie dfeldreifent transistorannd igranhs showoe thdrd-order power

configured in a rdance with the il|ust i .

GPr SReGenh DO BET PGS ailibhah Mopbyiaf I g fifltpate gingot current

SO®NRIre obthe dkriditbglsaperpesdici megodn embodi ment of a

W rel ess comruni cati on device that can use a | ow noi se

anplifier configured using the illustrative derivative

S[@PEX|POS FIGUREYB i) 9 @chehiditié altlsigdrFnénlineareduii€dlnY circuit diagram

sinplified block diagram depicting an inplenentation

chatgllasirafeglagompep feflegidranpistonat may i ncl ude

wi rel ess communi cati on devi ces incorporating

linearized field-effect transistor |ow noise

aAfp13]f i e FEGHRIsr GiAnpndo 6B @URESaphsamespectivolyT Allugtpting  measured
SCRI PTI. ON J 0016] .A navel nodi fied. derkvative .

SREIsERne o Rt P Ehor SREbollapip KPBBR R Vasequpance with the

| N SFE0D derditivt sifiRgpaaitionatéthod.r equency. The

illustrative derivative superposition nethod creates

opposi ng phases of second and third-order

C[o014]i PUFIGURE g ishd kéhepiatierblbdk @iafRigild8pi@iy an embodiment of a
istortion (I MD3) by using a controlled i nductance for

S‘Miﬁ?léﬁ C@ég@ﬁé@aélp' p@l!qvigg that @Wﬁ%ﬁ loav fn.pigep amphfiercqonfigured using the
tﬁlgﬂfdﬁ%g ﬁériva'ﬁ% drddsHiRlthy§, enbodi ment, the
nodifie eriva

I've superposition nethod i npl enents a
t apped i nductor for source degeneration. The nodified

IS, LGRS oL AL ORGP B M Olfeing
| indpl @hetitivhi 0@, celtiiar fefephorsdye@mbiiatthhBinc[d0 Witeless communication
Referring to FIGURE 1, a schematic circuit diagram

i Javiges ingpporatingdinsanizaddicld-efiect frapsistonom Beise gmplyfigre according to
d@?ﬁﬁ'ﬁﬁ [ i nduct ance 102 and at least two field

effec ?ﬁgﬁglzétors 104A, 104B coupled in parallel and
having nutually different gate biasing. Source

connecti ons of the fbﬁﬁggkfneﬁhﬁwgﬁﬁéprs are

coupl ed along differ sour ce
degeneration i nductance 102. The illustrative

a[%i&]f | € &OQ/%I Imrc]> Hje(aedseri%ative superposition method attains a very high third-
order intercept point ITP; at radio frequency. The illustrative derivative superposition
method creates opposing phases of second and third-order contributions to third-order
intermodulation distortion (IMD3;) by using a controlled inductance for source
degeneration of a composite field-effect transistor. In an illustrative embodiment, the
modified derivative superposition method implements a tapped inductor for source
degeneration. The modified method increases third-order intercept point IIP; of a low

noise amplifier embodiment. In a specific implementation, IIP; is boosted by 15dB.

[0017] Referring to FIGURE 1, a schematic circuit diagram illustrates an amplifier
100 that comprises a source degeneration inductance 102 and at least two field effect

transistors 104A, 104B coupled in parallel and having mutually different gate biasing.



sour ce degeneration inductance 102 that is a tapped
i nductor. Source connections of the field effect
wo cansieor s 104A, 104B are connected to respeRtT/U82005/003155
taps 106A, 106B of the source generation inductance
102 whereby at |east one of the field effect

t 1S90k SbMicetididAd? thefildasRét thansisiorOad colipled slog dﬁfb\'ﬂerﬁbosmons of
| east one of the field effect transistors 104A js

bithes sepree dggearrating endycsance [ Y31 gThydustrative amplifics digincludes a
f 'S&Lrgé ?é%ﬁgati& ﬁ&tﬁﬁc%rlg)%]tﬁzltp‘s i!a é{) gc PUSSifrce connections of the
generation i nductance orm a -derivative

S fiekl ¢ffezt transistelsdGd AL 10410 areTctmnécted; to mspjbcsec: tapd 106A, 106B of the

field-effect transisto B each
o SRHSFR §RB Ao BRHENen Mk 3?@ yjat i%?ét one Hgt%??aﬁ%? %kt transistors

CquPB &hidEadl iR strafEinde3RMI 8 of RUR! BE JTERPEAY 'ePf@étXrah@istors 104A is
the source generation inductance 102. [0019] In th

i biased mawéakenearsionli ment, the anplifier 100 incl udes

two field-effect transistors 104A, 104B with

mut ual | y-connected drains. Gates of the two

fi[@ﬂltsl ef f Blot ftrstalasd steoomd 1fieldefféd4 Bangisgtondr 1044, P4Bhend source

sane ut SI al have different. direct current

o BERErOAn g Ece g2 domn 2aodi BT U RsuTHeT SPBERyH 10 The

eiffrfledndOfRoAd el Sfecl Adn¥iktols $O4AL £64B RS handa dzatédBoupled to a

or two inductors in series 212A, 212B as shown in

Fpngnptit@m] 1681 mutuakly eeuplededrainyand p seurgergpuledrespectively

and a ted e superposition nethod can

mefs %éﬂfﬂ rlé&ajusganf‘\ﬁltﬂr)% order intercept point HP3

at radi o frequency (RF) even without corrpl etely

ORI JRSHRRY s PR heits 2B 38 i ldes b Heta-ofrec

| HRASMEREIT4AC A04B 6@ hitinnel d@MnéHtécﬁﬂﬂﬁiﬂ@g @ates of the two field-effect
second-order contribution b;ﬂgr oxi mately the sane

mirgnsistatsel (e 194 Boxrp tdsiven 8 sampe tinputtéignah bpihayeqdifferent direct

C%ﬂﬁéﬂt%‘l’&s’ Wita 0%% ceg recc%%éc?g’&t ) ¢ tﬂ a(lne inductor 102
&S i REEH i e dnd

derivative sC econ
CEVith bl tdrtiinals aﬁxptal uapj by t\86 ahmttca@ dnrsetied @2 Ay 212Bia8 Ghown in
second-harnonic termnations of the conposite
f iFdCARE 2ect transistor, the illustrative technique
uses a tapped i nductor 102 for source degeneration to
%yst n|tude and phase of the thlrdorder
20] but Then . illysteativep neise cewplifie 100n apd asseeiated derivative

C I
SO SO B TGRS BlAcibs oy 17w o
t equency (RF) even without completely eliminating a second-order contribution to
third-order intermodulation distortion (IMD3). A suitable improvement can be attained
by attaining a second-order contribution approximately the same magnitude and

opposite in phase with the third-order contribution.

[0021] In contrast to a conventional derivative scaling technique in which the
second-order contribution is op‘timally scaled and rotated by tuning second-harmonic
terminations of the composite field-effcct transistor, the illustrative technique uses a
tapped inductor 102 for source degeneration to adjust magnitude and phase of the third-

order contribution. The tapped inductor 102 can be used to conserve die area on an



i nduct ance can be replaced by nmultiple inductors 212A

and 212B coupled in series. [0022] Referring again to
wWo-b@BsREBl) a first field-effect transistor (TIpCLOLM05/@03155

bi ased in weak inversion with g positive associ ated

third-order transconductance coefficient (g3) and a

s afteaed | @lctit @hie ﬁh{)l’%ﬁl@ﬂtﬁh& OrAltetrativa34 Bs ishoWh a8 SFIGURE 2, the

strong inversion w a negative associ at ed
t ndugtapeediean heﬁmiwdrbdun\alanl?en@@ém PE3Aand 21dhyaupled in series.
First-order transconductance coefficient contrlbutlons

gi and gmare negligible to the overall response o
t 023hpl i Réferring gain] @OPBGURKe 158 dirstefieldl-effget frarrseﬂor (T1) 104A is

b g, B, R IR el S

ac6ettitietu (At) ARdtd sécofid A effem Pdrksidthe (@Y 108BSK Bihsed in strong
the associated third-order transconductance

crrsin 8ith ¢ gpatisnesspaieted Jhird-grder dranpeandueiprper coefficient (g3r2).
I I t

& Sl RO L SRl SO el ek b s 2 P o aEnesigible o the
tbverdesﬂMSetolfﬂmmiﬂiecuwce coefficient (g3n)
contributions associated to the second fiel d-effect

transi stor (T2) 104B. Wth proper selection of the

t §0028Dg PrigoudkR@Athel fBBfisldctffeceirshstdrdTl) 104808 indécted to a tap
w dt hs and bi ases, the overall third-order

i ADeA nefdtheasouser dpgansratioBnindyqiier 102 iher capfigusationythat changes
Zgga%ﬂl?ﬁdfﬁ ﬁdsé’ Sk ¥ne §§s8c15tgfi t d"bquer rtl"%lﬂél'%n@l‘ictzt}ic@S(:oefﬁclent (g311)

ustrative anp 100 and desi gn
_rrebxitndu!hmgl}o tH@ﬁBrdmdeﬂlﬂtmnoéﬂaﬁml dls!gﬂrmr(éMiDghrelatwe to the second-

ctance 02 to be n ef ore enabl es .
T CERODUCTRICE SRR Tl e 190, ERFIE o eonoppatce coefficent
I @#?tcfoﬁﬁib\ﬁﬁomsb&ht%& td Qe 3dnd SRl @BIERIPARERIPIY2) 104B. With
facilTitate stability since the third-order intercept

poraper ddleBion ofvles tapping pobit 1064, 1068 and ficldeaffechansttorawidths and

FPtRe s overgl HBiaryes TR ecian diabioR NDe! G s Hanoed to zero
abt effétitvElyezeR oL 8l Widditangd ofbikd. ansi stor 200 in which a

sour ce degeneration inductance 202 includes at | east
two i nductors 212A and 212B coupled in series wth

SPOU2af Conetiubteive %néﬂ‘f(ﬁef £66 bind 8@51%1‘[ Rletho@blo 9tdoes not require the
e

transi stors 204A, 204B coupled to t two in uctors
2ﬂeg$ne@1lgmmducm@q 1020adevmiaimeizgd and therefare gpablest simuilaneous noise-

| b Py ERTRUIR! el Re LR 1 34 Bfen metnodlogy

t E@ﬂ&h&tmm&%ﬁeltﬁe third-order intercept point IIP; is very insensitive to input

g

termination at the second-harmonic frequency.

[0025] Referring to FIGURE 2, a schematic circuit diagram illustrates an
alternative embodiment of a transistor 200 in which a source degeneration inductance
202 includes at least two inductors 212A and 212B coupled in series with source
connections of at least two field effect transistors 204A, 204B coupled to the two
inductors 212A, 212B in positions whereby at least one of the field effect transistors
204B is biased in strong inversion and at least one of the field effect transistors 204A is

biased in weak inversion.



bi ased in weak inversion.[0026] In particular
illustrative enbodi nents, | ow noise anplifiers 100 and

wQomsnoesp2be configured as cellul ar code di vi siPEIT/US2005/003155

mul tiple access (CDMA) CMOS | oy noise anplifiers.
[0027] FIGURES 3A, 3B, and 3C are graphs used to

| [d028] r atIg paRicu Y M@ahEeyddmsddidents; 16%M6isd Amplifvss 180 and 200 may
measured direct current transfer characteristic

| he |ceafignyed as egilplar epdeudiision anwiiipleraecessi (WYL JAMQndpw noise
ﬁg}tgn of strong inversion. The direct current
characteristic can be neasured for a
partl cular field-effect transistor (FET) In one

© €, argsf egBCha ri i gSH datf]:c r0 {nmum gate
a N T ¥ L)
S efEkmgn (FllGlURE G@MES)NS Farrﬁé‘a@ﬁﬁd tdli’ha&t @ﬁ@ntb@ansﬁdf @h&l@ctenstlc including

manuf acture the illustrative | ow noise anplifiers
FRaesen gBwerls aad pedeiste ayRipion eandea reginay ¢f dioagavegtion 2 The direct

a@ﬁ’rr&ﬁ ‘tr kt?g%ﬁqrégeggtﬁ:' gzilfbé l?x?e%lﬁ'te& %‘1] gﬁﬁ duyfdf?eld effect transistor

response e trans I on region fr erate

S({FENYQ Ihoweesimpleths txansgat cmamotensmac mohetaaged‘ﬂ@& 4 3ﬂ\mum-lmde FET
the third orde coeffi ci 3|seual

t ooy SHHP emfa@w A@fﬂ}lgoq H?tPf .@V@ .Pra?r«ss that can be

0 BEéb dWHBREBCREA th%ﬁtli‘s%d lovA nbise! AaflifeBCt FIGURE 3319 lillustrates

lased at the voltage V S of infinite A>3. As shown
i poweiGkdRies 8Qxffigienisgni £1, cadtgst hi FIGWREEIC idepistsctbperetical amplitude

P ot SR SO S o SEAER RS o sate-source
d@@lta?geevcé At WHRIREhel tiard oﬁ'egéagfﬁ&eﬂ{ lgg\ig Q’h galt #8€zero and therefore

limted opti mumrange of V.S [0028] The | ow noi se
anmphmde respapicefmenisagings. n§1 #hepiyevimgete bigsing method, a field-effect
t 0 [ ro _
HAERRE L R F RO o BV bt TR A Shgu g FrgERe 5, o
deighHitamgthirdhederpinteaeapt pomt AIP;t ﬂﬁq;rbmmammo%anamnly i arvery small
The | ow noi se _anplifier configured using

i FngstHtaY e Hher lowanpise %rw&@ﬁb&gxbpﬂw%fi%aeﬂ gn FIGURE 1 and
a ari ations and
GRIGRRGL 2 et BRG] il i BARESTY X T B hvol e

producti on. [0029] The illustrative derivative

o SRR o e TR S Sulinh, AL ek RS superposiion

t edtival sigyificaraly lrﬁprbyem mphi-tefarmdf thirdionddromtezaept point IIP; without

manuf acturjng in a manney that attains_hi gh-vo| une
degra(?ing othergparameters of t{xe low no%se ampﬁﬁ g The low noise amplifier

configured using the illustrative derivative superposition method is appropriately
insensitive to process variations and device mismatches, facilitating usage in high-

volume production.

[0029] The illustrative derivative superposition method can be used in radio
frequency complementary metal-oxide semiconductor (RFCMOS) technology that is
typically useful in low cost manufacturing in a manner that attains high-volume
production while satisfying single-noise desense criteria in RF CMOS low noise

amplifiers, for example for usage for CDMA receivers.



production whil e satisfying single-noise desense
criteriain RF CMOS | ow noise anplifiers, for exanple
wo evoszsage for CDVA recei vers.[0030] Referri ngP€DUS2005/003155
FI GURES 4A, 4B, and 4C, a schemmtic circuit diagram
showi ng a conposite field-effect transistor, and
01608y ShR¥fehihg! b TIGURES 20VW8B, %681 465, 60&htmefi® Higuit diagram
and theoretical anplitude response at DC respectively
i Isheingag eoripesita figlgroffast t{apgijtor.hatsk graphs tshewing third-order power

LSS BRI AT BTRP TS il s
f idideck-cafdesto@ Q)rthesy oF dre deivitine sngerpositiolt meihdd. dhe camposite field-

R BT B oo
anpl i Yd65q AeRNOEL 'ﬂnﬁ&t@@%ﬁh?ﬁngﬁdwﬂﬁl Wﬁp%ga{n\éé{j\a}éxple used to

the width WA of transistor 40mm the w
ofdeteraimsicsefficieh® g andiBaphtydesidshdven nfFISAIRES#Bage 400espectively,

i5,0.2 C n-sour ce, field-effect transistor .

oitasith 17 B FPRs M an 2idifudhg wifif s of Bt St Mays 460um, and
CUhd Sftsett viddags AP Es ©08NAE Gomtdh-JolifoePONBlefRE ir@fsis®r biased in
equation (1) in terns of small-signal gate-source

v Shtuzaiien\agserates aricnallhegnsl Qutpybrwrent that can he ¢xpayided 4ntg the power
+ LS - S . 0 ct nd .
nisgher Scrhaffon {28 it L hAMRRERKE A5 Ee 35 bround the bias
etpointdef i ne strengths of correspondi ng nonlinearities.

Among the coefficients, g3 has particular inportance

for controlling third-order internodul ation distortion

(MR At ol j2 I3l evel s and¢fyhus det er m ni ng

thlib/%s-)or%‘gf‘ %’?é‘?ggb‘ig’ ﬁb'i' nt | EP:g,) whi ch is expressed
according to equation (2) as follows: [0031] Anplitude

A3 402 is depicted in the graph in FIGJRE 4C at | ow

f MEtengi &8 AMHFIER hirgnepRiuGRags i ob Prorfdi rifanspepductance
4 . 380, ' sl :

e TG aRE By g ing oiRCEREs.  Among the
0.cbefficieatsd gt Hias gadicttar iimpoeamepfor pontmollikP3hid8rder intermodulation

coenpitoh AL eP oyt b anddhs FESHpinehetsp R dtereept point
( D, WRIcR $OKpEQs@Itcidig o 2qidtoR (YA BASKs: VGS and
VDS-" However, dependence on drain-source voltage VDS

for a field-effect transistor in saturation can be
negl ectgg— f so, coefficients of equation (1) can be
deyer o rféijaccor di ng ©® equations (3) as follows:I11

3 3

1P3

[0031} Amplitude Ap; 402 is depicted in the graph in FIGURE 4C at low
frequencies along with third-order intercept point IIP; 404 at 80MHz and inductance L
of 2nH, third-order intercept point IIP3; 406 at 880MHz and inductance L of 0.5nH, and
third-order intercept point ITP; 408 at 880MHz and inductance L of 0.1nH.

[0032] Power series coefficients generally depend on the direct current (DC) gate-
source and drain-source voltages, Vgs and Vps. However, dependence on drain-source
voltage Vps for a field-effect transistor in saturation can be neglected. If so, coefficients

of equation (1) can be determined according to equations (3) as follows:



Sx=Si1 S=(3) dV,CS dV, CS [0033] Dependence of
t ransconduct ance coefficient g on gate-source voltage

wo/adsissIsuch t hat transconduct ance coef fi ci ent PQBUS2005/003155

changes from positive to negatgve when V S transitions
fromthe weak and noderate inversion regions to strong
|nver on(SI) r on. A pggiitive g3 with a particular
ché—curvagzw%gy , ONg; #fﬁh@ ef f@rt transistor can

be al ed with @Vmegatlve Iswth a simlar, but
mrror-inmage, curvature of another fiel d- ef f ect
transistor by off-setting gate biases. In addition,

t [RO33B medependries O£tarmsben®qtﬁab¢ casfificientgagh gatersobrgeivolage Vs 1s
field-effect transistor in ._The. resul.t.in .

e fobR BB c Bada e Yunes Tt PR Bopgeiygihen Vos
apRhdificHiefrom3theew e4ke and |n§k[lief‘dt§ Ndrdon TREONEE isttoig \Mvdsion (SI)
range of gate biases, as shown in FIGURES 4B and 4C.

Hesgearer A Rasiivergarwitte mﬁttlcuhlr A& ask cwmatyreeff ong field-effgptytransistor

I S, |
S8 e AR Rleghh £ 83T Pt e perg of another
afisliheffeat transisid IbysifGMn@gmé biasat Jaqudiditidhethe g§ iniapuitbdes can be
diagramillustrates a cq?n%o& te field-effect
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t iraproied imeaiwadetrpnge ofngatlzinges, Isfshawsug MGW&M 4€ndowever,
ductance L i.s ,source, deg tfe)r atl\cln18 i pduct ance.

T GG IB AT JECORA G 106 TR B A LI i whER the effect of
ber&htreg&ﬁﬂce%ﬁ@glfglﬂ@ negligible such that gnb is
approximately equal to zero. Second, all capacitances
are zero except the gate-source capacitance Cgs.

Thodsd) trl@efgl‘?itng 0 F‘i@@l@@ac‘i E%ﬁtl@gﬁndlﬁs@hﬁsnonhnear equivalent
|ndependent and thus |ineaf, an assunption _that is
oniryult/:ahgxdm iHustetds emmhwsu@ﬁgldfaﬁfzetr tsansistar e ghe small-signal nonlinear

our.t the field ffect transi te and squrce .
< et R o MRS P e, BN O Ms) shown in
I FIGURINGR. Ghnpblificel 29 MBE lahFBrm MEHRmPEMNEE bPa signal generator
Fifth, the fi eI d-effect transistor output conductance

i and dnetancs, L fssputicn deganewtinn indvstaned. Theragelysispersesdsi aseording to

e)ljchvetra asis.SLHn;ztﬂmﬁ t rﬁﬁs&nlf Lfih/egflf aé ne%l%gﬁﬁr Ysulfe t s g%tapﬁlommately

arl | es e or
t baunl tdr@ae. Séébnﬁ?@lﬂ cgpabiteceirea8RLERREptANE gifta-tsoﬂn%e capacitance C,.

ty[%:rgalthg or low noise anplifiers hecause the

gate-source capacitance Cg is btas independent and thus linear, an
assumption that is only valid in weak and strong inversion regions. Fourth, the field-
effect transistor gate and source series resistances and the direct current (DC) resistance
of the degeneration inductor are zero. Fifth, the field-effect transistor output
conductance is infinite, for instance no channel length modulation exists. Sixth, the
input signal is very weak such that current iy (v,s) nonlinearities of the order higher than
three are negligible, an assumption that is typical for low noise amplifiers because the

amplifiers operate far below the amplifier 1dB compression point.

[0035] In the illustrative weakly nonlinear case with the neglected gate-drain

capacitance Cgy, third-order intermodulation distortion (IMDs) is generated entirely by

the g3v; component of the drain current if source degeneration inductance L is zero.
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follows: HP. = g 2LC /(3\e\) (4) wher :,[80%%%, )
Eq—:ggql},é}pgx t{lgji-om uetgljce%tx;wrgg 3acngl?ﬁj$qr}vg aggprding to equation (4) as
r ggiisitd-on of transconductance coefficient g3 to zero

does not result in an infinite third-order intercept

point IEP3 as results at |ow frequencies due to the

second, term in ation,(5). The second termin

e tT Ofr ”(%ésr é@%@sent )t he contribution of the

second-order nonlinearity to third-order

i nternodul ation distortion (EMD3). In conformty to

t lvheejuat i on, the second- order

2g2/3
£E=g, - 2 i (%)

g+ jzle + j2cngS +Z,2w)

g
L

[0037] Equations (4) and (5) express a condition that reduction of transconductance
coefficient g; to zero does not result in an infinite third-order intercept point IIP; as
results at low frequencies due to the second term in equation (5). The second term in
equation (5) represents the contribution of the second-order nonlinearity to third-order
intermodulation distortion (IMDs). In conformity to the equation, the second-order
nonlinearity contribution depends on the degeneration inductance L. FIGURE 4C
shows third-order intercept point IIP; calculated at 880MHz using equations (4) and (5)
for the composite field-effect transistor in FIGURE 4A with an input matching circuit
including a series capacitor and shunt inductor. The source degeneration inductance

significantly suppresses the high-frequency third-order intercept point IIP; peaking at



nonlinearity contribution depends on the degeneration
i nductance L. FI GURE 4C shows third-order intercept
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and (5) for the conposite fielgreffect transistor in
FIGURE 4A with an input matching circuit including a
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haf éhex ampljfien v A metipeably third-esden intergentnpqipt ERy jigiprovement using
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ercep usi ng conven

dﬁfel svakdevdegehgaatiqio fduttancd achtheqltrin load ilpedantai Bravedyr, with a
simply n1n|n12|n§dthe source degenerati on |nductance

aMeryiHellandpatance dd sippeasensty atlaiipg @rgoodiveHage sjgidjng wave ration
vg?% eﬂﬂ? %Q ¢ftdr lefﬂfﬁlﬁo@ V\%@%S it Ne tl?e C?gzrnn and noise

I'ng wave ratlon( ise
( INE)orI @i dhiaractekisticspoDd ebloy neisel latiphifjer, rfot I&Eaxppierabgai h0dB and

aﬁ% Egl se fac or gh&gﬁ_gchar acteristics of the | ow noi se
P f%SPGCt’fVSYaé)? about 1QdB and 2. 85dB

respectlvely at 900MHz. [0039] In a particular

exa the derivative supe itiqon method .can be
i nghemlgdaugfrrﬂgu Tt sXpmgleg- F 1 LIVt FUPEPRTION gRgthod can be

bhrﬁ@%xgleh@d tu@r% WRBKAIAVEES (PRsicEs, on BifBd %Dqlet»b@ambarsm (WI)

I'n str ng inversion (Sl). Intuitively, th

ovemia andrtbe ethef biasak in strong inversion (SI). Intuitively, the overall noise factor
of the composite field-effect transistor should be dominated by the field-effect transistor
in strong inversion, which draws approximately twenty times more current than the
field-effect transistor in weak inversion. The intuition is confirmed by simulations
using Berkeley Short-Channel IGFET Metal Oxide Semiconductor (BSIM3v3) models.

However, measured data has been found to disagree with the intuitive and BSIM results.

[0040] The most significant MOSFET noise sources at radio frequency (RF) are
drain current noise and induced gate noise respectively expressed in equations (6) and

(7) as follows:
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current than the field-effect fqansistor in weak

inversion. The intuition is confirnmed by sinulations
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has been found to disagree with the intuitive and

BSEVIresul ts, [0040] The nost significant MOSFET noise

sochez §ﬁ5@ I 0 frqueﬂcy (RF) are drain current

notss &f uced gat oi se respectively expressed in

equati ons (2 %and (7) as follows:= 4kTAf dO , (6)

where g and d are bi as- dependent noi se coefficients
gdo | dr our ce conduct ance at .zero V. .s. For a

‘?{1@5 €K aPR 814 bias-deRsnrient Mofse SRetfieteat and &4 1§ Gfpin-source conductance
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the drain saturation current and VIH is thresh
Vc(VtGa-Q/eH) Yheretlpg: 18dhe éraUUSatIG’ﬁtl@l eureenpand Vad; isythreshold voltage. The

rrelated, with a c i ci ent
Sausr BG hluf GR6HE bRl & Bt postrgient defined
Vaka@ﬂn@ﬁoquﬁwn@%ﬁmem@Nﬁ been derlved by van der
Ziel in Noise in Solid State Devices and Circuits, New
York: Wley, 1986, for a long channel device in strong
I nverston saturgted field-effect transistor,
g=2T % i %z’and c= yégé95. Shortchannel val ues of g
and d are two to three tines larger. For sinplicity,
short-channel effects can be negl ected. Extending the

v004idr ZTh¢ vatoebadf 1 6 aral & hkedeed HeiMedtbyanaidst Bel iMNoise in Solid
weak inversion,  derived | ong channel val ues are o
gg\l@@p(lce in strong

1/5ate fexicas angGireutsohew. Y agkn ¥aleyy K186, &qirerlong chagn
i qﬂee’rsﬁ;,ﬁn Fo mﬁ%tgahgattel g tcﬂéffédt'stllaﬁﬁrto vsctaaagae aH8950.395. Short-

D, sat ere ft thermal Vol tage KT/
_Suihalmeﬂ uahungo@a(andltécare ttwaltm threc( fiines llapérf i g sanphclty, short-channel

| AIREE o P REleay - FRFBFCRGHE BLE ZrmaNel ot Belreffest ransistor

CUh iRk inveGort, [RASES Idﬁ@ thl‘iBéﬁi Q8uBRLR 129V B 858, and = O 707 Since
i nversely proportlona to the drain currént and, t

c alnaip @uq@nttle weaky frivierseamiesultsdfdim di ffusiang eondmdmumjg@as ED sat/cpt where
noji se

rren ldef f.ect t.ransi stor
o B et lagh R RE-HE b B ERS  PieR ¥ ntresting
t R setedtionatWiige the FRIPOFEd iransistei MOfeak Therioe tlifalv@di negligible drain
i npl enmentation of the derivative
current, the transistor induced gate noise is inversely proportional to the drain current
and, thus, can be quite significant, adding to the induced gate noise current of the field-
effect transistor in strong inversion and degrading the overall noise factor in the
derivative superposition method. The modified implementation of the derivative
superposition technique shown in FIGUREs 1 and 2 alleviates or prevents this

difficulty.

[0042] Referring to FIGURES 6A and 6B, graphs respectively illustrate measured
characteristics of a low noise amplifier embodiment configured in accordance with the
illustrative derivative superposition method. FIGURE 6A shows measured two-tone

transfer characteristics in a plot relating output power and input power per tone.
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conposite ffect transistor. The attained
third-order intercept point P3 was verified to be

it E?‘?ﬁﬁ Ia: gﬁlﬁesiogv tngl%e iaHR)lﬁtﬁelams %”stopﬂgn\[}%ﬂmﬁi&ith a single input field-
effect transistor and attained 16dB gain, +2dBm third-order intercept point IIP3;, and
1.4dB noise factor (NF) with 9mA DC current. Accordingly, the proposed modified
derivative superposition method boosted third-order intercept point IIP; by about 15dB
but degraded noise factor by 0.2dB due to induced gate noise of the field-effect
transistor biased in weak inversion. The noise factor degradation is a common

drawback of all derivative superposition-based methods.

[0044] Table 1 compares dynamic range figures of merit (FOM) defined with
respect to output third-order intercept point (OIP3), noise factor (NF) and DC power
(Pg) as OIPy/[(NF-1)-P4]. Characteristics of the low noise amplifier designed
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degeneration i nductance and at least two field effect
transistors coupled in parallel and having nutually
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source connections of the fielg effect transistors are
coupl ed along different positions of the source
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vari ous functions as dlspreadlng Wal sh
d echitestiregnay dthevdssb¢ asadorilhe wireless communication device 700 includes

an antenna 706 that receives incoming radio frequency signals. In some examples, the
radio frequency (RF) signals may be code division multiple access (CDMA) modulated
signals that are received from a CDMA base station. The RF signal can be passed
through a low noise amplifier 702 before mixing down to baseband by radio frequency
(RF) mixer 708. The mixer 708 may receive carrier waveforms produced by a
frequency synthesizer 710 using a local clock as a timing reference. The local clock
may be a voltage-controlled oscillator 712, for example. Other components may be

included in the wireless communication device 700.



pilot time and frequency tracking, and the like. The
receivers 728 can supply pilot and data synbols to

wa@ensespendi ng paths of a digital signal proceBSDUS2005/003155

(DSP) 730 that performs synbol jglenodul ati on and/ or
ot her signal processing. [0050] hi various

eroess] TeNRE, mixBP Y 68YBridatdsON baseBaKl SigBA10NA, whidR chfWe filtered by a
noi se anplifier 702 and/or other |ow noise anplifiers

t Hater Jaf, &l paveieth by sanalegitatddgital copyesteyi7d 8| ta pgoduce corresponding

Cor . . . 7 i ; :
DGO AR T By BB BLERQL S 0970 oo
S gincanslifick 0V GiAg GDD etabe the digityl hasebhand sighahTR0esithet By ymplifying or
Met al - Oxi de ‘%e,m' conductor (CMOS), Metal - Oxi de )

Sefterusting dheofigraleraliess soserding: tora Jogarithmyig gripypiue Tad rgpeived from

Sem : ' f£Cia¢lr ansi stor (MESFET),
Siedlﬂ}oglgdﬁlg%gr ocg)ﬁ ?gAg@I\/ESFEZ'IQ; Gal | i um Arseni de (GaAs)

MESFET, Lateral Diffusion MOSFET (LDMOS FET), Silicon

: . Coi : Bi ool ; o
Sl ORuEEgpuA R, 0 O 7P QO ctons i
Ganpmiiedutn {eBeige’s TBTwhichdsaparaGakihd dracPhsisplsi checiyed Gam) different
HBT, Hi gh El ectr Mobi ity Transi sjor (HEMI .

NP TR R oA SRSy et SROR Bhgscreppigprs 728 may
ElRebFRVal{BRN bincHork ARAI At ﬁﬁpréWWalsﬁaeﬁéo@ﬂ%%nga e}{l:cumulation,

Afum num Gal lium Nitride/ GlliumNtride) AlG .
Hpwt tima dnd\figqienepnt@aking,uandAhe bké.d€h¢ recanensn28aian isupnply pilot and

Ar id Al GaAs/ 0 f i
PRI RS pit T 5 SRl slSgpChiosSipt fRsE), 730 tha

| et BARNSyAUoP Ber@bdidatic dndfod btHee kigpilpRecessint. em 800.
During operation, a set of subscriber units 802A - D

conduct w rel ess communication by establishing one or

moeso)adi B Vhgsiue BmbodiRiehts) ThipldniG@sions,t Bnd®Rsighs, MMe€low noise
base stations 804A - D using CDMAnodul ated RF signal s. )
EaotpliRer 702 end/ar ethgelove anise awdidierst that ean B0mBorpontethinto various

a subscriber unit 802A. - includes a_forwa [ink .
SoDIRS bRl Ry E8isen ALY s OBt il gy suiable
I Q¥RMcdAdIdtHK teehfslaky.t I ApprptihRd sémiethdudtor StbEI6HES may include
unit 802A - D. Using the RF interfaces

c Sramplementarn MataltOade tSearicandastor JCHEXD; gﬂwl-@ému semiponductor

O EIE: R ol INREPEEE, Mokl S BicBh s PGB, Transitor

| i(IVKES RIS \WeSlic oinF@arbars 6(SEE)a tMBSBE B0 GAlliunb Arsamibdel €GaAs) MESFET,

;%;%ﬂoﬁwﬁgﬁggﬁg?\%ﬁgéﬁﬁo i ggrg(%?ﬂgl\fgg lFlch, Heterojunction
Bipolar Transistor (HBT), GaAs HBT, Indium Phosphide (InP) HBT, Silicon
Germanium (SiGe) HBT, Indium Gallium Phosphide (InGaP) HBT, High Electron
Mobility Transistor (HEMT), Aluminum Gallium Arsenide (AlGaAs) pseudomorphic
High Electron Mobility Transistor (pHEMT), GaAs pHEMT, Aluminum Gallium
Nitride/ Gallium Nitride) AlGaN/GaN HEMT, and Aluminum Gallium Arsenide /
Indium Gallium Arsenide (AlGaAs/InGaAs) HEMT.

[0051] Referring to FIGURE 8, a highly simplified block diagram depicts an
implementation of a cellular telephone system 800. During operation, a set of
subscriber units 802A — D conduct wireless communication by establishing one or more

radio frequency (RF) interfaces with one or more base stations 804A — D using CDMA-



typically fornmed via wire connections, although the

use of additional RF or microwave |inks may otherw se
w@eooaddiore onal |y be used. [0052] The il | ustrat PUBUSING/003155

noi se anplifier that is configyged using derivative

superposition nmethods can be used in various wrel ess

C QRIRUMIER RO gHAY. OB%h Bl GhtedSceChdtivBéAh base station 804A — D and a
radi ot el ephones, conputers i ncor{)orau ng at | east one

Penbssniaer @ohBRAer Ivinetidps @horearchtinl signal greasmitted from a base station
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C aUei kAR FOiftteeAP@D ial donrBEnichivaewith ainbthes use Ui genefally conducted
units, and_swi tches |nclud|n§,noblle t el ephone
1§
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g’ﬁgs\lb LENRS be[t\g%%lr%%\é\gé el sfarlold€ 89 K5 mobile telephone
dISC re escr

es various e ment s, ese
embmdhmgmfﬁca(MTlS@) (8961 ankk psbloosiviach tellépthsna: attwoek PSIIN) 808 are

do not the claimsgc vari ati qns., .

O BBl VA PPIE Rl (s agftpRY RF or microwave
da§ks hﬁ%tﬁemgeloﬁmﬁo@l@be%éd ble. For exanple, those
having ordinary skill in"the art will readily

i npl enent the steps necessary to provide the

St bb@f ur es g g%l[fﬁf] oW fHILSRPILRE Blab is %Bﬂﬁg’ﬁréd usmg ddenvatlve

under tand th e process paraneters, materials,
disuperpootien methods vanbfbysed/ay verfiowsxeirgless amingunidation dev1ces such as
par ogponents and

paDiler daipiBhresy S rRERHE B aiReL JPBT 0ey BpoR] Computer

Wbrfnbﬁabaﬁf‘%teﬁﬁhml A Boihfidt PCRECTAG dnrRiiniédtdn cards, personal
cl ai ns.” For ex%ggk the illustrative nethods and

Std‘lgltﬂl uaseistaptsn( s)secuupmdaw;th swirelgsi eomanmicgten capabilities, base
:fr%g)%ls g%%ts%e er 'uth o% \gitéh%g 15518& ggqﬁsﬁ&gfﬁo%éb%ea rs]wgcéhmg office

rnore, ructures

qursc_m) aidypud RO EWIEH t@te@h@tmiehfzmr(ssm“ge switstess, and
conmmuni cati on devi ces other than those descri bed and
naned. I n addition, the disclosed structures and

ﬁqbbszgs C@hilke tHS eFrebdht abiciobirt b ridpP| vailuk OBmbodiments, these
ext endi ng beyond the particular applications

deemhqdné@ltsx\semtq be anderviopd as . illpgragivp | andi da nelolpit ierfdaim scope.
C e du d t

2 B CFrARPRL R A IARGE ROl S0l (4P e dscie

h aembwlmﬁtyalelpxbssﬂbléf Eblee’xtan@w, ¢hdsé Asvimgordinatyr skéll in the art will readily

connections of the at |east field eﬁ{ c%» ) ,
implement the steps necessary to prov1de e structures and methods disclosed herein, and
will understand that the process parameters, materials, and dimensions are given by way of
example only. The parameters, materials, components, and dimensions can be varied to
achieve the desired structure as well as modifications, which are within the scope of the
claims. For example, the illustrative methods and structures can be used in any suitable
semiconductor technology and is not limited those particularly named. Furthermore, the
structures and methods can be used in any appropriate amplifiers, receivers, and
communication devices other than those described and named. In addition, the

disclosed structures and methods can be used in any suitable applications, extending

beyond the particular applications described.



transi stors being coupled along different positions of

the source degeneration inductance. 2. The anplifier
waewsnioey to Claim 1l wherein: the source degePer/asi0051003155

i nductance is a tapped inductofyand source connections

of the at least two field effect transistors are

cavplefs erlapgep! the source generation inductance

whereby at T east one of the field effect transistors

i 4. bi aderhrplifer comprisinger si on and at | east one of the

field effect .trans sto(rijs faﬁ bi ased in weak inversion.

3. Theagﬁ%ﬁcffi?%epe%al uﬁ % aim1l wherein: the

sour ce aflegenewatfiehh emekuﬁra@m@simbudaﬁ Pdralle? asid llaMihg mutually
i nductors coupled in series with source connections
the at | eastdifferpntgaty bragingsenrce camagclipny of higghleset e eld effect

the at | eas;n H]ig #s.n%léfé‘xrge § eﬂl&l PASH '(ﬁﬁére%%o%ﬁ%n?t the source

| east one o i el ct trandistors is |ase
strong i nverdsgearratiod imductaeest one of the field effect
transistors is biased in weak inversion. 4. The
anplifier according to Claim1l1 wherein: gate biasing

of2. t he Tak ahplisitr 4csordingelodCleiid eotheteimnsi stors is
configured whereby a second-order contribution to
t hi r d- dhErursedegehrsatinrainfigiangeds 8 tanpse ipquetss)and soyrge connections

same magni t ydehean fba0PRRidif e 83 HanglioR &Qb&ﬂ) tgq{lps of the source
f_ The arrps)fF |‘?| éy

contri buti on. accordi ng
wherein the ganerhtémsi_ndumtmdei\dledeta'f dtdeast bmanﬁthstfmldseffect transistors

havi ng. @ gaPLP R SO A BB o IBAOTE S heig et ransisors

nut ual |y coypbiagtddh delk irefich. sour ce coupl ed
respectively to the source generation inductance in an

arrangenent whereby the first transistor (Tl) is

bizased g kﬁef &\éﬁf&ﬁ%)t% (i1 YheRSY:T 1 ve associ at ed
th| rd-or dert ransconduct ance coefficient (g3) and the

second the smsées tegenérafiyn iimduotanse theludes tat dgagt twoy erduictors coupled in

}Mr taE s 2 o 2 S 8 2{5%{5 A a’?‘i é(?llfr?% ?cgw%lgtltordﬁ)o tﬁie at least two field effect transistors

coupled to the at least two inductors in positions whereby at least one of
the field effect transistors is biased in strong inversion and at least one of

the field effect transistors is biased in weak inversion.

4. The amplifier according to Claim 1 wherein:
gate biasing of the at least two field effect transistors is configured whereby a
second-order contribution to third-order intermodulation distortion
(IMD5) is the same magnitude and opposite phase of a third-order

contribution.

5. The amplifier according to Claim 1 wherein the at least two field effect
transistors further comprise:

first and second transistors each having a gate coupled to a common input signal,

a mutually coupled drain, and a source coupled respectively to the source

generation inductance in an arrangement whereby the first transistor (T1)

is biased in weak inversion with a positive associated third-order



The anplifier according to Claim5 wherein: the first
transistor (Tl) source connection to the source

walegsnesvat i on i nductance i s arranged wher eby nBQNUS2008003155
and phase of the associated thigd-order
transconductance coefficient (g3ti ) contribution to
the third- ogdBdcohMc@imRR hdeldign @L5) ahd itRE seéddBiransistor (T2) is
nmodi fied relative to second transistor (T2)-associated
second- or debiasedrisc siteng tinyrssion owithi &i Begatiye2as39ciatad third-order
third-order transconduct . coeffycient ig3ti)
contributi oﬁrgI.’SC g‘?mu@ctt‘%?g%c?%}ﬁalel&négﬂ'zi ng an anplifier
conprising: coupling a plurality of field effect
transi stors i. arallel . and gonnecting sources of the
fi6el d @E’Pilﬁ?lgﬁg?@%t? Ctal%mé g@'ﬁrre&é degener at i on
I nduct #CErsBirardBort (TANSordtOEnER RN 10 ARE SARELddgeRdration inductance
reduce third-order internodul ation distortion (INM3) .
t o approxi mit argngeed vherehyemagstitide and P8 efgthe dsickted third-order
further co | Sl.ne: ect i 05Lti\0 .conNnect L ng -
the f1eld oRpuiptfufEh CPAURACRILiP WpRbugh o he Mird-order
degener at i ofintershdutation e disteetieb y(IMDsP c3Ndniifiel relative to second
contribution tq thiydorder, i nterra%gul(fti on di s(tlorti on .
(IMDB) is appRdstPredelyssoniaied SeroRdyrerudanseapductance coefficient
opposite i 1 (phAsRa Mifdlordet BlrsebridiehoccRBITdidat {4, cortButions.
nmet hod according to aim 7 turther conprising:
connecting the field effect transistor sources to a
t apped at | i Elgﬁc adj ust
rraéygni t lﬁ%@ggl%g f%ﬁg%gﬁ%@é?ﬁgmpﬁ?r - g{lpgtesglgbont ributionto
t he t hicouplongcgrlunahityerfiieddibfiitct cansilSterts am parettel( &idD3) . The

met hod accor.ding to C.aim 7 furiher conprising: .
modi f y CARPSGHRRISPHEES A d‘lhﬁ hé%‘@ ‘“cf%e"kﬁ”ﬁ?g‘}éﬁﬁ 4¢ iy source degeneration
third-order {#iRRACOMH PokitiBhE At tHeClrdetah@3tHat reduce third-order
contribution to third-order intéernodul ati on distortion

(1 MD3) r el atintemnadulasion distortiom (IMI1) de agproyimatdyzérat ed
second- ordertransconduct ance coefficient (g 2ti) d
third-order transconductance coefficient g3t )

c@nt ri At nwatisad dbdordiftpeto i sihod fiathencanprisingy Cl ai m 7

further conprising: . .
selectmfg posmogs for connecting the field effect transistor sources to the source

degeneration inductance whereby a second-order contribution to third-
order intermodulation distortion (IMDs3) is approximately equal in

magnitude and opposite in phase with a third-order contribution.

9. The method according to Claim 7 further comprising:
connecting the field effect transistor sources to a tapped source degeneration
inductor to adjust magnitude and phase of the third-order contribution to

the third-order intermodulation distortion (IMD3).

10.  The method according to Claim 7 further comprising:
modifying magnitude and phase of an associated third-order transconductance
coefficient (g3;r;) contribution to third-order intermodulation distortion

(IMDs) relative to second transistor (T2)-associated second-order



biasing a first field effect transistor of the field

effect transistor plurality in weak inversion; and
whemsiorsy2ea second field effect transi stor of tPer/ismos003155

effect transistor plurality imgtrong inversion. 12. A

wi rel ess communi cati on device conprising: a receiver

capabl e of h%ﬁ&bﬂdﬁ!ﬂaﬂcédé&fﬁéi&ﬁug}& &ldIM@tEo@ef transconductance

including a [ ow noise anplifier further conprising: a

sour ce degenestlicieon(gsmbennttngions.and at | east two field

effect transistors coupled in parallel and having

mutual ly different gate biasing, source connections of

t Hé. at Theawthadmscéidaigdo fldierT furthenetmprasing: bei ng

GegenoPaeI T ke PRSHrRERsdind Al Ribifiptumicy in weak

d ai m 12 whegwidiod;agd W rel ess communi cation device is

sel ected fromanong a group cansisting of: cellular o
r adi ot dlaspigohsesond %ﬁ&ﬁf&% tiapgigpp of giei fiR)d sffectetmansistpyeplurality in
Personal Co ry Card | nternational

Associ at i ong‘ﬁ%v%?ggbmmni cation cards; personal

di gital assistants (PDAs) equi pped with wrel ess

c nicatipon capabi.ljties:. .ations; subscriber

uﬁig?:; ‘Aé‘ﬁv elg?\sl\ﬁ (foggiégmlcarﬁ: u V‘ﬁg%ﬁ‘%‘aﬁ%@ét el ephone

SWi t chiatecedfer cgabld\BEDEdei dng radidh frequeny sighals endipbludihg a low noise
network (PSTN) switches. 14, The device according to

C ai m 12 whepelifier fighgy oamesinge ormuni cat i on devi ce

| ncor por at €5 G0 dhorkalioR iffibahdl EnfccesS (COVA)

si gnal nodulation te&chniques to conduct nultiple

comuni cat i ahdeast nwot Avldoafty wamsistas radpledf me gamiiely and having

bandw dt h. 15. The devj ce.accor di to daimil2 wherejn
the | ow noi se ampMUFAIdiRERt ede Brisig; Vs rongsetions of the at least

technol ogy sel ectgd fikldITRIPABIstord bAHP c6I&d Abhgdiffetent positions

of the source degeneration inductance.

13.  The device according to Claim 12 wherein the wireless communication device is
selected from among a group consisting of:
cellular radiotelephones;
computers incorporating at least one Personal Computer Memory Card
International Association (PCMCIA) communication cards;
personal digital assistants (PDAs) equipped with wireless communication
capabilities;
base stations;
subscriber units; and
switches including mobile telephone switching office (MTSO) and public switch
telephone network (PSTN) switches.

14.  The device according to Claim 12 wherein the wireless communication device
incorporates code division multiple access (CDMA) signal modulation techniques to

conduct multiple communications simultaneously over a radio frequency bandwidth.



Conpl enentary Met al - Oxi de Sem conduct or (CMOS),
Met al - Oxi de Sem conductor Field-Effect Transistor

w@ bOSPEDR) Met al Sem conductor Fiel d-Effect TreeBiUs1005/003155
(MESFET), Silicon-Carbon (SiC)ydVESFET,
Gal i um Arseni de (GaAs) MESFET, Lateral D ffusion
MPSFET Thk [Ikte Risdordingl tol CRiin (191 whedeMOheFbW, noise amplifier applies a
Het er oj uncti on Bi pol ar Transi stor (HBT), GaAs HBT,
| semiganduséns sedhaelogy segctegiromamangsreran eansisting 05i Ge)

HBT, | ndi um j de g T, Hi -Oxi
El ectr olar%’ . ”F?’!t!t‘xk/ Trl\zér;{gllg @ng?’ (Wmﬁﬁm n@r%q @gPI i uI\r/Ineml Oxide
Ar seni de (ASeafohdypseatielidt ffdet Tradsgtor AMEOSHETD), Metal Behiconductor
Transi stor (pHEMI), GaAs.pHE Al_um num [jum .

N 1 dol  GaFISMibRE Y RSN CBSERBUEOnRrEbot S GAMESFET,
Gal'| i um Ar sepi -Arééﬁfhfg"acﬁ%'sbl WBSFISENIIQ%ral Diffusion MOSFET

(Al GaAs/ | nGaAs) HEM. .- The” device according to
d ai m 12 whékBMOS tFED)s dhhom (8gehBMDS IrET,nHigter@gnuation Bipolar

is a tapped,.Jnducto d ur cqnnect { ons, of o

| east two f IGHGHGHT i t%i 8B3 hRE Bitpnds @ BT, siticon
of the sour ¢rrEMIBMALSicE) HBIFCHANGS GRIBLADPhedphiRafhGaP) HBT,
one of the field effect transistors is bhiased in

strong i nvetlglnEladgomt Mobddy dmansistort KHEMB) dAdymispm  Gallium
transi stors ,i,s _bja i ak | . Si a1 .
devi ce accor’Aﬂlger% % éﬁéaéig%ﬁ?ﬁﬁﬁgﬁg}li I}ﬁglhg]r %Cgl?rgglgl obility Transistor
degener at i o(pHPNIY! GikepHEMT)delamiturh Gafliunt Witride/ Gallium Nitride)
i nductors coupled in series wth source. connectjons_ of

the at | eas?Alogly/GaNHEMT randiAlpminiam SGaliun Asgpided Ipdjum Gallium
the at | east ' ' @ﬁﬁj{[ i ons wher eby at
| east one ofql%%g@e:‘(?‘gﬁg'&gmd&)trangi stors is b%/ased in

strong inversion and at | east one of the field effect

t nansi ISl [ [ ' .sion. 18. The

delgi Ce%‘ggélgxpgg‘%%oﬁ%ﬁ%oa@%ﬂ@3‘5\\;\&}(1}12%’%{.n: gate biasing of

the at thesmitcetdvgerdration iallicaicetis angpsd didictos and source connections
configured whereb -order contribution to

a seco
t hird- or der of fheat #ggl}pvgtﬁegﬂe@¢c§ transistens are coupled to taps of the source

generation inductance whereby at least one of the field effect transistors

is biased in strong inversion and at least one of the field effect transistors

is biased in weak inverston.

17.  The device according to Claim 12 wherein:
the source degeneration inductance includes at least two inductors coupled in
series with source connections of the at least two field effect transistors
coupled to the at least two inductors in positions whereby at least one of
the field effect transistors is biased in strong inversion and at least one of

the field effect transistors is biased in weak inversion.

18. The device according to Claim 12 wherein:
gate biasing of the at least two field effect transistors is configured whereby a
second-order contribution to third-order intermodulation distortion
(IMD3) is the same magnitude and opposite phase of a third-order

contribution.



(IMD3) is the sane magnitude and opposite phase of a

third-order contribution.19. The device according to
w@k@snTsh20 wherein the at |l east two field effeckCT/US2005/003155

transistors further conprise: 4§jrst and second

transi stors each having a gate coupled to a common

i nput  gihgRYice AccBtin@td FlafiR YR @fdrdih Behit 1ABGWD fRIEMFE:! transistors

coupl ed respectively to the source generation

| datler gooprisey an arr angenent whereby the first

transi I ' I: ' K i i i . .

post t1 Jitaed Sisbal Baty R etMmalis LY EORIRNON dobflon inpu signal,

coef fi ci ent a@adtally) coapididisinSmdenduideanspled esspéctizplyits the source

bi ased in strong. inversion with a negative assocj ated .

t hi rd- or der SERCAFHIIALNIEANEA iR ar dEATECRICBhWhqrghthe fog transistor (T1)

The a_rr‘pl | fi T{rb c@"ifll RQait Qn@rﬁbﬁn Wih Wi Ritive hd36cibel Sthird-order

transi stor I') source connection to the source

degener at i otrahstdodictance dosffeienhnged) whe rtbdsecrmgniransiktor (T2) is

and phase o%.th .associ at.ed t.hi rd-order . . .

T ansconducPiEL BoSPHIE iBYESIy IR § BeRHiVe biegHed ofhird-order

the third- oggdRicohMicBindPdsdratieAngdlstortion (IMD ) is
nodified relative to second transistor (T2)-associ ated
second-order transconductance coefficient (g2n ) nd
{ B! d- andemplifiaNREGRIHAb XA BPRALERL ent (93N )

the first transistor (T1) source connection to the source degeneration inductance

is arranged whereby magnitude and phase of the associated third-order
transconductance coefficient (g3r;) contribution to the third-order
intermodulation distortion (IMDs3) is modified relative to second
transistor (T2)-associated second-order transconductance coefficient

(g212) and third-order transconductance coefficient (g;72) contributions.



