.RADI O FREQUENCY LOW NO SE AMPLI FIER W TH AUTOVATI C GAI N CONTROL TECHNI CAL
FI ELD [ 0001] The present invention generally relates to anplifiers, and nore
particularly to low noise anplifiers for use in radio frequency equi prment
tor the |like. BACKGROUND [0002] Radio frequency (RF) devices transmt an

i nformation signal from one gd@iBterE whioIs ﬁaﬁe i nformation
signal to a higher frequency rapgg A MAFICE éggélﬂ%% or transm ssion
over the medi um bei ng used. This process Is known as upconversion. As used
herein, "radio frequency signal" meggsyR @ﬂrﬁ cal signal conveying
useful information and having a frequency fromabout 3 Kkilohertz (kHz) to

t housands of 8 abertz (GHz), regardl ess of the nedi umthrough which such
signal is corl @ﬁbd Thﬁma@elarmvmmmgmaﬂmdytem amplifierssi and enpret partisylatly 3o Jow nbisee

space, coaxi n RF transmtter mxes the
ARk i Bl I B

desired signal, known as .t With an RF carrier frequency
for transm ssion over the sel ected nmedium An RP receiver then m xes the
signal with the carrier frequency to rBAGKGROYRR signal to its original
frequency. [0003] In a typi cal RF receiver the RP signal is received by an

ant enna, ther‘ 0@2' e é&ﬂgﬁg g%déﬁﬂa&ﬁﬁt%ﬁ&@gdﬁ{.@%%ﬁ’}ﬂﬁ &ﬁg{ﬁm&s%ﬁ&he‘?‘éﬁr

transni ssi on stic i cel ver
circuitry. Si m@enﬂth@mfom@lonem@m ashtg}mﬁecmm Fﬂgshﬂiéammasgﬁablp@ntrhnmbh pver

dependi ng on &Qgﬁe?lglln?%@?g%gbﬁ,&?ﬁﬂeé ﬂq?.{)\?x??ﬂ Géttgnv n! REudeh ROE f«{{g\féﬁ%@p\@c

receivers typlc rcult onati c gain con Yo
i s hel pful t osigual® mspesranelegrical signah convexing usefil mfenmgreandthamg piequency frempbduin 3

pover |evel oy ?1&'& @cﬁ?)trvﬁgnﬁdggﬁklg%ﬂeﬁ%? 8 Legﬁ'dgﬁ t‘(}g% le&“ﬁlqimﬁi\ \aﬁllﬂgmil at

t he other end 0 ansm sSi o
vari abl e gai nsigmahisconeyeda s an BF s(gnﬂAl)adeaesmxgai lhrough ain rftce @bdcectobgnlume AGC

ot AGC uscs. ot PPREBRET AFRF GRG0 BRR0F gurbl R 11 AR S
R s e T
gesi red val uegil i aiwtﬁﬁne%%r ‘fegcyt%%g’ﬁr}{’ %B’Pg‘ﬁ[}% alB g‘lf&tl ng i n near

opti mal power transfer. However resistor T-networks exi st as discrete
conponent s, w0063] aﬂnhwchm\mﬁbRH:smhslrmveihpai axtemna,ﬂwnempﬁﬂdds:smge

"t egr at od oi FRhepe smpiti bl GERhaLork b FR it R P Bevinas MerdiE it pineteneap e
circuitry capfeéiger @frcuitnt, efinet the rectivid RF tsubnaﬂ)etféxgdxrmnmy @mﬂﬁamﬂbl depehding 6 the
better than syen KNoWbet e fetiver Gl Y biismbter RE Roctvedy Boreally ibluds 2 coouie o0
automatic gain control (AGC). AGC is belpful to the operation of the receiver because it helps to
keep the power level of the received signal close to the optimal level. The signal at the other end of
the transmission line is then typically amplified in a variable gain low noise amplifier (LNA) whose

gain is controlled by the AGC circuit before being converted from RF to baseband.

[0004] One known method of AGC uses a variable resistor T-network. This T-network includes
resistors whose resistances can be made to vary together. The T-network allows the transmission
line termination impedance to be kept at the desired value while the signal is properly attenuated,
resulting in near optimal power transfer. However resistor T-networks exist as discrete
components, which add to system cost. Furthermore resistor T-networks are not very accurate
when implemented in conventional, low-cost CMOS integrated circuits. It would be desirable,
therefore, to provide new RF circuitry capable of integration but with performance comparable to

or better than such known discrete circuits.



BRI EF SUMVARY [ 0005] In one forma |ow noise anplifier includes fast and
second transconduct ance devices, first and second | oad devices, and an
attenuation device. The first transconductance device has a control

el ectrode fh2d086RoMi Ng @ first input signal, and a firsErgNsdoShted! €Cct rode.
The first |oad device has a first term nal coupled to a rirst power supply
vol tage termnal and a second termnal coupled to the first current

el ectrode of the first transconductgrIgesusviarey and form ng a first out put
vol tage signal thereon. The second transconductance device has a control

el ectrode f ecei vi second if cu

el ect r ode. [%gf Sﬁedtn ﬁ'b%lc? VIV EEPIES mc‘“?‘?sr'és[?aqdesgc%“ﬁg Scou q‘m éeglcfshgm first
power supplapdsesbriddgal deeices) analan atn@uanos deviced Thefirsd u'eabcondmphadievlge lias @ cénitrob t
current el G .

cocond out petGTadtevif o ARIAE AR PR GRARGRAGK Gfe B IChPIMA R |

bet ween t hefirtitgrminabeoppledito aeﬁretmpwewepmy voltage teinyinal and em@drt@mhmeledjwhece

and the fi rﬁ%t cGHén'E agétroﬁé SEHS ﬂﬂ?tr&%coh!ﬂﬁtaﬁ&%ﬂ% &nﬁ%ﬁ%ﬁ@é’ﬂ&f e vy Gl and
has a contro termnal for recelvi ng a control” vol ta e ther eon.

[0006] In dheeoaathhP asPag travsaondicippse dewice hasa qoptipl glspizade £9fﬁpqemrera seppad input
attenuati ons@l@lvmeh seaa,a%ﬂrtraqg SredtRdY, TﬁbCJeéUilS%aa dQJléH’h’%E latfi¥st @rminal coupled to the

exponenti al ttenuatjon devi ces. ntially
attenuat | ori'l 20V gP ?tb?@ eem4 |aéef°5§te ing Eﬂua\e§ wﬁ%f? S*ceﬂfvs‘ﬁcteﬁg?fé\l%
t oget her coegni Straﬂg:oﬁdﬁetaﬁeenddmb #at Ofdfking aostaérﬂdodtﬁntC@ltﬁ@sagmdlﬂﬁbgeoﬁnemd)f t he

plurality of the ted att es 0007,

anot her paraftfrﬁlﬁﬁ'%’rdee‘ﬁ% e?‘b'%{?ﬁ‘aﬁ %‘Eerﬁﬁ%&f‘ﬁ Etﬂ?ﬁ {'ﬁi'é “‘?‘{“Pg? dh‘l ugh
fourth i ncndtteer first ’cun'eat elbdtrrodugfl teossedntl ttanosiuetiroe Sleviee) dndihasib teentiod inpon
dovice Tl kOAYEL PlnlBlof e, o7 12! coupl ed [0 a fi st pover
vol tage signal thereon. The first transistor has a first current el ectrode

coupl ed t o 0M8] sdeoons partiquiar nembodimenth af fther daw jngige) camplifierg the opftepustions | devies ode

coupl ed to Jipfuabbdusll RENEs qU Pmamyvckté‘?&wwnwa@hm aARtuation €4e9fesk. CUTKENt
el ectrode. The second transis Irst current electrode coupled to

the secondXenentialy-weighted aticpuation deyigesmaysbe pongplisdshyos pluzality, pf FQS‘Fm]e‘f‘@(‘;"tsr ode

for recei vitggtirr beﬁ;&tsn NR! lcorftfol Bigthal, cAPRd do SEERPIRIRMYdneNbf @lecslirhiag@f tide
second i nduct or term nal coupled to the second current

el ectrode oef"p?rﬁ‘ét‘ (‘?BW {?fiﬂgﬁt‘QT%ﬁylcesand a second ternminal coupled to a

second power supply voltage terminal. The third inductor has a first

term nal coopi7ed Ihombﬂm particalar pmbmimalu by noisk taamhﬁertmcrlmdes]a]mt tirowghafowrtic ond

term nal for d t |

transistor ' gis?,%aﬁ P st E‘éﬁ"?‘?&én"f{‘ss‘s ors'c}ta'?o e&tgouﬁ?n %0% eﬁrspﬁd&cprlhgsaﬁm of

the third iteuhiwd coupled te orfirst power wpply voléage muphleehdta)setcbnei ﬁwmml fqrmmra @m’ppl y

vol tage ter n I has
?lroltr%%ﬁ Jﬁe?&ﬁl g?u& gfs{ @dﬁbﬂ@ﬂ REh ﬁ%ﬂ&me;m‘fec&&é cB ledtt5 e §%c§ﬁ<ﬁe

a first cur e cou to the second current electrode
third transtperies of the figsbinductsr, acortrql elsefrode mupkétpethwﬁﬁgpoafegeeelmomemlsalgnal

and a S.econﬂd QUELRD burfnfALeEe - THENRIn® Wadskstor has a first current electrode coupled to the

second current electrode of the first transistor, a control electrode for receiving a first input signal,

i)

and a second current electrode. The second inductor has a first terminal coupled to the second
current electrode of the second transistor, and a second terminal coupled to a second power supply
voltage terminal. The third inductor has a first terminal coupled to the first power supply voltage
terminal, and a seccnd terminal forming a second output voltage signal tﬁereon. The third transistor
has a first current electrode coupled to the second terminal of the third inductor, a control electrode
coupled to the first power supply voltage terminal, and a second current electrode. The fourth
transistor has a first current electrode coupled to the second current electrode of the third transistor, a
control electrode for receiving a second input signal, and a second current electrode. The fourth
inductor has a first terminal coupled to the second current electrode of the fourth transistor, and a

second terminal coupled to the second power supply voltage terminal. The attenuation device is
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I nductor has a first termnal coupled to the second current el ectrode of the
fourth transistor, and a second termnal coupled to the second power supply
voltage termnal. The attenuation device is 2 WD 2005/078921

PCTI US2005Ap9 2608/a789g10upl ed bet ween the first current el gef/RudRsmfedshe first

transistor and the first current electrode of the third MXS transistor, and
has a control input termnal for receiving a control voltage thereon. [0008]

I n anot her &@Hén &t&e@me%ss m%m&a&rofm@%ﬂdﬁ&sﬁpmﬁm firkt Bfrer BidctRddDbERe
i nput termnpal for recel ving a first

circuit. The 1\jﬁgllfler E‘l

i nput si gndhird 4O "F%SES"WPE “‘tc ‘Iltt rgjnal {5 reerivifie AFontra! volage et si gnal |
and a feedback i nput term nal for receiving a control voltage, wherein the
control vol[0et§p detaesthernfern a 19winoise famplifier dinghided hxeamplirﬂee aitid adiasidircuil. t Thas an
I nput term na JSEGELY a ntrol . S|ga t.pu r 1

coupl ed to "}"}?Lﬁ?r i helsntpu t? ece}?"}ﬁaf\g SRS @rsg 1“?'1% - a %Stporug[’\l/l% ?I n‘&ﬁgijorbi as
vol t age t hepretiding arfiret dutpatsigak mdlatfeqdbackwpunmmbfot mctivieg comirplojoltage gwheteint o
operate 1n 4Ol fvoitl#%szfe effitles aega%{‘gfﬂ!? 1ﬁe} “Tfié‘ﬁasf éurcﬁﬁt h{m%ﬁulf'?enmnﬁsfor

circuit biases t ler to opera e I’l stantl a const ant
t r ansconducEEiVEE arRepleol sighal and an ppus tesminel cavnk te Hhe fmtamufctpmml of the emplifier he

anplifier tgy $oading @bxhﬁvo@tag%ttpe?ét@n’l‘ﬂeadxdslénr&ﬂ']ﬂeé’d&hsn%% er%ﬂn%'i‘sxg'ﬁl foﬁ%&at@”ﬂﬂe

[0009] In still _another formthe present invention_ provides a nmethod, for
operating 1 8hfiiiond éecom?qefl Brthe:firstmods therhiasictreufhittesBnimaiifier 18 opBEe 2 4 evel
of an out ptbhbs%naagl cofiftant Benst@RahdiRS ﬁao@maﬁd fnl 8¢ sechiid Hl&deethéTbiae Ehircuid bfaeRtthe!

voltage is p ded in response to the wer |evel. The | ow noise anplifier
i s biased t"H‘Pﬁﬁﬂr‘%\?p@mF%“aS'@’B‘ﬁ%‘t“ﬁ%?°“ﬁ?‘§ﬁ%%‘i‘?&d8‘ﬁ"&ﬁB‘@d"m)de in response to the

control voltage being less than a predeterm ned voltage. The l'ow noi se
anplifier i1[0009] adedtill enatipe farmethé presencCinmstiomprogiddsiar méth@ifor vpdrdting @ lowo deisé n
response to t ei t

vol t age. @g%gﬁer%{ﬂ ah@hgtxco%a%ﬁa&g %)]r r%nrg)ﬁ‘g llr %?eté antg?lgﬂt glgigluﬁtﬁe?@%@i\%%é}gﬁlﬁgﬁ udes
first and sedaeratinedyd pentio] Yodthgs. is pravidedfin remonseaqdnapomrdnykl iThelowaeise amplifier noi se
ampl 1 f1 er_Nayhad e c&a&mra@stonti t%nE@{ﬁS‘de‘{ﬁ R b B UbntroPicitBiElbe iR e

first output term nal provid Irst a vol tage substantially
proport i onaﬁhart@reéervgnmwpwa@r gihallow REiRg applifi qrs&bwspchwsqperﬁfauu senetant fatyration

having an iyyRibe ncdé i rBPbnst MR @Htrd1Qoitdgebding’ g?éaterﬁHﬁ@ngreH&érﬂﬁrﬁ@bolﬁée the | ow
noi se arrpllfler and an output termnal for providing a first current

si gnal . cond Ia ut. bl ock has an input ternmn to out put
termnal of s?ﬁi £ Y8t an tg?%fﬂ'?bﬂh‘ﬂﬁ?l”ﬁﬁﬁ‘écuﬂé pigr incl g‘ﬁt %'ﬁtsgﬂ?? Pé?“ﬁ]i)ﬁ “for
provi di ng aTHeifirst laybut ibiddk 'mt:lgmala ldilﬁﬂd)lfbgmﬁ)llﬂﬁlhﬁvlﬁgaﬂi inpus te@hinkhl ferredeiyyngaihn igut

di ff f h h

Fr ansconductS AR § S AP dotfinp 1B Bra BT s MATE] MouhebiostnRilly opmitera o s a
m xer of t hbe mmtesggnalt ad < first arscondwetancecdeyicBRiviig dﬁﬁfﬁﬁ]RtﬁinmcGﬂedr teIEhmmW NGS
[0011] The Eﬂﬁmdlgr é‘fokv%’a%s@’h%éhdéﬁraﬁdﬁ%(l fosit tfrgl?nagﬁ)§ﬁe+;igﬁgaglgt &Bx%htltéllgﬁlg! on

wi th the foll'ow ng aw n erern Ke nu enot e
el ements, ak¢ second layout block has an input terminal coupled to the output terminal of the first

transconductance device, and an output terminal for providing a first tuned signal having significant
signal energy at a different frequency than the input signal, wherein the first transconductance device

and the second layout block together function as a mixer of the integrated circuit receiver.
BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The present invention will hereinafter be described in conjunction with the following

- drawing figures, wherein like numerals denote like elements, and

[0012] FIG. 1 illustrates in partial block diagram and partial schematic form a radio receiver

known in the prior art;



10012] FIG 1 illustrates in partial block diagramand partial schematic
forma radio receiver known in the prior art; 3 WO 2005/078921
PCT/ US200S/ 002665 [0013] FIG 2 illustrates in partial block diagram and

partial schegvdos@rsbsr m a portion of a radio receiver aggqhgkdggo&gﬁt he

present invention; [0014] FIG 3 illustrates in partial block diagram and

partial schematic formthe |Iow noise anplifier of FIG 2; [0015] FIG 4

i I'l ustrateqo18) SEIEPillubiraled inparihl bIBTN EAFR Ad fARiaPichdriic Frin@Yoaddn QP a @i ce of
FIG 3; [0016] FIG, illustrates, in partial block diagramand parti al

5
schematic FHPNFRASTRggLheEReu MYPHI8™ circuit for use with the attenuation
device of FIG 4; [0017] FIG 6 illustrates a graph of the output voltages
of the vol tiéiyd] c di@eB Sihetrates inCprrtial dlock |d@grab;, and1pHiaB belem@ic form| theiddw aviess | n
schematic fa%mielqgfhgpﬁ,errent ation of the bias current source of FIG 3;
[0019] FIG ITlustrates a graph of various paraneters associated with the
i mpl ementation of the bias current source of FIG 7, and 100201 FIG 9
i |1 ustrat ed0WSk | &aE. {illugiratss ingchsmatiq fgrm asximplempniation ofithe atteapation device aHFIEG- 3;
frequency receiver wusing the |ow noise anplifier of FIG 3. DETAILED
DESCRI PTI Ood160 2 IFG Thitudtates Bipartig] sledkaidsfach 416 partialRéHematid Bmile véHaye @xamgdnary in
nature and is.not intended to, lint h&? invention or the application and
uses of thé"rf"ﬂ\fgﬂ{sfHﬁ.ﬁﬂﬁ‘i‘ﬁnﬂg‘r"ﬂﬂ?"&e"{ &is nointention to be bound by
any expressed or inplied theory presented in the preceding technical field,
backgr ound,[001G} i G Suitingnates ograptiaf te@bipaivohagesiafitiz oliake damersiop tirawit of FIGOR 2]
FIG 1 illustrates in partial block diagramand partial schematic forma
radi o receiygg) 164G, KiiRWtes T {chéndBE ki oRihpledERbY 6 thd Bfs bufreft source of FIG.
super het erodyne recel ver that 1 ncludes generally an antenna 102, a | ow
noi se anpli¥ier |abeled "LNA" 104, an RF to |F mixer 106, a bandpass filter
112, an IF to baseband m xer 114, a programrable gain anplifier |abeled
"PGA" 120, [0019] @ HIQV§MGSratek b lgfafh oflvddousAaiainbters @Esodiftdd Withtha ingléndntatibresfrhenal
connected toQ antenpna 10%@{ a_gg%?n output termnal, and anplifies a broadband
signal receV&i&HTgHsoURe &G %8 t 0 provide an anplified signal to the output
termnal thereof. Mxer 106 m xes the anplified signal to IF as foll ows.
M xer 106 i[pe2011dd3G. Qillostiates p iflo@rplab @8 a pertioraoftan iraégratedodrenit tadib drequibdy. receiver
Mul tiplier f .y erm nal connected to the output term nal
of anplifi eu:slq%%, al?osl%é'%nﬁ %rﬁgﬁp%erm nal , and an output term nal. Tunable

oscillator 110 has a tuning input term nal and an output term nal that
provi des an RF | ocal oscillator DETAILED DESCRIPTION

[0021] The following detailed description is merely exemplary in nature and is not intended to
limit the invention or the application and uses of the invention. Furthermore, there is no intention to
be bound by any expressed or implied theory presented in the preceding technical field, background,

brief summary or the following detailed description.

[0022] FIG. 1 illustrates in partial block diagram and partial schematic form a radio receiver 100
known in the prior art. Receiver 100 is a superheterodyne receiver that includes generally an
antenna 102, a low noise amplifier labeled “LLNA” 104, an RF to IF mixer 106, a bandpass filter 112,
an IF to baseband mixer 114, a programmable gain amplifier labeled “PGA™ 120, and a lowpass
filter 122. Amplifier 104 has an input terminal connected to antenna 102, and an output terminal,
and amplifies a broadband signal received on antenna 102 to provide an amplified signal to the
output terminal thereof. Mixer 106 mixes the amplified signal to IF as follows. Mixer 106 includes
a multiplier 108 and a tunable oscillator 110. Multiplier 108 has a first input terminal connected to
the output terminal of amplifier 104, a second input terminal, and an output terminal. Tunable
oscillator 110 has a tuning input terminal and an output terminal that provides an RF local oscillator

(LO) signal referenced to a ground voltage received at a ground terminal thereof. The RF LO signal



(LO signal referenced to a ground voltage received at a ground term nal
thereof The RF LOsignal 4 is selected by the tuning input to have a
frequency such that a desired channel is mxed fromRF to a selected IF,
~which is also the center frequency of bandpass filter 112. Bandpass filter
112 has an iwspletted by the fuaing dnpatie bived ftequentycsuth mhptat desired ehanaél iohixed dréoh REF ek
108, and an tpt f r Vi di n .ou t shognal ., with sjgnificant
si gnal energgq?c%%a ‘pgérsr%ﬂ% octgcn eg@re %‘?‘%ﬂ%&g‘%‘ﬁ ”%:ﬁg?eﬂh‘ %ﬁ'dpﬁdﬁ'\ﬁ {lﬂq’“ an

si gni fi cant atpvetenminaloconoéctedi tgrthed owpwrigryninah ofl madiipliea 1B, aud ahctmtphh&nﬁaﬂstbﬁnd.

(00231 This ss filter 2 I S L xed to
baseband in ﬁ\gﬂ&géfﬁnﬁﬁé‘%gﬁﬂ m?‘ﬁ&géﬁ erl%ln}lfﬁ‘sfﬁd'i E?RQ n%é‘e chosen
oscil | ator 11 andvith sigdifient ditbiatiencof sighal erergyiinpstoptiand sutsidelthe passbact ed to t he
out put term nal of bandpass filter 112, a second input termnal, and an

out put term r Vi des gn an o tput
termnal thel® JT’ %?s %ﬁfngtheo %@F?ﬂ’&“&““’éﬁ% Eﬁn‘ﬁ%‘%r"ﬂ?‘%&?% I“F &5 LYdgnal
is selected Mixdrdlé mah:deaﬁ multiplfer EMdeyoscﬂIa&e 018 Muldplier § Fechas @ lfiest inpet térninal
signal to baseband d |,i vi des the output si.gnal

t her eof at %% &ﬂr%nﬁf’#{eg? “‘if&%ﬁ@*’ ﬁF‘pfe@ £ 5eRng eyt eppingl, %‘1dgﬂ‘?a‘?“tﬂ“6 a
desired | eveltermhiaﬂ Osiilaton llslpbhdestaﬂmmedlgnm&eﬁl olutputitEkhidll theebf dn8 gFoufid!
of rmltlpller has an , i nput term nal

16, .and an_out Filte 2
connected to ?"ﬁ’é{ 4 eHARTPURI ST “? Tbﬁ&lg ghﬁfﬁ“?l '%Fel?% % 8 “ﬁﬂ“tB‘Eftf'f‘}ﬂ‘Ee“er‘?hﬁﬁeﬂé‘P
{86 24ior |C:)YIG di mgx e sﬂtU(itaillF sﬁ;narwbasteﬁand aﬁcembl wieiplict @ 06 dhaebﬁbgaks ﬂE’e%'it E;%P&}Bl hamrteofat
S ar 0 and partial schematic
forma porti gﬁs lﬁ“ﬁ 4‘3&'&%’ lfqe@eﬂ"?)' &l&gl?'ﬂg‘ﬁb‘ﬂ] adsired levelp and hasga inpubn .
Radi o recei vesmaidPeonitted i e feﬁh:!nM ofuMIpMR 116 @d an%uﬁ:hﬁ&huwﬁﬁx%@ 122 l?as an

transm ssion |ine 204 and nt egrated circuit 210 including the radio
recei ver. LNAPQ‘B?H“E“%H?&“P@%PW the Ui termipal Qf amplifier 220 @pdh A 1Pt egminalsforn

i nput t er ni ngkovidiRY dARtpatkigngl oFRicEiR? 200 RB6led*BASEBARDIGWE™, t €r mi nal connect ed
to a first end of transm ssion |line 204 nearest antenna 102. |ntegrated

antenna 102 Ao HIBCH Bftsdlesy ARG BScEREpRn ohf AUBTLGIHAL Al Epdiih o RRAS 1 ©
measur ement  sbedek 200 @condia to 2 prrsent awenthutRadle reeeiver] 200 anphusles gaeraldy aritemna
second end of ygr ?'ﬁﬁ f\tﬂﬁ % }r{i} r?sgén 1meaz(ﬂaal{a aﬁqgﬁér&kd &1Fb9Ht21(§ ﬁn’éﬁhxﬂglu]efrﬁ’cﬁo

receivi ng a contro an out
Mul tiplier 2lwcdis zLNA 2%% isj mmalltvépcmeﬁaadjae@hﬁe@tt@matla2 tahdah@u%fp@f’mtt@mahal

of LNA 212, acon&eafdlarddnps'io ﬁ{d%%éﬁput(té}ﬁﬁnaﬁ&%\é})edftw ﬁ{s{f‘&xﬁ bi’ﬁﬁgm@{loxﬁﬁaela&
si gnal , and an out put termnal. Power neasurement block 216 has an_ i nput

terninal conneseresicinteana 198 ByReried Gireyihd 94 cagpectedtq ¢ pscpnsrend ofstransmistiordline @b put

term nal Conn@;%ﬁfé ahfanﬁdﬂeozgﬁmnaﬁm& bR ILNANPIL atnﬂﬂﬂfﬂh@f'ihl@fand— »Zér%néa%emem
providing control volta 00251 I n operation, the al recelved

by antenna 109°%218nf Nr\rﬂéé}aﬁ 3 ip teﬁs}m@omleﬁ%d tputhes?coaaﬁ'ed oftss?nws@é’a Bard
LNA" 202 and tb@alﬁ%ﬁmﬂ iR erfdhal B irédeiviig B tdAtrbING 1tdde? labdl @R “ Y My, 2iral dnfélﬁj’uﬁ are

terminal. Multiplier 214 has a first input terminal connected to the output terminal of LNA 212, a

second input terminal (not shown) for receiving an RF LO signal, and an output terminal. Power
measurement block 216 has an input terminal connected to the output terminal of multiplier 214,
and an output terminal connected to the gain control input terminal of LNA 212 for providing

control voltage V cxry.

{0025] In operation, the RF signal received by antenna 102 is amplified in two parts, the first part
by fixed gain LNA 202 and the second part by variable gain LNA 212. The two amplifiers are
separated by a transmission line having a 50-ohm characteristic impedance. Since the signal strength
may vary over a wide range depending on how close the receiver is to the transmitter, the on-chip
LNA must provide either gain or attenvation. In the illustrated radio receiver, LNA 212 has a
variable gain in the range of +15 decibels (dB) to -25 dB, but it should be apparent that this gain
range may vary in other embodiments. To provide the proper amount of gain, LNA 212 is part of an
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separated by a transm ssion |line having a 50-ohm characteristic inpedance.
Since the signal strength may vary over a w de range dependi ng on how cl ose
the receiver is to the transmtter, the on-chip LNA nust provide either
gain or atiaynresp@oer In the illustrated radi o receiver, pesRdgodias a
variable gain in the range of +15 decibels (dB) to -25 dB, but it should be
apparent that this gain range may vary in other enbodi nents. To provide the
proper anoudutonnfic gn contréINAGE] Bop forped ty nultiplier 215 aﬂucﬁ(wﬁéﬁiﬁﬁ&ﬂt block 216. In

PCT/ US2005/ ; oy Vi Aer
214 and pov\‘/gezl?g?f'nf?a’g"sduﬁ?}éeﬁts tﬁ’egg’l %‘f&%ﬂ’fﬁ e {Oﬁ@?'ear%%gg] a? thl% I3 {M éﬂaLg\}ur enment
bl ock 216 cddl d{qmmulnetq the smﬂmeroelynetdqagmeﬁtpmecwermwer m&uremom;é)kmk 2tue to
the super hefGraduiey %{%%uwe asaf olBiEat fh@ﬁﬁh B mulBeS mmhsr&gmke&)ioqqﬁe@ﬂﬁ
advant ageousl'y asur es ower at e out put 214 that has
been mi xed tiwplEyipg sbedes;gx of p@vqﬁmeaspvmﬂrg blonleﬂéeé%fr‘?'@flomks torkeep theemweret bl ock

216. The AGke Bnﬁﬂﬁof‘ﬂﬁl'ﬁﬁhér@lk&ﬁ&aﬂt"&? ga%ntrol V@taQéJGVQﬁ%) £fa f@%&'bidk@ighzﬁ"to 214
constant by Loy ding_.a control Pﬁ’e as_a

212. As wi | ENHE13c4s Wilhbeideseribed firthgy v @re@?eewcFéGi G-Fbelaw, @@ZEZQIF%WW@NA 212

has sever al sign$ficgitiafivaa@pds odchkasWoidess. over known LNAs. [0026] FIG 3
illustrates in partial block diagramand partial schematic formlow noise

anplifier of .kl 2. ncl.udes net n ort 300, a
b1 b5 cf r cui P10, PG vkt I padd soo€ siiniE oRE A6l sonb ) AP B il
output tr are o HiG 2arigeA B2 inclodes Fokrallgmal 1r£putsmmm0500m pieg circpit amsamudphﬂeance

ortion 36 I 02,
o | nduct o720 lenBo bl 248, 4 RSt UOAE (IREGUGgnke Borial W, W Sl ifpur 07
first i nputtrﬂtn&ondm@nce mﬁmééQednmlbmrh@ HWcingletlee genersfly arbalva iiansformer 302pan 204

a second i Nkictor S0M H! capRRHE 06 hnll 308 HafMNithnsBRNYE 302 HAP la Yir¥OlnpR A6minal
termnal, typically at 0 volts, and_first and second output term nals.

| nduct or  3¢PAnsgtsed tof th? sepongyend efFeppissionling 04 & sqcenddarut fegraing] censsiedte @ #TNed ween

the first a@ﬂveﬁﬁ@ﬂ?dolﬂig& EUlﬂnnaE Spialyat 6 vells, 2l ahd s’bB&fdeufmftel%Ql?als Gaduatet t Or
306 has a fﬁ({ft term nnected to the fast out grm n of. bal un
f‘ﬁfa n he

t r ansf or mer>%ges fizg gn S%“@E framingls TeSRogtivel, pongectad; b Pt an ?FB‘EI\A Wieghal .
Capaci tor ffndladt baluh trasssformer30R.N @hpacitn 06 hae d firsd tetnhenammﬁd @uthgfifst duqmm nal

AN R e e e e A L S

pai r corr esji8rids adird ceriinel @ngpeked tathetsboond etput dermingl off balunarassforaer 802, bide 204,

to anmplifigr Q. ncl r 314, a
current sous%(‘éoe%%%g'"{ap%p OVB%-% %gécog#mp"f\/%'?lr gﬁ’sﬁg anﬁ%%gi?& 8'§t sﬁ‘ %%23 has a
first ternidiffbrewighsipet par carestoadingtodhelsiguel t thabecordd @dpﬁmanmsswml@? 28htb a
second ter mmals. J3gsi stor 314 has a first termnal connected to the second

term nal of ‘capacitor 308, and a second termi nal connected to the second

termnal of resistor 312. Current
[0027] Bias circuit 310 includes resistors 312 and 314, a current source 316, and an N-channel

MOS transistor 318. Resistor 312 has a first terminal connected to the second terminal of capacitor
306, and a second terminal. Resistor 314 has a first terminal connected to the second terminal of
capacitor 308, and a second terminal connected to the second terminal of resistor 312. Current
source 316 has a first terminal connected to a positive power supply voltage terminal conventionally
designated “Vpp” in MOS integrated circuits, and a second terminal. Note that while Vpp is
designated generically herein, it may assume different values for different circuits, such as 5.0 volts
for biasing circuitry and 2.5 volts for LNA 212. Transistor 318 has a drain connected to the second
terminal of current source 316 and to the second terminals of resistors 312 and 314, a gate connected

to the drain thereof, and a source connected to ground.

[0028] Amplifier 320 includes an inductor 322, N-channel MOS transistors 324 and 326, an
inductor 328, an inductor 332, N-channel MOS transistors 334 and 336, and an inductor 338.

Inductor 322 has a first terminal connected to Vpp, and a second terminal. Transistor 324 has a drain
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source 316 has a first termnal connected to a positive power supply voltage
term nal conventionally designated "VDD' in MOS integrated circuits, and a
second termnal. Note that while VDD is designated generically herein, it
may assune wb idoseeeds val ues for different circuits, sucBcpgshoboosésts for
biasing circuitry and 2.5 volts for LNA 212. Transistor 318 has a drain
connected to the second termnal of current source 316 and to the second
term nal s Qbnrcared Bt s8cond Zerdinal of indluctér 30Atagak@tihecttdtd Vph,aintl A @ouiléed MAankikter eof |

and a sour onngct ed t round. [Q0281 lifiLer 320 ingludes. an.i ctor
392, N ohnrias FRRRER fotnda 1 B Sice ot a5, b BdPlonmdted i KS% Bk O
332, N- charamkitdvid86 foraewmiviigdhe fiSBitpetrsignd 3éd aasvtrean Inductorc328rha8 3 Sirst térmidalct or

322 has a f ) 0 ter i nal [ | stor

324 has & doaenet iRl BNGENE b soRLPafuR BEAES SRR pastfER 201
term nal ofhes mfisiderminaBpnected ¢mY e, andrirseesndtgmival\/bransisignd34has gdrainecontectsd i st or

326 has a Qfdebond WMARal Sndultol 552, § Qbte ConnBlted b VLF! sl Alsoes TAnGRrS36 ARNECT ed

to the second termnal of capacitor 306 for receiving the first input

si gnal , andirain eqnpgected to the seneseof transizton 324, a ggte pappected torfhg second ismpieal obeppacior he

source of t3p@pstir&tiQmn a%@woﬂ@ﬂlp@ sﬁﬁﬁ@lpﬂﬂ als6uréd. NAducePIIBSRE 8 Hrst &nﬁlﬁzﬂ'«!&ﬁhected_
| nductor 332 has a FI rst termnal connected to VDD, nd a second term nal .

Transi st or @8 sqice of trapsistor, 336311 @ spogpd terpingl pomnected do.efovndr i nal of i nduct or
332, a gate connected to VDD, and a source. Transistor 336 has a drain
connect ed t[@029he Atzouation déviter 240sisSillastratdB4s am Nyeltaenet IVIDS: dtasdstdr chaving asfixstond
term nal of i . [ r VI h 0 IN i | . a
sour e 1 ndo PR Ehina e 88 o BF GhaladlndCor IR0 57 Pl e BeBling B
transi st or V8 Vamd aad g essomisouee/drirind¢rminainmonistied toithe grand iatminp O 2@iuctor 332.
ALt enuat i om g Gredfifed frther IR ERLAT, Y. Aheldhs BARRGL AMHad bERRARRbuAY] NT
c e al of” I ndu

a first source/drain termnal connect to the second termn 'nduct or
322, a gat émplogmentesias pyérigg ofcspenerially-weightadymanyistirsiconngeter ia parelial et asoiwitebsddr ai n
term nal Ccapngedspshding chitfol SgrR e beab b afy. IAR QLA HRFein Rog-linedMily Mbdnb a R

described further with respect to FIG 4 below, transistor 340 may be
advant ageos8#nge in gaig feradieea ghange in thecontesd voJteseYayanent i al | y- wei ght ed
transistors connected in parallel that are sw tiched by correspondi ng
control sidoes0p fRist bapitetrank@gddctan@aportioh 396 inchdes e NGcianndl agmdistore 352, tay

I h ' Lo f |, h .in _the. t Lol t
Ve . 10058598, dof okt o3k T Soa ia® R R B b3S R frl el AR
N- channel tlatglkedi“Gioai’, 888e, ad acspae icbmrect@bth, grawmd. aCapesitos 364 h@54 firsT tamimalst or
352 h i i i ir . n I n t 1
2o s o il 8 PR WSl A U B B e o 6
connect ed ttransister 3§2.c Begistardderhescd finst temyinhl) Kir geceBRR an detmadiste bias doltage labaledd|

connected tq 4 higy m&&d%ain I 3hhbied farthefgti%- gl?@gﬂgtg{ 0. §§c§73@a§%lﬁg£dgaoaauctaﬁé I nal

for receiving ‘an internmedi ate bras voltage |: " secon
term nal cotpgedqleigcludss pmN-chzmmel tepnsigtor363, acappcitg 394, and a aosistop 364 Kransistor 362

t ranscondug{a@ R Qfin for providing a first output current labeled “Iyixe”, a gate, and a source connected to

ground. Capacitor 364 has a first terminal connected to the second terminal of inductor 332, and a
second terminal connected to the gate of transistor 362. Resistor 366 has a first terminal for

receiving Vp, and a second terminal connected to the gate of transistor 362.

[0031] As shown in FIG. 3, input portion is external to integrated circuit 210 but the other
components are implemented on-chip. Since LNA 212 must terminate a 50-ohm transmission line,
amplifier 320 uses MOS transistors having source degeneration inductors. The 50-ohm transmission
line is input to one end of balun transformer 302 for conversion to a differential signal. Inductor 304
and capacitors 306 and 308 form an impedance transformation network that transforms the 200 ohm
characteristic output impedance of balun transformer 302 to the impedance looking into the device.
Transistors 326 and 336 form a pair of gain devices and inductors 328 and 338 form a partially real

impedance looking into the gates of transistors 326 and 336 from the matching network.
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stage 360 includes an N-channel transistor 362, a capacitor 364, and a
resistor 366. Transistor 362 has a drain for providing a first out put
current |abeled "Irm", a gate, and a source connected to ground. Capacitor
:364 has a first termnal connected to the second term nal of inductor 332,
and a second term nal connected to the gate of transistor 362. Resistor 366
has a first [@482h Transistoppair 326 and, 3y is\pased yeing W epbonyree Xl fiand (diadermensedtedd t o
the gate of thisii®i3$8. OThe3fiAor o3 bl the\rafil P Wansistdr B18Gs cohnedt@iiouPlatel-Q8luddS
external to integrated circuit 210 but the other onpgonent s are_i npl enent ed

on-chip. Si AEEOrs Alx 331 (e setiths RenaRtdDL) sBTdh Mreyeh fepiidds 3r6 ppd,a36.  The

anplifier 320tputs o8 arviMbiet BANS itk difis b¥avddcBEE BDSIEGES 306 GRITI4aid QftrehtddUzh@res. The

50- ohm transm ssi on . li}r(]fﬁ is jnput. to.one, end of, bal uEatransf.ormar 302 for
BPettp &?a

conver si on £8PSEOTEee £ S joad | impefapcst- aBFSe ARtREES S iMPSt & S88YMand
308 f or m an tiangeerdiacratee portioss 350 A BEMwiNied fvarh khetfhoat eddr dmaditiplien2 14 @hidh) Bas@hm
characteristic.output ..npedance of bal .transfar 3 to e 1 npedance
ook no- 1 nt gopinaty B Re oy oy Bush fta Sl o i 1Akt GRRL
devi ces and resonhtcw it this32Bicizance B38nd the carder fraquenayl of yheRFasignal).npedance | ooki ng
into the gates of transistors 326 and 336 fromthe matching network. 7

[ 0032] Transistor_pair 326 and 336 i.s biased using curyrent source 316 and
di ode- connel¥3y M%‘n‘i‘?@%‘%”’% atiop;f the;app e")\fg‘f o aures degenoratipr, jnduckgrs could

transi stor B8 their SR RARTMAY cdrEddn thakdifey 8f tafkistofC36S4na 336 SrbspeaiielySddl L O
set the constant (DC) current through transistors 326 and 336._  The . outputs

of anplifi efeconenninalyronpgeied fogeer and tirongh atail pureat sopece fparoundy Iy 4his gltemate

currents whigibafihet teddis bPriBftol D1P oot boeRRedRd b iR hRAer A MRIRESISor Jhese
vol tages are i nput to output transconductance BOI"[IOI’IS 350 and 360 which

form the frenpropeiafe sige thet functions as the el cugpt sphrees sSHemeverormptifien 320ds slightly mor
| nput . TO Plifdt S 18 tobd Ao Riaf thid MHfte Yrplifier? ardfese ddvaftafes e’ Rifodtdlt in

resonate with this capacitance (around the carrier frequency of the
signal ). [Oea®@inapplicatipnd| t er nat e configuration of the anplifier, the two

source degeneration inductors could have their first termnals connected to

the sour ces " 30Slaais Sroi? fmplifls 336 ard RERSGHLY Gl cRTor0RORK SN k12! ©

connected toget'her and_ throu tail current source to ground. In this
alternate GasiswOTSAEnd 2, whish are Groscondnatinse (am)3ledceso Bring BEOTdavices rensistors t he

gate of an I LSt Qf | | aSikey Falgky e j I
current sou?/%éntdl—aggw%‘%ra éﬁﬂtlagg@&%%“}?tg&sl | ﬁ‘rfdﬁ‘ﬁ&’%‘i“g%}"f nt_aa‘ra ﬁighgaﬁcgts@mr e
headr oom t haspatitivedoasl seen bythe-drainp pf| tfangistors é%m%ﬁéé-efféhhﬁah’c capreitive lead iseep dromant

in certai ngapgpl- [ : fa?qﬂi”b@ Li &l &RchE

AC- coupl ed ﬁi %‘@?ﬁ?@??’é?%%%@ﬁ%%ﬁ%? rans%’o&éﬁg}f\;ﬁgan %6!? Oi{/\hi ch
ar e tr anscoinducorsdleand 333 wenld bechosen Besarisfy thosugdon: ces, transistors 352 and
362 have a significant gate-to-source capacitance (Ce,) which provides the

majority of the capacitive |oad seen by the drains of transistors 324 and
334. If thezk@&a#@gﬁcitive | oad seen from m
LCror

where f; is the center frequency of the desired operation frequency band, i.e. the carrier frequency.
Although ideal inductors and capacitors would provide for an infinite amount of impedance and thus
infinite voltage gain at fo, series resistance in Ly and Cy, reduces the maximum impedance to
approximately a few hundred ohm.

[0035] Attenuation elemeat 340 provides variable attenuation for use in the AGC loop by
providing a resistive differential load between the two legs of amplifier 320. Attenuation element
340 can furtber reduce the impedance in the load from a few hundred ohms down fo a few ohums,
reducing the overall gain by about 40 dB. For full gain, control voltage Vg is set to zero volts.
For a full attennation, control voltage Ve, is at its maximum possible value,



the drain of either transistor 324 or transistor 334 is equal to Cw, then
the i nductance LL of inductors 322 and 332 woul d be chosen to satisfy the
equation: 2nfo L Cr [I) where fe is the center frequency of the desired
oper ati on wegusoey2iband, is. the carrier frequency. Abtheusisbilas!
I nductors and capacitors would provide for an infinite anount of inpedance
and thus infinite voltage gain at fo, series resistance in Lt and C1,
reduces t hqoosski IHIG 4 ilpsaes ﬁfscliematlaﬁmﬁ axinipleinehtytion of et¢ntution devite GHOTDL I{IGOBS)
Attenuatio I 4 i abl e n u
| oop by p?%%?%?ﬁ%s aalg glg%%g FiAve ﬂs“fﬁ EVeRt m%ml5 ot %@ gﬁ v%erf“f’“hi%f"“auﬂn d%v'ce
anpl i fi er 330 inclti¢sarsetaf iexponenitialiyesided N:hanneldVOS transfstars qoankgted utﬂaelllelmpddtang:e in
the load fr, h o] AR ' . al |
8[{}% %@g&ﬂ;\o r?dto? A, GR4Mod. ;r?a[n&ﬁw as, 2 R UGk Elhicdif) QerRET

gai n by abo gal n, cont vol tage Cwlis set to zero
volts. Forpreyiding the first ement glesodecaf atensatiop dpvieeqtdOnmeats, for recejviag a conrohsignahyim

possi bl e vahyrd ‘&'ﬁé/é@]’?%é héshad %onE&Tdr&lS?e@.Qﬁéloﬁgﬁ@iﬁg tHeQORRl clidt eléetrode of

illustrates in schematic form an |5r£hemantat|on of attenuation device 340 of

FIG 3 thdfteppinn dryice 34P.o glrpnsiston A04: hasy 8 firsk spusqe/dzaip darpinal, cogascipd 4 dhec st r o

vol t age VCNbiirce/dMaih @dttinbl oFrabivor 462, a g4t6 for fuéhwdgs c@lttﬁﬂﬁgrﬁflalﬁ%ﬁ@ﬂﬁd&[lﬂ’@bﬂdya- si zed
N- channel i ncl u eprese zfo tive

ransi,st.,ors Go nect ed. i n_paral |.el [

transi st or sse‘i?ﬁé soyree/d m‘anamﬂlﬁ'g conpected o ths seopgd sgurce/draip; tF@l“%é S RSy o
term nal  preansisdt A06 hixea fﬂrstsbmﬁddr&:ﬁﬂémﬁiabcéﬂhm tof thatﬂmrsu:aba/dmin d&minabo£340 a
gate for r ng,a, contyol si.gna "V .
sour ce/ dr alet%n? \é?rnﬁg) r?i’aii gf)tf of?/r Grn "9% ﬁontml Sc%'ﬁldﬁglﬂerdr erf [ﬁa éc?{“?a econ souéf t eaHluat I on
devi ce 340.termimhsommeated 6Ole mgnhsmrcp/wmmHMIOﬂ tramsistor eOPri rfalkimo@h trewsis®s t 0
the first =T g a

_ b%g#@ff%ﬁlbggg p{«}?&l% puﬁfon é@d&%hé&ﬁ’ %Ql%ted?ro 31‘1@ £ YacH tﬁﬁﬁét?ijlp

control si SECOH source/draln term

connect ed thes e widtistodensth et éhﬁhls r? tl@?srﬂl‘hm of tranpigtars 402 Jhusif ransistpr 40%si st or

406 has a fsg §T\V/§%§1%iﬁ{e@'i\% theh %ﬂﬂd&@ho@&@@e%@tﬂne&%}, Bid &dnkiSthr HBWaE G HE21 N
termnal of tra or 402, a gate Leceiving control signal |abeled

"VAG[ N ", ‘3<§11f'|*!3\t°<312 disep M- gB%P@E?’%Pr'&F‘h‘a“?%rn‘i“PF&IMfconnect ed to the second
source/drain termnal of transistor 402. Additional transistors between 2

and N are [oe9g ntFIGns mhmtwaiﬂaﬁm lﬁl&ki disgranddad partialatiemand fohﬁ;‘ﬁl véltagéoversion’.

Each transi sta a . w.dth-to-len i L) that.is. 2k t he
e ot rardbel agb trns i iuion daver Bder 50 aleek piEinadirat ORFE s hen
t ransi st or idfid stagesS02 hnd-NZobversizm clyits ambspdnAmg 'tcséaoll oﬂtﬁBNhasmmrs afmnuaﬁqual to
2N tines r u |

2N sty at ool 848, Shtlaidl Bl Bodlof Hidid 18 PR b volees,
conver si on Vmc[ﬂl: Yiascl B0@d Vasc[NE eesmwlyatlnpsmm ﬁ@hlneladqs @@0}8‘4@0113# arfpplier 2,

vol tage COoMygnst 94 fla'so! dnd ANRIBSuftly 508 RSeratbidl Smpfier 30#1nd CRIURE HplP

circuits correspond |ng tO each N transi stors att enuat
terminal for receiving control voltage Vcrm, through resistor 504, a posmve input termmal and an

output terminal connected to the negative input terminal through resistor 506. Voltage supply 508
has a positive terminal connected to the positive input terminal of operational amplifier 512, and a
negative terminal connected to ground, and provides a reference voltage labeled “Vpc” between the
positive and negative terminals thereof. Each conversion circuit is constructed similarly.
Conversion circuit 510 includes an operational amplifier 512, resistors 514 and 516, and a voltage
supply 518. Operational amplifier 512 has a negative input terminal connected to the output
terminal of operational amplifier 502 through resistor 514, a positive input terminal, and an output
terminal connected to the negative input terminal through resistor 516 and providing control signal
Vacc[0]- Voltage supply 518 has a positive terminal connected to the positive input terminal of
operational amplifier 512, and a negative terminal connected to ground, and provides a reference
voltage labeled “Vpc{0]” between the positive and negative terminals thereof. Conversion circuit
520 includes an operational amplifier 522, resistors 524 and 526, and a voltage supply 528.

Operational amplifier 522 has a negative input terminal connected to the output terminal of
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devi ce 340, including representative conversion circuits 510, 520, and 530
provi di ng voltages VAGc[0O], VAGCI], and VAGCI N, respectively. Input stage
501 includes an operational anplifier 502, resistors 504 and 506, and a

vol t age sumpb yoo509210per ational anplifier 502 has a negatirh®2008istss t €r m nal
for receiving control voltage VCNTL through resistor 504, a positive input
termnal, and an output term nal connected to the negative input term nal

t hr Olﬁgh r es:ip&htwm%ﬁ;hﬁ&oimagmuguﬁﬁktyr 5028a pbsatszeanmmsérminue aﬂtEirinlﬂﬁﬂt temmaect ed
tot ep05|t|v er e gatlve
termnal coNNEG e{é}%j ne&r Slﬁrlln " “’"‘H“"g%‘é‘\’}‘. eglgg)r?e edgﬁoélédrm\goﬁo?ﬁoéélg? ag\%é?c

bet ween t héVoltpgessupply 62 & had arwglatm teeminad connpaddsto tkeepositive inpatdérminahofeapstiational

circuit is I ' | I

per at i onal NP fifa e Yrtnktel coYEL o Ghd Sles AR UBET Bt o
Qper at | onaI“Vacfb]”le‘I“@‘Fn the positive and pegglinei terminalsghareof.c Canversioncirpiie B0 derludes amhe
out put  t ergglbiinaiOimpRR&T B8] RH&brs @ﬁmI_ddfsisefanéQ%oﬁAgB QP §1S 'cﬁkﬁﬁoréﬂénplﬁer ,

p05|t|ve|n ut term nal and an out u termna connected to the negative
i nput  t er mi3Aalhes mnegstre inpu;termipal 5 %ecéﬁi'dorsheoww ymingh ot eperationgh amplifien 692 0] |

Vol t age  sURRtoighrdsistdts342a Bébﬁlv%hh‘;ﬁt teghifALNAld dacuamﬁegﬂhnmomemﬁma wgwenput
term nal of, operationa rrp) |£éeer 51% and get term nal ect ed to
ground, and™Byt Umipal thropeh zesisfor fiq.and peav H’éé%"é’ﬂ “9@[&0‘”%@?%

posi tive andsitiegRininsd dofiediedad shel piti®® finputCeniiaiSofospefatititall lafnplife? 332, nmhudes an
operational_anpljfi.er 522 esi stors, 524 an and vol .t |y 528.
Cher at i onal e Eiet e caieusd 6%usthd d potapieRRpss Rkieelansfy R thGeth, o

out put t er rthaymbitied and BegAfiver@ftdaliBddf PCT/ US2005/ 002665 oper ati onal

anplifier 502 through resistor 524, a positive input term nal, and an out put

termnal  qosgp Ct'l%dgeLQatEhﬁ d@&%&‘ﬁdg‘Iﬁnedr%ﬂé&, eB&;r\'?“Gf”[ﬂ 1sta%ﬂtﬂ>@ ngﬁa‘i’ﬁiatS&Q aing® and

providing control signa I'T. supply posi t |ve

t erninal coinBEtshided &erflweofp@g ?Wlsasiefﬁm Femﬁon'avl Séﬂnalo\%dl%l ISd?Fthlﬁeéeral fier

522, and a diedetk bMéunt ﬁhﬂﬁéd BYOVHREDY B Ghat Sach tratsfiebe basdfhePAcBVE MlQdifferdnelfieence
vol t age | abel ed Vn " bet ween the positjive and netgat lve termnal s
d\‘-ﬁ’i‘a 0

t her eof . CAHVROPES!oYP! - 5 Blys| 6ortre] qunltagsn Vo &ty the ofiayent, 9p 125 finclydingor

resistors %ﬁmﬂu@%asmAacmoﬁmamw-ﬁaﬁq Qper at i onal anplifier 532
has a negative input term nal connected to the output term nal of

ti I I th t 4 it I
and an out BIES IS e ien el 8P SR St il ToRREe SRR B AR
resi stor 538GandindiiGvé the vertical mkis Mdlcauegﬂhaholtdgﬁf[dkﬂmolVrzhalagﬁ;cﬂq]l i lky= & BN, has a
positive t Dothe GRBEA S f%?Pes;% oRt?oi %ﬁag ,{’IA of:serﬁi‘um' é@f g&&%ﬁﬂv&”a'

anplifier 5 and a negat groun rovi des a
ref erence \am ill&gﬁﬂnoeﬁdmne‘mh Qﬁblt[ar\l]itffemttm@ehof Ydve.- p!stWtﬂtrvleVOétm \hsganqrmes,
termnals thaegRt cor&gpéé,hlsmﬁgm%ﬁm sknb&nig g:%fnraqgw lvex&gé Imagh RithCEhowiach

VAGC k] is a_control si gai ne fted version of
control volin Bl Ovarerresstaive ARt siswisharl Ol Kec] lumogtzwdsmwd'rwaasnwn

of a succeeding signal begins at about the voltage of control voltage Vcnrr, at which the previous

control signal Vsgc has completed its transition. However through selection of appropriate values of
Vpclk] the transition periods are made to overlap slightly to make the attenuation characteristic more

log-linear with respect to Veyrr.

[0040] Returning briefly to FIG. 3, note that the DC bias current through transistors 326 and 336
is set by current source 316 providing a bias current I through diode-connected transistor 318. To
minimize the change in input impedance and noise figure and gain over manufacturing process and
temperature variations, a constant transconductance biasing scheme is desirable. This feature is most
important when the AGC loop requires full gain. A constant transconductance biasing scheme
provides a bias current Ig to keep the transconductance of transistors 326 and 336 substantially

constant across expected process and temperature variations.
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different anmount (determined by VD k]) so that each transistor becones
active at a different value of control voltage VCS. Thus control voltage
VCNTL can be thought of as including or corresponding to a set of VAG] K]
control si gumioesAme2tk = 0 to N. [0039] FIG 6 illustratesrasmoagabess00 of the
out put vol tages of voltage conversion circuit 500 of FIG 5. In FIG 6 the
vertical axis indicates the voltage of control signals VAGO k] for k =0 to
N, wher eaqd04ik (nweyerwne thaxtiilsbegép teberdwednthe operation bhithe AGTNGbp Wienthe t s.
Thus in FI . rent
val ues of Vi pmérﬁl/%ﬂ%%tro etac%ﬁsé @%%ﬁ%ﬁ%gggsgﬁ%ﬁc%%ﬁ}%gc nE‘Jr“g

si gnal s VA&adrythe anaﬂgnaamcmn@tmo@hga}n tongiptengy Pyineeds @é’g@otl@fo%lc (sndroughly bogge.

Shown in HinGr a§d@sel%ea%wveﬁs%miaa&.b wsseq% QIC cah 8668 e nYRGOLBlt at YAGEt bdwer.
VAGO 2], and VAGO N|. The transitjon a succeedl ng. sbgnal begi ns at about

the vol t agehsghe e&rﬂ Bgs wwﬂﬁgea'vdbﬁsaﬂw fgthee rrdvesd ety efithe Lyén‘fef"‘a’l‘esé]i‘egnal
VAGC has CQﬁriﬁia@t&dcehL STd haMimizk ulmntyﬂme@mwn%mtwﬁbmwmmj 328[2pd 935 | at e

val ues of t he, t tion periods are mde {0 .0v htly to
ake the. arbBIE Pz, URpRinREY oo G DG it e P apsttoR YL
[ 0040] Ret wand bmthe bonitredy| VpshiCoak byical; vandiye-3 tirads betaeerDbe fastasocedsing esrhertatuotugh
transistor cur t source 316 providing a bias
current regaﬁuéﬁmg%%cféowcpzrﬁcﬁ%%qgeém rraéhés%l?s oraH'f:.P18 To mninmze the change
i n input |rrpedance and noi se figure and gain over manufacturing process and
t enrper at ur d08A3} i Ko imrpsove glineanity timrthese dewn seio nmagionsapfc epepition | while segitaiping she
desirabl e. du'l}aﬁlefpﬁﬁ&ﬂdés%f'c&sfiﬁﬁ&anschﬁﬂ%%ﬁc@%{asd(%ﬁ@u @%m%n‘v&ﬁ& haELd Fiewf Ul |

gal n. A constant transconductance biasin gr ovides a bias current In
to keep thiasingmode novates fhesoptant Yesnsﬁ“@qeorl% ths 2ensteAtV3B6m ek BipHFHTR T spYfce

const ant acy1epRvRIEES At Q§t6$c sabueHiiBe Votagl 6F tadidtart B2 3§@sthlntlally
2005/ 078921 PCTI US2005/ 002665 0411 However on gai n, be |ns to be

reduced by PHEATHIFEPSPAPEH °°Fﬁém @@W’B‘B’ﬁ valpinns; His "f°HBEftd°§°F‘ haespesh iRy h
i ncreases, HGET, ok iilfusede)in Sdherhitz fgra 4 iAPRmMEARIHE of bigidureRSOREET 6 bEFIS. 3.

[ tant. -.Und th L | ' di t t I
noeds. to b OB ATESCIRE PR dgumet Raiy 7068 i Surpbensa a0V E o0 ¢ na
the cl osed duoen seuBE 126,mnk ex P-¢hmeliransistorgT1B0P Currexdt mimwors08 iiclydes @ channeAbsShe
signal gr O%ﬁ%&ry 762%9 %Lfa qqmtsilgtgr ﬂﬁ_}]as A s%uﬂ(cé’EonQ& eldrtoe gchgate, ta.hd’]ae 3‘51 tcé/nn ?Jtedt he

LNA becones imze uration
vol t age (Vm)theogatet them@ @dcspxyln@za@ aannbu@,:eﬁthe@nmnt dnityer. nErRpsistor 194 has a source
Unf or t unat elo)nece@RSVA L té ms&&qu%adm omggtaﬂmiom ' @hin ThotidMeZa oWHRAT

and on the contrary, can typi cal vary - | mes between the fast
processi ng t%’h‘@%“&t‘"@blnﬂm?%épg‘t%@s%@3%6“‘%14‘%9"&%‘5@@%&%2}6@& ner at hot
tenperature. [0042] To inprove linearity in these | ow gain regions of
operati on Vipe43p NRirkhtdotic1J10 Rt a feStefntifdl QoiAe@EEp! the Graif ofqmsigtanxoz and a

t ransconduct ance bj asi ng a i gh a| n nt or has
secong tenmjna co t 5tor\’ %’ rrent éource%lé conﬁucts a currentl F (11 ? assoclated

therewith to cause LNA 212 to operate with substantially constant transconductance.

[0044] Current source 720 includes current sources 722 and 724. Current source 722 has a first
terminal connected to Vpp, and a second terminal, and conducts a current equal to Icgy. Current
source 724 has a first terminal connected to the second terminal of current source 722, and a second
terminal connected to ground, and conducts a current labeled “Icypssar”. Transistor 730 has a drain
connected to the drain of transistor 702, a gate for receiving a control signal labeled “Vagc[j]”, and a

source connected to the first terminal of current source 724.

[0045] The operation of current source 316 can be better understood with reference to FIG. 8,
which illustrates a graph 800 of various parameters associated with the implementation of bias
current source 316 of FIG. 7. In graph 800, the horizontal axis depicts control voltage Vcnry in

volts. FIG. 8 depicts two quantities on separate sections of the vertical axis. The first section is gm,
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bi asi ng node known as the constant VDSAT node. In the constant VDSAT node,

bi as current source 316 provides a bias current la to keep the saturation
vol tage of transistors 326 and 336 substantially constant across expected
process and tenperature variations. This node is described with respect to
FIG 7, whi dhnmhbs, aed thetseeond sectiorhis Wrisircinfyofttn Ihe Vompi-Smresention iinshudes a Gistset of
current sour 0 0 Eﬁ&-@ ) W0 QVEr Sfocerd Bnd & Shahty @
current Mrrcgasa%g‘,“pauﬁkr@ét urre ogd(')%rc_e ?’io, g,sec_gl?ldda‘(j1 uéri‘r%gr?tgﬁéourc

720, and an chiverantH, §16aand BLE. dior Ipw(V on(higtesain) ngm is splatively constent ayerprozessieadne
MOXS transi / b gg@ i QA EistEnct O i3 ds ¥QDD,
a gate, and a c‘f?&gl}%%%%ﬁglgc@gam;ﬁ%yl?%e ﬁ%‘%‘%ﬁqﬁ%ﬂ reo la% 'sercg'i_ngag‘;se‘?an I'nput
of the cur r énreasisifunther, cPrvan8i2s 86k 876 4and BB sepayate inc @ poas gpincovsisteneyoregiom, The gat e
connected tQ,theg,draj.n.Qf: ' . | E OV u t
Corm nal of VA Yo inhBER Wb ol binaBitie el iltlfhe Tl 94
current |g t#26reafli838n PordighdVenny Voandempostratee geddliearity and is reletively cpistrat across
connected tq th ' tr ' 70 o} rm ed
o Vas, - Cur pevies el Bt TRARARE Vol forellly e PPRNDA, LA VL HRAAE

t herew t h t qooslirearity Mgiodl2 to operate with substantially constant

t ransconduct ance. [0044] Current source 720 includes current sources 722 and

728, O el R8T Che b S A BRSSP

termnal, a nducts a current equ sour
first tern naddeoftheampkier bised treths emamtioftgeinmequirkd byf the AGCdorp. Idhen the AGC Joopnd a

second termpal e 0 | t nd I .
DT | TPl LRSI BR vl B i Y5 RS Bufl s s S frowice
702, a gate good giiacedsistency. aWhenthe AIGCslogmedusds ANA 212 16\4p&aate With, low paiinaconstantr ce
connected taq,the first ryg nal . of Jrent sQuree 724 00 operation
of current g%‘?ff%'é“’éfl% sgltgcgerg%g pg%v[ufé e%"%%ﬂ%[:‘ to%ff{c&ﬂng Z?“rwe e?oéwﬁtgflé htlgs%ﬁd&g °
whi ch i || ustmhedeand congasituiid voltage aiodoces bp easiyrashievel by using aredpmoipriatd snetol the

i mpl enentatign of bias .cyrrent, soutce 316 of EIG, 7. . raph 800 .
hori zontal aX4% W epaels, “ﬁl@&’d %Lﬁ]ag'é"%ﬁ‘rﬁﬂ“f’ﬁ‘m% H%@‘M@‘Pﬁﬁmd‘gﬂcs?gﬁgm
quantiti es Oxbts€antd] @nisiobltpe Ve itdiPcouldrieivsal toakinge bafiweenfthe o weades.i Mowi S
gm 11 in mhgs, an second section is VDSAT,.in vol . The Vor .-gm
section incl G??Eé“g °$ th'gte as Bfwmgﬂgm&@gchcgpqecm@awgmg%go Pé‘B?cé’g‘gWFY%ﬁ’d
nor mal vari abjhOdircoiy 816 providee SonsAMCtufre NG as Ial dn ooustantatratoneliageiode Srafisistor

814, 816, and 818. For Il qw Van. (high gain), gmis relatively constant over
process and 7@éhﬁéﬁ%ﬂ?@%@&‘ﬂ%&§?‘%ﬁ'§q’aﬁé“ tifier 320 denpnstrates good gain

consi stency. However as Vim increases further, curves 812, 814, 816, and

818 separat € [pda7R FRO.@illG#hiEs £SARF biah @fwio&,%gmmegm@ circdft RR-reckiver 00 %Sﬁ%ﬂ g"

i ncludes a second set of characteristic curves 820 including curves 22,

824, 826, arfgisgemplifith?12eidiGrR . Payieni00csenpies rcomersof ghrotepripted airquityand aiberi s

relatively coiali@y)bordifss, &Y. 2GR sRN. PERIBE DO MEIRdes HONEME a Ast 14OM block

decreases, curves 822, 824, 826, and 828 separate in a _poor linearity

r egi on. 910 and a second layout block 920. Layout block 910 includes LNA 212, and transistors 352 and
362 of the mixer stage. Layout block 920 includes all other elements necessary to form a mixer.
For example in an analog implementation of the mixer layout block 920 would include nonlinear
devices that multiply the differential current conducted at the drains of transistors 352 and 362 in
response to a mixing signal. In a corresponding digital implementation of the mixer layout block
920 could include binarily-weighted current switches that are switched by a digitized local

oscillator signal. However, these two examples are merely illustrative.

[0048] To maximize the gain of the amplifier, the quality factor (Q) of the load must be kept as
high as possible. Series resistance with the gates of transistors 352 and 362 can severely reduce the
Q. Since these dsvices are functionally a part of the mixer, they may be physicelly separated from
the output of LNA 212 due to conventional integrated circuit Jayout techniques, thus increasing
series resistance due to parasitic losses in signal routing over relatively long distances. To reduce

12



[ 0046] The inventor discovered that it woul d be advantageous to dynamically
- change the bias node of the anplifier based on the anmount of gain required
by the AGC | oop. When the AGC | oop causes LNA 212 to operate with high

. gain, constant transconductance nmode is selected to provide good gain

consi st ency . thisyeiect; trnsison 1536pd 862 lkave besuaombined with fhermest of WNAIRLR @nd Bid owt in
constant  Vnggy ty © BEMRAL actatg?stat m as 39PR%ubstaBAly rbdrce L

bet ween constant t ransconduct ance constant saturation vo age m)de

can be easil9n Mt@rdm@ywmndwwdahm @tnvtdaq! at Badrags of fransistor 352candt 363 | are
signal s, desj,gRated i ripelidnce h&eptdasrma gp?ﬂﬁmtémt AudMdi s ?éﬂcou+tgx RUat bo

devi ce 340 i s’ not separated, control e Vcm itsel be use
change bet wetoleratedonithase neslées, Now referring to FIG 7 as well, in constant
transconduet ance node transistor 730 i s nonconductive and bias circuit 316

provi des cons @g er IH-%II] C%nli cpNtﬁ%f 04\ mtc\aﬁraagcp cn é&l?@%ﬁl?&??% ﬁtstféaxple\gglle% ﬁf%[‘ 3B %g]

transi st or ve rren
FIG 9 illust Bﬁtaae 362 drk tmatep haelosofto qbopmtpmofdiﬁaalz #tpegitiet tedvaid AeprAding e Q

recei ver 900 & t!'ne ?ﬁ‘ec?l 1039 Ittﬁgu rﬁ%}asilé %utlﬁ%?esglfanéél G;a%ngts 151%% épﬁ'uxp 290, Qerup! es

a coner of the& integra circulrtry, pads, etc.
are not shownroufed rbeuvmn ROt bh@kﬂﬂi@%@éﬁbbeawsytha sflispapent| apgratian ip estdensivego and

a second | ayo asﬁ{cox(é§1§tg§cg "l"["l‘1¥| Ol Qlcg‘t" K:oglé&lehtg %Ilﬁqﬁé tﬁcNél)%tl of thd! Gceiver are

transi stors 3 m xer st Layout™ bl ock 920 i ncl udes all
ot her el enent @dvnmwsl@&rqwttlbltﬂthetwean miobiferent modulantayapitiockh an anal og
I npl enmentati on of the m xer |ayout bl ock 920 woul d i ncl ude nonli near

devi ces that [ j r r

transi ot or o SS0L, Fnt R 212 prSlabd el 6l seRifhack BASNE P! ool SUBEE. BBich
di gi tal inpl dnchdesas idifferenfialt load hatwen ﬂwawtphﬁérl stagks toQﬂ'Gde@ﬂ;iptbpmtelattdmanon for

bi narily-wei dc W t stat .are_s adl I

osci |l I at or sgﬁﬁa 'Eiowé{/ﬁ? ?mphe(gsgceo tk[} \é\ﬂgg ‘V“F‘t'ﬁﬂfi Tl\ef‘gﬁ&l

[ 0048] To meutputzie maximigaihe @fof tHeereﬂmpk no‘ader‘l'hud,hhe epteahaﬁby déxdmt:@ﬁ:m@@ upints he

| oad nust be k ossi bl Ser es r ance. W th the.gates of
transi stors é’%‘?‘fi’i%a"%?‘“@@ s‘@ﬁ%"? eEfuBrg Yhi ‘6" 2%3‘"?%@8”%8‘&3&&"“& e
functi on]al |y cantfphvdltapd prbhmadlﬁmgameﬂhesel-ﬂﬁﬂedbashgyﬁﬂmalﬁqtcaﬁﬁl aronigedFimnmet he
out put of LNA 2 o,conventi.o ed circ ut .t echni qu

t hus i ncreasi®f§ llgeé'g‘?t‘sés&"’ bé%s’i“§t‘sa‘ﬁ5‘3‘{]€‘ﬁ§i ?“O‘Fg%?f“&tﬁ gan “f“g E’%EE'E PEFng S‘?hg’ﬂ‘fl ng
over relati veblyctédfoohigh giitadasonsiat Vagditiging beheindickosed foflotv, gain| Wiftsthe twitchowep 2
and 362 have been copb ] | .NA 212 and laid out in close

i pe t he rest of
proximty toPPWédqu‘?ggbgempglﬂ?@g%M and 334 to substantially reduce

the routing parasitic. On the other hand currents i " and | Mo, provided

at the drai nqoesi] t iadtesntolinthi, thendfavitssor te MOS ﬁan‘ﬁi@toﬁ childvbe mﬁan%ﬂe
m xer node, al\qa§para5|t|c rgm st.ance dﬂ&sto SI naI rout can ge bet t

tol erated on nsi¥ers have Gepaglustrpted, r“PEFﬁP {4 g rusgdew ere
circuit recelgpflopit) Firthieitre he RirGP thalproVided Ay af e %dvantages hshed above couid be

employed alone or in various combinations to achieve desired results.

[0052) 'While at least one exemplary embodiment has been presented in the foregoing detailed
description, it should be appreciated that a vast number of variations exist. It should also be
appreciated that the exemplary embodiment or exemplary embodiments are only examples, and are
not intended to limnit the scope, applicability, or configuration of the invention in any way. Rather,
the foregoing detailed description will provide these skilled in the art with a convenient road map for
implementing the exemplary embodiment or exemplary embodiments, It should be understood that
various changes can be made in the function and arrangement of elements without departing from

the scope of the invention as set forth in the appended claims and the legal equivalents thereof.
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352 and 362 are located as close to the outputs of LNA 212 as possible to
avoi d degrading the Q of the effective |oad through parasitic routing
resi stance. Signals IMxN and | M xp however are routed between | ayout

bl ocks 910 and 920 because the subsequent operation is |ess sensitive to
parasitic resistance. Thus the circuit conponents formng the m xer of the
receiver are advantageously distributed between two different nodul ar

| ayout bl ocks. [0050] Thus LNA 212 provides at |east four significant
benefits over known amplifiers. Firstgy] includes a differential |oad
between two anplifier stages to prov#a%ég%%ropriate attenuation for
operation in an AGC | oop. Second, the m xer gmstage is |ocated physically
close to the LNﬁ ou%P%%Eig maxi m ze the Q of the resonant |oad. Third, the
attenuatidn ded Q¥ noise AT RIS nul ti pl e exponential ly sized
conponents t o pf @pGferhatidgialfai ifpdt @@miidal 8 re R AL HiRE inpld signaMatfitst cont r ol
vol t age produced from gai ned, |evel-shifted versions of the AGC contro

vol t age. PoipRt terminplefor preyiding afirst puipwisianal amy & fedepck dnpps terainabies sgseiyingt he

rel ative ' ' a t : I aS| §fn? .hi.gh gain and
a constan9%9ﬁ§£$%E%§§Pﬁ%QEEﬁgﬁ%g§h§§%%é€%? oﬁ%}ﬁ#ﬁ%ﬁfﬁﬁﬂ?lgk%&b?chover

poi nt det er m nedidsyirtdiehaAdig aonputatrmind] fageceiifdsd ¢dntiab sighdieandemizmeciueent s,
the conductivities of th transistors. coul d be reversed.,. Wile MOS
trane! ot o) B HoH (T aR s el SGETRT Sy AR A S OlSEes coul d
be used WiRk&o, VAIRIPEIRRAIH BB cirbbit [sHEPORNI R tolRBIdCoheslisign¥] folpbraly iA\bhe8Efi@NY Of
the advantages |isted above could be enployed alone or in various conbinat

i ons to aehd esrendimofesewhersivintssid frgamae syifiblias cireuit bigses saidemplifighiopgrate
enbodi nent, t ' o] ' WRLLoD.:. i1t
shoul d bo parsERaRLAREN Eoldab ARk MBI, Uik & cefE mAEBAA bBL LR ' ) <o
be apprebiatsedid dngilifiche epeeapinaa gnbstatiteadly wemdtand satevad opivaltage @mddedi nent s are
only exanples, and are not intended to limt the scope, applicability, or
configuration of the invention in any way. Rather, the foregoing detailed

descriptign W Ithe RIvPNbiSkCahIARS 0B Klaink EWherid A& Ahplifr i charaeRAY&MAsingla0ad map
for inplenmenting the exenplary enbodi ment or exenplary enbodi nents.” It

shoul d be diffetentiol aoplifiashaving agifl Sost inpubiegainakignraseivimgdeid first inputfsignakanda and
arrangene . e] i e i.ng f %ﬁo i nvention
as set fosgﬁﬂpHﬁwﬁgﬂﬁ%%gﬁ%é 8@%‘qﬁgg%%hﬂgﬁg&ﬁg%%#PQHU|Sgﬁgﬁ%g&Pﬁgreof. 13
CLAI M5 1 terfninab¥orpeodding 83l ifirst @ utpaosipal sndgsecaind autpdtiténdnal fenprogdiaghi r st

input termnal, for receiving a first input signal, a first. output term nal
for provi df$egd Quipkt sgnabwherin said fizyt andtgond inptichiials and set firss i Sgond o

recei ving ou&m@ﬂ@ﬂa‘l@éacl{g&h & difbehl @igggi;qirg_ont rol voltage determnes a gain
of said anplifier; and a bias circuit "having an input termnal for receiving

a control signal, and an out put

3. The low noise amplifier of claim 2 wherein said bias circuit comprises:

a current source having an output terminal for providing a first current while in said
first mode and a second current while in said second mode;

a transistor having a first current electrode coupled to said output terminal of said
current source, a control electrode coupled to said first current electrode thereof, and a
second current electrode coupled to a power supply voltage terminal;

a first resistor having a first terminal coupled to said first current electrode of said
transistor, and a second terminal coupled to said first input terminal of said amplifier; and

a second resistor having a first terminal coupled to said first current electrode of said

transistor, and a second terminal coupled to said second input terminal of said amplifier.

14



term nal coupled to said first input termnal of said anplifier for
providing a bias voltage thereto, wherein said bias circuit is responsive
to said control signal to operate in one of first and second nodes, wherein
in said first node said bias circuit biases said anplifier to operate in a
substantially constant transconductance node, and in said second node said
bias circuit biases said anplifier to operate in a substantially constant
saturation voltage node. 2. The |l ow noise anplifier of claim1 wherein said
anplifier s c N ' ' ' i V] sai d
Fivst i mpdt o one Rat POt At SPLIR SSleld SRPRLLR TR il A0 S0

i nput terfirnalirrémr recei ving a second input signal, and having said first
output termnal for providing said first output signal and a second out put
termnal for providing a second output signal, wherein said first and
second i nput sirg8fjw néiBHariRifbr b Elaim @Meﬁ:ﬁpﬁi’tﬂamﬂiﬂe?%m?ﬁ&@ﬁ! s each conprise
differential signal pairs. 3. The |ow noise anplifier of claim2 wherein

sai d bi as ci r caifirstéigngsondussance deviee havingsoentrel diesiode faameasimipgisaid Bishinpefl  f or
provi di ng i i insaid first node and a second current
while in g%?%’é%%%ﬁg{ﬁggéfﬁghbggﬁgpstor having a first current el ectrode
coupl ed to sai d fissttigudtdeviee iaviag a ditst seidhal caupledntd afostipoeer supplyntoltage el ect r ode

coupled to said first current el ectrode, thereof, and segand current

ol oot r ode B &6 & SFeand s eLBed G54 Hbenhe RaoR ot RALE o1 St or
having a fiahsbndRidmtdadviceodhl! fEthih @ said kieht bithat siglal theftonel ectrode of said
transistor, and a second term nal coupled to said first input term nal of

said anplifier; and a second resistor having a first term nal coupled to
said first. cur f j r i 1 nal

coupl ed ttg' sai g‘ﬁ gieogglrll@g% %‘ﬁ@fﬁ e? 8?%%\@? VJC})IF %23%32"( g{sﬁ)h@??ee‘??es‘%wgeﬁé oW noi se
anplifier imfucokai m 3 wherein said second current is larger than said first
current. 5. The | ow noise anplifier of claiml| wherein said anplifier

conprises: a first transconductance device having a control electrode for
recei vi ng 7sai d The (W néiSPathpliffdr 8P &lhim 8 Mhereid daiPimpIHidr @itihef LOAPLE 8 secdnd a
first |load device having a first termnal coupled to a first power supply
vol t age tirdugion adupdescbetverncossdondeuntientzdlectrodpplendia frsstaangednduetancederisat
el ectrode id . first 0 ctance device and formng said first
out put si é‘ﬁéf&%ﬁg(} 8%‘51'% sgpﬁl%ﬁzgﬁ% e\r}vg%cﬁmgé anplifier of claim5 wherein said
first load device conprises a first inductor. 7. The |ow noise anplifier of
claim®6 erein said lifier further conprises a second
W%. The ?ow nc?igg)ampli ter of claim 5 whererirr-{)saidS Erst current electrode of said first
transconductance device is coupled to said second terminal of said first load device through a

cascode connected MOS transistor.

9. The low noise amplifier of claim 5 wherein said first transconductance device

comprises an MOS transistor.

10. A method for operating a low noise amplifier with automatic gain control comprising
the steps of:

determining a power level of an output signal of the low noise amplifier;

providing a control voltage in response to said power level,

biasing the low noise amplifier to operate in a constant transconductance mode in

response to said control voltage being less than a predetermined voltage; and
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i nductor coupl ed between a second current electrode of said first

t ransconduct ance device and a second power supply voltage termnal. 8. The
| ow noise anplifier of claim5 wherein said first current electrode of said
first transconductance device is coupled to said second term nal of said
first | oad device through a cascode connected MOS transistor. 9. The | ow
noi se anplifier of claim5 wherein said first transconductance device
conprises an MOS transistor. 10. A nethod for operating a | ow noise

ampl i T1er wi t NoashORRiLG n3RERNBARE! BlopGatEH b Sbilhnt WtrafibPhoiuk mdeler m ni ng
a power |evel of an output signal o Phe I'ow nol se anplirtier; providing a
cont rol voisparge to said empohsatage bsiag graaendran isaid predetermied gokdpe. | ow noi se
anplifier to operate in a constant transconductance node in response to
said control voltage being | ess than a predeterm ned voltage; and 15 bi asing
the | ow ngise FAPhicthodlof tRINDPEWRERIH QidPstePEdeMhirtdd saidpdvadt IR Eaggisepde in
response to said control voltage being greater than said predeterm ned

vol t age. ihe steprpf detstminingcwidcosyererel @ﬁ@%@iﬂfp% sigerl of s low ngise emplifierhy sai d

power |ev I, t Jof M j i d

ut put of e AR eREtr sl Rl Pt BRI ST AR E ! cRPIST T ot

t er mi nal eh owtpnt treeningllvdthedlowmoiresimphifiemput term nal coupled to an out put
termnal of the | ow noise anplifier. 12. The method of claim 10 wherein said
step of biasing the | ow noise anplifier to operate in said constant
transcondugt anghe Alethod @0 BRI $€ vheRe Sidefepdf Hidsiig tHe R Roibd arpplifitr@&s  current
and wherein said step of biasing the | ow noise anplifier to operate in said

constant OR¥PIGIMEAIGFONGENE HRfsCoRsietapespedesomprings the EpP of Providingd st tiasecond
bi as curr epbefibA&hekiMid st&p & bﬁdsfr&tthploaﬁncﬁéérarn?ﬂﬁﬁer 1106operate in said constant

saturation voltage mode comprises the step of providing a second bias current higher than

said first bias current.
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