RADI O FREQUENCY LOW NO SE AMPLI FI ER W TH AUTOVATI C
GAI N CONTRCOL TECHNI CAL FI ELD [0001] The present

w0 pwsrdoon generally relates to anplifiers, anBCTHDE®05/002665
particularly to |l ow noise anplifiers for use in radio
frequency equi pnment or the |ike. BACKGROUND [ 0002]
Radi o frequentRADKRFFREQUENES LIOWNOIIBE AMPLIRFER mat i on
signal from one pPWITH AUTCMATIGEGARY CODIROY. t he
informati on signal to a higher frequency range that is
nore suitable for transTEGKENEIAIOMELDt he nedi um bei ng
used. This process is known as upconversion. As used

ei equenc SI

[0l£tﬁgn a’][‘hecpaﬁsvgtym\hen{lon %?nefa‘yl?/ l%erzsﬁtao tan{é'l:‘ﬁ da%ﬁ n%rg g!n{l!:lﬁﬁly to low noise
anfplifiers éonaye if raio ddpaicy 3qkipheatier the likkHz) to t housands of

gigahertz (GHz), regardless of the nediumthrough

whi ch such signal is con gx§$3 an RF signal may

be transmtted through a?r #ggﬁgéace coaxi al cabl e,

fiber optic cable, etc. An RF transmtter m xes the
[0812si r Radlisfrepuacy (RApdavicastransmit basé@mnorsslgwhfromm PPI%MO another by

W6fe shibble for tr

o S8 ST b S OEPHBRLAR Yl e s v
thevinedium fheing aised; dinisf reagsreln kyowrnasrttpsqmprewtl hés gipeghgrein, gradio frequency
si talg n?e%ﬁsginré ctr{ceé%g%lﬂglrb‘affvey{ng qgeﬂl nllfﬂrél‘?abﬁny Qﬁcﬁﬁlvlngg frequetn%y from about 3

ecel ver s receive an ant enna
kileheizi (ﬂ<He)dtou‘®mrsgnd§ cff g@a@e@za(qﬂmgmﬂie@r ofzthel meadaws Hrqugh dVlllCh such
s1%%\$f“irs %‘nJegéd“SﬂLﬁ%q{r Ll 2“6’3 %n&nﬁ&pﬂlﬁﬁl 14 airsfréecspace coaxial cable,
ance to the rece ircurtry. Since the
firee omwceblleRFtc sidgridl trsttsmettvgurhxqs e dvaxr«;d ssgtghdmp‘mm thg baseband signal,
wilPRERELAG Haldiy £t EARGSIOR %Lemrgefeasd REGEhY 8 Kodf2f hen mixes
ansn1 receivers typically 1nclud circult
thé signahwithy ﬂﬁtcmmlelgfmquemm reggbre (yrGipnal tA@GZOIIISmH éqeﬂ#emy to
- the operatlon of the receiver because it helps to keep
[Ob&ﬁl Hﬂv\ffygv gllvﬂ: %glvé{}ﬁen fa{?%ggltné(ltqg ée%%tgﬁg%y gﬂn%&nﬁ q}hlérhﬁnphﬁed using a
ﬁxeri gris pingkifies and fransmitied pvm traygyigsian|lipe hapng 4 shetacieristiy impedance to the
reddNdr %9+Lﬁté)gagﬁ]lcé ﬁ-\é’ rg%cvgg I@‘r@éﬂaf bt?e gl{lLCM)VaI)M b%ﬁi(ﬁﬁlyndép@ndmg on the

contro circuit before bel ng convert t ed
di§tansen tRFWeen tanS@blaﬁdand[ o Ownsdier, IRYovmeilws Rgdcally ipghyde a circuit for

au%ﬁ%ﬁlc %aﬁﬁ%%ﬁtﬂﬁ ! (&GC S'Aﬁ}toﬁ h&gﬂlﬂd"fﬁé Kperdttnof Tid Y@EMRE Kecause it helps to

es resi stor se resistances can be made
keep th¢@pyelt lg‘qéph’@p recgived signakeloesitdthg opidmal 1gvgk The signal at the other end of

the E‘%ﬁ@sﬁ)ﬁ I11 is t‘lf{ﬂlgyévﬁgll?"eaﬂl?hﬁmn a%ﬁﬁ%‘éﬁ% fo rQ)‘?se k8Bl (LNA) whose

esire e si pr oper |
gadt s eoniellediby meé@Ithmqglt befora being @cpwrtﬁdlfr to hapehaad er .
However resistor T-networks exist as discrete

0@@ PORGkSownMbifitl SALGE AseI USRIBICRSitor THEEIAL rrFH@T—network includes

istor T-networks are not very accurate whe
remﬁtptSethethédsel resisignsge reah disamadq dvverys togethins |Tr1?t’3 ebpeitvetk allows the

trﬂsﬁlﬁﬁéﬁ fine aellml\‘}&%lnqmg&aﬁ&scb Ha PJ: at fhbaLste (/aﬁue RQll@ﬂh@‘A@ﬂ’d? is properly

circultry capab ration but wt
atfpgndiesy reawitieg mmmmlmabpwpr @pn%@t eyqqaeﬁlsg,qjc”lf-,nqgwg\]m exist as discrete

ciqﬁdj%ﬁén?st Ghich 8(?"*0 systERbbsE %MM%ES e {eggtgﬁ -nkiofi %rJ 11k Wr accurate when

W norse a er includes first and second
implewented nal g@tvamtpgald@\wmpetsCMf)Srlgtpgrated 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.



and second | oad devi ces, and an attenuati on devi ce.

The first transconductance device has a control
web@sworssee for receiving a first input signal,PEHuSA05/002665

first current electrode. The first | oad device has a

first termnal coupled to a first power supply voltage

termnal and a second t @8RIERSUMMARYed to the first

current electrode of the first transconductance devi ce

rst out Sj .

10fB1 or3 Bt Rl RRE RS9 o5 SRR SNSLBandiovices, firt
anfl e¢condeved dévings,and e:camaduamp Ldbvmn Gfha fipst aram;cqmdseiama device has a control
elc%cgpciﬁeﬁ%{ec%ga%ﬁggs% fnpu ﬂ%nai jand 2 1550 \%%p%?&e&l%dg a%fl?aﬁEs{ {084 device has a
ﬁrttetérmlm bo@ted t@a Siest poslertsepply naltage tmpinelohntlca se¢vad ftermstal coupled to the
ﬁrgtg{}xfrg etljleﬁ 606 tor Ciaef (s)tftratélgcg)gn &?a(t)lgfi(:j detvrcgre]lg ogrggl%tsalatgr%tgqutput voltage signal
thérbe@y. €Tie. seddné trahstcenidmaﬂan@rdedrew hasea ccmtrobezlpﬂtredle foe revemingtah®cond input
81%18(7 a%%g g?r,?rar? {;]uér%fn? ?clt oceﬁ ; ?Eéen%elgquflo rdS é }cg nSC 1rs‘t.j !tje?mmalgcoupled to the
ﬁrﬁtrmmmpply vbleage erdinul and a sevodd easingl coupid:(irto Ithe| ﬁrptwurrent electrode of the

Sef%g%ﬁns?oﬁd%cﬁaélgg gdr%}” gag%?fo ;% [.?O rsrevo ¢ a&){.lh F ¢ 51%na1 thereon. The
atmmhoﬁ devicetih@upled betwadn the fidesineet M‘tadﬁ c&‘gmoﬁlsﬂ tyansconductance device

ani e v B S Tbde ¥ e SRR U el ot has o control inpu

teﬁmﬁa&Maédeﬂmgd&\mta&mm?tﬂa&onont roll ed by a plurality

of contr oI signal s, together conprising the control

na u o) n 0 ph.ur
OBl RO AL R EAEO0 G000 Oyl bl avie
adﬁ'ﬁiﬁ@%uslyn 1mmieh es pianatltyc uDIf aexpendntieliyreeighted | abignuagps edevices.  The
er I r h i nd .
o hE LERh BheLBRISD LN 1 HBhG ot s i
togkether wmpfﬁhmg fther edntrioh dlgnetl,opodphbg ta dormesponding wnesabf the plurality of the
rst..po upply voltage term nal, and

exgonemlﬁﬁ/dv etl%?ed aﬁel?uannr m 1ncassa first output voltage

signal thereon. The first transistor has a first
[00017r]r eht amittec tpatidelac supdddent g tove naigec emplifiee rimdlysles fiot through fourth

uc or% ffr& hIJou% Lﬁ?ﬁ trar% o%“aﬁ lm gt!te?lﬁz%tfog %3\8869 u’?llleeﬂrs{ ﬁldﬁc@cﬁ has a first

power age er m na
teumnzrlemtlplei tcd ﬁwd @owélfrwplslﬁwol’qatettcmm@il sindra Wacsldatelfmmdtformmg a first
el
oug#l ?lﬂlg g gl?aﬁ bife e%ﬁ %Ré’lﬁllsf?%{%fétlogHa%rasfﬁ*gtc&gtg%rﬁ lré% cﬂ% é:guprl%i o the second
tefnginal rof theifirst rmgiuaon‘ |arcgntrql n]@glrods icoupddd, to ghedfirst powenIWIPLY VOltage terminal,
and 4 ge%}ld c%l‘rgﬁteﬁe%%&%e T’f}% 5%90%8 él&gll“lﬁlg %rﬁrptatﬁm‘@ntf éécﬁ&?e coupled to the
Ferm nal Rd current el ectro
sebdmel csla*eramtbclrmnﬁ itheet first, trmsnsltoa ageuton @letterdeiforalecaiduph &gkt input signal,
), &8 u
o D PG L Yl 5t 60 B3 el 81 e s
cmmmmiewumfthwbo@mnsletpmanmh secanrblteamsdcccmded wranjeprald power supply
C I [ e

LT SPET LO Pb R BREIALES UEESM 10 syl vl
tenmnalhmdsaese@md terminal ﬁoahmg;ﬁ s¢ched output dtoliagel signad therean. The third transistor
has r}irg cgmtant eféctro%lg col gl o%lge sggorr]l %ﬁiﬂgé?ﬁthéé ﬁlec tncﬁlgigpla_f;ﬁntrol electrode
ccfupled ttdn ther ﬁnSSpcMaD rsulb'piﬁ valta‘ge rteatmnau rané rat seedngdodurrenteelectrode.  The fourth
tr{;:ng]gﬁg Fegst gf}?st cgrrecng ﬁltce e gﬁyu(rg to t gls eCt r egerétoefl/ec{ﬁgfe otfli]ﬂe tﬁ&rd transistor, a
cdnﬂphélecsnogen &r recﬂﬂﬁlg&‘a seec:mmlpmmgnelnhncbh egbnd dlmenﬂ' hlectrode The fourth

h |
ingields o csrina] Sl g BB tsel i A ROk B bt angistor, and o

sedond terminal coupled to the second power supply voltage terminal. The attenuation device is
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second term nal coupled to the second power supply
voltage termnal. The attenuation device iscoupled
wheddees2t he first current el ectrode of the fiPGI/US2005/002665
transi stor and the first current el ectrode of the
third MOS transistor, and has a control input term nal
cotfdéd Ee@ﬁ&hVﬁd’ﬁ}st&:uﬁ’&ﬂfere@ﬂrodé F thagﬁst tragsist@and {he @B Lurtent electrode of the

ot her form |OMIn0I r _includes
ot et S 0T PR RmIng B RN P b0l thereon.
first input terminal for receiving a first input
[0@08y N aln, anathfei f&in ©vpubisé amplifiealindlades phmﬁipdiﬁmgaral 4 biastcircuit. The

u naL d a feedback in

a6 b iy T g BB AR S b Bt P et P ouput torminal for
provadih @y ﬁrsd@,ttlﬁft Biigil Sand a geridback ﬁn[iuhtemaﬁaj Ifmrfrecel‘vmg'léfmnimlazsltage wherein
thé ;:céﬁrgi voligg% deg%n'}b%g %{ﬁagnte nal tho 15, Bfrle'n% gia;s/ Sﬂ‘%ﬂtahaf% %H nfput terminal for
redeRi a $oRtrol d’g’illal aild ztd‘kﬁlt[ﬁiﬁtdnhfnalecrouiﬁled topth@fitstlinpug terninmhsf the amplifier

vol t.gge there Th ' circu IS res Si Vv 0 t .
TORRRYAGE o rog Va2 et e T oS E R W Eal Gagl® operate i
onBRE At addseédné nfddess tin m&dﬁisﬁ Ih@iebheﬂﬁascchfcﬁm biaseb ittesameplifibreto operate in a
sob el e ARy o A Ho ' A TR Pes Beal biases the
ani‘;ihﬁ@tlkbTopebhtaﬁﬁSsubhaltlallljpdzdnﬁtm&rsathﬁtlmpﬁﬂiageanmd’e a

substantially const ant saturation vol tage node. [0009]

[Oh@l} ?t'&)l?a%g gr%ppglbm%rte%gt 1§12tprolqu\ése Al I d% X}I)ega%%g% low noise
anﬁ@lﬂﬁ@f@ﬁh Sut@Rdtio gaimrbnted]. AquQ\&V\&Welloé‘am butptﬁt sgnalalfttlmjbw noise amplifier
is a%%%}gflbﬁdoz/}o%o?%a é/Oi{v ggs pS gvnge n rers]ponse %o%h eotweelt fy%uﬂ e?‘he fg‘w n01se amplifier

is biasedlto opeite In@wonddns gargogididtanes mrogs hg‘gmgﬁz t?coth@pmmat wltage being less
th%rb% &ggttearg%}e? razg éag%gﬁ‘ﬁé twgrgogseeta{]rrno g’%er i b cg E)Ere]gaﬁtégn (Ii Igc;enstan’c saturation
voltagd rage.in felgonbeaotw/ theaiosteo] anjlge being gma#:eltthasthdprbdrtanp'ewdlt'@tage.
in a constant saturation voltage node in response to

[Ogjp)j de?me:tngrlhoél\l/(r)l t A 11?’:%};1"1%6%[5? trggenIeF ﬂlglﬁlg%ﬁﬁrst d second layout blocks.
Thel’ﬁraga)a)heldomkl includet arkmc aoiveeamyilifiet luadmg af jinpet teamdaliwmedvmg an input
si gﬂg{ %rglt ﬁ% O lfp%t ‘f,e rﬁgz\i}rfl%rr Si'gwdl%% 9 lf"%st ?%?l?éferc]l[avﬁﬁ#glé qs%gagtelh&%ﬁ%portional to
thalinpuﬂ Flgltal Sing nafirstarasa@ndfuctapte dmviquiavmg amiinpat tefrainal coupled to the first

LE? ggegﬂna efllf){vg %%"ﬁ :rrmlp%lbf% %gcil \éggtpaug?e fﬁgﬁ%}%}%@lné ¥ first current signal.
The' antendigaait blocle hdewh ciepliateinngal acouplapLid therowipotiterminal of the first
traé%q?ld?cgaélfe detvﬂcg afglq raghF%H{t@%rérga%?o&?r&?doil}go% ?%&ﬁa%cﬁs\éﬁngpﬁa%ﬁlg significant
sifriat atergylat 4 ififeresi figqaéncy THae tiweomom sigﬂadlyvmeteilbh@ kst inanscomductance device

r.m nal upl.ed. t the out
o oot ol A RSB Blelaff o sbdfer
for providing a first tuned signal having S|gn|f|cant
si gnal energy atBRAEHDESEREFHONrQGlIERORAWEBNGS he | nput
signal, wherein the first transconductance devi ce and

[0b?ﬁ t tsﬁﬁg %?eéén?a& tlcQ]. \Q'ﬁi(hegrgigﬁep %t Je%g%_\q E'ﬂ_ (%%%%RJH %ﬁﬁ the following

Circurt receiver
: dlﬁ‘ﬁm'gleut@FgA&hle@Sﬂ{e@m&rPISﬂh@tq)M@mniSmé ntion wll
herei nafter be described in conjunction with the

| owk g fi in i : .
(0452} $17 ) A o Bk SR i bHp1 BHERE, T o padic receiver
kipemtin gtle pobiowk di agram and partial schematic forma

radi o receiver known in the prior art;[0013] FIG 2
illustrates in partial block diagramand partia

schematic forma portion of a radio receiver according
to the present invention;
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[0014] FIG 3 illustrates in partial block diagram and
partial schematic formthe | ow noise anplifier of FIG
WQ@200500021 FIG 4 illustrates in schematic forPCHEIS2005/002665
i mpl ementation of the attenuation device of FIG 3;
[0016] FIG 5 illustrates in partial block diagram and
(03] t IFG. 3ahematd ia pﬁlﬁéml&k\/cﬁdgrz&g endcpantizt schiematiccforo @ipbrtion of a radio
for use with the attenuation device of FIG 4; [0017]
recgives acgording fpcthe preseat ‘Qveg#grbh of the output voltages of
the voltage conversion circuit of FIG 5; [0018] FIG
[0044] | |76t Baillasrates is Glagiahblock fdoagranaand pm’tielrrﬂhermﬁcoﬁorrmfthe low noise
tr{s bi?g%gyrrent source of FIG 3; [0019] FIG 8
amplitirof FIti- 65 2 graph of various parameters associ at ed
with the inplenentation of the bias current source of
[0ABG. FIG. 4ilbhstkD@20jchEihaic forn 4d inptemehi@toneoffthettenyatiomdeyice of FIG. 3;
a portion of an integrated circuit radio frequency

O MR el A0 I BB ot s oo

circkgsfor igetwithrihd stenmtion geveckeﬁbll(’aﬁy in nature and is not
intended to limt the invention or the application and
O o, kRS SIS of 137 Sonffin cirut of FIG. 5
theory presented in the preceding technical field,
(008 k g 16U A dilusisatpein sshemetie Jorrantimalementpigng of dheceiassgupre source of FIG.
z.description. [0022] FIG 1 illustrates in partial
bl ock di agram and partial schematic forma radio
receiver 100 known in the prior art. Receiver 100 is
[0819per HEx 8rilisprates 7 mep ofofriouseramsiors reasiafrd mathhe ynpé"rmentaﬂon of the

bla@%ﬁg}{@gou}&%fpmlﬁgyldﬂm se anplifier |abeled "LNA" 104,
an m xef 106, a bandpass filter 112, an IF to

baseband m xer 114, a_ pragranmabl e gain I|f

(0028 ¢ | B 9 plyatratepmfloos pln £ F BORYSS 8F 41 iegpted EQCUItAﬁ‘gP fipqugpoy receiver

us&@%é]@@na@earﬁmﬂfergﬁq@ﬁal connected to antenna 102,
and an output termnal, and anplifies a broadband

signal received on antenna 102 to de an anplified
signal to the output ]?%'FWQD%%?IE%%%M xer 106 m xes

the anplified signal to IF as follows. M xer 106
[00 | utiRsfollowiak tdeallédedesdiPpBioR imérely Loraplery s Ghluteddndris not intended to

Mul ti pl 08 .h f
111)&16% é’(gle]ét&)ln{)% It}teer H&ﬂ?‘ﬁ{aﬁsldt“éqslrﬁ%ﬁ]&mvg%l%r& ftgq]nélpreitaﬁre is.no intention to

beIRERIY Ank Qﬂﬁreis&{ v implied tamly PiBsetet] frtithe b&fzéﬂm’gaéchni’éall‘f&hi dackground,

OSCI | I'at or has a i.nput term nal and an
brig f‘b’ﬂ’f‘ari’érrtﬁ? Pthﬁﬂf’ta‘é: ch‘ggo n RF | ocal oscillator

(LO signal referenced to a ground voltage received at
[oaazg r om}i 1tiBusithtedln pahiRl Bloék diddrem Bid pAtislisgeakiis fose laeadie theeiver 100

he tunin ut. to have a f uency such .t
agiaiihdte ereinitel Reeer S0l AompriaBRe SeRbEr tl feies seneraly an
an%ﬁh@ mB21 8 éoa} ﬁﬁse}tahxfphﬁ&ﬂétﬁgd ;‘mau €0 yin BF thBMBipasio6sd bandpass filter 112,
andpass ter 11 n
orglf o BRI BREh 1 GO RTg Felp 2 afipltie e BQF By gg0: and 2 lowpass
filgdn dzzanAﬂ@h?w lOﬂQlEimnﬂﬂlbutft&ﬁmﬂiHl ewﬁue@mwguﬁ poRt asd gnadtput terminal,
gniti cant. sign erg SSDa, cent
and IS HEriRR e Fer i Py d FoRA 8ot AMBE ol to the
oubut Sdreal th&B6 B¥ixér1 08 nfited Beamplified sigrdetotiRas palswhakiker 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



[0023] This signal at the output of bandpass filter
112 is then m xed to baseband in m xer 114. M xer 114
WO pwbTest a nul tiplier 116 and an oscill ator 1BGI/US2005/002665
Multiplier 116 has a first input term nal connected to
the out put term nal of bandpass filter 112, a second
is deltpted by theminigd inpuanchan adxtdtlmd:y duels ﬁlhmdlesir@cdlhlllﬂehis arixef®m RF to a

rovides.an IF LO s bet n t
BTG b Ry B TSR P IR 12
input tdeinal govmkcted ts dlecaitpd termitah\oé radtigiet 108, dndeguewipyt terminal for

R BT SRl 0 B3 SER0E PO oo hosn
IF ,@hd btk eifgﬂllﬁdant Amgabatfon ef sigiDeregzypn avuoﬂmid buts1dmhb iphsgbanfhi s
signal to a desi red | evel, and has an input term nal

ted t t L {
[0@%{; eﬁmsgﬂgn e ou (# bal'l_(pri%P fﬁf%h égf ﬁ'ﬁl‘én 1{1&!331 & l%al'élbgnd in mixer 114.
Miker It4 rimlludes)m maﬁtphdr 116 anthen owstliptor 11% rlmllhlaherdﬂ6 aag fifst imput terminal

nd an.o ' f i di .
ol 2 a1 e S L2LLAL0R U, g on o
terEhﬁl Qsmlldtmrslﬂs areddes an PRAEO] saﬁnablbmwnchnagtpameamdal thereof and ground
3¢ h [
reoDZ CC 0 ten?lgé“l,[ fgge ﬁt gg)g?%n!il i Iélelé)cftedato ﬁlg\%agl ogfpﬁlggré \c/e Iy chosen to
miR @ selected ﬂésg@btmdxasdblagd amt mnlnahel026 ﬂms proviies thioup@Zignal thereof at
0 t 2
baf,eﬁ g(hlﬁla {) Gl 1 r%) 1?18((1: g{]gnel@ﬁy %%%E@ tg% éﬁufe(leil A9 has an input
telhﬂ)ﬁaatc&ﬂecm:dij tadanmtmmtemnn:é efiaultipler 4 he) ah@gn Mput tepminal. Fllter 122 has an
r.m na connee ant enn oMt
m;tu t?ﬁmﬁ cg%nﬁﬁtgc t egh utgll;.]t %Hn f}al a%l?ﬂ%r gg(s) ligS%[Ho rc]>utPut terminal for
préfdinnaasugst sigmd efweaeived 200 lhlnﬁmg‘BalSEBAND Quit. 210 is
connected to a second end of transm SSI on line 204

[06’2%’ £ pIFe ﬂfﬁ‘%n 08 1n:}9§?tlaﬁglgslé\e &fl ‘%Teé[{g gﬁa(% rrent eﬁ'l:!aaf( fogm a pomon of a radio

re@b2r Pisaceording puthe pesant maéntlomnR@hcb edeivey 200 m@émerelhdamenna 102,
f rst Ng‘ Qﬁfﬂ fa%?angmmél!)rpﬁne%ﬂ and a ?br%tg{glpc%it 2016 E‘Hfudglg the radio receiver.

recervi ng a con t'age ‘I
LNA/QNI lig plysitalin lowa!t:qb adjacteat 1o fmdnna V02 i hasean input tewmeingl connected to

an e;mrl S%(i&l A Ut t ternir’}%al SQA}”?&{ t%% fl:r& P(P?f tpaﬂglﬂlﬁstn @{erﬂom ﬁlaarest antenna

a S econ I npu
102e dmagratang cmmut RO h.@osn@tedltq aawdnchmdmfttpmmlsmmeﬂm opposite antenna
AT 216. LNA 212 h
s TR VR R 8 AT By bR 1. o 212
andimghit genminak qoumecteé toriha a¢comb¢ndexf trempmiisgion ige g@aﬂ, A geio mplrtml input terminal

fo} rﬁ%%’ll{/m%%r %}L vo?a(%;%ljgl ?1‘%8%@? clf %ﬁébtﬂ{nﬁgerﬁ%ﬂ Multtpher 214 has a first

mput wrmmljcobyecwdtt@ﬂm autp03ermgnah nﬁLNA 2&2 aj SmmMPpupmnal {1ipé shown) for

t fi Jixe
re%%/wr\llga?l a ILecp él ?_"ﬁlﬁ% g’ uk%"%?lz WO anp | ?@%@e%gplé’m“ has an input
temepasi catnectedp the mrtgmsannwl afimiliipier RV amgaraola@u tsivminal connected to the
t.er| n ystrength
g%%})nsgl 11§pu615eéergl o%@%air’]lgﬁ‘or é)§o 1% %)Iﬁgols\}ogcg A vfi B ose the
receiver is to the transmtter the on-chi p LNA nust

[0025}V| theopeiatibg thegRF sigrail reativesirhyainicoms, 10Rris arhydifiefl fntstornarts ¢he first part
by )‘(je!dggalqze Eﬁﬁx@geaélhg@ %e%%l\éié%ﬁ lg' ya%gﬁlggaﬁ Q@Arﬁlb QI’F%E Fvao gmphﬁers are

seamaad lem trarismissnoh lise lgpaing arS@olym chagctersstiy 1mm3dmcb,e$mce the signal strength
embod DLOV

may, ¥ary SV% n w1d% ]rang PhS em?},ré% Blhﬁovp LR&She %}t(li?éhg @g{n)‘sgntlté}lﬁhe on-chip

art I'n con
LN Armest pmmdmmmexpganem Muarmd riovtm 111\13119@3@& edierecditencliNA 212 has a

216. In her en‘go ) 0 ‘o oal
va(t’18€lfz gaind rr'ém%e gg% Besl & dZ'étea%a;tj) ﬁﬁ%@el%ﬁm%&%at this gain
rah@amaye«rarﬂm&tlteo ethb@lirsenpe r]}mqirmdzad},mﬁophe smgmtof gailmd.NA 212 is part of an

recei ver, power neasurenent block 216
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advant ageously neasures the power at the output of

multiplier 214 that has been mxed to a fixed IF,
W@ Rowplo7ogi ng t he design of power neasurenent bPODKSRAH002665

The AGC | oop works to keep the power at the output of

mul tiplier 214 constant by providing a control voltage
aufonEie Igin sordrol &eGORlokp Hirmertlly hdtihlNA2 Rl 4hd pdwemvnédsurtbiment block 216. In

escribed further with r bel qw,

o RAoR SRt Pobhapeatrbigli I EE 20E Eali b e o ot of LA
212NAdowdvalOds] to F'Ell{:‘sup&hetbﬂod}ﬂterchtlgls of the pmeiwealpob’blomkasurement block 216

dgirgg%gu largejas al Im%\cl)xﬁeffp I@lﬁ?{ltla off Pnru lic }%14 Qha‘? Eas%npn 1{11)(6:(? {o a fixed IF,
sipplifying Ithe3i§€ign af ﬂ@m&smeasm@nmemt bZB)bE 2161nTlmnﬂfiB¢ iqop Wvoﬁ%@o kegep the power at

attenuati on.de I£sSt ou .
thf, out %Cog ity 181}] %llél cons% nQ b}l] pgpgtsllng ac n%&svgga e O(VBIH{,)pa&ta feedback signal to
LNAaZrISC @mdwﬁtb&rttea:qbexi ﬁJrlrher BiftOrefdrexpeito BIost B-OrbeBOY LNA 212 has several

sit Gl %a sover{&&/ l@{un transformer 302, an
%nﬁdcu or e capacitors 306 and 308. Bal un

transfornmer 302 has a first input term nal connected
[0026]t hEIG Scitiwatratem th pittial bhxls diagemaomd [pamiel sRRetmatia faeclowdhoise amplifier
5N ter t I, 4P
21V2 gGef ! girxl%a% 12 1851{}&%8 g@%lrafng ag , %?ggxﬁgﬁ’ %lgn c}ﬁ#& ofit 310, an amplifier
320c a0 atlbnoaitOpLdevme B#A, raafnst outpd mmnsnpnd&@ﬁandwamrtianﬁo amida second output
. o ) :
FEERILASY BN 560 ERARENI US| Yo PSS S Y580 i pope 50
ingd@for Idpand capaciBRS 30@snd 308.r sBahme trmSﬁamelc 80thbes edirstoinput terminal
coéﬁ%tefg té gntg gc% g}n? gﬁrd rﬁ}ﬁlrafﬂnp oncl rng\?% lﬁ%eéoﬁ@ih%p@%@%% ﬁ?xﬁ'ﬂected to a ground
pasvey meiply @tmmnalﬁﬁﬁcd‘lhgﬁ Q vbity; siid first amidrsadond ontpaictermdnals. Inductor
3(%101?shﬁrs &go%g%ngﬁ%%kalg s cﬂ?él}g %Emggdeéj %eMeé\{‘ %l‘feof' 1@3 find second output
termipals oSbafymattanstoiueer BD2. sCamm@br sée basda ﬁnamnrmsal gmaiested torthe first output
I ' L Ne;: i Q .
teﬁ’{ug%l o? gzgllgﬂ;% I gilon‘ﬁ%r%ﬂ? a{u? g%e%?ﬁ?@élﬁ@%ﬂ ?c? %g&giélﬁéoa §Ij§tem§ﬂt 91@1?2[1 Capacitor
3(8nps iaf firetr te3dfal cpﬂ@QtEQI tBthasemind ouiptt @mﬁnalnﬁ |balde gransformer 302, and a

resi r S
sk S RpfofRiled Sooft Sk PIH B85 P 1o BIENAR sgnats form o
differentiah aignd gaireotresponding tocths eigaal it tlersmqnalencbfof @amnsstoo rline 204, to
r?qq}er d a second termnal. Resistor 314 has a first
BI'M rial connected to the second terminal of capaci t or
308, and a second term nal connected to the second
[002FIrmi Bids cisbuit 24 inelodes 3dsistorC @nt3 1400 PueenB@irdezd 6aand an N-channel
4 n r . .
MO Bl B 07 R B S0 CH P R ook ROUE e BUP Rk of copacior
30&13@@1 sacentl eimioali tResistandl4ahas @d‘ustdemremahcmmected\m the sévand terminal of
TRV
P 0030 3 S IOREE ATRGH) FReYeDR] Shfhin) bt Wuep 312 Currnt
scage 5 1Qhasal first térovinabamweaty! te iiposifiterppwanaipply Foljagl tgmingt conventionally
2y Tr It | d . .
eSS Ve RS et cH S oL G BONRERAC N IR whito Vo i
dspgadiganericalln hérsinpit map sissne AgfeBhPvaurd (@ Iifferent gimeudts, such as 5.0 volts

ed..10 ' et 60f
fo? gﬁng% hlﬁcglt;y[ agg gg} \%k%p({} I.{l\ﬂ\ 5192 an?ﬁ%r dSzlgalé a%ﬁelm? g&{ﬁ?c%detg the second
teBRifal oNlewrteahsoaice WﬂSattdrtattslssIood @rlﬁlﬁdlls afrdsi8a8 312iand 314, a gate connected
d [ t 3 channel MOS
tottﬁeacﬁé&s ege%é%g%%?ogﬁ%%g%g%d % %%{lrl? hll- nduct or 338. | nductor
322 has a first term nal connected to VDD> and a

[0828]ondnipdifien 34l inclidesnami mtlentor33223, Nechamneltl MOS trawsistars 824 and 326, an
. S I C 2nq 48

mélgcr%(%rec 8é gl‘f ?%%E%r}g c}éﬁls%lulp@g ttra(.‘fnr 15‘%?5 334 argla’gﬁ and an inductor 338.
Inductor 322 has a first terminal connected to Vpp, and a second termmal Transistor 324 has a drain
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326 has a drain connected to the source of transistor
324, a gate connected to the second term nal of
w@apaoigoer 306 for receiving the first input SPQIEE2005/002665
and a source. Inductor 328 has a first term na
connected to the source of transistor 326, and a
comecRd t the sarbmbikrndndl R mdedort 322 gr gatenabnndcted e Vor, aBB2 stvee. Transistor

b T SHPLAE . FEPRS PRak 3% W SeREERRE s it o

caﬁaﬁﬁ@fﬁ%tf@f mcdflalhg dfe ﬁmidmpﬂtcsngnSlS and a sgmd;ee Imdwter 328 chas @ first terminal
33

coErbeﬁtﬁg gq tgla s?uéc cﬁ‘ &%gsd%?,rggg St t%{sg r%u? % ma@‘ggﬁe%lceﬁ to tground Inductor 332

ha¢ o fifseetmidaltconrdebied B)é‘&@mhdtaepmnd &rmmbl. dapasior 834 lﬂﬁﬁ dfadr connected to
thﬁr %g@@;’%ﬁqﬁga@ é’? nggc gr I2f g l%gf% C??ﬁ%ﬁtgﬁli 2 nd 2 Sogl*r t"ﬁrgnsistor 336 has a -

draio dermectaf totthiesoaics bOtran3idtor 334)d gate Szemmﬂﬂd toethmematid terminal of capacitor

nnected to ground. [0029]. Attenu t|
Sof R dete e SRR S0 Pk, BHATE 6P THE Al comected
to thersslircsaaraggdtalr3as, mnt @ sevondiermiosi renteatdd togrdund. second
t er m nal of i nductor 322, a gate for receiving contro
O B0 B0 SR8 STk B B i «
somicé/tlrametenﬁemt cormected torthdrgecond teiminad sﬁmducthdZE,l aZatetfor receiving control
volP( e/ 1 nssleggn(arso%ée dram% rm?na?gc}/n%lgctte%gcﬁ 91%Ssleé/ond|‘gl rminal of inductor 332.
[P ETFER ? d 58 ery e of nentiarl Iy-wel ght ed
Ast wihbd ddsanited (fmtlree wutb desper:t p«aFKIi | eebelowhdtansister 344 e bel abwntageously
inap%é%ﬁt% n:glésga(r:l sen )&gﬁorng gﬁ% éhnsed ftr(f)nrmskt)cfrg Eo%necteid in I‘%aerallel that are switched
byl aoge@bmhwconnogsagnalsfforr begtell ]og-daaqsarmh afgese meneimelogdmbaray means a log
0030] .Fi r st t ransconduct ance
Chﬁ%ﬁe iy Eééaqur?EFhaa leghe Wﬁﬂgﬁfﬁ FR] V&nsi stor 352, a
capaC|tor 354, and a resistor 356. Transistor 352 has
[0030dir aFirst f @tpup ricmscdhdugtancef persion GAG0 pintludasr are iN-chapid | teagsistor 352, a
a C .
caéé:%g%\%% ?ncgghe%ﬁg)g@% T?a?l%ﬁgtt&g ?%ol%glecl ‘?{%ﬂnﬁé’glﬁ‘ggﬁ%ﬁgd"t %rgc output curr.ent
la@&doﬂdlxﬁ”e rangatealandfa jongacourect8® 20 genvdd.a apandtod 364 has mdirst terminal
coﬁr?e%[]eﬁ% e sec?on‘éil% g%]ﬁ 8? ﬁ’ldué:tcgrafﬁI :§htdoar segcgsn% teljﬁﬁﬁail ggﬁ}{ec‘éé@o the gate of
as a first m nal for receiving I'nternedi ate
trapbister Y3 tlécgetolr aﬁfehzexoh firgBtermina rfor am‘ec@ardlrteefmndwta[bias voltage labeled
13 Q M
\tF B of Hggtgencgn& @gl%lga(\;l g;?neae&) %é@é’ % (%ﬁrglg%stéggg%\l_ §%819<{]n6€11tﬁﬂ Ergﬁéct:onductance
stdge 808 istudes a&ﬁ?—chaandapamtmta&%da,paam 364, peba sisistor 366 Transistor 362
Trans i 0 ¥i din f
has a (ﬂal{] $59 Lﬁr(r)g % %g fﬁﬁsetl%élgmﬁf'&eﬁ {ab&&P II g ggte(j Lugdsés gourr%eeconnected to
gromdn dipaitot 34dros lﬁmst te@a'pabc’pmmctea&d theascoad farmgial of inductor 332, and a
t er.m nal cgnne t.h r [ C .
se (g)él termu(l]al acorslecoag igra%te %if ‘%r%lgsgsrt]cgc%é n‘{{ %t“ﬁg%ga}?"g Lﬁo#h%{ terminal for
retaidms Vg tand a 86&nd t&esmaﬂ; tame@&Ho tegpat of irmststar 86211 nal f or
receiving VB, and a second term nal connected to the
e r h in. &l G ,
[OEﬁA R]; SL v?lg?]ﬂ Iﬂsé)eg’)i i e‘%lt] é)%nqgg JI%. n@grél?la V\@teg{lgegucﬁ'}’tculg féo but the other
cdmpbnmtsear@hmemdmﬂ:bm SSirge &.NATD] 2emest teaddingte-aciii-qhun transmission line,
i
aﬁ%)lhn%éx?&’llol}%? %\218 ;s rgé&&%@ %degg%e?% Er{dﬁ g{%} Egé Ss)d;%hrm transmission
lirddgympetadnesnd Dﬁbhlmt toasforndn 805{r gdfmmsnoa trszndlﬁ‘smeml bigwad. Inductor 304

anié:ig: . ft)c% 3660 n(a%%S goqafagfimE%fH{% t[tal:n& ﬁ{aﬁ!;lf?eg\mgr?%haft %‘lff"gﬁathe 200 ohm

er Sl on ere
clmmpiansth@nﬁ)ueﬂﬁ)e@de &Uﬁllﬂldramsfamner Afeahe mpedance looking into the device.
transf net wor k .t hat. t.rans
TP A0 P B8 AR R Tt Perh 3% RN o ol ral
inpped@ntoloblisg intpkegatsef traclistang326 rahd)336|1‘eorldﬁre Imamhlng network.
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Transi stors 326 and 336 forma pair of gain devices
and inductors 328 and 338 forma partially real
WO pgpenizeIee | ooki ng into the gates of transi st oPGI/B2I05/002665
and 336 fromthe matchi ng network.[0032] Transistor
pair 326 and 336 is biased using current source 316
[oa32t dTmMmqmiremahdt 336 5i sitsed uBihg.cuifbre seince 316 \ao{l tdigle-connected

at. t dr i n.of i ansi
i o D e LB e boat b g IR, SRRy o
resisi¥cy 3 Uandent td det maghlstanaﬁm)scuuers tI3@fgharadsi8@6 3267 el 336. The outputs

fnlngﬁ erég& :I;t tl?eggrﬂms 0 dcaéc:.?ﬁo arz?réslscoasr %égl:] a\_s;d;] gre cﬁx@«%@soxgl?lch are transformed
intb wa]mémbmﬁel loadtlmpedaﬂ_xcbsagﬁlseséayoltag@ alr@mduumpg:dartraes:pnductance portions
35% n\%ﬂ%a%rm {h3 fri% errll%l,t:)itf g%ﬁwg%:%eg% 1%1%5%%19191%51%%}?&%&1‘:1% input. To
providet ddditiosal g31314mdudud>rs: B2hasl 3B2reoersingll to yesoapa with ithie capacitance (around

r tlonal gai n, inductors 322 and

th%cf%'eéﬁgquenzyeg\ﬁ%eq& B at e with this capacitance

(around the carrier frequency of the RF signal).
[0@330331]n ahnltemata bendignatien gohd angplifiat, itteriwo Bouréredegenstatipi gdpctors could
ha}/e ﬁle{ rst tgHmﬁ s gc?n%g&gdr %t %\9 @oﬁr@%u&t t?arn§1st81%uj2;a Jﬂﬁvﬁé g@ﬂecﬁvely, and

&rm nat s Connec tot
setond neingtabrenBd26d sopthd3sd thesgea tdilveirgnt samde seegromal. In this alternate
emb%ﬁmerrllt?éhg d?a?rp BF gn%gsto& %%tc'a-]‘ﬁ& b@rlxgnﬁela g? Elgl:t attea%an MOS trans1stor of
appﬂoprla:tc aiize thaf fmlc’rams bsthertaiB msreobsduobeb dlaereremipiier b20t ib ellghﬂy more
r ri

li elljrnac %gsn mote efl%roor? sé(‘;lgr lrtée)r& leghl%)er a%&&he%é é&aﬂﬁ@e‘s are important in
cedaipbpflic&ion820 is slightly nore |inear and has nor e

headroom than this alternate anplifier, and these

an tanl N ' deC
08035 ARR0BE IR S AP L AR ot nd 364 o
trapsistony 362 pact3 Q2o which b tlanfd:omtanm(emb devish. sB@ns de@zms transistors
1 d
35%%(’1 a%h%}és % gfn}ﬁac%rgl g? gb{g{sea&ggcat&g%)éc )e%hlgl? ﬁrovﬁgé 74 majority of the
capdcgive fload e tycthedrains sbamsistori3d ehd £ eIf (t@ggtyl aabacitive load seen from
[ . rd~ty, C v oa

th? ﬁlgaYdd gg?lﬁ%p grf rognjszﬁs(%rg%ag‘é@gﬁg%ﬁ% %qg‘hl B JETOtT ﬂtg&?g%a duciance 1Ly, of
inmmmiavéﬁbwlcbmwenmamfe tireghationf ei t her

transi stor 324 or transistor 334 is equal to CTQ,

t hen the inductance LL of inductors 322 and 332 woul d

énlﬂ&ﬁ}ﬁ&&-&to satisfy the equation: 2pf0 =, [1] where [1]
d1Che center frequency of the desired operation
frequency band, i.e. the carrier frequency. Although
| de nd . t.or I I
wher? 1a is the cgn%rq{e%lugnfa}()j Pﬁ%g ?g%l]llgg gergpok{hf%gg ¥ Ib%ll%f 1; & &heladarréer frequency.

Algwugh malﬁnﬁl,uctssran@&pa@@tsstmhtmowde for alamdn@zanueuﬁoapedance and thus

ed e xi gt e f
o, R ATV 086 ol PR R b S8 REGT oetonce
apatoxiratedy & Grw Hupdredisleni n t he AGC | oop by provi ding a

resistive differential |oad between the two | egs of
Li i 0 t t he
(09535, Ak Epart Ik b Bl SRR a6 B! Wl g AGC loop by
proﬁding dovmstlt/@ dﬁfefeetml dbndebetweenl thei thg 1¢dsef emplifadr132¢aAtielpition element
34’6 0 et ?urﬁ)er re%uce tﬁ mgp%l Inceq?n t’fﬂe lcf%ng{ % fe\éxpil&nﬂgﬁ o\{mﬁvﬁ Yo a few ohms,
0 Zero vo {ehuat 1 on,  con
re«tnmlirtgageo%@ruT ain lsy abtoun 4QsdBqumm}hgpmsmntrblev0\lﬁagw‘écN[nO@3&]‘[0 zero volts.
F oglla%l{ 4cteeﬂll{la’c ug, tc%x%r %oll[a e gﬁ%ﬁﬁg’é ﬁcléﬁé%%oss bﬁg)vaﬁ{gent ation

alon eviC



that provides a |log-linear characteristic between gain
and control voltage VCNTL- Attenuation device 340
wWOo pwb0Tes1 a set of exponential | y-sized N channeCT/NWES05/002665
transi stors connected in parallel, including
representative transistors 402, 404, and 406.
[00363NSFIEY. afillviRaediasch@mhiid ofm S0 lniptandatation of :&feﬂtianaﬂl device 340 of FIG. 3
th% i’{%@g %{g—l%garfgcg%rzct:t?rc ic Eagtgltg?r\%aﬁggnrg%glgtﬁc{i ]? 6;;2} A%enuatlon device

34b adetidesla seVAEpOentidlyaivdd A-cheaehMOSatanhsisbd rcamrmcﬂeda tnrparudik], including

RS D SR S50 62 2L BN i v

proeding thalfirgennet ekdtrdde of htenlibtiontdesiot! B4k At for ieea’lﬂhg‘lalcontrol signal

tor, 402, at f.or rec
o libe i SoRepp St el i RibaCi PR pureps lectrode of
atteRiaftbm dbvi€O YR C tTefmsiktor Mne h&es dind ssoé/daindteahinalt @nndctedl to the first
ranS|st r .402. Transi st as a fi

sofise{ o T, of BRFIon RO B BT O Aot b g ] el Tabeled “Viccl 1T, and a
seSod I ©arfce/dim tdr@inal B@ine@éd td dRScsbmlr solid/dr#in ga‘tn@nai @f transistor 402.

TR GBI o T AT WAL GIMSEELd® Ll TIRD "Cuiin terminel of

traRSIstHC 0] raagdﬁe fe rrmeﬁ@dg @ntrblr s&g‘r&l gdbeled 40 2sc[MIddd drabnd source/drain
tr.ansi st or and

t
telarg@a[l 8m§ 3 6«&?’1 §,e80nélrﬁomcglgram %’fﬁ‘%irﬂ%? tﬂanSJJéth abi € Illtligrhonal transistors
betwe2h 2 iafid Nrarkprésaft il attdndition Haﬂd:eeﬂgﬂoht dr@bmitted M FIG hatEatlstransistor k

T T R A

had 2 W/Ldesigﬁzﬁsd M), tham dartsisen 404 hasrz 4=025t1h8§1\ﬁﬂarﬁlf texsisto406 has an area
%&tZ?{, tt‘et at al f\tgfm e&g to 2N+1ti nes
°f0 é‘76] e B 18l arga js pquabtad ™y fMEsMai al bl ock di agram

and partial schematic forma vol tage conversion
[0037] c UFIG. 5Q0ustrates ingartial blbckatidgeamy ard ointiall sohkmaticFdiin a)fVoltage conversion

VoIt e conver | on 5 as an in
cng;{,ug\égo gﬁfs%\ ﬁtte&%lﬁtvo& 3% ngié & 2@(3]? nvgrswg C%I‘CLIlt 500 has an
inpachgobol el lecbrtvaﬂﬁ)nstr@ln’s cOffresadirtdﬁtthateam’bfdthdtms'istﬁs of attenuation
resent at.i ve conversia

| 5
delé{??g Zég nglrug\? arlewase{}tgfn{e &cglger§}ﬂwrﬁl]11 S %}&é?tl] and 9'33) prov19ing voltages
VARBE We[ 11, aﬁmvﬁdcﬂ\ﬂefeypecﬂlwﬂw tInlsit aigge B0 Iindluwieh aldQEraannal amplifier 502,
e er i f 502 504 d . .
L8P o e 0B, AP A S0P v
teﬂﬁgﬂtfbr\/@cdl\ﬁﬁg,ltontrer vdltagd Véer threagle rasistog 5 Ozgratp“osiltlve/ mlput{:tgtmmal and an
ouliy i, T I e ipuEieBARo e AR H Yl sormy sos
hds @rpakitied tetrimlﬂughnebfeé it the Ipoﬁﬁ)\& inpMo téragyal sfigpptayiorm0 &nbﬂaﬁar 512, and a
d.to t
PRl eSS s i pfevideSp o ek TapaliR Hrers berween the
pdsiiven andl nég@maeadrmmatsoﬂgfeoﬁndEacanebnpm@Mn désui Beécmntemtbd similarly.
DC' bet we

vol t
g sie BT Relpdes o Pt i POt ve e B i 516 pgd o votass
suppIR S318LICOpetatiinal draplifier 5C rmueamegmvennmmltémﬁdaﬂ) cbmtebtekﬂas the output
an_gper at i I St 514
a3 gBEiRge peS R rorEispEET bt PRNETG PR S gh and an outpu
tetpifial &oﬁl&gtaﬂ to/the Inéghtif/e ingiitterfddal MR Césistbrtsa6 hﬁtépm\m_ﬁmgtcontrol signal
VLELE T 08 T e b BB G i
o&ﬁﬁﬂﬁﬂa&ﬂhﬁég ilh,ealfd&gﬁggm terffinHl cbllﬁfematm&i giotiid) aa@d provides a reference
resi r I ov I n contro |
valag gea i Bucberube a0 peene s Sl et iGgpversion circui

5200inkResPA opdrat@nhin@tifliflee 502, N@bistods medi@lt szmaahd a voltage supply 528.
amplifier conn

O@errgmal a ﬂ%}eg }532 ir}géga gg @‘Fele%]ght:: %E’I’gl]na connecte to ?h ou(‘t)put terminal of
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vol tage | abel ed "VDC[ 0] " between the positive and
negative termnals thereof. Conversion circuit 520
WO pbTes1 an operational anplifier 522, resistPCBHUSR5/002665
and 526, and a voltage supply 528. QOperational
anplifier 522 has a negative input termnal connected
opét@tldﬂalealﬁpﬁffkhltim ﬂfrﬁiighaiesmfnomr atpogitied inpapteinfiingly arfslOéh output terminal

h resistor 524, 0 d
colyire e Seeis fart o B e 2hent B PuR s Samal Vaool)
letegemupplb 508 hadig Poditdi terdniial SMeﬁwtophepbﬁh%gnmm indrininkl of operational

e su

a2 Y LA B AT BRI AR RS Rridesrotage lbeled

“V@E{&B]”a:tet\ﬁﬂéﬁtlth eqpopitivé bt ndpaiie taidnals thegaf | Geavéreibirichalit 530 includes an

op%r%{s‘%‘% \%@f% Cr)é'lsn g(}r%ggﬁar@#gg% ISat \?c\ycr erer Slﬁ&gg;/ \?gragonal amplifier

530 @asTa Mk ABive igue ermindbevnaEsdddon thé batptt teﬁnﬁﬁ)all af (dpeldﬁa&ahmnphﬁer 502

oper at.i on lifier 532 . resistor
thrgeg'bfetslétaré?%b 6;? 1t1§% glpuaszg?lg'fl ﬂﬁi;zfn a l??{?rfnél?a ggr?e%tgci Po the negative
inf® @athinyethionghifesiktor $E6I’haﬂ pRefiiechetb] signilNe .6 pUbltage supply 538 has a

term nal of r Lifi hr ough
pogie SioigaC PoBed b RoSPNE 1 oL T QRO PR IEI % and o
negMive ediniel donndchd to @@hand,\wad bropides 4 efdrtdealvoltdge tibgled “Voc[N]” between

resipstor, 536. and provi di g control signal VAG[N.
the pAstyg A8 V)?t%’@g‘ ﬁg p05| tive terminal connected

to the positive input tepninal of operational
[0a3spl i To ge‘neﬁ&Zthe adfsﬁ'eﬁlogégedrieﬁ'ect,t archVaalk]doanedtobsignab that is a gained

and aref vol t age |
bgcih%ed vsré{ r(fo? ) VBICt)a S cy% anah ﬁ%néré) s1§naqk{/ee,xf3ﬁ?]n1leC shifted by a
dlfﬁhartamfount[(M&&]neﬂ@yg%kkﬂ)emehat leechdessistecbdcogesl dctieeat a different value
eff IS a cqntrol gnal t S, a
Ofg%ﬁn 81 Vﬁ‘g’ge &SN%I NG (i?gtimgl o(‘i%ta%ef Bt 7O tr}v o’fl(fu§ht of as including or
coxfESNbhdingda aletaxd Vi, k] contel algnakAGEk k10 to 3. DC shi fted by a
di fferent anmount (determ ned by VDCM ) SO that each

[Oé%ﬁ: nSF]?}[ 8 111?5 Ct%srre %ﬁ?ﬁ%b(iFﬁfutgé ou H‘%d‘ Ft:%/e {' \é&é%!g%ﬂ%%sigg ﬁircuit 500 of
FIGeSt lIIOEl@'Jt6 thd V@Bcail adb indicags the votbargeeﬁ parichl pignaioV ascBétfor k = 0 to N,
wléerea]s G%{o nfa? ax1s rePrescﬁlgsg%hf%ol VO{'[ (ﬂﬂ'“ 1111 Qoll\l |T5195 ﬁ?i%]IG F(! Séveral curves

ES a
ary/ Gll;tagposed) or eschi (11)]lIBr ai diffateht GD@s (of Vﬁhqﬁ AE cohmol Fvlo@ge GJ cNTL increases,
succegsl;]\yelecro}nlirpi S@P?(XJVS%[IH Qrac enssrntoh ly oentrl ggogv ?ﬁta&%{&t rh?%h voltrige Shown
in &)I{G},% are mp&smlﬂtﬂe cartioi ﬂgna‘llsd%tsa@]a W@{ITJ,. VIAGQEZjL mKl V,{Eh[lhB iChe transition

o S HFR LB U FBSL AR RS B OBy o roviows
conti@lrs@nslés,cc Bascompeied éts camsitionl Hﬁwgnaﬂsodgﬁ@dﬁdﬁbn of appropriate values of
V'%F@ﬁt eggng P %Dlgia%arénéeotrgnogerlap anlgq(e tl?e e%tenua%{)n cl}aracterlstlc more

SSERta e
logligena lvith W6863CE BIVonVAGC] 1], VACGC[ 2] and VAGCIN]. The
transition of a succeeding signal begins at about the
ta oLt a j-
[0@@& re ?turmn&ﬁo%lehxl%&l\éhgs Cohe\l{cﬁx\%rﬁgtbla}é‘éh,?&t Eh'?&{glﬂgxﬁ?{éls‘?&&zs and 336
is Isienvby \carrertt howweedi 6 pedviding mhlaméuraptﬂﬁ; culppuglt chodca:loumtedfcransistor 318. To

mé%%%ﬂ%{hle ch%n(r%g ns{{ltgﬁtolﬁng il | Oaglé S ﬁgﬁ% gndt er e Pm%{’?ufacturmg process and

enuatton® charac
temmpeatutervadations, hhommpm&cmwc%b%adjr&&dﬁﬁmeﬁedumblﬂ drhis feature is most

m}kl))h{;t%{ﬁ l‘é}%e{l %érf'lé%t %}Ibg r}gqtél%e t @t {he Agc%glgl 1 Stra%lsjcroaguctcatnce biasing scheme
prS(Zld&‘sC& bidd Gupmo ¥y thi kegp ahdirascadnataiot of Baildmtcmu §R6 and 336 substantially
e-connec m nim ze the change

PR G et ok AR e e e tRe b et over

manuf act uri ng process and

10



tenperature variations, a constant transconductance
bi asi ng schene is desirable. This feature i s nost
w0 ppontsant when the AGC | oop requires full gaiPCT/BS2005/002665
constant transconductance bi asing schene provides a
bias current 1B to keep the transconductance of
[0041:]1nsHsWemesor&2 Bheaguih BZ6is saibs tedudeil &Y Ithe aperatiomef they AGeslwop when the
mlf—‘ll()‘é) Wgnal sger #hqgsga‘éesga% rﬁztoe encggf{hg g%ﬁ‘r e(g%dl&g%%lieo%gllles less important.
UlﬁiﬂEﬁlaBmﬂm gcfm t:dndltA(B@hda gmpcth@tﬁndylmaly nepdstto be glnmjtomc (and roughly log-
sireng SIS .0al
llnﬁ%rr %se ?crlé)a(ip ae & oﬁn%g t1i1 elose(arfo cé(?@a ?}%{1 18:%) {1}'@ ?m%g 8&5%9 Foenrstant power.
Agthe mgnaj rgxioWs ony largeeangahen gzmn issfusha neducah ligeanigeafsthe & Ndebecomes the
1mar3? %] ntcer g?agls eggr é‘lm{yo Isgtgx%[l n Qcﬁtag%i\‘; ngftr%r%&éﬁ% 326 and 336
sheatld be n&tmmedp dmrtunﬂtslyt MSMthaai;cogdtmtmcevlaasyng doeg gotameckimize Vpsar
ur t, he
an} 086 2 r}{aﬁ% MT {yplcglﬁlger o il'g P%@g é)eWee% tlﬂe th §& gl"olélésmg corner at cold
tempezatsi@iand the slow W@leismgeo(nbi%bd’t)temperetturany stors 326 and
336 shoul d be nmaxi m zed. Unfortunately, constant

ORS00 RGP T 8By

debigtbleeropettive of emstagrtapsesdungnediasag abhigk gdin, theimperterthas alded a new
. t
bl%ﬁ'% iﬁﬁh@_}sglg\%vayﬁ'lg %&fsﬁah{‘gﬁﬁf Inrc](% @ thehc?otn ttarﬁ:lmer %&fe b1as current source

| pr ove I nea hese An
316fpropdes atbiag purvdnt Izgo MPﬁhaaiamrngmtvhbagd @§ tralabtoes 326 and 336 substantially
n .
oﬁgtgxﬂ %rgis%%e%{?d ‘f)poﬁgsté %{1]& te ol ag\gﬁg& 21"3'1 nfél\%s Exoaesfs %gscﬁ%%fewnh respect to
FlGn %,vwhletsllltl:hetes onshemetic YO8N impthementatiort ¢fé918(§0:ﬂ€rtlﬁ iyource 316 of FIG. 3.

Bly%-gn%?rge t’;fg @&u& I?G%I SO &S n§ ilrgr gﬁé keigsg?un%npgoﬁx%e 710, a second

current aturation Vo
curteigrsourse 32G% a@P# chhar@slstralsiblst & i @lrteyt wores t78¢inchdeso-shannel MOS
X: e i@Ns [
tral%glgtg%?g? Iargc{_:\ ’g)ﬁw%{c‘aﬁgi?tgrs ’}Oggitgg % QOEJE{ éoynggtle% \P S a4 %a;[p d g‘?l@ﬁl connected
toithe gath direadof @nd cermingras |anphM@tﬁttlm cmnbmlrmrasTr@wstc&nTtM has a source
coﬁge%{eﬁq :\3/16 O ateF éogh c?’ d. t@ Itl?esdr%g 'i‘%ltls s?oq*%ﬁ ean?i]a 1H ?L(H/ﬂﬁl? an output
gener a )9 ur ren? mrror (5) 5 st curren eg
teradidyl 0ﬁclmentarmdocmﬂraefh of w@nfcseurvézu6 aaf drogiding-cofrent ietherefrom.
transi stor 730. Current mrror 700 includes P-channel
[ONEE t ealrlléllt %&9&57 s%%s? gﬁmnl rc%ﬂt? H% tl?eograﬂao? tfhnsisto 702, and a
rce connecte e, a drai n connect edr
sep@dttmlrglép@ntd@rfed\fss afurrensd swr¢vg7 lﬁgoachlcts rapurrensflabieted “Iegn” associated
t.. I r fed
o R cale TRAI212 1 BRREH R s Hndif o BRI RARARE
702, and a drain providing an output term nal of
(0844 r efRurrent stmme 720 Oncduvigs efrreptisoursas 720and G@4.3 Cerrent gource 722 has a first
te%gz}{lcgﬁﬂ%gtefl A S?D’ :ag(# I%S%]Jg) 8 g{)nﬁﬁlgfé talécg Qci}xﬁllctfa‘ g@éﬁ'i ea‘&;"{ I%GM Current
sopreg 134 bas@rfirft@mirahepngectaddo the stendiamainalcafisnwent sehr¢ep/22, and a second
C rent of
texYxf‘iﬁzﬂ ni%; étg(g{% gZ(t%lgg iﬁlﬁé%’lgdvl\lﬁgt? E@tﬁg&@ ga%glg&‘ Lﬁwssﬁ. 2@%sﬁ%r 730 has a drain
coop@tedtt@thwdtahn oftilessisiort 102 4 gatecfoneseeiving @ eantrobsigralilobeledc®/ acclil”, and a
t 4current sources 722
Sog%gé%ﬁ%g& ?%eﬁﬁ%wési@&%}:ééggéﬁ %éédé&gﬁf irst ternnal
connected to VDD and a second term nal, and conducts a
(0845 r ethhe enptation 16 cor@iEouker T16rran be bettas undesstpadswish faference to FIG. 8,
C f
whigh MRles PRS00 of Aaiidls ARERNG LESIP bR e HifiEflnarion of bias
cugnent sovisel 3&¢ of BIG Uk r lrgraphalfi8) the hbrlzcmtﬂﬂ)SSAﬁ%plctS control voltage Venry in
a t
Vottjf;, aﬁl? §tdg 1ctggfg (]ﬂﬁﬁtlt%s gﬁ grgra%%gge{?)@% ﬁigch% \Qeéttg%??xg{ al;l{é gffri:;t section is gm,
| abel ed "VAGCQ "
11



source connected to the first termnal of current
source 724. [0045] The operation of current source 316
w@anshoedkett er understood with reference to FIECT/BS2005/002665
which illustrates a graph 800 of various paraneters
associated with the inplenentation of bias current
inghos,cand 306 sagpnd-geGion7is Vogarg irapHis80he Ydve-gmosictiomingludes a first set of
$ d
oHib R %Lt%"%%ﬂ%?éﬁ%%‘; el ondTfhapfiure and including
cupss 812 814, 8%6.9nd §1fe Foi lowtVsedhigh gaink gyns elativtlosonstanidver process and
t
cbESRSANGE G B, bl ot O SN gy s Vo
m@.wesr fpthers etrrwsrﬁ’gizn&lrflnﬁw vad 858 saparasviera geooegas somsistency region. The
nper a inc ' 4
%‘118 Dgﬁ)gééflgn th %eg(g{élhn&t %ﬁﬁaﬁteﬁs"ﬂ% cuﬁ/% 82(?1](1§1|’udﬁg Qurves 822, 824,
8260mslt 8t Fov bigh b’rcm,e%mamnmetm@rmdj heeamafr andtis mlvsivam @onstant across

prﬁ%@g And tgﬁap 3%@%%%? [ésgs%NgL ?&?e?g& aéupvgg r@%b; '8§% %28 yagi 228 separate in a

m@nmmequﬁme separate in a poor gain consistency
regi on. The VCNTL- VDSAT section includes a second set
[0916AChgféégﬁfi/€1{t6 &1écgvé}él':if &St %ﬁ)QId Wllcﬂlgﬁ D%%‘?’% rgﬁ ?rgglly change the bias
mgiwcf the; amplifir based g thesam@mfaﬂzﬁ g Iyqltv@da by thetAGe looss When the AGC loop
t :
oo P50 pEIRSLGMEL ro P IYENEL LA m  HIAERS Rhcted to provide
g0|0d rgerarqovglst¢r@1g}| SVhen [ﬂ@ﬁoA@F Igpre cqumselﬁ% 2liosensiady with ddyggain, constant

a
(B AL i IR Rt Bnd P ransconductance
m@@qmd p@mtabsﬁawrﬁéwm@@tag@mpde oan bp eastie ach@red Boysingan gersonrigre one of the
%oﬁtﬂ)l 9 Jl@tdgm aIeG(Y‘Gé[Q %" tHer ﬁ*nﬁms in wi 1ch atten atlon_ device 340 is
ranscon uct'anc | ect provi gai n
nog s¢rsratedeprnyrol Valege Viver A@@ qog]dpbecaerh@scham bzimem the tWO modes. Now
ref%ﬂ%{&akk %‘I@r\” ’; gk \!vﬂf’v lggdngtant%ﬂsctg ta] ﬁ{ %ﬂﬁstbﬁ?a%% ﬁ&{cgﬁjductlve and
vi de goo |near|ty etmeen const ant
biay cauit 8 Hoprovidescenstand eurzantilcoo nshsarhi C@Etal]'fr @turatign \Y@lltagag@de transistor
79508&n ?@c@iv@ﬁ@i@ﬂ%cﬁgﬂr?v%gﬂ%ﬁ using an appropriate

one O control "signals, designated VAGCD -

ot her enbodi ments in which attenuatl on device 340 is i
[08bH sEBKaPatlustratespfeqr planpé perdigieofanNmegrpted eifquit & reepivee 900 using low

n&&%ﬂnﬁeﬁﬁ@%@l@e!’, WeBRioh B0 Il E@qe&meMWtﬂeqﬁt%@He@ Qirlift and other
well, I n constant tr ansconduct ance node

CIICP%SIP%@WE pFdsQCtE.rgyaas sbeveu cRdrtien WA dndbidss senerally) p firg jayout block 910

ana QUi A ﬁygﬁ%ﬂcﬁ 930. C]H{yf)l?crﬂiocl( Wn@ﬁdés&NA L m&gﬁstors 352 and 354 of
saturati on volta node transi stor 730 i s conductive

the, xqs rstpge.d &gy lbl%éh 920 @ghdengll sthppeleey pqcessprg, togorm a mixer. For

ex'a}nkyfésiﬁ Qﬁngﬁ) "ﬁn;glglﬁé}{tatﬁh %Fthgfrmﬂa? 'iatoyblﬁ%l&fc 99(pwb1ml ﬁﬂfuﬂ& ﬁ&llmear devices

cult ecel ver using [ ow noi se anplifier
thapfmuyttity th@ dlfwlal(gqrrg@ @or@@@tg@ﬁté@e d;algg)@fﬁ@psmprs ﬁﬁ%and 354 in response to
dighls Yof R0 9
© BPAAPLPLEC L) AR A 1 PO Rk o0 ot
in¢lpdesbingrily-wigightsl cuiceny switehssl that steswiteheddyou lgm@bwcaé 2scillator signal.
g,,g%,g 12, and transistors 352
Han }?ighfpé %%ﬁ%sxage%g?fgquﬁ%géout bl ock 920 i ncl udes

al | other elenments necessary to forma m xer. For
[08484 rpTe maximize thp atin gF thaypmelibert the iqealit factoh EQ)rAftks load must be kept as

m%@@%&?ah 0§&1e9 I?e?'}s%éél vl A€ A{Qseomﬂélgt&g 35 Q@\M %é%geb@ray reduce the

erentl a urrent conduct e
QdBaica @esﬁf devicenare Sunotienalls 2 parhaf e mixen theysposhkeephysically separated from

th91061pﬂtgoisngﬂaiIQ duf 1& c&%ﬁtﬁﬁof{@)%%%tdd%&hﬁ %Jyglét Ote%h(r)lhqluas, thus increasing

ementati on of the m xer I 'oc
series res1stance due to parasitic losses in signal routing over relatively long distances. To reduce
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i nclude binarily-weighted current switches that are
swtched by a digitized local oscillator signal.
wWoonewEs921 t hese two exanpl es are nerely il ustPEr/US®5/002665
[0048] To maxim ze the gain of the anplifier, the
quality factor (Q of the |oad nust be kept as high as
thi® Qﬁsdtbﬂrz&mst‘b‘&r%esand 861 sivareen Wrﬁﬂinddheltlgﬂlé @&t of LNA 212 and laid out in

transistors, 3 sev reduce the Q. . ..
cl<§[s m;loéunelﬁletg éh (fg tragflétorﬁgﬁé th) éubgtaﬁtéaﬁlty reduce ‘?8 routing parasitic.
Orfrthéedther thARY curRyits Hﬁlxp hyd i\gal ﬂryv@eelpfﬁrt&t édink rof mratidiseors 352 and 362 are
oyt put . of. LNA 212 due onventional integrated .
ings: {17 o s B Mefloid FRRGS RS PGS sl dguting can be bette
tokeRSddohdlitsenddlee to parasitic | osses in signal routing

over relatively | ong di stances. To reducethis effect,

Py "B By 54 fer 8 aCERAYROD BV eBRiTtnt sy ansistor
35d I‘aﬁtﬂ 8% 46 1dcatad 8d Gbse S thd Bétpﬁtﬁ af BHA 210 as pd&sibh:r’tb medidl yegrading the Q of

o 554G o RSP B et e Pl g Jowerer are outd

betwean ddystitOslsckS 520 amtl9BoEEcarse thenfbidequeno ogerdtiow is repsesianm to parasitic
m xer de,hanld garasi telfl ﬁJroes st nce dug Lo signa taceous]
BB g A DE BECEBPPIBGPAT Bl B T 1bAD HolFRd ™ [y 2dfmiaseously
disifileutedeovdeanto ditferamtnagleladfayoutblegitsat ed circuit recei ver
900 is that the gat es of transistors 352 and 354 are
[0{)%)? gz/gl?uc?a}g\é% ??dPrOW %shat ?e@%%&%ﬁéllf%ﬁ?t f%s1 OoD %ﬁasr’ng) 1ﬁ§rs First, it
1nqﬂadeasal dlfkrenmalltloadgbat\e@nsmarau@hﬁa spageh So IpMV)CN aoprbptidit Xﬁenua’uon for
ra NGY & a a%x%d’ %Ut e%eck())%%l W&e rr]nlI %yougta bel Oclocate%]'(i) 1 a(ljl c? Se to the LNA
PRECALSe e sUib% equéent’ operation’i Ped& St tive T
oujtaut as_smaxlmlzaethe € afnthe resbhang ldakle Tindg thetaticmmaiondeviee is broken up into
m@ﬁél?ﬁr}g qengalfg/]e%lzev\éie(gon%ptogeen dsr F Celr \éhﬁ le arde S agl\e/:arg%ggat? uc%a%cterlstlc with
cohtrdo/iokage [pﬁﬁlﬁ(ﬂid ﬁbhugmﬂcﬂlAe@l—@lnfwdomrsdes oﬁtlhe Aéﬁéntomfmi wpltage. Fourth, the
ani] Denel [ SNRW 3R o Rtom bl h
p 1 engls é)r 81a¥1?%1rs eVﬁ 1e as? O%n dt %eet at1 ﬁalp ith a c?ns{a e%m 1asing scheme
sekzma(ljﬁs high gpinawd deom‘paptrmm asingathearichbico rﬁorflo)w gain, with the switchover

rati.on 0 Second, the m xer gm stage
ol S Gl P o EiseE T o he' UNa out put o

maxi m ze the Q of the resonant |oad. Third, the
[0651] e nInaithep embledinerss, itke dondvicgyitiespf ithetMO&mianSiiqmrecould be reversed. While
M&pg?ngfgtto{és?il% ab?eact%gursi&%r@ tl?e?tefpﬂltogrlﬂ? %qusﬁo aiiyggsséouﬁp 'bg used where
apprquatee@uﬁhm@ahmammttyethal previildstang of elresadamageﬁ listtdbabove could be

r transistor

n@(l-a;/eﬁ %B{ é’Jl{} %’A&E‘&gnblf ggﬁs 'f ?%htugr@ d?ﬁt@h %/eéﬁlgsal n with a

const ant gm bi asi ng schene sel ected for high gain and
[0852¢ on¥thdmtat IagATe bkeamilarg embwémeltdhebm frepenttdwn thaiferegoing detailed

deé\%{?ﬁ?% :']1‘1E ) c] %Q %}6?’8‘8@% at q %aﬁ o] cg?/vr?%%& é@%ﬁt It should also be

appeaidied thay theleggnldﬁwtehlb0¢nﬁ@1ﬁm ansigary esbobmends e only examples, and are
not q\fl&rdgc? g lin¥1¥] jchle %%%455 rp i @B li)lo o%ﬁ l?rXf?on ﬁ%fn%nﬁ% fn\?églg%ay. Rather,
ot her appropria nsi' s S cou sed re
the fipegomgidataded desaripher wﬂ)lrmoxmteethosre lslgl]ed inyhetantawithor @i adéent road map for
. a . i e
1mgp%ﬁe§{1%tﬁ<? ﬁ)?e\?n ?alr% gtggoidb n%l% %e%ﬁ A O ald ngeél%\%e Iﬁﬂggp?ég qnderstood that
variesuthasges [c@OEQ]natW]lnlthae finction st anrangemmﬁrqﬁ lelemgnts without departing from
thg g‘jt%gg ?fr[ge l(gl\é%ﬂ?i?tll a | g frc]:lel nttF n%}%ﬂlrdgg Bltalms an? {eh%q%aﬂ.g]u{Vﬁle?ts thereof.
vast nunber of varl ations exist. It shoul d al so be
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appreci ated that the exenplary enbodi nent or exenplary
enbodi nents are only exanples, and are not intended to

WO povsH789he scope, applicability, or confi guratP@rUS$005/002665
the invention in any way. Rather, the foregoing
detail ed description will provide those skilled in the
art wth a conveni ent road @RpIM®r i nplenenting the
exenpl ary enbodi nent or exenplary enbodinents. It

Wﬁh“ulél:l1 bglsunderst ood that various changes can be nade
AT HE™FURCti on and arrangenent of el enents without
departlng fromthe scope of the invention as set forth

Lin tA&vapperdplified (A12)ysomprisinghe | egal equi val ents
thereof . CLAIMS clained is: A low noise anplifier (212)
conpri si napanghifien@20)hdng { BR0hptsarinimgl for feceiging p fiptiinput signal, a
term nal for [ I: | . a.fj .
out put ¢ er m nag s e ol 2k ARGl i, A eedback inpu
and a f eedbackteiomipaltfortreqeivingzl cofitoel vpkagei whergn spitentroloioltage

vol t age, wher eae[g egla g%qgé{)s)gld a%%d}-aq?(ﬂegngr m nes a

gain of said anp 5 circuit (310)
havi ng an
si gnal , ngéfn}cg% ?3‘161 lﬁ@llﬂg af? fn gl:ltetgxgﬂd?( 1 gg r%g‘%/gigta 8#‘0‘01 51fgnal and an
i nput te r m nal ougput mmalmpplﬁd fogpid @'132 Oipuf teumipad of/aiti amplidier (320)
bi as ol age tAPhBLine IRk Shihed Hlefl WGl At ethhio) i
i's responsive to said-cont ro per ate
of first and swengivatoded comémgnahtm qper@‘aum orfej qfé“lrst mcond modes,
said bias cf I Chbdreih Hg RLARES sA8 bl ARl 10PbadeSER arfliicr (320)
operate in a su stantla y const ant ran duct an
nmode, and i n swiogersiedonshbstantially edndtahti teegsconductante r(lositoa)nd in said
bi ases sai d an&k&rfd' idde Qﬁg gpas Lifufl r()?fngsels E‘al@a liﬁerI_QZO) to operate in
substantial |y constant saturatlo . e
| ow noi se anpl & fubstant{ajty Qnsight satuetion loltagy mpdﬁ sai d bias
circuit (310) conprises: a current source (316) having

2.an olhedow npise aripiiler €202) qicloin divherein shidbias cisewit(@HD covaprises:
in said first node and a second current while in said _
second moletrent sopign €318} fewving 3 gytpdermingl fer providing@dirst ewrent while
el ectrode cou pin?gii% st ﬁl%ﬁgalﬁlﬁtsofgnd L&t Rife B5aid cgnd mode;

current source a contr el ectrode coupled to

sai d firsf Gife g’:tl Sﬁla@fr\lg [dm clrhat Qégtmdé‘MPl%d ?bes‘af?irbqtput terminal of

current el ectrode coupl a power sup vol t ag
terninal ; a fifaitcupenfisgerey (34®1e290nﬁawwgo qopplsd to said first current

term nal coupl ggc(ﬁ)@e slfi@ljegf fldrabednd 'E:ﬁ el@éﬂ%ﬁé ¢ g[%d ®fa dpower supply

said transisto and a secon ern1na upl e

to said first yvalegatemdpai nal of said anplifier (320);

and a second resistor (314) having a first term na

coupl ed t dfieshiegistpr (53 heving efirst temeinal couptedde saidfiggt current electrode of

transistor (318)4 tra%@ngtop(ﬁﬁcﬁﬂ% sE&ﬁlH}e%ﬂlnaF&HﬂE@Q shifl first input

sai d second i nput
terminal of said amplifier (320); and

a'second resistor (314) having a first terminal coupled to said first current electrode
of said transistor (318), and a second terminal coupled to said second input

terminal of said amplifier (320).

3. The low noise amplifier (212) of claim 2 wherein said second current is larger than said first

current.
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termnal of said anplifier (320). The | ow noi se
anplifier (212) of claim2 wherein said second current

WO go0s@arsgger than said first current. The | ow noi BEI/US2005/002665
anplifier (212) of claim1l wherein said anplifier
(320) is characterized as being a differentia

4.anpl Thid lew nhiay amglifiea(2d2) éfickim il mhaltemtseidmmphﬁerf(&O) is characterized as

tr :? (;%)el;]n nagc%lg‘grer?tgi Qslhﬁelr Hzgllijnt es%l(g)lgirll(jsql 1an)p 3 rmmaSI %g?gc%g#&%ald first input
havi signataidch se¢ang hnpoUtbmuhalif@rrmewaig afsecronp unput dgrmat aschhashng said first
Llr E)\S/It éo Etéeor% 1nzslgfl8g%rav1d1%n gal? ﬁrs?ou(% qq s'o utl gnl;[l L3 gﬁ}géngi: o&%}u %,egylnnal for
and previding aisetoond owpuy mghasl \almlens samcblﬁxfsﬂ andtsecamcblmpuicsognais and said first
gglt P%nd s%rh 44 ?&tﬁ}lt%%%a S € cﬂp:?m?nse glf%eﬁef%el sgpg é)fnzs ?nnil
¥wr] ZL@&%‘H X 31'89% aﬁrg 1ﬂ et/ﬁ%)ecgf’g%lggﬁl w%lg@lrnl said amg?ﬁ%r I’(g%%s comprises:
fe: ?g: r 23?2} Ié 1%{ tre{n? o%%lﬁ/cltag&ge (’?e% g (§2|6¥ I?a{w ont(r]c)‘clI %\r)l?‘og’g f%gg(ﬁ%mg said
havi ng a f|rstﬁmEMHNthdamdpﬁbdcumEEWEMMﬁ¢zm@mer
supply voltage term nal and a second term nal coupl ed
to said fafistloaddavieni(323) baingadestddrmgrl cbupled 81t a first power supply
E) L?Bﬁf 02 Id ; ?]talanfcﬁtageet\éh‘f' ﬁallﬁgfg? g\?vgl@gelgsngﬁag]cwleﬁ % Qm{ %tzc)ﬁjrrent electrode
of clai m5 wheofsad fBgitdnscondgttaios d@l@d@ﬁ@@nq R2Bing said first output

conprises a fi tor. The | ow noise amplifier
(212) of cl ai mgl%{al hgl‘raeﬁ?n sai d anplifier (320) further

6. gggg#l §x§ Fl?léeziﬁﬁ@[fg 2rf%)gc§ftcf?1 m b %)eﬁcs%g?irsq ‘iioala %E\yi@ee@Zﬁ comprises a
t r anfisondustrance devi ce ( 326) and a second power
supply voltage termnal. The |ow noise anplifier (212)

T.of cThs lﬁwgomgnldifwr a2 )xpficlaing 6 wheneinesaid awiphiidr(3t0¢ fugther comprises a
sai d to
cai cclahaybloNRRIPHED RGEy ARER ol Bac SRl
t hr omghcoadme@@l@lcs 6162 endecsedns powernepy witag@@inal The
| ow noi se anplifier (212) of claimb5 wherein said

8.f i r sThetlpwimeisornapldien?d® delping & wlgt@@)salddmis eursans elegtroNgDsy said first
tr anﬁéxﬁéo‘ﬁﬁuc’t LQ@d%VR‘«?’(%b %?3%{@3 tb gdlﬁ 5ec&%]tgx)nu9z{l opgaﬁf #t30ad device

wherein sald er conp
secoﬁ@Z)tthl@n@cﬁtmwd@ emoectefdVD8 éralqsm@ﬁ?rﬁw ng a cont rol
el ectrode for receiving said second input signal, and
9.q i Fhalowapisesmplifiee@?)odekin fhohereinaaid it ansdonduetinse device (326)
(332), gésgg M’O$ Itttk erm nal coupled to said first

power supply voltage term nal and a second termn nal

1EOUPTRAoY 90§@él‘gplfﬂef @Zt12)cdf faﬁﬁ‘? \A@lﬂ‘éﬁtsﬁﬁ ql%ﬁgifiegglﬁgg qurth %‘Ugglprlses

transconduct ance device (336) and form

out put si gnal, tHged %Qﬁ:ct'ﬁﬁ& defite @Q%ﬁﬁv?gg lcbr{htg%le&x%agior Receiving said

clai m 10 wherein sai I er
conpri ses: second input s1gna1 and a first current electrode; and

a second load device (332) having a first terminal coupled to said first power supply
voltage terminal and a second terminal coupled to said first current electrode
of said second transconductance device (336) and forming said second

output signal thereon.
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an attenuation device (340) coupled between said first
current electrode of said first transconductance
wa@leaso®9tB826) and said first current el ectrodeP@f/USBENH002665
second transconduct ance device (336), and having a
control input termnal for receiving said control
1ivol t'Hgdow heiseamplifith@12)aficlam $Ewherph sdid ampl{fizt BR0pfurther compriseS'
claim 11l wherein said attenuation device (340)
conpr i sesanattphuatial device ¢F40otppliaé hetivednl syﬂd\fest gtmr@d electrode of said first
g%ﬁp?latelr o?z?_gt\f/ I g?%%dH( éc"a(r)lgé ql_e%'pél 32%8&11?'5]1 sglgl%’? t gon Wonl! aférode of said second
vol t age conpri m@scoadtmtanmadiavtcy (336), enhbavolg agiogira firput terminal for
coupl ed to correspondi es,.of said plurality of
exponential |l y- r\f\’/‘éel j Saé“q&f]&@rmg ther(:(i’ew ces (402, 404,

06) he'%‘o (tf)l Clln 18fer OF O%Efa{l]lgl Wil 24 salcll gt?enua'ﬂ())l‘n Id che 40) comprises a
212’5 ST onat LR cont T oI ¢ (? r}
Idm'ahuylmf eupngenaalpemghtbcbattehuaubn dewmu(4|0m,t4044 @6)&I of
the | ow noi se anplifier (212); providing a control
13vol t Bgdow noiseapiise(2(2) o alatn pbwhareih eaidbontrol dtagerotiipeises a plurality
't ?‘;"n(glgoxﬁtﬁ 1 ?igﬁ’élé Jo‘uﬁod {ozc%g%sip&?dn%?&lreé{)fesa dgllugaliggﬁfe%@&emiauy-weighted
vol taigeuabien dayideeGl2,i404.106). pr edet erm ned vol tage; and
bi asing the | ow noise anplifier (212) to operate in a
14c onsA ansthod &arwperatingra lownprgemptidige(21?) widspomséc gan seritgl comprising
cont kol ly%kt age being greater than said predeterm ned
vol tage. e nmethod of claim 14 wherein said step of

det er mi nl&gerﬁﬂﬁr% Wer 1e},e%{3+ &ﬁiﬁggi@?&tﬁ‘ﬁ“ﬁ%ﬁ@a Fhﬁefr (212);

det er mi ni ng" sai eve out put 'si gna

the |ow ngi5gin QP ﬂtlfo %lta Sih2dsp ﬁ olzv efbpover at
14

an output ter xer al so has an

i nput teryy ﬂ%th&ﬁ%mo gaﬁl 1f?e? ftglé ergt@ Er?& %Ltalﬂftraﬁgsnductance
| ow noi se Ifier 212 claim1l

wherein said sneds lafesmna%iowigldmémﬂ veltagobeies lamlllanfa{peﬁrdetennmed
(212) to operal %enagtpl d constant transconductance

node conpri ses tﬁ step of providing a first bias

current AgiARe BhhorBhe me?en@f tolpésie Ha {dhStati QHuRAbS Foltage
amplifier (212) to operae In said constant saturation

vol t age node cBegsrin ssponshie said epnteol voliaes/ badnargyeater dhva orid

bi as current highemhBaposgld first bias current. An
integrated circuit receiver (900) conprising: a first

19.ay Oﬂ{e rpeltl%l%f (:1%1]19 14 WGl gdl&‘ &ep"‘oiJ &Wnﬂlﬁin@ Gaid BRLérfléV%f comprlses the
(212) having an input term nal for recewm&anlnu
si gnwgp, of dpfarmining paid payier fsuel of eridhrpuiieit siger ofthe Vavinaisy agplifier (212) by
fi 1 SheRRRl afﬂoevelr awah Baga térmt Sthigld (ylmﬁavasa ) aéinptuqermmal
sai d i nput signal first transconductance device
( 35290uplad forfg oHipUf tﬂrpmal p@fﬂlﬁiq\\atmse amplifier (212).

16. The method of claim 14 wherein said step of biasing the low noise amplifier (212) to operate
in said constant transconductance mode comprises the step of providing a first bias current
and wherein said step of biasing the low noise amplifier (212) to operate 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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coupled to said first output termnal of said | ow
noi se anplifier (212) and an output term nal for
w@e@sitiomg a first current signal; and a seconPCT/HY0$/002665
bl ock (920) having an input term nal coupled to said
output termnal of said first transconductance device
17 352)n inegehtedrvirouit noertiver €106] evaiprisiog: provi ding a first
tuned signal having significant signal energy at a
di fferenta ﬂimtelepmhldyclq(ﬂm) incdiidihgj arlpwi mois¢ gypidifier éﬁ@r@l"ing an input
said first tr
second | ayout ocC g%gécgﬁﬁ?oget hergx{aﬁ%@&;%ﬁ%@(ﬁfé%{ﬁng%lrfor
of the integr aweddiog » st amplifisdivoléage fdoEytially peoportional to said input

integrated cir
sai d | ow noi sesqéaﬂnﬁ fl&ﬁ:@ﬂrs M%‘i“%? de% S );gag’m@%ﬁ glpﬂt terminal
out put t er mi nadouplog tospidfirst |0nfgutaergm@dmﬁsaddpw plf)lpfeajnpllﬁer (212) and an

vol t age, wher eéulibaﬁ%bglngllf{)ﬁrf,ﬂ %gﬁ?ﬂgmﬂf@n‘a ﬁer ein

vol tages forma erentia air
said firs, r;
second tr%ﬁg@g?] 3@5%%39%’2?}%‘?&({3@%‘?{3 a@?iﬁghlgﬁﬁﬁoﬁmﬂ Output torminal
termnal for rdfseidvirshganseendueianse devicerpiZ)fangdn owputdgyminal for
and an out put '
signal to sai rg‘;el%gghfsg&gﬁf&%\%% 5%8§fﬁ% E%“ﬁ%&g}p&t @ different
i ntegrated ci rizeguency denisaié inppiodepl, whereinghidhfitsy trogseendpgtance device
said input ter r
devi ce (352) 10 Dapa Pl SELR Lo GRAERRHAAARER as g mixer of the
of said | ow nom@sra@dpir@flﬁreqelV(eQ@QQ) through a coupling
capacitor (354). The integrated circuit receiver (900)

1%f  CcTheiintearatedpitquisirereiver (Q0®)iof elpin Kinvhereimsaistlow(ngisg pmplifier (212)

fur tfﬁﬁﬁﬁr(ﬁ @srebo?ﬁ%uﬁ’)u{ t@ﬁﬁn%h %r g&ﬁﬁﬂ;; mydn'agmﬁhﬁécf V%tltage wherein said

term na or recelving a vol tag , a second
t er riinstzand sesapd amplifigd sdtae%cfem % diffexshiead slgm!l @albfan%‘afh%rem said first

fir Sltayc;u'i @1@@]@@@@%&1@9 E&nﬂigé@ aCs%ang %%ﬁsconductance device (362) having an

input terminal for receiving said second amplified voltage, and an output terminal for

providing a second current signal to said second layout block (920).

19. The integrated circuit receiver (900) of claim 17 wherein said input terminal of said first
transconductance device (352) is coupled to said first output terminal of said low noise

amplifier (212) through a coupling capacitor (354).

20. The integrated circuit receiver (900) of claim 19 wherein said first layout block (910) further
comprises a resistor (356) having a first terminal for receiving a bias voltage, and a second

terminal coupled to said control electrode of said first transconductance device (352).
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