WD 2006/ 012272 PCT/ US2005/ 022402 RATI OVETRI C CLOCK SYSTEMS FOR | NTEGRATED
RECEI VERS AND ASSCClI ATED METHODS Technical Field of the Invention [00011
This invention relates to receiver architectures for radio-frequency
comuni cat i ws06/0¥r7e particularly, the present inventi orcwesats@z24d cl ock
systens for integrated receivers. Background 100021 Radi o frequency (RF)
receivers are used in a wide variety of applications such as television,
cellul ar tel ephones, pagers, global positioning system (GPS) receivers,
cabl e nodens, corRABOMEPRINGIOCK SUSTEMSIFOR INTESRATEDIRECEIVERE recei ve RF
signals. RF receivers typi cal IAWNDASS0GIATED MEGH@DB8Y transl ati on or m xi ng.
For exanple, with respect to FM audi o broadcasts, FMradio receivers my
transl ate one broadcast channel in the FM frequency band to an internediate
frequency. Wthin the United States, FMradios will typically translate FM
audi o SIgna#éﬂmmﬁlﬂgd%fﬁm|hhﬁﬁg§ast in 200 KHz channels in the frequency
band from 88 MHz to 10 , to an internedi ate frequency of 10.7 Miz. FM
denodul at or n ereo eco ers can the gnal

r o Gemodul aRRfl ) of LR Eeh el AR Al i DB for BTGy BN
speakers. AMblapartdulady, Iﬂerpresanauvehmqnesatmd dlock systemdiof ifitegr@at redeivesjuency bands and
channel spacing, the reception of audio broadcast signals, such as FM audio
broadcast s, gh&gpduph! arl y acconplished using RF receivers. 100031 The
majority of typlcal RF receivers perform frequency translation or m xing
using an oscillator and an mul tiplier or mxer. An OSCI||at0r wi ||
typically olft R qucféﬁq”"B%Vc&F?é"’cc pers E’E(‘ﬁfcds‘l‘ Gnwide Ve WPRicAoBt %P &% ne wave
or peri odi Ctelsien, haMlaﬂg:IeahohunﬁHﬂerﬁ rgiolpal eposiyon(n rs@jem (SPB) deedivetsheable nisdends t he RF
I(:Rg_gl[’]eISI gﬂgi/olmﬁlgsse gﬁolnu adlos ?ngrothgg %eltvllé?s art geggllerﬁg&%rgg.ﬁ)tR 6}ece%?/ﬁ's %yﬁlcalleféeqsul g;g[ gteg
form an out fmluensy gmlatldma\rlmgn$p§@thahple cdhtrespect ot FM mediel broadessts, Euadiot o t he

sum and di fre@energclﬁayoa‘ranm@ B LR e O RRCFIE Sireq AR bdha 116 B HiniErai@nd fou -
fLo. One of these conponents forns the channel cent er frequency transl at ed

to the desi fregencr Withipthe Jpitey States ™M rdiosoy il picelly ipestsesdt™M rudie siseals Whieeted out .
The osci | | abddc£kein 260K b6 i tRckredlichdy band AT 881Nz ©I0CMHE Wb drSintedmd@idteIdi N,

f I t t | | at h

ol acat i on' BEBRFY B B MBF 17 g it st Abeodin Yot LB of ¢ en

i ncl ude sepsigrat te denidelgiedlie andarightcaudivd sgrtahaztt coifbe et wSeree xieakersaAlticlugicdther si gnal s
of 10 Mt OEouf#Plé’ .uh&be%{de}éﬁt fféh&lr%%nd?% {?né?rsé%‘é.ﬁﬁﬂer}%()@eﬁﬁﬁuh %ro?%!a.“ zed to

process the receive ese tend to
cause signi ﬁlsr@karwchﬁeFM@Fmbi@@écaéFeg?rsadlar'ﬂgaccaﬂtphm \BORBF GLPRR2 PCT/ US2005/ 022402
interference if an effort were nade to integrate this digital circuitry on

the sane i njoag) at etheGhajdsityl df tybfeal RF receivers perform frequency translation or mixing using an
oscillator and an analog multiplier or mixer. An oscillator will typically output a local oscillator
(LO) signal in the form of a sine wave or periodic wave having a tuned frequency (f, ). A mixer then
mixes the RF input signal spectrum, which includes desired spectral content at a target channel
having a particular center frequency (fcu), with the LO signal to form an output signal having spectral
content at frequencies equal to the sum and difference of the two input frequencies, namely fcu + fio
and fcy - fLo. One of these components forms the channel center frequency translated to the desired IF
frequency, and the other component can be filtered out. The cscillator can be implemented with a
variety of circuits, including, for example, a tuned inductor-capacitor (LC) oscillator, a charge

relaxation oscillator, or a ring oscillator.

[0004] Typical systems often include separate integrated circuits that often use external clock
signals of 10 MHz or above to drive digital signal processing circuitry utilized to process the received

signals. These clock signals, however, would tend to cause significant performance-degrading



the m xer and LO circuitry for an RF receiver. Summary of the Invention
100051 The present invention is a rationetric clock systemfor an integrated
recei ver and associated nethod that provi des an advantageous sol ution for
combi ni ng di@ibRlo1yPNal processing circuitry on the saggisireiated
circuit as mxer and local oscillator circuitry. 100061 In one enbodi nent,
the present invention is an integrated receiver, including a mxer coupled
to recei ve igfferpcesf grpafort gﬁ@@?ﬁq}mmteah'%ﬁ'&iawc‘siﬂg%‘dhe |8 NFALd CigHbBhavi ng a
m xed si gnahe mMiger aiL LRI foVdARFRectik® RF i nput signal spectrumincludes a
plurality of channels, local oscillator (LO generation circuitry coupled
to receive han election signal as an input and configured to provide
an oscill atsl%'énﬁnsrl”gne'{'lﬁrmnﬁ%nt he oscillation signal is dependent upon the
channel selection signal and being used to generate the m xing signal for
the m xer, |88l er Shomregant iygntien, iscio apprastict dock rsugien) {os an Hetegitsdergcatiegpsl from

the m xer agdcisenhiyared pFoQId&LhtnF&U\tant@gealsgbltltﬂJn f&' @m&h.ngve@nﬁ stoh® pro6eadmger si on
circuitry is configured to utilize a "9‘963@8&0 ock gnal ,

di gi tal - si FTEH O IESTRIPegHSH) “’”"é‘f Pixeriap Bﬁ“éd"‘i“&ryr eceive the digital

signal fromthe conversion circuitry and configured to output a digital
audi o si gndPo0dher én trieeenDSPment, rticeupréseny inventiom isfan gniggeatedtreceiveri Inplzding hwixehi gi t al

clock si gnaaoi,plegggre@e.ve aﬁklcgg;%f ka&m,ﬁlamhn %xg;@rmoagn%&%&urh%g ahi &%@ﬁﬁa@&e the

m Xxi ng signa cl ock si e oscillatio
wher ei n t hean@ptre pherg e RIE(D‘@E%@P'&P?CGW“ @F'p@aﬁPluusal'tytoﬁ@a@eh\)eqa!sqsejﬂa%@@u| t r Y,

and the DSRnerdibe birdufiry caﬁp@edlt@tr&gveaa Sidnied Leblfibnasighdi NG lak idplt SATBiMBGeEtor CUI T .
100071 I n anot her enbodi nent , present invention is a ratiometric clock

system f or PYidej aﬂP@dPﬁ‘t“e%F"?‘e‘t’Eie\)Eer °5°'I‘ar‘|'8'i' Siefhly derRsednt war e changy sqlsetiyn
gener ati on signilGud bding lﬁﬂumgedrateahd’r&l@ﬂg vignaBfot hammet, corvekiac titcoity ssugRato as an

nput and oonlLONT Giled GaRf AUh g AOBE LhALOT: AN aBlPLEud Nep3] ! ati on

signal is dependent upo he c nneI I on drvider
coupl ed t o aoexsesioy gireuftey is senifighred iootnlhzesa dgigital clogkesignalt Higital-bignat-pretessprd®SPY s an

out put si gr@rku.weoh;snqusireké?vegrﬁraegws@namr&ﬁ mgcﬁbmlcﬁcuﬁtgran@cmgs% to dubph@0r at ed on
an integrated circuit with eneration circuitr a second di vi der

coupled to d‘%‘%’c"é‘?'@é‘gt‘%é“’h%&elqsgtclr rysih eprEpureirie Hdize e dbgé?:'df?ﬂk Heneh &2 provi des
an out put sh@hwlric UlotK dystel cdnfig@@ine gentréte thelnOLihg Sin@INad the ldipltal dlo@u sﬁg’xhlal frimgnal

processi ng DSP circuitr te nthe integrated c with the LO
gener ati on g‘:‘? ?S(C:'u'?tion S'g"ai(%'gf ' n}I r{'q ﬁﬁﬂ%&%ﬁff"’afﬁ%‘ﬁa %f ﬁonvissr%'scérﬁlfmy’ﬁ\fentl on is
a et hod f ahe IDSPrwrngtDcatmmwhtsd withinfaisimgla integiagdeiicuispect rum i ncl udi ng generati ng
an oscillation signal, the oscillation signal being dependent upon a

channel sel gggj on i® 'agd?ﬁbl- emBddfithi B Restht XAv@:Qno§'uQ£‘@ituoﬁaEkFlc Rlotl Pisied! forChoCk
si gnal based upon the oscillation si such that the m xi'ng signal and

the digital ‘"‘EWE%C‘"S?W@% a‘F'“%l?geJWh?sF‘Bﬁ%ft(\g )cge"ﬁ‘ﬁ“ﬁ'i Figuitin coupled IOH?fG't"e R
spect r um hasietign digi s @&l inpyt afd camhgirsaad growitld ih bsti@ativh Xighg waerg fiel osdilatigener at e

an out put sng%alY\sl%egenQen{ L(l)p](-)r% %Zgh CIT ele %%n SIEn/alOz? ? Tst d2 vider coupled to receive the oscillation
signal where the first divider is an output signal utilized to generate mixing signals for a mixer
integrated on an integrated circuit with the LO generation circuitry, and a second divider coupled to
receive the oscillation signal where the second divider provides an output signal utilized to generate
clock signals for digital signal processing (DSP) circuitry integrated on the integrated circuit with the

LO generation circuitry.

[0008] In another embodiment, the present invention is a method for tuning channels within a
signal spectrum, including generating an oscillation signal, the oscillation signal being dependent
upon a channel selection signal, creating a mixing signal and a digital clock signal based upon the
oscillation signal such that the mixing signal and the digital clock signal are ratiometric, mixing an

RF input signal spectrum having a plurality of channels with the mixing signal to generate an output

-2,



signal, converting the output signal to a digital signal, and processing the
digital signal to generate tuned digital output signals, wherein the
digital clock signal is utilized in the converting step, in the processing
step, or i mwdodboizbe converting and the processing stepgcans20ehenaizn the
generating, creating, mxing, converting and processing steps are perforned
within a single integrated circuit,. Description_of the DravY| s 100091 It
is noted t A& coertngthn Ry Sealip A geity! F'E‘B&la?"gf”éceéﬁ‘ﬂgyhee‘&"é‘ﬁﬁ‘ ° BWHEGI ments of
t he InventUnémdl@ﬁuﬂoﬁﬁlﬁslgﬁhﬁwmfemrt&,dlg’llﬁltcl(i:IOSlbﬁl lﬁmnﬁéddemdonlvtrﬁﬂgtsleﬂ,gn ot its
scope, for donyent | di nent s.
100101 FI Gp$°Pe§S‘ Sep, %I 1 boli} &%ﬁg‘;r?q"éfaﬂd thgé"&ngsaﬁﬂégﬁs %?Vf‘%ﬁg.‘”ﬁtgg'gfdﬁ?%d
terrestri aIcreaimaﬂm@gsconvme$we$lhmtepm4r¢ performngd yithippsingle istegrdigdiceitur e. 100111
FIG | Bis a nore detailed block diagramfor circuit blocks in FIG | A
100121 FI Gpesdription af the@Fbwigeigr am of one exanpl e i npl enentation for an
integrated terrestrial broadcast receiver including exanple external
conponent s, 013 S 0 nbod

i ntegrated [({Oe res r'sl ré%dbtgég\é cé’gqtng)ed acaw'%v%%t% Lpa(?'iy qu l"’“‘”%atéé’ Fock | oop
(PLL) and éventioi areter thaseferk.getkto baropmidond treiting ol ithggonsi f‘gnta¢ mveamm maclra@mttal cl ock
signal for hheqlfFaicuifk eftiolimidhet.’ Y. 100141 FIG 2B is a block diagramfor a
rationmetric cl ock system 100151 FI G 3A is a bl ock diagram of an

alternativ for an |nte errestria r oadg receiver
that uti 11 0G0 nFRG ThdhE PorF et 3 ARG 5 o e T8 P r ovi de
m xi ng si geaa{/esthatnﬂhzés glotvaF arcilitendite. Si gnal for the receiver circuitry. 100161
FIG 3B is a block diagram of an alternative enbodi nent for an integrated

terrestrialgyfir oageasd lsa%eld&gred Blb&tduaﬂxtahlfdr%?c%n Bioli@ld FaERI i ¢ digital clock
and an external reference clock for digital circuitry. 100171 FIG 4Ais a

bl ock di agr t for_an inte ted terrestrial broadcast

recei ver ”@n}h ncF@]di'lszrbsbaqilrrE W?J'P(‘}%‘H‘E%af"p?g'ﬁ%ﬂ?ei"@“o"dﬁ nERFER AR} o

recepti on. bba@isBicdieGnelddBigiesanmlelokteradt caipagntam of an enbodi nent for a portable
device that takes advantage of the integrated terrestrial broadcast

recei ver, ?&)‘igr di pg bR i Q%loBI @‘é%&?x‘i of XLV%BA .qan for%n MR 2 QLR LA tfoadcast

PCT/ US2005/ 022402 100191 is a diagram for an enbodi nent of an
i nt egr at ed ey gt yiliggs awhaéwe'a@w (PLlgcgd %/@P‘O"Eeﬁkftd%lf’lptﬂifé‘é midrgaiends¥d| | at or
(LO cont r @lgits closkighd Yor tRkecaddtirgirger t ai n frequency control features.
100201 FIG 5B is a signal diagramfor one frequency control feature

provi ded b tljﬂe F[‘% |Sg%m &Jgraﬁlfgxargﬁhetgmuysphgh side versus | ow side

| ocal OSCI| ator S|gna I'nj ect

[0015] FIG. 3A is a block diagram of an alternative embodiment for an integrated terrestrial
broadcast receiver that utilizes tuning control circuitry and a ratiometric clock to provide mixing

signals and digital clock signal for the receiver circuitry.

[0016] FIG. 3B is a block diagram of an alternative embodiment for an integrated terrestrial
broadcast receiver that utilizes a ratiometric digital clock and an external reference clock for digital

circuitry.

[0017] FIG. 4A is a block diagram of an embodiment for an integrated terrestrial broadcast

receiver that includes both AM broadcast reception and FM broadcast reception.

[0018] FIG. 4B is a block diagram of an embodiment for a portable device that takes advantage

of the integrated terrestrial broadcast receiver, according to the present invention.



100211 FIG 5Cis a signal diagramfor another frequency control feature
provi ded by the enbodi nent of FIG 5A, nanely programmabl e internedi ate
frequency (IF) locations. Detail ed Description of the Invention 100221 The
present i nweoRbmwe1i232 a rati onetric clock systemfor an iPCTdHe@SOR4022Ccei ver
and associ ated nethod that provides an advantageous sol ution for conbining

digital ssi n rcuitr esa |nte t ed CII’CIt as m xer
and | ocal g@@#‘l ?. ﬁf ok guf’kﬂ‘ ’agri'ﬁé%ﬁ B ‘ﬁ'mef' "%{e%%ﬁiatﬁmaﬁ”élgbr%ﬁ] f an
enbodi ment rdo@erf tiat nahxdesribcegosarﬂlad aer cwsoqulrahtrybfooa@m%rtanr Gapenge contrplat
utilizes adQuel F architecture. The input signal spectrum (fRF) 112 is
expected to be a radi o frequency (RF) signal spectrumthat includes a
plurality hannel s_that can he tuned. It is noted that as ed herein, a
"radi o fredﬁ‘gﬁ'cy" R 'sz‘df?asp E‘H'sfoérf’“%lfré%“te?‘iyc‘iéﬂm‘g ey P(:"dﬂ?fﬁ;’( A5 usef ul

i nf or mat i oremastimdnaafiFig 54, fhmndgbigngde v Mavadiae Udcal Bsddlatoo(LeX) signa( ikjelzipn.t 0 t housands
of gigahertz (GHz), regardless of the mediumthrough which such signal is
conveyed. Tpm an e 5% gnal; qpaf.ag% fotrrmlmfrg&u@rg{lcbrﬁr%p%tu@ frov videh 85 uRPaCE,

coaxi al cab fiber optic cable, : e cul arl e préesent

i nvention cf‘dﬁOdﬁ‘r‘%‘Wf(ﬂG éﬁ 'BB?)&WP&Q@W? "&“r"@?ﬁ“‘f“e‘@ﬂ‘t}ﬁ% (¥ b’t"c"’&ﬂ“SFM terrestrial
broadcast receiver. For purposes of the description below, therefore, the
RF signal dIpsaitedDes¢fipfion of fHi2 Imvdnkiobe di scussed primarily with respect to
the RF signal spectrum (fRr) 112 being an FMterrestrial broadcast spectrum
that includggaf PlE By indbnich fsfaeﬁa‘aaﬁetrﬁ'\/&&m@g&ﬁ&smqm@mﬁd RedEhLer ed at
dlfferent broadcast frequencies ooki ng back to the enbodi ment 100
in FIG | A asgcipedymeibndstbat Rroyidesian e vaptageegs sqlgton f?fefe@wes digitd simm! grogsdre spect rum
(fF) 112. Theuidnmntisaf inkdiRed MithORixkraind B&NosaipgdbricRelithyo m xer 104, and ni xer
104 generates real (1) and imaginary (Q output signals, as represent ed by

signal s 11 rat e th Q S .16, .t h 1.X€e £es phase
shifted | oc ? Escfﬁ(?el it a ﬁcé)) : %ﬁax O}r‘l\%n emg?dgﬁ%ﬂ@{?r%rejnﬁefr%gmeﬁr Smaﬁ éjga%er ation
circuitry I18®ivertbdt tudess aolsmlfr areltitectyre. cThe dnputt sigpal spedtrusutfiplit 1€ it ¢xpecteduto be a

out - of - phasgy;d- &L dabntl f@)%l’@%ﬂé’degtru&ftké?)ncﬂiaé tph@aﬁﬁy@ff%haﬂﬁe@sdh:@éarﬁ&QuMXﬁrls 104. The
out puts of m xer 104 can be eaglned to be fixed or

may be desiWédat & et &Ffelma més?aff?@treécy P'fR%lFlgI&P peags argglectyicgl jigngl gonveying
i npl enent eduséfarinfofitatidnQng @neigat freqiens/ ﬁ(ﬁUibbllit)B KliGH2rtz GRiz)eos atieiatdsof gigaege step LO

generation CUIt tiljze .e t.unin s is de crl ed in the
co-owned an reﬁar lcfs Onﬁe T U{R(Sluﬁﬁgévﬂﬁi g"ﬂ[ ggﬁ%éﬁ%ﬂé@f at ent
Appl i cat i ontraBeifteg|thriigh al&@#%ﬁ@e,%@lal mm,d'lher\%ts citild, etel Mgre pd“lCﬁMf'%ﬂ@@@SGnl\/mi chis

entitled "REGEL\ERORR Tﬁgﬁugil%& M‘n&k@ mm%gstmlm%a;{ l.Jé\Jk e AND
ASSCCI ATED METHODS, " and her e ]%/F I ncor por at ed 3/ reference inits
r

entirety 1009 Phhe dpcrrdiay Belay gherears. dhsi ygnzbvae%'eéfnr)elé ik bg diggussed ) and

i magi nary (;Q\mamygnabespeaxl@thansls.gr@wpwtus (LS a2 baRgani FVB@HARMENbrali@itbgbng gnal s,

repr n nals 1 w | F nv n
as represe t Sdmctf%es agpIL?rali%y ofz glfferent FM Qt>roadcastsC (?:ham%qs ce(r)nered at different broadcast

frequencies.

[0024] Looking back to the embodiment 100 in FIG. A, a low noise amplifier (LNA) 102
receives the RF signal spectrum (frr) 112. The output of the LNA 102 is then applied to mixer 104,
and mixer 104 generates real (I) and imaginary (Q) output signals, as represented by signals 116. To
generate these low-IF signals116, the mixer 104 uses phase shifted local oscillator (LO) mixing
signals (fo) 118. The LO generation circuitry 130 includes oscillation circuitry and outputs the two
out-of-phase LO mixing signals (f.o) 118 that are used by the mixer 104. The outputs of mixer 104
are at a low-IF, which can be designed to be fixed or may be designed to vary, for example, if discrete
step tuning is implemented for the LO generation circuitry 130. An example of large step LO

generation circuitry that utilizes discrete tuning steps is described in the co-owned and co-pending
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circuitry 106 preferably includes band-pass or | ow pass anal og-to-digital
converter (ADC) circuitry that converts the lowIF input signals to the
digital domain. And the lowI|F conversion circuitry 106 provides, in part,
anal og-t o- dwgima@loiemver si on, signal gain and signal filr@Ewisgosioarsoli ons.
Further digital filtering and di gi tal processi ng circuitry with the digital

oxtr act "t neb STl ATFLPRRT R ¢4 REh i Gt B BFnar oo i
circuitry IBBCEIVER WQRESQQHMHG@%RSEIAWDQmUW@MDSASEQEIAWn t he
i nput_si gnaflam@é@ta%dwcf%eré%p%&ig@aﬁéd%yretfépanée Ridlohaly Processing provided by

the DSP circuitry 108 can 1 nclude, for” exanple, dermpdul ation and stereo
decodi ng. And _the di | tal oqutput sjignals 12 n be left ht (R
digital aud®®Sbut ;}arv 5 PYHET crotng ng“%eb?‘\séf@h@ af*??énaélam &éﬁs e ﬂﬁ

br oadcast cdmspmﬁeéal brell imggitarin@glial sig@sls,0R pdpeseadd ibn sighe RODORH eAE cdésiaf FI G

! A It S nccl)rttﬁ efferan)?y m(':‘l'ude ban(?fasst (t]rq reagsezi Xlg to]dQQTl c vertt)e?I('A[?(é)n rEuxtdeSI red
signals, incC 1 6' a rom an

anal og-t o- dth@r—wa#rts tf@dwé’r'nth'EnHato tl@rd@ltp)ds@%m &Wﬁ@dg’h'Faom\@@lomrtquw 96 1 ter, a

baseband si ;QMestp%n Q%gﬂ@&lgﬂéﬂmnb&snondﬁgﬂaﬂgbllrﬁin@q nditbring | feneBshs L EiRaNd L- R
audi o signals, nd anal og audj o_si ﬁ r any other desjred

out put si grdigie! ﬁ'f@'@z"’éid'?‘fal P’Q“Ff’ﬁ‘ﬁé'(ﬂcut"f’f fhétgdl&gaé&g'r? Pré‘ie?f"“?gé?\ﬁpl) BV si on
circuitry riethes sed © f@therquretatid/extrivathe I;lghapﬁtbfmatlcm fXﬁSthé <hgtat @gngeuzoc rraenlrml within
t he i nput si.

nal ec Q I
vari abl e | F“? g’ﬁ @Qhen pro?lﬁesdbasm@anﬁ g 1%11 OLft%’?S'*F"ag fow &b out pu[t ﬁ'F"é’gs "Tha tﬁ wi dt hs.
For exanpl ebroadeasts, g dlbltabard@asmgsmmdtdhynhetm&!’ disaiitrye P8 Serainelede, fbhe(arnﬁarwel wi dt hs

are about Z&Qomon ;mlét%reo Qécgcﬁﬁkc %ﬁ tt%hl?{lﬂ%bt%ut s!gﬁhlst B? cmeﬂbdi%’ﬂ%ﬁrt(l{ r ea are

specified to be | east abaqut . pur poses Of
descri pti ond‘g'iah%‘P'éf"b‘P% sigaaly '83\#hf‘tlieﬂ“fs@t§|ﬁ’éﬁwnf ‘tfr‘helfM UP‘IS‘%PGE&%’H‘%‘ b§ing 'HP‘H t he
Uni t ed St at g8gepidddlinlthbem@@ineht 100 6fEFUGIQAC Y iptea khat the Qﬁpubaltwecalb@um Pt kHz. It

is further d. that for on-un channe gs, a
ow I F 11 eqtBhay o peuaiagy e s bl Buttle SRl 48N aRosT R L Channel
t uni ng r esotoutertenth@f ar¢ Ipessadetbwiighes devimagon filtey, a bascbaed aigpdl ehat ihhs bdtever brei ver
circuitry “&Fn%leﬁ%?rfmﬁtﬁ&gd e n&H'iieauéiQéi‘Qm lLSanﬁﬁg'%le L&tiAhenhi8 A0dor R Ufer 100 KHz

apart, a | owl equency woul d_be eq ua ‘to or ow about 300 'kHz. As
not ed abovedes'f“H@“‘PLFs'ﬁﬁaéquency may be fixed at a particular frequency or may
vary wthin a lowlF range of frequencies, dependi ng upon the LO generation
circuitry 1@02ept i Ili B @ckedumhet as hs(awhdrém jo®- lBOdmt/d’er»d dirchitry B2 dircliitry kit if part her

noted that [he tFert l%%%e}l t?hm tfhe hifs % sibla Fs% ctmm'd{} g% fgé& Iﬁﬁ@qu?ngf Wt &OXI{]/I zed for

receiving sig audi o
br oadcast s, Vaﬁmlalﬁd‘reeuency&hm 2@61656 m@@wzbmrwsmm@mgr exmmmrié’t S,

tel evi sion @Uﬂbz@ts b«ﬁtﬂﬁ‘%@%ﬁe%,Stavé@%flﬁim&@ﬁifh@% §bou@'@9kl@zt RGLs, S’r@a%l:éﬁ‘c@lan%l@adcas'f S.
The follow ng table provides exanple frequenci es and uses for various

br oadcast bgﬁlﬁssamﬁtg?adtaétﬁreﬁére s?eé'@éq W@ﬂatﬁefﬁtamé‘t ?OHtkEQ prafte Boritherpuases ofdlhis
br oadcast r @s®iptier theéforie /W oyIFefEeqidncy oM brbddbasts within the United States would be an IF

frequency equal to or below about 600 kHz. It is further noted that for spectrums with non-uniform
channel spacings, a low-IF frequency would be equal to or below about three steps in the channel
tuning resolution of the receiver circuitry. For example, if the receiver circuitry were configured to
tune channels that are at least about 100 kHz apart, a low-IF frequency would be equal to or below
about 300 kHz. As noted above, the IF frequency may be fixed at a particular frequency or may vary
within a low-IF range of frequencies, depending upon the LO generation circuitry 130 utilized and

how it is controlled..

(0027] It is further noted that the architecture of the present invention can be utilized for

receiving signals in a wide variety of signal bands, including AM audio broadcasts, FM audio
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FIG. IB is a more detailed block diagram for the low-1F circuitry 106 and the DSP

circuitry 108 of FIG. 1A where the receiver circuitry is utilized for an integrated FM terrestrial
broadcast receiver. More particularly, in the embodiment 150 of FIG. 1B, the low-IF circuitry 106
includes variable gain amplifiers (VGAs) 152 and 154 that receive the real (1) and imaginary (Q)
signals 116 that have been mixed down to a low-IF frequency by mixer 104. The output of VGA 152
is then converted from low-IF to the digital domain using band-pass ADC 158. Similarly, the output
of VGA 154 is converted from low-IF to the digital domain using band-pass ADC 156. Together, the
The DSP

circuitry 108 conducts digital processing in the digital domain to further tune the target channel.

ADCs 156 and 158 produce the real (I) and imaginary (Q) digital output signals 120.

More particularly, the low-IF DSP circuitry 108 utilizes a channel selection filter, as represented by
the channel filter block 162, to further tune the target channel. As indicated above, the DSP circuitry
108 can also implement digital processing to provide FM demodulation of the tuned digital signals, as
represented by FM DEMOD block 166, and can implement stereo decoding, such as MPX decoding,
as represented by stereo decoder block 164. In addition, embodiment 150 can tune and decode RDS
(Radio Data Systemn) and/or RBDS (radio broadcast data System) information utilizing in part the
RDS/RBDS decoder 168 within the DSP circuitry 108. The output signals from the low-IF DSP
circuitry 108 are left (L) and right (R) digital audio signals 122. If desired, integrated digital-to-
analog converters (DACs), such as DACs 170 and 172, can be utilized to convert these digital audio
signals to left (L) and right (R) analog audio signals 212. 1t is also noted that, if desired, ADCs 156
and 158 could also be implemented as complex bandpass ADCs, as real low-pass ADCs, or as any

other desired ADC architecture.
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amplifier (LNA) 102A. The FMIN node is coupled to ground 113. The AM antenna 115 provides a
differential AM input signal, which is represented by signals AMIP (AM input positive) and AMIN
(AM input negative), to a second low noise amplifier (LNA) 102B. The AMIN node is coupled to
ground 113. The AM antenna 115, as depicted, is a ferrite bar antenna, and the AM reception can be
tuned using an on-chip variable capacitor circuit 198. The connection between the on-chip variable
capacitor circuit 198 and the AM antenna 115 is represented by the AMCAP signal. 1t is also noted
that the FM antenna reception can also be tuned with an on-chip variable capacitor circuit, if desired.
With respect to the power supply for the integrate receiver 195, an integrated supply regulator (LDO)
block 185 can be provided to help regutate the on-chip power.
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RDS/RBDS data through the control interface 190. And a receive strength quality indicator block

(RSQI) 188 can analyze the receive signal and report data concerning the strength of that signal

through the control interface 190. It is noted that other communication interfaces could be used, if

desired, including serial or paralle! interfaces that use synchronous or asynchronous communication

protocols.

[0034] Looking back to the mixer 104 of FIG. 1C, LO mixing signals are received by mixer 104
from a phase shift block (0 / 90) 132 that produces two mixing signals that are 90 degrees out of

phase with each other. The phase shift block 132 receives an oscillation signal from frequency
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utilized, and this phase shift block 132 can be a divide-by-two block that produces two mixing signals
118 that are 90 degrees out of phase with each other. The use of two mixing signals 90 degrees out of
phase is the typical technique for generating mixing signals for mixers, such as mixer 104, to produce
real (1) and imaginary (Q) signals, such as signals 116. If desired, phase shift block 132 may also be
a divide-by-three block that produces two mixing signals that are 120 degrees out of phase with each
other. Depending upon the implementation of the phase shift block 132, the processing provided by
the low-IF conversion circuitry 106 and the DSP circuitry 108 will change accordingly. It is also
noted that more generally block 132 represents quadrature generation circuitry that can be

implemented in a number of different ways to achieve mixing signals 118 for the mixer 104. In
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signal. As discussed below, such rationetric clock signals can be generated
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I nt egr at ed §¢@ioh 8B liksiredl thDFAGRIE 8810k I BLRLYM BE inkildk withih lothgStocks epr@aMansY
synt hesi zer 209 and rati orretrl c clock signals to provide LO m xing signals

(fi,o) 118F¥hé" &ddil%s tArBcl ock signal (fDio) 205 for the receiver circuitry.
As with FIG A, an RF input signal spectrum (fRF) 112 is received by a | ow
noi se anpl ilGO3&r (loNAy embRlireend2Qfr dspictss dte by generaien cifeQitry tivglugesne fraquency eal (1)

and imagin c I ) i d DSP
cirout try Topesba, J0AEp A ek B ol SN AU O B Q’ﬂ?""ﬂw 3*‘“@3?‘? (R
di gi tal audiogk &@t Boase ghifyblegkd 32 arszvzdes P'P?Sf’a‘&tﬁ‘ie‘i L@ mixingssigapipihg tp ﬁ“"F’] @ t hese

left (L) amdquencdRintetRler @%eﬁe@dtes@ﬂalt&t leﬁnwgsc)as:gtnahssat$azs,red:muetaey pm@cessed

with additional circuitr res |ta-to 0 nver si on
(DA “O01 + Bty Brieslich 20, B Sratn aarey (L a R bREAE e A og out put
si gnal s 212ackeiQ637(PLWs affrgntehayriodtepioort e’dL) or b othemaesited 20011a06n ganBatiod A, a

hase shift j. 132 can
p cnr%h&ﬁ?&g :lﬁg%.legcggf rﬁ@outpllﬂ J(l)éa!il% 8S§) 25§qsdde eﬁﬁﬁeng %ﬁol%mu % jt_l%k &%ﬁ ges

be a divide two m Xin at are 90
degr ees outat*tﬁzet pHaensbinpyjt flﬁ‘abﬁéﬁGBT REANNRR@2 9selest t \mlr?ﬁ%tpngﬁesi“’g%/alf‘é 90

degrees oulyisQfsed m&ebelo% thlaereaaémyc‘oaltmst @@amhsma sfgﬁan ﬂ@@ﬁlr&tdoﬂgatéﬂ %iaAg signals
for m xers, such_as mx E%Oduc i magi nary (Q

signals, sURfeT @)é]]abﬁafF'§°tef1bésed I”f"’"dt flesized Chaﬁﬂ%ltsér h% F{F‘F‘E"%FY(S‘H‘RS'ZEBQOS’ al so be
a divi de byutilizay anenplod refedence fraquenzy (fﬁi;k)@%mfg%rall‘ﬁg)ﬁh ogpus $ignalaFosc) 42at thadesired 20

degrees out, of h r t | tat| on of
the phase Jigdsen bﬁ%c?("t%'gﬁg"a?@ﬁd&rg%lcseseg|pahsfg prr%u | g’egR’ge by- ?eoloc X(?q%nconver si on
circuitry ZXoragndouthe siD8P! IJithatisuted o gt@Ritethd deSl@haﬂgmlmwlddﬂﬁgll? forte i s al so
noted that ot Qoﬂeﬂqeé}JeB yanplapglgcu;sg‘@mr RHE 8a8Nbeowd YaRh ALt fon IR BANSN

circuitry that can be npl emented 1 n a nunber of different ways to achieve

m Xxi ng si gr¥ELECTIQN) ¥08rca't H’é ufijzgegnd Eeyybe appjied to divideysy o blod/ (6 p20#2 This band
PCT/ U82005/593035rp‘2gna@@¢|b4nlb@ﬁlmhzbJto@ﬁ%’t h€ Gining Bad o e krdeier 060. FoP&kmpAG deCoul d be

i ncluded within oth bl oc nt e GS, . 3A-3B. 100381
|-t he enbOtHEHE OgbLRBHE e tﬁﬁﬁﬁgeﬁwgbwtamegw GowER B 7 e Bds
frequency styatehder @ebe BED ture channeld @ity mMtifdé waddcast-bx)ds.204, and quadrat ure
generation circuitry or phase shift block 132. Phase shift block 132

provi des phﬁﬁ%gs hislit 54 éle)mhé(bdﬁth nglr(%sc§25§l,§1 a‘is@ bmlsgdatﬁ p%@u%e tthlExtal fisgquency

synt hesi zer enera es ‘an_out pu C) is at a desired
frequency. S (fD'P)r@éd@H@Q b&)?lﬂtt%éﬁ“f@‘rw‘ U)‘gh"cEQH "E)éo"i"?fﬁ‘i”b%ﬁf’écﬂoq thedPSVari ety of
ways, i ncl udwn@ minemutﬁemts B0 Maw |nkm%gadhd dl c(obk dignal (Boh 203 0sIRAEYck| Oocked

| oop (FLL) or

frequency SF"th t3§lsouf’°" F %‘En ig ‘G)Zzgé theg dég‘g'r S I3%3”%>}'!’e °<5'ﬁf‘t|t' (rl.ﬁ¥ 'c;rrgw try
that utili Zs) 2R, ardrlget/enmbahcledodesnmnﬂ @frglqallcle( MARCHIViCHANNELplePT2acho sel ect
the desir ed)thQH;r Bty cof'nlfn%mbkgpayck sié%.l thereby making the clock signals ratiometric. To produce the

digital clock signal (fpig) 205, the output signal (fosc) 252 is passed through a divide-by-Y block (+Y)

202. By using the output signal (fosc) 252 to generate both the LO mixing signals 118 for the mixer

104 and the digital clock signal (fpig) 205, these two resulting signals become ratiometric, thereby

tending to limit potential interference between the two signals because digital harmonics of these

signals will tend to fall on the frequency of the oscillation signal (fosc) 252. Previous systems

typically used an external reference clock to drive a digital clock signal on a separate integrated

circuit from the mixing circuitry. If such systems then atteripted to integrate the mixer and digital

circuitry into the same integrated circuit, performance-degrading interference would typically be
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di scussed further below, the frequency of this target channel signal 222 can
be correlated to an integer (N) that is selected based upon the desired
channel . The frequency synthesizer 209 also wutilizes an input reference
frequency (WOR)06@08B73 n generating an out put signal (fos®CTAB200802246?c desi red
frequency. The output si gnal (fosc) 252 is then passed through the

di vi de- by- enera ut si gnal s used to
generate t ﬁ&“eagi tl'éﬁf’x{‘fﬁt ﬁt?ex'iatﬁ’ﬁ’e it gl }§er'( TQ‘ ‘I"beﬂ"(fn rédluceﬁl xeers'"af% | f
desired, anmergsnaiasdtaliesefdr improwad pefogadne of arbetlegyw:d recebvernd sel ection si gnal
(BAND SELECTION) 207 can be utilized and can be applied to divide-by-X

bl ock (-X) |603¢l. TRIcS 2B&Nhiock Eh@sh FoPihe SdsE@tﬁlctu?eQ?a%Bm@ﬁc Hdck kysemase mdadj ust

t he tuning bhFd for the recg)l ver 200, %f%l\ﬁng the tuni ng Eand coul d be
adj usted frg ofth, the ﬁfcbﬁ'eﬁﬁﬁf& 5 the pyprpetiicsiack f POAYENET ARt 2ol s way, a
si ngl e r ecaiguat(fosc)RI2 Beeckis@ithy is@teinl28@ Thisasuiiatic sighdl bega)Mlcinlbpbelerbﬂémﬁsﬂ'@aSt

bands. 1003 t 5 be used
to produce Sﬁde’a\"gr\{% t"%llgf?er né%%uutssfh-%rneé %%P[ﬁ)cgglgge (thl act}) é’% ﬁxgoscﬁl{xt%
circuitry wigtdhifosct W@ thapig-us@ te generete 00mxing wmaisﬂwanm'@ d'&"h@'%ﬁgnab(fmr@w try

108, and t hes DAGSG. LA wakd .sld?a%ussédrbenwlasvd&@g\é,cortnlaeedohsana&@l(v@d)mk isise@!l  (f ei o)

205, other cl ock nal s sed upon the d| cl.ock si (fnrc) 205,
the LO ni x@ﬁ'&'a?la@ﬁ%‘ilngt"’ff@"al 36&&‘3&“?1“@%? ate '?Jf)ﬁ‘é"ér)g S?B‘% 'qg?ﬂ? theigi3y eni ng

cl ock nodesioak gignall (Foica205f rreque(nelmn bel’raﬁtroﬂdfcﬂs darvofa®LE, forexamgld, bpphresghaf each

other or  fAeS9TIR: BASEnfl Al i AnehLELERY RN ALONPAELAS ) 21 gl o

ratiometric out put
si gnal (fpsbot. @521“Pfset'pjaé®édftb¢1m€mghwwlm agp bFelmethbla@@& rgngeygf cir@pthatBy  usi ng

the out put 5 gBdke fhf Qa6 (%éﬁaubpS.gﬁnﬁa@a@cmpﬁnmawefAf@r Rhixhdde SdcOBgls 118 for
the mxer 104 an the 1 gital ock signal (fp,c) 205, these two resulting

si gnal s belB#E"F4i onetric, thereby tending to limt potential interference
bet ween the two signals because di gital harnonics of these signals wll
tend to fallp04din t theokingdapkantbgexahplé dfd 1@ 2B il ik seen wat adirsgard|secofidatidder A&@ts Pr evi ous

Systems U Sahb VeSS ARG ORGRR! S SREACkAGKdCs i K8 Aufliabt al ol ock

signal on a separate inte rat ed cult crrcurtry.” I'f such
syst ens t he&f4 medsnive etauttOéflliamr@@n@h(%scméarnﬂn%@ldts genal H7gifh'aputpue:$'$nelul|lit5y into

the sanme i &&Ee@t Sdrdt&rbligbnerafdl QO NG gbidfaRr hEHRINGE I d
typi cal | y R e b a8 gener at g

contrast, teEely ﬁlto? bWe‘{""r‘ |°E" be eddyrRixg P Bivide-PisY Blogs B 29 nwesies Bh Peduces
undesi r abl &sc1lllaﬂ6r€§'l§n&l’(%§l;¢ eszaamio@ﬂutsamnmrocu s"gamf(,@;izqserraf @h Baﬁke@to(géneata

I ntegrat ed glt ecllo\(/: sn ailé usedQDy th%a}(ed dygst'{il CIrc%Osuch Al%g{ c1rc¥lor¥ EN tﬁl?ﬁ]el? aSI c

structure ofca ratronetric-c
el enent s f cenvelsien Fle;tllffl'ﬁ) rh@,ﬁtand PSR ¢imeiky §B. ftlirenopsd thatentiter atiometricicoek sighals ¢omidut

oscillation, géleﬁ!%é‘if désﬂr@&&n)i tHAPtRe #aﬁon{eﬁfé%loé’i@gen@%teé&’o%?d%@‘u@lﬁ@d fomhe'? ekds! | ation
si gnal (fosc% can %ener ated using a w.de variety of di tf erent

circuits. Ab es‘é"ﬂaﬁﬁ‘f s “ﬁ‘e {het thegtird clraimnipRd thedgitat dreyirothitder ‘P?ﬁ%’abg‘tef’lcl ation
si gnal (fSSc)ocQﬁ&atshﬁdngl\«Sthlﬂt&&ﬁhoﬁ’r@tngeﬂ‘i&l’s@&eﬂl 150) wouMi paderstlyOhaihgraiddSnamd t he

digital clock .si aJ Ir(: ie) 205. In FIG 3A which is discussed below, a
vol t age confrlo oPtIe%‘rE] "L 1 ator (VOO 314 is used to

10042} In operation, as stated above, the ratiometric clock feature of the present invention helps

to reduce undesired interference because the mixing signals and the digital clock signals are divisors

or multiples of each other or of a common base clock signal. Along with the integer N related to the

target channel signal 222, the divide values X and Y provide programmable control of the clock

signals being utilized. For example, the following equations can be used to represent the circuitry

presented in FIG. 3A, which is discussed in more detail below, and the ratiometric values for the

oscillation output signal (fosc) 252, the digital clock signal (fpig) 205, and the LO mixing signals (fo)
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generate an oscillation signal (fvco) 315 that is used to generate LO m xi ng
signals 118 and the digital clock signal (foio) 205. The VCO 314 can be
controlled as part of a PLL, for exanple, or through a frequency | ocked

| oop controvoatgori2tzhm i npl emented within the tuni ng coRCTAS2050B¢2try 312.
In short, the rationetric clock of the present invention can be utilized

Wth a w dq %\%ngﬁmgf (fwd I-t&'(? qE{B?a U{eh%e%‘g“atgr 19 Hﬁ’z%d)t Qﬁlcl? |%ratllI %dqﬁ)&{ th ation

signal from ity fattometri ¢ ¢l ock sl gha are

gener at ed. fefﬁ@ﬂqfleqme\idlfm@Z%ack to the exanple of FIG 2B, it is seen t:iat a
first and second di VJCQE(fREGjK)CNi ts are used to generate two rationetric
clock signals. In particu r it%g di vi de-by-X bl ock (=X) 204

recei ves the input T f"i 3(n ( st) 252 and outputs signal 117.

Thi s out put signal lijb%fg.ys.,,7/|cﬁr=d¢@,swd(2by Kuadrature generation (QUAD GEN)

circuitry 132 to generate xing signals (fLo) 118 that can be
used by nixer 104. & aﬁdco/tyhﬁ(\ff”\kl)\?%y@ ?‘)Y) 202 receives the input

oscillation signal (fcos&p- QSZ)afwd Butputs a digital clock signal (f,(j) 205

that can benhugds SN, mesteaﬁ@tzean @Iéngietsaéctee hifaCkntitgiNa héhieVSREl aded R RBUIAL ed
circu conver si on

digital circuitr ifr in the |owIlF
circuitry fode er%g"ﬁSP‘\‘@l tﬁl *eftg’ﬂ} critffg‘ for) the Va'é'e%(SWeE@f At G b Renen et S r i ¢
cl ock si gnalksred (ot &kamipe t}@fcnelmatcadbelséleochesctcbredg erad ob-brad lobke tabdt dr osuktbei ¢ cl ocks

gener at ed %QQILrngpg u%} f(!n&'éugg Cf rg%steqt R?Eth‘H' {npﬁéeﬁ aﬁ grroqggli-aq FEqQ'ROﬁEgni rI'layi s noted

that the mXxer CIrcul circurtr
rati onetri @lso @ gerkratsy, gfpraefxsmplalten@ tthSﬁ ofrpritryr H8i tb#eﬂernnﬁeserreé kn 8ypise € 250,

woul d pref ggaibddysihQ. | THiaRtBAhI Ik Rerd REused RMBodif IRIK 3hBE irC bri& Ub teduct00421 I n
operation, as stated above, the rati orretrlf cl ock feature of the present

i nventi on HERYGESY eFg esselallyd® errsien ains 3 ¥eelP $8"8nce because the mi xing si gnal s

and the digital clock signals are divisors or nultiples of each other or of
a conmon bd&M3ic| ok arséxgmeé for M fhgpestiutnithd daterenas ireguency Mrar)esl0Gtapde tetectehte  t ar get

channel i Gpahi2d, Hlfoutt viglenaabiean i 8RdkaYo Bk SR LK ANEEDLRcONt T O

of the clock gna S bel n(g l'ized. For exanpl e, fol Iovmwg uat| ons
can be used® ‘b‘zr e Befffecte @ttflpo:uNtaP‘i/R cy ReselpRied do V‘HY F*‘fPES.‘d”@AéPO §

di SC|U|Ssed | cRanfAd ke A@EA Hor &erh@wforag&.r&m fraﬁrknsrwtnrnealtmakk teatrell @rabdub €00 ) 20
oscillatio ut put . si cl.oc g ort 5,
and the LOMFRIE" oF ifaRe € 1B SR s SrstiPidly & REfrtidnoybbhos *11s
(assum ng aluujbemsdectddythttmllmgadgrat(fbgcezg}ewehdat DFI5IGzLlthe blgzaed))ck sighel Ghic)ar e al |
based upon f (f (LR 1 ),ai 117
zbb@?mm 8Y gﬁee%@&%al | HiduddGon, JMﬂ‘{ ( &EE,J Brd 1R, lgn&x%(ars

= fvco / X = uo=fsjnj 117/ 2 foio =
f vco / Y = (tup)FQEq:to'ml)fq’ A “PR be@9 Mz Jhe miger l()?wo%t 1éthe(mput sngnal spectrum
112 (frr) with the mixing signals 118 from phase block 132 to mix the desired FM channel at 100

MHz to a low-IF target frequency of about 200 kHz (i.e., 100.0 MHz — 99.8 MHz component ends up
at about 200 kHz). The appropriate N value for each channel with the FM broadcast spectrum could
then be similarly selected such that the mixer 104 mixes the desired channe] down to the target IF
frequency. lt is noted that the values for X and Y could also be modified, if desired. And it is noted
that the target IF frequency could be a variable frequency, for example, if discrete tuning steps were

used for the LO generation circuitry.

|0044] In addition, as indicated above, the divide-by-X block (+X) can also receive the band
selection signal (BAND SELECTION) 207. This signal can be used to select the frequency band
within which the receiver is tuning channels. For example, the oscillation output signal (fosc) 252
can be a signal at about 2-3 GHz or greater, and the band selection signal (BAND SELECTION) 207

can be used to select what values are used for X, thereby determining the tuning range for the
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The values of N, R X and Y can then be selected and controlled to achieve
the desired frequencies for these signals. And the selection criteria for
the values of N, R, X and Y can be inplenmented as desired. For exanple,

t hese val ueocanotre7sel ect ed according to an on-chip | oekTwp200atd2¢020r coul d
be set through a user-configurable regi ster As shown in FIG 3A an error
signal (ERRCR enerat e for .exa DSP
circuitry 108" ﬁi‘fsqa%’éﬂlfe 115 |u'°‘eel§u(?ebr9°ra or smlnynosfcmaltors ha nEoo§ ogé%ﬁl ggangp%nal Thi s
error si gnailm@mmtrhﬂe‘nnmeﬁqgmd/ that difforliyfafaqtdyef NO\stdBueT hpsnthelFH@Pectf@J“ lffeduce

frequency ggliqs 1@598&%& alnwustng azsﬁ.gne MBI odcBbM cAAsd B RbrYephiks 34 83MAtion 100431 As
trum he refe ence frequ (f REF)_ 206 can be

an exanpl-e for an 6)820 enc

sel ected t(?”tp‘fié'g??i(qu SQP&abo“fﬁé"‘l SiAT=E aq"bzefml“f”gﬁ ﬁ‘f/%gnforb)é aathicted to
be about 20HgKisZwithik €atiobe 1ISRir@f nathunt ® BRinkid fréduaaits. bl&ov&eér,emammom be 100.
N and R Carl])rog cas%?pegtCtm%QVe;egieV% anne(?qf} s(i’rﬁﬂa O(R-Chléagcllﬁl\/l{ wo“@ﬂave 00 eatge t UnEd.

For exanpl g, aesire cente at about
100 MHz, Nutsidn otits grell @ptrasig rveh anlTBOOE fiterh “Rrec'mﬁsﬁeder\é-dl tenichitebtiy t o be

equal to 1deswgeh'agob@%val%@&r(%dwkﬁ%taﬁ'(ﬁlusteat&encgésﬁ;lla bek il @hing rpBihto (e OSC) 252
woul d be 2.395 gital clock si oi e) (% woul d be 23.95 VHz.

The out put déﬁ"éqféﬁq“efi"?ba%‘t’ﬂ '6“5\9“5‘1‘.@@3 %‘mﬁlﬂﬁ‘g“%ﬁﬂ llaf9re LO m xing signals (f[,o)
118 to m xer 104 would be 99.8 MHz. The m xer 104 would then m x the input
si gnal spedodsim EWR 34 fsRB)ockulibgnant dfen atieontivg esbdimehts0A bBarfintegnatgheaseriddl ock 132

L0 M X, e s R M GHARAEL Rl o8 gl oL LU AL Bkmld SEENCY O

about 200 k conponent at’ about 200
kHz). The apb@ow@gatgealq\(fwhlI&endfa@rgltéa@ﬁk signdl e 20for the temvemcwmaﬁw@t

ZpeCt r gm ﬁml’disd I aﬁdm af)ﬁFs’rlpUﬂ skgﬁﬁl'si/ect%ﬁ{ @RG)t gd |sSrb&hed$}3atlo{fv rﬂ@isefﬂn’?éﬁlﬁctr ﬁﬁf&)?hxes t he
esired c own equenc S .no a e

Vel uee t or 198 Eitcepe i< BT ESRoHr ferdh o o dnis e 16 | BBt o ¢ hat
t he target cbivediveduang yo6aodDSP diveuiay M)apnoaalsd tBesé signgls @eaducefldt (Lpaodright &)) i f

di screte tuypih use 00441 In
addi tion, gg dd?cat eﬁ%%lg\llzez H qd' |as sﬁ)%hn?lg Eh@{f l(gdhf&nggwtgﬁ%én%ecel ve

t he band M'@emtp%ﬁ'g@lsgﬂalca'( mesﬂmd@)qyna29¢u'trrrﬁsge@¢sw|by@sgrrfalﬁ@ used to
sel ect the amegcw.ev@@aén R cirdMitd b BhdWind, eorbradb& IJﬂQQﬁin&’ﬁght (5 axtawglomgnggaranel s. For

S B or i e 8 HR e A e BB RSBy AR ey =507 e

be used to gemtadis rafidtetriclotiesgnals esingspide-bpX bk (-Rp208layd dedetyn tnodngﬁt)he t uni ng

range for t 006/ 0 10224 cel Ve hi s
techni que i Q?uégdf u§ \eé%)%f%o es'%ﬁé%ﬁcgﬁéﬁ%gﬁgﬁg s Qe 8“ 8rd ’@Ir ange
from m ni rhlmk twd()r’zaécuﬁdnmrddr Bauddtimmy a flndtatudi gefeadtor oy plaisa‘alcft biockolf32 atwidtts 1.3.

Thus, the 50%:?91%5 QJQ” R mhxet P4107. 9 can be tuned using a single

on-chip os ator dse this correl at es to oscillation output signal
(fosc) 252 of about 2 114 GHz to assum ng the val ue of 12 for X,
and this r%{fle i &srRigisin aope @{awnﬁlﬁ iA Flofed dine AQnieRFERRE e gl sirgHity

f requenci eswithidaweye lintegtafed aiskdit,tsudhnadigital circuitry within the low-IF conversion circuitry 106,
DSP circuitry 108 and the DACs 170 and 172. In particular, analog-to-digital converter (ADC) 156
and ADC 158 represent the analog-to-digital conversion circuitry that produces the real (1) and
imaginary (Q) digital signals 120. ADC 156 and ADC 158 utilize a sampling clock signal based upon
the digital clock signal (fpi) 205. Similarly, the circuitry within the DSP circuitry 108 utilizes clock
signals based upon the digital clock signal (foig) 205. In contrast with the embodiment 200 of _FlG.
2A, in the embodiment 300 of FIG. 3A, it is shown that the digital clock signal (fpig) 205 can be
selected through a multiplexer (MUX) 328 to be a ratiometric clock signal 329 or an external
reference clock signal (frer pixen) 320. Although it is desirable for the ratiometric clock signal 329 to

be utilized in order to reduce performance degrading interference, an external reference clock signal,



broadcast spectruns were desired to be tuned, this single on-chip oscillator
woul d have to operate outside of its good operating range, unless other
factors were nodified. Wth the architecture described above, the val ues
for X (and W 20af1288 adj usted to nove the resul ting tunPREFUSENYR2Bt 0 t he
desired frequency band while still using the same on-chip oscillator. 100451
FIG 3A issanht ek sﬁEnﬂnggmxéBf 3Rtodl b@nga@atm déﬁre@nmﬁﬁldﬁermlf BORd atheratfin

t ted t | t trol
e oL Bl 3 B SR ol W 5 LBl 0
signals (f m)urcxma@n@n&p tie digitahcloed sigmid (magm fOQ fdigital cir@Qty 10$r Form‘ammﬂ:el ver
circuitry. s&i%chvyzf- tbuldﬁJeQ‘&'d t(L @PQ tt%%loc@{ﬂ%nﬁﬁf thﬁ)'cﬂ-Q&l t(ﬂﬂ@g ftall'mrc(ﬁftrglz) 112 is

recei ved by a | ow noi se processed by m xef 104 to
gener at e r @&t sofhaj bogyite %k F'&'ﬁbﬁfwa’rxy)) Q?Q)a"%‘f“g'ﬁ%@‘”i glgek sigath339oulg Briidizedi on
circuitry 0fheaigthl D&E’.tryB@@@h&hrayerﬂ&&n@ﬁtmasaesérmaae mSieQEl@i' witt respti e | eft

L) and right i.qltal ut SI as shown
|( n) FIG ZA%E bﬁ'ége Iy 'éf‘ﬁ‘h‘(l’)"‘egﬁa‘ \%Fa '&3“ aa( g} 365 fif’&} e myﬁ‘ W §Ral s 122
can be procdssed chatkt dignaldthit ixe 420 ciuldbaiphssad, thraggh radditiangleditidets, wltigliegsi dral - t -

anal og con n GlligW 0 u 7 fdrcdit nd right
(R anal og \{Jg%rtsél%? géﬁg% és?lf'c[l %LUeI:b?eAthg ﬁlr%gd ;s aockts%nzfy f,%fjkhﬁg g{tﬁ | &5)30@ gnal

($0) 118 ar‘rﬂthwﬁ@ lavdff sayersiqnairRuits) 194 and '(w Qﬁmwml%rﬁw@ne @@ﬁ‘éf’ é'tfféfdmas

rati onetri Glool Ggkls Souliel gnevbSdd g uell WithdRe diferefit EfcGiE Klodky ¥jthin i dafidl clduidyde- by-Y
bl ock (+Y) _, 202. And a band sel ection signal (BAND SELECTI ON) 207 can al so

be applied b divi de- by-X block (-X) 204, if desired. In addition, a
guadrature generator or phase shift block 132 provides phase shifted m xing
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Example oscillator circuitry that can be utilized is described in U.S. Patent No. 6,388,536, which is
entitled “METHOD AND APPARATUS FOR PROVIDING COARSE AND FINE TUNING
CONTROL FOR SYNTHESIZING HIGH-FREQUENCY SIGNALS FOR WIRELESS
COMMUNICATIONS” and which is hereby incorporated by reference in its entirety.

[{0048] It is also noted that the VCO 314 may preferably have an output frequency equal to or

above about 2.3 GHz in order to reduce interference with other services, such as cell phone
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digital clock signal (fpig) 205.

[0051) As described above, the X and Y divider blocks in FIGS. 2A, 2B, 3A and 3B can be
changed by program or algorithm control, as desired, to achieve the oscillation frequencies and the
ratiometric ratios desired. For example, it is desirable that a change in the oscillation signals 252 and
315 of FIGS. 2A, 3A and 3B correlate to less than a 1% change in the value of the digital clock
signal (fpjg) 205. The values for X and Y in blocks 204 and 202, therefore, can be selected

accordingly. It is noted that an integrated on-chip microcontroller can be utilized to provide control
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IS notedtH n integra Ip mcr er can Utl
provi de corfoicd?05 canlt generated as ratlometrlc clock signals using divide-by-X block (+X) 204 and divide-

by-Y block (+Y) 202. The output of the divide-by-X block (+X) 204 passes through divide-by-two
(+2) 132 to provide the two out-of-phase LO mixing signals 118. A frequency synthesizer 182
generates the oscillation signal (fosc) 252 and is controlled by the automatic frequency control (AFC)
block 181. The AFC block 181 receives an external reference signal (frer) 206, a channel selection
(CHANNEL) signal 222, and a tuning correction error (ERROR) signal 322, These signals are
discussed above with respect to FIG. 3A. In addition, it is noted that the external reference signal
(frer) 206 can be the same signal as the fixed external refurence clock (frer rixeo) 320 or can be
generated from the fixed external reference clock (frer pixen) 320, if this clock configuration is

desired.
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rati ometri G gl QK Hheda@l s cdn ovfz’iQ'\{ MQ&%S @B s?gﬂEIE %l&a@ég g%&ﬁlt?‘ Al GS make

this architecture advantage I'S not l'1 he 60 represents
t he boundarbgthofind P‘i‘é"it%fﬁ@(ﬁrat"é/d 4Q§| at“@:ﬂﬁstCOUlf prommhingd; Gdesirad, push as wuldr tei agr am of

an embodi Mepde .mggrser&noﬂ ke B8 el Js@Sb prlobie e QRfRAGLon MRERK Y& thet hat
i ncl udes both GM bro dcast reception and FM broadcast reception. In the

enbodi nent PR d&‘f"‘"&d ‘i nput FM broadcast signals 112A are sent as
differential signals to LNA 102A. The differential output of LNA 102A is
sent to m XeI59]104AIG. whiichblerk dgrar@faraxémbgdimeny AZ0 of arl B grated torresir@ brepdeastr at i on

circuitry ]r?cQwér%aPmQQd%E%ch oéﬂgtouQLé NI Sirckil§Bo0 111R8Re CCQHQH'E@E&&% Eonfrd! si gnal s
can then pr ocessed d DSP circuitry integrated within the sane

i nt egr at ed E,aitLFPéUiAf w1t}} %bgﬁlbo’g\ment I00 in FIG. 1A, an RF input signal spectrum (fz¢) 112 is received
by a low noise amplifier (LNA) 102 and processed by mixer 104 to generate real (I) and an imaginary

(Q) signals 116. Low-IF conversion circuitry 106 and DSP circuitry 108 processes these signals to
produce left (L) and right (R) digital audio output signals 122. As discussed above with respect to
FIG. 1A, it is again noted that other or different output signals could be provided by the receiver, if
desired. In addition, the LO mixing signals (fio) 118 are generated by LO generation circuitry 130,

and these phase shifted mixing signals 118 are used by mixer 104, as discussed above.

[0060] LO control circuitry 500 is added in FIG. SA to implement additional frequency control
features. One such feature is a high-side versus low-side LO signal injection selection feature as

represented by block (HI/LO INJECTION) 510. Another feature is a programmable IF location
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broadcast signals 112B are sent to LNA 1028 and then to m xer 1048. M xer
104B uses LO mxing signals 118B from LO generation circuitry 130 to
produce | and Q signals 1168, These quadrature AM signals can then
processed WO tdwe0RRD2 and DSP circuitry integrated w thi BRCTRE2083PAB402nt egr at ed
-18 WD 2006/ 012272 PCT/ US2005/ 022402 circuit. In operation, the LO

gener at{ On FlfGULHIY ach30eEAR thafek P seLRanshy el eﬁﬂeg%qcelﬁé,l\tfamr@@aéﬁ;r | ON)

signal 207 th sel eCtion of which broadcast ba is to be
processed By dspussed ipere\igiail With roskectelp & @%8? éEf’ thathe He Cﬁ'@"‘g‘éﬁ‘i@%fqoo‘ﬁ
circuitry I@9led iofthed®sPicirasitry 108 thr@gH @k ad ordsighhlf f4an® BitheQfO gerdratiomgresitrgnal s t hat
can be useq Obtxrﬂ%gth Otrrn11 I;J\/Iarlg ég 104A and the AM m xer 1048, depending upon
the sel ectid 8"eb Pi5e sel ection signal 207. (0058) FIG 4B is a

bl ock di agram of an errbodl msnt 40C for a portable device 402 that utilizes a
| ow | F i nt ¢W96Ht edFiGetd ik gsiensfiagimpioe bighsideeerasyey-sided® sgneldvertiprseleeiop he

present i n¥Qnt the HamHIEBSCH @Qnred cmeel mtmlt@ea@wp&@ente@w ygﬁsmawls&w | F
recei ver int e r at egﬁm rcuit sel ecti on &%erfaee

G reul try AOHOT GG CH biel bRTSHES Stet amah udi & GUptt™ PRELID? ace
circuitry M]BmibdmempgtfRF sigpalnpctrunolfis) KU1 6, theitemedialé feqowntyo(fit) in aateedah@edthci rcui try

406 is in tth"érbﬁhag’o(?lq if 'lo'wssgaﬁmje{ggon%ql\{l, &gagi(?rgacc&r&r fﬂﬂ%%@k[%ﬁ&\tf' Q@S 414. In

gd_to.
such a portable en i r'8nnen Istenin evi ce I's O heddphones
that can befredsighidpiniagige i ufikipeds Ehhéeswrﬂ?ra oe2 d i @@remmhese’mepréw%bl@rrent 400

can al so isprAURe 1RNBwRIde ngscao@agrﬁnm), s@usala Iﬁéhsﬁi@ IEMnGﬁ Q@Q@QQSH) 3gg,enna 420
and an AM broadcast antenna 422, §i} portabl e devjce as

cont enpl at Pt eP hMEmESHRIBRS WERE bY @“pﬁ?’%‘lt Egr"é §rypigh- S‘g?ﬁ&leF“o“ SolPYaHF WetHfdi ce i n
t hat 1t haanddo/mlt proeidethe abititytto $Witch lbblweenlthmhesiuﬁl‘g dperaonartdmb agteas Wee ght  of

about 2 p%He%d?éd gor s§'e8%§tw éh%i)ag su?eﬁnﬂecﬂgﬂ &%Eiﬂ) ﬁﬁ%vbg aSSTCJ;%g ﬁ‘gﬁ}_ﬁéé card for

portabl e devi a ce one

a portabl eof cms@t enurs 1@1“@18@%@:&#@@%@ Suﬂ@wflﬁe itdps teeryprenessed th@n@l the reggdyet abl e

devi ce havigg adinintegrated terrestrial audio broadcast receiver. It is also
not ed t hat the audi o output interface 406 can provide digital audio output

signal s, ut .sl gna And the i terfaemrcwtry
208 and a0gtteBon a Wil et oo st sl e pr Bl B 8 it Bein & iohse 11
si ngl e ser io@higlesidepai@t-fidel injeqtibe isfimpenaned by makdg an @sspssioent digimpdeesigndpoeani cat i on

interface f in tl@espg:ﬂ'% tb?fp Qhe%@lgétlgﬁ 01’4?9%! sndt].'gp %&deg I'rﬁi!c OL}AS deaanp b&&-g thgI agram

for an enbodi ment an integrated terrestrial broadcast receiver that
i ncl udes | ¢lesired ganel itself ks b‘(“ll@)’ceé%‘tf!d@"e‘blm‘@lﬁ?lﬁ'?‘ BO e Pe fercuInmly. B8t ai n

frequency GQALHieH algofiBmlthtt BSonfif\fedtb B&rﬁllh@w}%fﬁ@ioﬁjghmgtmelm ot BwEid@inyEtﬁm an RF

i nput signal t 112 is receive W noi se a i fler (LNA
102 and grd%%fgforé@ BV%B?&F ¢1ip ﬁgetp8w‘§;{eah§f’°é‘["1§‘e? 8’5‘?/"”? F‘)“a' AR ff?g‘g hiPy EQ) )
si gnal s 116tequemnivs hdthe desivedrchangdh By tugibg t thgse ¥idGueanivd aidSRoaghrsigudls 30y i@ &epr ocesses
these si gngﬂS% '&Fsr& Cixl'ypllbg)q& ga ?ef {he Qb)comgu{chlg@&an(a&ssﬁ %gka‘?ko@eygt' g\Q:HéleBUt

signals 12 scussed above Wi th respect agai n noted
t hat ot her s cqyidf freaeesignifigant performapnegriiggradingoupags- e Pasicylar, @mewdxawet ype&sei ver, if

image signal power and the next adjacent lower image signal power can be assessed to determine
whether or not to use high-side or low-side injection. And this assessment can be made at power-up
across the entire spectrum, periodically across the entire spectrum, across a reduced spectrum that
includes the desired channel to be tuned, each time a channel is tuned, or at any other desired time

across any desired portion of the spectrum depending upon the algorithm implemented.

[0063) Looking back to FIG. 5B, interference signal (fimy) 552 represents an upper image signal
that is as far from the high-side LO injection signal (fLon) 560 as is the desired channe! (fcn) 554. If
high-side injection were utilized, the mixer would use the high-side injection LO signal (fLon) 560,

and the interference signal (fivt) 552 would be mixed onto the intermediate frequency (i) along with
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desired. In addition, the LO mxing signals (fLU 118 are generated by LO
generation circuitry 130, and these phase shifted mxing signals 118 are
used by m xer 104, as discussed above. 100601 LO control circuitry 500 is
added i n FIV®2®4012272 npl enent addi ti onal frequency cont POII/USEM&DI2HES. One
such feature is a high-side versus | owside LO signal injection selection

feature as therd%{irr f &gﬁh%fe(q’lcﬂ)b%4 b H'PLE kthé Ll_sua étl'h%\ ZSZH% ﬁlgtllog\vooug %Qg f '8‘23’%4 hﬁéeﬁtaﬁl@t ure is a

progranmmabl e ocat 19 WD 2006/ 2" PCT/ US sel ection
feature as ”“r“@ﬁr%s‘é%'ﬁéﬂe 'B?“%?“ﬁ%%“e'l(fﬁﬂtﬁﬁmem} 'oyigmagrﬁwéthﬁtr%ﬁ&%ﬁew control

:‘_ %at ures | &Heﬂo»dh&ecﬂ,@ﬁ\%gg)h !a.gﬁmm%gdlei &lid thv\ﬁe;sllffbdruﬁtﬁ\ﬁ@CfEH)BSM ) lGﬁ-Sld5B_|eaﬂ)d ﬁc The
control cirg r i s, couple t he rough one or

nore si gnal’§™ %Ezeélﬁ% PR RE 1S tEeFe)]ﬂ”é'F' "’8?{'0&1‘5&51‘ (i %%0%9 ?‘W %er%re'écﬁe or nore

si gnal s 506ignd OXOBI3 FUE betmitked ontaths irtgsnaﬂdladlfraglemﬁFMOna with gmhdssnrdie:hmerlsus

| owsi de L?ﬁﬁeﬁyab‘h%nt’hg Ggelo?novﬁs%egﬁutlgrpwojlfagawiﬁl un égm;bpa agﬂ?ltlﬁ 1%%

desired ch tuned’I's represented by sig arrow
| arger int e?‘fofl'érhé‘ﬁ@é'gsfﬂgﬁ‘éﬁf thaf wnsbmlP*sle?SéWé'?ériﬂfécﬂow°§ﬁhgrmge HpeH 592 As is

\tNﬁ” ktnovvn,h sn?@[,Oﬂn%lonWBif hssdWing the¥egnd] BB offthe upped Mhkbe me&&mm&%ﬁﬁ)gelﬂ ]Eo

e inter at e uen acco - I‘O:
R T owrenns; B EOEROR el s B RER ST Fa s WaeE oGt Act R uat i on
1F = f, 0 -shdulkfee iufed hingliz-esdnge S50)jttectore owisgle injectionzledld bd hed desoidmixing 0rs fLoL
a:id f,oHn o t

"o ot on B BBk QERE L WASBRE b lotriyac HedRRY 1) Of s i hth N

respect i velpgwerphatier §5aensien seheay %ﬁr@nlﬁyof thepipestenth Py iredee %@ueweg ljould gse

injection ag aJsayUusr@é@reu Nh 8&drh@Ag wAdHR: dhakQhe dPhdaNd WRctioh 6F vaHRinkd 1 Yee high-SW t Ch
between the twp duri ngsgg)_nr ation. Some systens have attenpted to select
1

bet ween hi gweg‘iea‘@"ah'a P98BS i nj ection during operation by assessing the
| evel of noise or spurs in the tuned target channel signal after it has
been proced®®d t hFELGH it hegrkedararefor prdgramimetdalFtlpoption[sple@i2d fegeh e LO

control ci rCiiisfe 3o, 540&5&5 chdifel E%*H‘?%e&tmde@\é%ﬂrés&%d bDQI Y?ﬂéow SN Gy-S&l ection
of high-side or lTowside inj ection is m’g{éerrente maki ng. an _assessnent of

i mage si gndneHoRE Peingthi Tf’et%c%‘&éét'?”ﬁ P’GY‘@StPf?éra@@Pté"c%eieﬁ‘W"Of‘thLSh si de or

| ow si de i I'I;jgﬁ;ﬁtth@ﬂvﬂll e meddeoyaﬂﬁderbﬂ)faab enit h-fé m;d.emr r@dalcsla&nmel(f,,;)t el thas been
processed a sel ecél on

el ection dngBr e Boateming T s Suliter e nd- wRernat Sipdediae
i nj ection JF tdreifregiuaheies ang epredented byi ssfirgrié faggetafilqeenba§e)d80pade fehmd iifage power at

freauenct ssvhily @ORsEOHRL ohih dhinh BAGR) F1PMIIG i LOLBAHONGLER, £l DO

desired chan t uni ng ese uenci es and (gnal s 504 from
the DSP ci LIQ:W’P'r(QD 158 is Lfsﬁﬁr'f@S‘( ﬁﬁﬁféafget frauaney Gohisp Bas beanSG;‘Eﬁt‘tdr pre¢dmligssess t he
si gnal pomesvz aebreieh@qwaa@h 8B mixtrdl mCrﬁlklithh@ BRRddRh&ing Mcf)is688dwn to the first IF

per f or manc a t next jacen i mge
B anal | powdi N Wb bk Pigae b el b G POkar A BB s sescad
to determ rfequendydfiklSB2 ls bezoteldeod. usrd tivilighSdircbesats teavtios ptieixérnpeiotrivang.  And
this assessprliesanRfcTPIE sRhn PRYGREH B frequency (firs) 582.

[0065] The programmable selection for the LO signal, as shown in the embodiment 520 of FIG.
SA, is provided through an IF selection signal (IF CODE) 502 that is received by the LO control
circuitry 500. This IF CODE 502 can be based, for example, upon a user programmable on-chip
register. Factors for choosing the desired target IF frequency can include the channel width of the RF
spectrum of interest or other environmental considerations. For example, if the integrated terrestrial
broadcast receiver 520 were intended for use in a variety of countries, a different target IF frequency
could be selected for each country. This selection could depend upon the nature of the broadcast

spectrum in that country, including the respective channel widths. It is noted that a wide variety of
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across the entire spectrum periodically across the entire spectrum across
a reduced spectrumthat includes the desired channel to be tuned, each tine
a channel is tuned, or at any other desired tinme across any desired portion
of the speswoawsdependi ng upon the al gorithminpl enment e®CTASA®F22k30ki ng
back to FIG 5B, interference signal (fMd) 552 represents an upper inage
signal that i S [ the high-side ihjectio i f 0, 560 as
is the desir g‘aa%aséﬁé%@};e {'?p???%d)@r%%f%fp%g%na q% s%oaJé(ﬁi?onj eeg? ?@%&%/lier?@—yuﬁl i zed,
the m xer wogkd WhisklFiftsguendydgio b wiibized irj eperetioon LO signal (f, oH) 560, and the
interference signal (f Hr) 552 would be m xed onto the internediate
frequency (dos6]) aFeme mddifidations?dd WWEmaDE@EMOidRR oPGE/idVeR0R Bl O 24fdzent th he
desired channel . (fc 554.. Th t he .use, of. hi gh-si injection would create
2 Targe unde e oo T B A0y iy B0y o B0 B el BRUF PPl 65
represent s inertiongsr not mga i heelexanplstarpngerentst ahccérdiogly, thindescuintios iiscte be O _

| nj ection shainh adifilsfihe iPard bind fifboles (hhHls HIRUNRL ik HER 1o Rdmel r | OW- si de

injection were utilized, the m xer would use the |owside Injection LO
si gnal (fL&¥PiIngEst theyifyentiqpe It if o ppersiqecthat dhedfprs of the prgntigshereiiolipyh #4 ni xed
ggz 0 tT Ee i m&ﬁmmdﬁwtftfke,eau&w i erflf brEf)E(r@ﬂeﬁtB@iidanfshVElhﬁs cHagdes @g uaham?l (fcH

: us, .the use OV Sii. i njection woul reate an undesir e i mage,
ot the. | e Rt 0L 2 €y SO SR R SR P SR e o1 grel
power of thtesd itageted and eebclibed Usieing andneegthin StatleesLdD thejirverttionmay By w@isiszdssi ng t he
signal po e p } | . y, the LO
cont rol "oi reeppeeb o RORE of S0 RablcE AN EE CHERE b BAFTe R BEUHEREY: o
i nj ection hatmshedersat of disglescriptiop plehednvgftine 550, therefore, | owside injection
shoul d be used to avoid mxing the |larger interference signal (flM{) 552
onto the internediate frequency (ff). It is noted that the signal power at
ot her frequencies, such as harnonics of the upper and | ower i nage
frequencies, could also be assessed, if desired, in determ ning whether to
make the dynam c selection of whether to use high- side injection or
| ow-side injections. 100641 FIG 5C is a signal diagramfor a progranmabl e
| F location selection feature. In the exanple 570, a desired channel (fcH)
to be tuned is represented by signal arrow 554, and lowside injectionis
bei ng used. The LO control circuitry 500 provides programmabl e sel ecti on of
the LO signal that will be used by m xer 104 to m x the input RF signal
spectrum (f,,) 112 to the internediate frequency (fir) in accordance with
the equation fRF - fLo = fiF. As shown, two selectable |IF target
frequencies are represented by a first IF target frequency (fIF.) 580 and a
second I F target frequency (fin) 582. For a given desired channel (fcH) 554
to be tuned LO signals, therefore, a first LOsignal (fioi) 578 is used if
the first IF target frequency (f F') 580 has been selected. And the |ine
572 represents the action of mxer 104 in mxing the desired channel (ffH)
554 down to the first IF frequency (f,Fl) 580. Simlarly, a second LO
signal (fLQZ) 576 is used if the second IF target frequency (fir?) 582 has
been sel ected. And the line 574 represents the action of mxer 104 in m Xxing
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t he desired channel (fcu) 554 down to the second |IF frequency (fuF?) 582.
100651 The programmabl e selection for the LO signal, as shown in the

enbodi ment 520 of FIG 5A, is provided through an IF selection signal (IF
CODE) 502 that is received by the LOcontrol «circuitry 500. This |IF CODE
502 can be based, for exanple, upon a user progranmmble on-chip register.
Factors fo“méﬁéégﬂﬁﬁi@he desired target |F frequency can include the channe
width of the RF spectrum of interest or other environmental considerations.
For exanple, if the integrated terrestrial broadcast receiver 520 were

i ntended fbr ustnintegaatedirecevsr, dmpoimgri es, a different target | F frequency
coul d be selected. for ch count%¥ This sel ection could depend u on t he

nature of the 5}%3@5&&? A EEEIVG Bﬁk¥$ﬁ'“@8HHPF9daPH%W%a$H B P Sespect i ve
channel widths. It indRe¢iRgahhd ﬁgd’éﬂl ﬁiﬁanvcﬁﬁ]blﬁttlde RF input 3ignMGpdRRR{ 012272
PCT/ US2005/ 022402 mechani sns coul d be enployed for prOV|d|ng programabl e
control to the LO cdnmmamng@m@uNMV@fQnmnﬂ&o select which IF frequency isto
be utilized in r at. urt S tive
enbodi nent s of l? ﬁl gg(’i frllé\?grnqbg%g?elr?tr QSR%@BQ f% anr heﬁﬂeoa}::g}p‘ig RY'1® %l%éf%?ln the art
in view of this desaidntasoim.input and tcbnftgerelde@pg)mideeﬂ ostifedef ogm), thehat t he

present invention is not limted by these exanpl e arrapgenents.
Accordingly, this deseitptinn siegnal Beipgdenpenden Hran Hie ghasacl selegdsn signalanbnl y and

is for the purpose q;emtgetég(h{or%n&]afgstﬁe Sl Jl%ﬁ dl Forlthem@lel; the manner of

carrying out the invention Is to be rstood that the forns of the

i nventi on her eigongdromn cmudtry dagded tbeetearedhd mixed stgaklefmraﬁletmaemdsent |y
preferred enbodlnents Var ous cha be made in the inplenentations
and architectures. FOPIEYE (@Unga ?l%ﬁ%ﬂelenents may be substituted for

those illustr at(ﬁﬁ‘itaa-@qgn les6EdshadDREY Sidhitrypdtp8hd AlcBive ﬂﬁtdﬂ% ?ﬁaltfﬂﬁh
invention may be utilized independently of the use of ot eatures, al

as woul d be apparenﬁh%@ﬂwﬁ@KﬁKWFv@daﬂ%CQMBw&ﬂﬁoaﬂWé?ad%&@ﬁﬁé”ﬁh@abQWEf|t of
this description of I%]fc&crﬁ‘l’tgnﬂé %anngreW 3he LiSci&hdh Br;%gat'io% using sp%c{]t egrat ed

receiver, conprising: a mX recerve an si gna rumand a
m Xi ng S|gnal as |ngMR$su@ldamaV|ng a m xed signal as an output the RF
i nput signal spectrum, cgﬁgr|5|n pIurallty of channel 's; |oc 050|Ilator

(LO gener at i orf GHPRERFIECPCE SYTREOR eﬂure@ée.gef@rﬁe&h?dﬂwug sighaband ?1 digdflgnal  as

an input and configyigq sig?lapfr%'tl@os@plaf?%h%ua@% it ﬁhﬂﬂﬁ‘mg nglﬂgl an@%id | 1 ation
si gnal bei ng dependent upon the channel selection signal "and being used to

generate the WIX|ng(thMaMCKagthQVﬂmcmEanbnmvbmbﬁ@nﬂ0|rCU|try coupled to

receive the m xed si and.
Wikersih A mlxer ]E(Bl genere)l(uon cnrcuntry, the conversion circuitry, and the

DSP circuitry are integrated within a single integrated circuit.

2. The integrated receiver of claim 1, wherein the conversion circuitry is also

configured to be clocked in operation using the digital clock signal.
3. The integrated receiver of claim 1, wherein the conversion circuitry is configured
to be clocked in operation using a reference clock signal provided from a source external

to the single integrated circuit.

4, The integrated receiver of claim 3, further comprising digital output circuitry

configured to be clocked in operation using the reference clock signal.
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configured to output a digital signal; digital-signal-processor (DSP)
circuitry coupled to receive the digital signal from the conversion
circuitry and configured to output a digital audio signal, the DSP
circuitry being configured to he clocked in operation using a digital clock

signal; and a rationetric cloc stem configured to erate the mxing

si gnal an(f'thetrg?ﬁlt?géiited _Eelcf)'(‘fﬁréricz“yh'ﬁlfj’?‘}%ﬁf? 58 afaalgﬁ hCLTYHal so that the
m Xi ng si go@ble@RAwbaifihe Bbiflietsdin GlcARK MHRADSPAY&IRy.COMMON base cl ock signal ;
wherein the m xer, the LO generation circuitry, the conversion circuitry,

and the DSP circuitry are integrated within a single integrated circuit. 2.
The integratedeceiver of claiml i e I jncuitry is al so
configured'to géeé%é['%%r$ﬁwgﬁgg%?WJﬁﬁﬁé§th%H%m%?§¥?g$V@?gﬁkdgﬁgﬁal. 3. The

i nt egr at eds aeo@pMeIhddie @naémioh ciredigy edbmpiides |GONMuDASErSION Circwitytry is
configured to be clocked in operation using a reference cl ock signal
provided froma source external to the single integrated circuit. 4. The

i nt egrat ed recei L furt RS ik it t circuitry
configure?'to ggggﬁggﬁggkgﬁﬁgggfﬁﬁﬁéﬂgﬁgﬁﬁgné glﬁgggleﬂéghgﬁg%ﬁmsignal. -23
5. The i nttegrsatabaudiebwdast spectalnai m 3, further conprising data buffer
circuitry coupled between the conversion circuitry and the DSP circuitry.
6. The integrated receiver of claiml, wherein the m xer has a |ow | F m xed

signal asg. an qutpégraBd rdcBReCOMYAMST, Wheir bl kdrfe¥tria PATAT 5ro8ddagw | T
conversion circuitry. 7. The integrated receiver of claim®6, wherein the RF

i nput si grB¢CUEBIEMMPSSes At Misianglespeetiun ceupkisindt patitise! By datastiil 8. The
integrateqw&ﬁgng%%nag claim7, wherein the terrestrial audi o broadcast
spectrum conprises an FM signal spectrum conprising a plurality of FM

terrestrial broadcast channels. 9. The integrated receiver of claiml,

further conprising a digital-to-analo converter (DAC), coupled to receive
the digitar au%ihB"g?%jﬁtﬁ r4CP YR ‘%frfga‘@ép%&'fhﬁbﬁﬁr?ﬁry“ 'giyripaglPed to output an

anal og au@%@véﬂeggﬁgC) é&:meﬁhgréc%%{e@é@%l hEAE LRI Rfm BHe@ddP dreufieingi n the

rationetric cloc yste conprises a first divider coupled bet'ween the
osci | | at i ennfsgugerhio catrait amenatagdude sgphal and a second divi der coupl ed
between the oscillation signal and the digital clock signal. 11. The
integrated receiver of claim1l0, wherein the RF input signal spectrum

10.  The integrated receiver of claim 1, wherein the ratiometric clock system
comprises a first divider coupled between the oscillation signal and the mixing signal and

a second divider coupled between the oscillation signal and the digital clock signal.

I1. The integrated receiver of claim 10, wherein the RF input signal spectrum

comprises an FM audio signal spectrum comprising a plurality of FM broadcast channels.

12. The integrated receiver of claim 10, wherein the LO generation circuitry

comprises voltage controlled oscillator circuitry.

13. An integrated receiver, comprising:

a mixer coupled to receive an RF signal spectrum and a mixing signal as inputs
and having a mixed signal as an output, the RF input signal spectrum
comprising a plurality of channels;

local oscillator (LO) generation circuitry coupled to receive a channel selection

signal as an input and configured to provide an oscillation signal, the
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conprises an FM audi o signal spectrumconprising a plurality of FM broadcast
channels. 12. The integrated receiver of claim10, wherein the LO
generation circuitry conprises voltage controlled oscillator circuitry. 13.
An integrated receiver, conprising: a mxer coupled to receive an RF signal
spectrum and a m xi ng signal as inputs and having a m xed signal as an

out put, the RF i nputos&ilghna sigsbbsipgidsrepdsnpripady thy chipnpelieiertiansighal ehnnel s;
l'ocal oscillator (L@ Q8RESRIJeAtaGithe iﬁrﬁ@’si%ﬁ%‘l‘ﬁlr?ﬁe h&ef-eceive a channel
selection signal as an 1 nput ané configured to provide an oscillation
signal, the -24noggbh biatuitoyncaipipdab réveivaghedepeddignal fugpothetrhigecdndnnel

sel ection signal and ﬁgin tus§dtt§£%§perage the m xing signal for the

m xer; conversion ciPEEYTFY ORI BE'H'E Y& ve the mixed signal fromthe

m xer and confi gur eghita®si@HAIp#bceascd (B8P ircaitgtdlpledtDict @ilve the@iadat Pr ocessor
(DSP) circuitry coupled to receive the digital signal fromthe conversion
circuitry and confi gignakbfrem thagopuersian dirgiitrapnd equdiigsreditgagput a ¢gitahsp
circuitry being confi gur ihi.ze. i.0i 1 al Sl ; a
rationetric clock sf%?gﬁf 8%ﬁF§%$%85§%§%§%g$%?gkﬁh@q§¥§?%§ﬂgkﬁﬂgpgénd t he
digital clock signalgnkbandt he oscillation signal; wherein the m xer, the LO
generation circuitry, the conversion circuitry, and the, DSP circujtry are
integrated witH RteMsfifglosk syitey Farfgyreditp generate {Risdp ¥ sigra! ki & ol ock
system conprises a fidcflighVirdR ihCREPLesh Sgapeen the oscillation signal and
the m xi ng signal and a second divider coupled between the oscillation

si gnal and t he wdiegéin die roixec khesliQganeratmndirbuitry hibe corompidnsdiregitey, and the pl exer
configured to recei he digital clock.signal .as, an input and an external
reference clock si gﬁgﬁﬁ %{Ecugﬂg?rﬁb'ﬁ?gr%tﬁ‘ﬁwé%ﬁ‘fgﬂ SénLﬁJPéH“egf%e(?o?l i'de an out put

clock signal toviidién tHeQtiigthetfit ERUk bysertdiiprived B€ird @Wider cogaViRhwéepn

circuitry and with the DSP circuitry. 14. Arationetric clock systemfor an

i nt egr at ed receiverFh%@WﬂWPQWH@PMEB%HWf@éﬁ%ﬁﬁ@?UﬁﬂGﬁﬁﬁmb%H@ﬂﬁﬁpéﬂe@ircuitry

coupl'ed o receive 3 GRANMEI ofAGT i oR) B0RgAPcIA, liPiTaNd configured to

provi de an oscillation signa scillati sl gna i ng dependent upon
t he channel selfeghérenmsrigingh muatiflexes tordiguradan reveiveltieddigmal ceekisigaaltdae
oscillation signal, the first divider Providing .

an input and an external refetence clock signal as an input and configured

to provide an output clock signal to the digital circuitry within the low-IF

conversion circuitry and with the DSP circuitry.

14. A ratiometric clock system for an integrated receiver, comprising:

local oscillator (LO) generation circuitry coupled to receive a channel selection
signal as an input and configured to provide an oscillation signal, the
oscillation signal being dependent upon the channel selection signal;

a first divider coupled to receive the oscillation signal, the first divider providing
an output signal utilized to generate mixing signals for a mixer integrated
on an integrated circuit with the LO generation circuitry; and

a second divider coupled to receive the oscillation signal, the second divider
providing an output signal utilized to generate clock signals used in
operation to clock digital signal processing (DSP) circuitry integrated on
the integrated circuit with the LO generation circuitry;

wherein the mixing signals and the clock signals have a common base clock

signal.
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an output signal utilized to generate mxing signals for a m xer integrated
on an integrated circuit with the LO generation circuitry; and a second

di vider coupled to receive the oscillation signal, the second divider

provi ding an output signal utilized to generate clock signals used in
operation to clock digital signal processing (DSP) circuitry integrated on
the integrated circuit with the LO generation circuitry wherein the m xi ng
signals and th i. gnal,s h bas c ock 5 15. The
ae onet riie- ol abk repEdiT IR e A A T S ePiac R Feifsisln S gnal

i ndi cat es jadicdtdd Evrainndl Whhin aaFMFMriestfibibidcaldt spécnmdca tepedlythgn t o be
tuned by the |ntegrated receiver. 16. The rationetric clock systemof claim
14, wher eiiptegrgied OtRCPEt- signal fromthe second divider is further utilized
to generate clock signals used in operation to clock analog-to-digital
conversion circuitry integrated on the integrated circuit with the LO
generati onléci r dihietratiomelric cldtlesysatn aivitimi ld, shaei tbqsmtemsdgnabfra:innmem wher ei n
the LO generatl n,ci.reujtr rlses ol tage controlle ci,l |l ator

ci'r ot t by e dgshis Ao ipd PoreatR e SRR SORb AP IO REF T the Lo
gener at i oMynalohGetdigitdl éo'?lvetfsiéhtch@ﬁnr‘(‘%@grgﬂéﬁ 8 tHeQn@biaRidicirBuis Wi dhe Ldent i fyi ng
when a change is nmade to the oscillation signal. 19. A nethod for tuning
channel s vien¢rafonecigiugial spectrum conprising: generating an oscillation
signal, the oscillation signal being dependent upon a channel selection
signal; creating a mxing signal and a digital clock signal based upon the
oscillatior. siTheaitionidite b HGtesi @nﬁdnmamdwhmlndthOageneda@@kmsdugnal bei ng
rationetric so that they have a conmon base clock signal; mxing an RF

i nput S|gﬁ&ﬂw§§§épﬁﬁﬁﬂﬁﬁépHﬁ“&cﬂ?ﬁv5FP#VYof channels with the mxing signa
to generate an output signal; converting the output signal to a digital
signal ; and processing the digital signal to generate tuned digital output
si gnal s; wher eilihetriteondiegid dbckcdysiekn dictprall 4i whertinlthe bd g'emer@tpimr(atcmlry is0 clock

circuitry in the ertln sie t.he roceSS|n i.n both the
converti xgtj QWH cpﬁfégur%q\,/t(%)élgpﬁ @égeéltlf)é{%w en a change ma b 1R oscillation

signal.

19. A method for tuning channels within a signal spectrum, comprising: generating an

oscillation signal, the oscillation signal being dependent upon a channel selection
signal;

creating a mixing signal and a digital clock signal based upon the oscillation
signal, the mixing signal and the digital clock signal being ratiometric so
that they have a common base clock signal;

mixing an RF input signal spectrum having a plurality of channels with the
mixing signal to generate an output signal;

converting the output signal to a digital signal; and

processing the digital signal to generate tuned digital output signals;

wherein the digital clock signal is utilized in operation to clock circuitry in the
converting step, in the processing step, or in both the converting and the
processing steps; and

wherein the generating, creating, mixing, converting and processing steps are

performed within a single integrated circuit.
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wherein the generating, creating, mxing, converting and processing steps
are perfornmed within a single integrated circuit. -26 20. The nethod of
claim19, wherein the mxing step generates a low|F output signal. 21. The
met hod of claim 20, wherein the RF input signal conprises an RF terrestrial
broadcast spectrum 22. The nethod of claim 21, wherein the RF terrestri al

br oadcast XHpectThematlodpsticsas 19awhédinshegmating gege peneratesanipwtFiocupua plurality
of FMterrestrial broadcast channels. 23. The nethod of claim 19, further
conprising“%BLverting the digital signal to an analog signal within the
single integrated circuit. 24. The nethod of claim 19, wherein the m xing
step conprises utilizing two phase shifted m xing signals based upon the
osci | | ati o¥l-si ghwlimathodyefimdaiat2d, wéereinghel RF iepyic pignyl compwsdsRng Igteerbsirial25. The
met hod of §qu %4 wherein the converting step conprises utilizing an

anal og-t o- d]% 5 Ip §i0er t er (ADC) circuit to convert the real lowIF signa
to a digital signal and ut|I|Z|ng an analog to-digital converter (ADC)
circuit to _convert the imaginary | owl gnhal to a digital signal. 26. The
met hod of 4 ai nhhegnet mﬁeqféal%mm@wwﬁméh% Rﬁgergﬁswl h&oadqaib%)e%r%f«@wweé cl ock

signal frof ASMACHe &R ENRridif: & Pifiralif AN & sfal G88hdcast hlnnels.

23.  The method of claim 19, further comprising converting the digital signal to an

analog signal within the single integrated circuit.

24.  The method of claim 19, wherein the mixing step comprises utilizing two phase
shifted mixing signals based upon the oscillation signal to generate real and imaginary

low-IF signals.

25.  The method of claim 24, wherein the converting step comprises utilizing an
analog-to-digital converter (ADC) circuit to convert the real low-IF signal to a digital
signal and utilizing an analog-to-digital converter (ADC) circuit to convert the imaginary

low-IF signal to a digital signal.

26.  The method of claim 19, wherein the converting step utilizes a reference clock

signal from a source external to the integrated circuit.
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