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comuni cations. Mre particularly, the present invention relates to audio
broadcast receivers. Background riRaOPplicRadif® frequency (RF) receivers are
used in a wide variety of applications such as television, cellular

tel ephones. pagers, dlwreeahawéﬂw.9gtﬂﬁe§y§.kgmub%§m%§§¥ers cabl e_modens,

cordl ess phones, I 0S an evices t receive al s.
recei vers typi cal I y requi rRECEIVER ANRAPSQCMNERDIMEBHORr i xi ng. For exarrpl e,

with respect to FM audi o broadcasts, FMradio receivers nay translate one

broadcast channel in the FMvérrt@qg,engdbma}ggndtmn@ansﬁht ernedi ate frequency.
Wthin the United States, FMradios will typically translate FM audio

signals, which are broadcast in 200 KHz channels in the frequency band from
88 MHz t o Ireénrit#4t Fieldofshe Invetiamedi ate frequency of 10.7 MHz. FM
denodul ators and stereo decoders can then convert this 10.7 Miz IF signal

to denmodul itlﬁ ®f | eﬂus mntfoh Qhtesd FbRiver Q&ﬁ&ct&&'%r &a*a ﬂléﬁjt %%mhgnl&h&fseo

speakers. t hough other countries will have differe requency bands and
channel spéfﬂ"‘ri@mcl“ﬁéy the pressatiinypntion reﬁlﬁﬂi%”"cb‘?‘?i%?&%?éfﬁce'v%’? gnal s, such as FM audi o
broadcasts, is simlarly acconplished using RF receivers. [0003] The
majority ofBat:yg}bmai RF receivers performfrequency translation or mxing
using an oscillator and an analog multiplier or mxer. An oscillator wll

typically SHRAUL AabO5RluchS (! Alles L-Oha 51 FURe it DS FALILA ot 8] e veve

or peri odi uned Trequency en m xes the RF
i nput si gnéﬁﬂevweccteﬂldmtewl?p@h Fagees aldb,ﬂé p@ﬁé@nmmvst@lpéﬁl’sr)arpcewemt@He madems, t ar get

channel  hayiRd paor@arradldgtah@&h&%@&]&g tﬁfa{@&%m@ysxg(l;l;% réfbiles ﬁ/ﬂ@anygqﬁlhgnal to
forman out put si gnal , havi ng spectral content” at_ frequencies to the
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to the desi red W{guéﬁlge rllcc}/Stfa_;c glvlrarclieofsl%l %ﬁ%/{?nyate?{waugoa ealsf\lvrh ered out.

The oscill at %uencc\fa circu Adfudi ng,
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signals, such as FM audio broadcasts, is similarly accomplished using RF receivers.

[0003] The majority of typical 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 o). A mixer then
mixes the RF input signal spectrum, which includes desired spectral content at a target channel
having a particular center frequency (fcy), with the LC signal to form an output signal having spectral
content at frequencies equal to the sum and difference of the two input frequencies, namely fcy + fio
and foy - fio. One of these components forms the channel center frequency fransiated to the desired IF
frequency, and the other component can be filtered out. The oscillator 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.



requi renents. One such application is for terrestrial audi o broadcast
receivers and nore particularly, such receivers that can be used in small,

| ow cost pgr.t e vi ces. Such devices include portable stereos, CD

pl ayers, w%@%é%}é’gi cell phones and ot her small porta'HF’éU%f@Qh’Oé&s Current
architectures for this portable device environment are often overly

expensi ve WQO%onpﬁmeusngmredxdmmcstbr @f glvireappipotidnal @ Riewecaer wiisiglpict ad,
therefore, do. o m&e{rhqge@era #f beSldg, ARkhas! biRkank Aol a0 o Y of
the Inventfon [ 000 resent invention I's an integrate

i nt er medi ate@umem@réméhewh P@F“?aé@ﬂ‘f’ fogterresgiigliugio B'foéﬂ&éfé%qwefsé&‘b@‘ﬂ’fépaft&wlﬂ”)asSOC| at ed

et Pod ltha§ucme@éwe£§ehaadmt@aa@g&ﬁanarad -c60 pértabik kiévide® Nuch &Qlcb‘stxh@@i% pbiage are
parti cu ar |

é’ usef for t‘ﬂ rp E)i?f‘ e device envi Q r{7000 In one
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spectrum a m. Xin ghal . as R F signal as an
out put WhePorta@%dev ts%lf d t%erefore dlo n& rovfde an r??tfjcr% C%Tp (.gxﬁmenk ToYv-tlorr ity of channels

froma terrestrial audl o br oadcast | ocal oscillat or (LO) generation
circuitry geupasefithe Inveationye a channel sel ection si gnal as an input and
configured to provide an oscillation signal where the oscillation signal is
dependent wposp t hﬂlecﬂaamedveﬁﬁb &Cafni @tagraédglﬁaJIF aovd ileheihtdiBeenty) tgeneadat e the

m Xi ng Si gn e m xer si on CI itr u receive
The | ow | PaBioghafiet Gttt aoured mnaL AP BOPE O E st e SO eeh:  of gnal
and a digi scmitlomthymaé papicodssefnl HliBPpriabidpti@dntionmenecei ve t he digital signal
fromthe lowl|F conversion circuitry and configured to output a digital

audi o si gfyghs; WhEI Kb @mgéaﬁnem w esénh%vén@ofgsrh@rlﬁttagrga €hdseidi dubd, bréati@stl ow | F
conversion circuitry, and the DSP are integrated within a single integrated
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havi ng an Br'da recerver, i it udlng a
channel setleegdtei aomharingitseledtiar sgnabay aa ingutandesnfigutedit pre‘rldlme)scﬂlaamdmalnl whateegr at ed
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selection 'Interface and 10 out put ace articularly,
t he port abmixingeighat éor évamehéqwi&éowaon GHBHITY qoypleddo reesiveithpdovylF gepdd frvraltheet y of
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upon the 8Sci I npu ’5|gn spectrum avi ng a
plurality ofingeipamesethet cbmwnmsai Ql\é@t’rm%sspadonmstszsmam@ﬁmznmes&
PCT/ U82005/ 022398 audi o broadcast with the mxing signal to generate a

| ow- | F out pish71Si IRnethé QRY&ididnt) he toRGent @Vendidn is a portable device having an integrated
terrestrial audio broadcast receiver, including a channel selection interface, an audio output interface,
and an integrated terrestrial audio receiver of the present invention coupled to the channel selection
interface and the audio output interface. In a more particularly, the portable device can include the
ability to receive a wide variety of terrestrial audio broadcasts, including AM spectrum and FM

spectrum signals.

[0008] In a further embodiment, the present invention is a method for tuning terrestrial audio
broadcasts in an integrated receiver, including generating an oscillation signal where the oscillation
signal is dependent upon a channel selection signal, creating a mixing signal based upon the

oscillation signal, mixing an RF input signal spectrum having a plurality of channels from a terrestrial
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output signal to a digital signal;, and processing the digital signal to
generate a digital audio signal, wherein the generating, creating, mXing,
converting_an cessing steps are performed within a i i grated
circuit. Dé@cgp‘g{l?gﬁ of the Drawi ngs 100091 It is not edp(?'hg?}o %‘g?}ggpended
drawings illustrate only exenplary enbodi nents of the invention and are,

t her ef or e, and¢ bioaicize with tigi miging elgral 1o deneruty ©fowHF Suip@ Gjeal, doaverttnhehel lIowv@nt i on may
admt to e .. ef. t L.k 0 1A is.a bl ock

di agr am of Q)g 3@}@@%3‘? %rg%lt_a?;l r%ﬁ’ghyﬁ rﬁt&%ggr}eecf%%}g}ég% ée?%?tg%%g%ggéotmg% ?]écei ver
that utili 2éeren theogeneritingr qsdstinge giNingeconPng pnd Pp@ssingBtepssarg perforeeddidthii 4 ed bl ock
di agr am f orginglk frfdgiated Bt@fgks in FIG 1A [00121 FIG 1Cis a block diagram of
one exanple Inplenmentation for an integrated terrestrial broadcast receiver
i ncl udi ng anpl e external .caonponents. 100131 FIG 2A is a block diagram of
an enbodi n@%ﬁgﬁ%fpnaoﬁtﬂi‘% r@&'l"}ﬂsed terrestrial broadcast receiver that
utilizes a phase lock loop (PLL) and a rationetric clock to provide m xing
si gnal s and000gji gi dtais neteb it theé grvanded drwingseillystrate onlp exariplepyuintbogimetO1thel FI G 2B
is a block iflieaQh 3 kD heBfofetol BT bdnbiGer&l iRtk SYRIEIR, ok @RImdntioh Fay itk @ bl ock
di agram of an alternative enbodi nent for an integrated terrestri al

br oadcast roergayadly effsstye epbedimertis t uni ng control circuitry and a rationetric
clock to provide mxing signals and digital clock signal for the receiver
circuitry. [000]16] FE.GA 3B bk diaphmok atleagidarntabr @anin@grited teaéstriabbreadoadi nent
for an inpqug&%%Ig”Qgg§giﬁ%}Mmg$ggdcast receiver that utilizes a
rationmetric digita ErPScK and 'an ext ernal reference clock for digital
circuitry. L00171 FIG 4A is a bl ock diagramof an enbodi ment for an

i nt egr at ed [PHr estFFG-dB issrepstcrsed blockediagrapeler gt blackdn e -bot h AM br oadcast
recepti on and FM broadcast reception. [0018] FIG 4B is a bl ock di agram of
an enbodi mgod12f or FaG.parié ablbek digyamce ohdaxbmilQitpmeaditian foageinteghted RReestriat egr at ed
terrestrial,_broadcast.r Y grdin o0 the present invention. -3 WO
20061012271br%89ﬁ%ff§§g%g’f@%ﬁ%@%ﬁpli‘%&%@{lcng%E&%A is a block diagramfor an
enbodi ment of an integrated terrestrial broadcast receiver that includes

| ocal osci [IMHBbr FI®)2Actsrit tlesk dispre pf pp ymbogimeptfes prginteerptedierestrieb rgrds®sy cont r ol

features. (QQRO%hdrlifSfizesoFbhhs 16tk fof (FUL) SHdAFERMEEOEI0RNE ploVi@OHRAE YigaBNhd Ol
feature proyided odi pent of FIG 5A, narref)y hi gh-si de versus

by the = enbodir
| ow si de | gtgp! °5’§‘E:¥$‘1a]aff’rd?er("ift'§fr°§?‘§}ﬁal injection. (00211 FIG 5Cis a signal
di agram for another frequency control feature provided by the
[0014] FIG. 2B is a block diagram for a ratiometric clock system.

[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 einbodiment 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.



enbodi mrent of FIG 5A, nanely progranmabl e internediate frequency (1F)

| ocations. Detailed Description of the Invention [00221 The present

i nvention \6%{)%'? Aan integrated low I F (1 ow intermedi agerfi$.8681850¥)
terrestri a 2br oadcast receiver and associ ated nethod that provide
advant ageous and cost- efficient solutions. (00231 FIG 1A is a block

di agram of EH9enbddf ments a1Berkfdingramnion ax enpedimend of e inegmted &I"b%fr'ad)é@é@éﬂt

recei ver thateivit inhti BRSeRiobd BclifatoR 1) ichiRGt &licBitry THEdbiRP b taisi | fERRhcy SRR r um (fu)
112 is expected to be a radio frequency (RF) signal spectrumthat includes
a pluralit “Bfchannel s that can be tuned. It is noted that as used herein,
a "radio frequency" or RF signal neans an electrical signal conveying

usef ul infomﬁﬁtioﬁ”@nﬂBHawiﬁ@mhdmgﬁmd@hmy'mﬂmmwabwﬂw Batiwie| prnadet zby( tobz) to
thousands OfmpgdiREHEMHE. 5A @ﬁ%%’t:ngﬁ %9@%%@&5 519ef loda QiR skoftl] RiHorNi ch such
signal is conveyed. Thus an signal may be transnmitted thfough air, free
space, coaxj al fiber, optic cable, etc. Mire particularly, the present
i nvention c‘lgﬁ?lbr 03: (gescaff %8‘5%? fugap i¥ BPhH; feaepqr “é’“‘l‘%rfeaé‘ﬁe PiOHiEEr Peltri al

br oadcast retedimeat of HFGI5A, ey pRgamaibld ikermddis e fréqpéncpF)behtans. t heref ore, the
RF signal spectrum (f,,) 112 will be discussed primarily with respect to

t he si gn ﬁﬁﬁ%& ing an FMterrestrial broadcast spectrum
t hat |ncludg§aa pl ura f%@M%% @}%Pgﬁent FM br oadcasts channel s centered at

di fferent br oadcast frequencies. 10024] Look| ng_back to the enbodi ment 100
in FIG |A 0% ow W&l%eée‘éd‘b‘lei‘t\”Pé}m"(dﬁNﬂ) injeggated rlé\‘féF vigw iptgnedipte sffeﬁﬁ‘Pél‘fY) spectrum
(f1) 112. Tiaeeswidlt fidio W@badtdserebNSr dfd2asioBiated) @dthadd i FrolvideOadvant@éoud @, cos@nd mi xer
104 gener at es nﬁmhn&m) and imaginary (Q output signals, as represented by
signal s 116° CIE generate these low | F signal s116, the m xer 104 uses phase
shifted | ocal osci I lator (LO mxing signals (fLo) 118, The LO generation
circui try 108083 nclkides ipg iOFkI agrapy Pt en erghadimeny 1Q0Her ftliulﬂtﬁﬂmtfsi terreairigl\pepadeast

out - of - phasgeel/e tmmmmsﬂo@n@la@hl(e&th@) TﬂeLﬁput B%Ial s@é&ruﬂa% 1bzvlsfe 8 158k 2 104. The
outputs of mxer 104 are at a | owIF can esig to be fixed or

may be desi BHeGIEVERY, S‘gf’%rspe@f(%h‘ﬁi‘ténd‘id?s acnlgré%?fec ar@fl%wa&%%@nﬁd It is

i mpl emrent edndkearthak b@usl:ﬁx@&ﬁ]&l"&zidiwfﬂ’eqﬁdgé)cm RF VigilaB Gheanfian exanl ﬁgrfgf cdnaayfggdst ep ho
generation (i t zZes screte in i S cribed in the
co- owned an%fefrglcll% HdPhy i ha‘ﬂ“ SATE ISP 33%#? %gﬁgﬁ gop%%’éaélds %$g§ gleI'-j’?;lt ent

Appl i cat i on(CBa); regirdibis of the)mddm B®8sh whiivh civh wigs:! s ichrerehed\pFliuk arl RE si@@l0o®y bahi ch i s
ent L1 e AR ARGHTECLUTES /Ebiel AkNGICORRSE ARl T G400

ASSQOCI ATED HODS, her eby i ncor por at ed erence inits
entirety 10{9@5&%&%4@% ahedé%qg@ms éIFfP‘éW? fqy aq & ‘F'é?f‘é‘?‘v‘%!%adfq%@e?eé'é‘l for) and

i magi nary (@posdsg,naqleﬁes’bﬂiﬁloarbdowotu&ab& Sthd' R kig 6pebtFBOIEHAT 12 \ﬁillgahtd&l:usﬁﬂ gnal s,
as represented cuitr

oy ef ofably. PIRAUE "RERRLS PEEL s g Ae | ERAVER G Rargid SPtswErte, (ano

circuitry that includes a plurality of different FM broadcasts channels centered at different broadcast

frequencies.

[0024] Looking back to the embodiment 100 in FIG. 1A, a low noise amplifier (LNA) 102
receives the RF signal spectrum (fzr) 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 phasz shifted local oscillator (LO) mixing
signals (fio) 118, The LO generation circuitry 130 includes oscillation circuitry and outputs the two
out-of-phase LO mixing signals (fio) 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

4.



that converts the lowlIF input signals to the digital domain. And the lowIF
conversion circuitry 106 provides, in part, analog-to-digital conversion,

si gnal gai wandssiagial filtering functions. Further di 9&{“/%5205*./&2 %gi ng and
digital processing circuitry with the digital signal processing ? P)

circuitry 108 is then used to further tune and extract the signal
i nformat i ars. fPﬁtermApbla:a(ﬂingﬂehaﬂ|NoSil(gﬂaJ963 LR0h wihBledDSP] 1@] T00Blivibin id Bitiédhen

pr oduces bﬁg% ”RH‘“tt ﬁ?n!tnl i.ap 91%' s relate
to FM broa ?s ﬁtﬁiﬁg Bﬁ”ﬁ%‘%@?@?ﬁ%’g‘é%w ed E@Ab%ek%ggﬁm rcuitry 108
can i ncl udETHOHS, ”é&@ﬁlp*thesheﬁw ingheppnthd bateferenceamids estiretyeo decodi ng. And t he
digital output signals 122 can be left (L) and right (R) digital audio

gut put si ngS]S 122w-lﬁ1@>§1vefsﬁnlﬂrcﬂéiﬁﬂt106 Reeizome &art(r)qfld ﬁr{agndFMd; rs;gadiiscas tniChannel
ei ng tuned

S, EICtEd nthe enbodlrre% F E& iS noted that
the out putt™ s feﬁ and dpagingry digfig)pignaly, ap) fepresspigd, py ﬂﬁf’fsr‘é y ‘ﬁ%ﬁ“% COWV?{%}?“udu ng, for
exanpl e, IcowittyR 06 p@ttraaly UicBidés| bghdspagpna llev-fasscunlegto-aigid] cagwbntbr dAi)tcatuitryconvert er
that are i n h has not
vor be Cadapafitat BE MR BuCRELIR I MWL 0o WRATPRA0MSLI0RIL B D00, 0O
audi o si greegvigles, anx@ﬁoanabzaﬂyo @glﬂqleqonveeﬁ@m fignel @@tq@&tslgml @h@tlng funm@%iurrmer is noted

that as uggfalaEfiAnd Gkl d:ochQﬁﬂgéFcﬁﬂt&Mth @it Sidnal ﬁ&%isﬁxgh‘)’%?‘?l:&cﬁk&’y%&y that in
part mxes the target channel thin the I'nput si spectrum down to a

fixed IF f‘srté?j‘l.}é‘ﬁid?/f‘mbfi’ 46 o ef‘téamaﬂ’e %@?l ‘%fBrI“@“qnlfmf“rt tﬁ'c?,g" t F&t ThsP¥qual to or

bel ow abOLﬂxcdith'HG@thGﬂ’lﬁﬂd'iﬁés bwelsihchaiguaF@ﬁpues)@mph:e, whéerthdivput bgtﬁa(ﬂdlzﬂétb$MV\ll thin the
United St

Shanol o BTy 15 GRStk b My et B 800 o 8 indil o RREREFREL Lt 200
kHz apart deﬁ@mlandman@uﬂrptl)@e@mgf Andibs dlgd@smtput pigiats! 22 tdnebe ddfftdkpand aightaR)- | F

frequency 4ar, aFcM QR §t1§2 Mttr%&e'é‘en‘é @gﬁérlféhtto‘?%e%ﬁﬁr@a%ca\%‘iﬂnqcl BEn df‘tﬂne'd': or

frequency equal to or l'ow abo her note

spect r uns awﬁquteﬂaﬁhmwbp@wmt 18P Rl A5 s dciotedy dhat the quiplikof fre Feceivin é0fspn Boul d be

equal to %Ehelb@élsaWSIQIkmUﬁlcl&mgeﬁr @&1@@@ ldwlmtqh@raﬁj%aw@ﬁénalstfx@xﬂ'aﬂﬁlafo@@dlghtal on of the
receiver circuitr ¥ S hrn;i) the_receiver $ir |§r wer e cgnflgured
to tune CRYRTRE W taFf'aPaS% dorgie Iaegeﬁmaﬁ‘f?oﬂ]fer’l?) asgiand igogf ¢hat Bes Bl ¢ equency
woul d be eiqluaiulatem nftipleedddwR aadIGR buddiknkié iz .and® amlmgadhcesigwe andidaenylobhef r equency

may be fi Xd%sue(?‘out B s articular frequency or may vary wthin a lowIF range of

frequenci es, ng upon the LO generation circuitry 130 utilized and
how it is control I_ed 100271 It is further noted that the architecture of
the presed®2flnyeditis Briedchas apwsed ierq Iowdf fagyersignsirait Thig's 49 GiTains thetn garly de
vari ety ofmigds gR@rgebanalsl withithdidpub ggoAMpauthh Goviartoadeast Sequinhy,atisbwaitoa 5 WO

2O 0122 L0 Qoo PSSRt Sl A0, Bt Sper
pr ovi des Gﬁ&ﬁﬂﬂéktﬁwﬁlﬁrﬁlﬂuﬁm&ﬂ States thel chasiebwidihs ary aoit@0GkH Gaui;clamdcabtahdlsels hat can
D% e oo WIS L L bR Mo AR RRL FAGR bl b sen
description, therefore, a low-IF frequency for FM broadcasts within the United States would be an IF
frequency equal to or below about 600 kHz. 1t 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 fow-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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FREQUENCY USES/ SERVI CES 150 - 535 kHz European LWradi o broadcast 9 kHz
spacing 535 - 1700 kHz MW/ AM radi o broadcast US uses 10 kHz spaci ng

Eur opean uges spacing 1.7 - 30 SW/ HF internati i

br oadcastlﬁg) 3@6/&5_&@) Cor dl ess phones and' baby nonitor soﬁ/gérzg%éogzcsg%trol
59.75 (2) US TV Channels 2-6 (VHF L) 65.75 (3) 6 MHz channels at 54, 60, 66,
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FIG. 1B is a more detailed block diagram for the low-IF 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 (I) and imaginaty (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

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

The DSP

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

More particularly, the low-IF DSP circuitry 108 utilizes a channei 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 System) 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. It 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 199, an integrated supply regulator (LDO)
block 185 can be provided to help regulate the on-chip power.
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RDS/RBDS data through the control interface 190. And a recsive strength quality indicator block
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(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 parallel 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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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 (I) 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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bl ock t hat cpcm@uﬂfleﬁret;umcymnhe gpus sigmaa(Fosc) 25]2118dettmmedatryeorgﬁl dregtrets ublises of phase

wi th each qther I%hann ?mpl? sngt?aﬁ g&f&ﬁ‘dﬂﬁﬂmﬁ %"f‘o selectch? dae reg mﬁ?u(? rtécgl(e)r}ccg R hase is

t he typi cal® ¥BE nerating m x uch as
m xer 104, dnsousmdddﬁmebelweahe fregyeneynef thlﬁmehdlasne( @nalsi’?g}rralll &¢ caubivd asasi gnal s

116. If des{htég%p(N)Qﬁh@%ese§a&; ﬁaséﬁ' Lﬂ&kth@%%lrgﬁi%ar%lsOthQreqlﬁné}' Wtﬁ’&z&%é hgge bl ock
that produces two m xing sighals that are 120 degrees ou hase with each

ot her. Depéﬁh?eﬁ@l ‘Eﬂb‘b‘i’ifefeﬁ"é fieWﬁPCér‘ffeﬁ}%QP ingRneging ar'?é’“%‘l‘ié%a‘ ep)f202 ﬁlﬂt’iéRS”idsz t he
processi ng fRE@Méydetie Bytput kil (HQW-JsE 1sCth'r\\:tﬁsl's§i t&ﬂughltlﬁeCdil\hcﬁd:Bj Xl B6ckaaxh foae DSP

circuitry 108 will chan ordi not ed t eneral ly
bl ok 135 e eetquan LG & ottt Sl Rumliog faets i1 PR

i npl enent ednikdn 184. ntlmzlmred,oindcksfdfsajs&emnn wang Sletaid belowi 2bad mlwnmgmgxiag(ﬁasn@ 118 for

t he m xer =10 /8050

desired, t@ﬁ%t@m %(?17 Gf %izcan u?pc%r (latJ tai é?’di%f% %ji t—lrhlhlsnﬁaﬁ‘i ocks

r epr esent edeleation F@l 202,0aremdltllﬁlem adjBABBuning 0OBEdr therredetver 2@%611! iexagmte, tBOO

depi ct ed, ttmﬁn %&%Q@B@%dﬁ 8 f;an'; ﬁymrbyo acgs@l)aa@%ﬁh@m%ﬁ%maﬁd Fupd s zer 2009,

a divide-by- X bl ock ra ure generation circuitry or phase
shift bl oé!@gl;ESezequDP?&%u%ﬁioﬁ‘tﬂeE)‘?aé‘%?lé “1@2 mykigly pgedsasheadse shifted LO mi xi ng
signals 118 to m xer 104. The frequency synthesizer 209 generates an out put

si gnal (fog0939pR52 Atdhﬁtagéosaslﬁtheautpies{grrae@osé) rzmsaem@we uskhe pr(fdn@qhtej‘igttyl ckyint hesi zer
209 can be l H%L(ﬁ))n?%S glhzeq 51' c?rtcx%: w1|thm %S qs_ai_]% conversmg c1rcu§P'ul%g tgefeDgP phase

| ocked Ioop requ her’ desired
oscillati ormrgeurberoa,tamd)me DACS t’i@latldr V2. THlas fvfryetlwégl@yclwk SIEM(fm)ﬂQ%Dthmcg)nlal (fosc)

252 is deteg %g%%o&@%,ﬁ% cl%é mt(pog) ﬁo@a&,ey(,t)'rdnznzg%ﬁgnaléutsa{hge&tplﬁgg&nils i nput

signal (TAl ect desired out f requency

di scussed f(ﬁqut) A&k afb’e‘P‘GW‘“ftglf@le P@Eﬁfﬁ‘hé&/m drauepries thelgrgydiyi ISQiﬂhg rvHdtplesjoferst 222 can

be corr el atqagr §:@f 8Bbmmon base clock signal thereby making the clock signals ratiometric. To produce the
digital clock signal (fiig) 203, 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 digitar clock signal on a separate integrated
circuit from the mixing circuitry. If such systems then attempted to integrate the mixer and digital

circuitry into the same integrated circuit, performance-degrading interference would typically be
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integer (N) that is selected based upon the desired channel. The frequency
synt hesi zer 209 also utilizes an input reference frequency (fREF) 206 in
gener ati ng wo 20élopiaby Si gnal (fosc) 252 at the desired Egcﬁﬂ%§@c &gghe out put
signal (fosc) 252 is then passed through the divide-by- %ﬂ 204 to
generate an output signal 117 that is used to generate the desired LO m xing
signals (f rEgjeraets I gontipshethe safigmeric jidpak fepture pf dheynicgent fentig redicetiidesiigbls n nor e
det ai | bel omerfegenbrandlalpet RE inpeRedHeditabneé BANDtegSled FEeNeON) 207 can be utilized
and can be applied to divide-by-X block (+X) 204. This band selection

si gnal 207 {6030y be . '2b'1¥§gocﬁ(glaér%%§tthetb% S DG at}ﬁn)%etfrlgElo&%/?stéh?fﬁ%'a}{(?r 200.
For exanpl e the tuning band could be adjusted fromt br oadcast band
to the AM I5pio&HE dstbasisasielents for thgiradiomgtyic clack of fhp glewntriperiope An ik salatiged t o
tune channelgﬁamotcmsa 1§Fbﬂetvbd33yay§%hpﬁdC’ﬁﬁios@ﬂ’dﬁ%mgnélQQ?ﬁ?]ZS?Adﬂ/WEemléﬁhg’ the

out put S|gnal e dj cl ock
signal (fn, oﬁ‘d?ﬁge%f’t ‘f& @HCIWltSdl @'i et"ﬂ? ?E’tuf‘t“?‘{/o Eﬁ? i ‘t“?t"é € S‘i‘lfft‘ﬁ’bnver si on
circuitry L@6s (llap2DSkat 1msed:1mgerre5atc]1&8mlxmgdlgndmelIB)Aﬁasthé_m@naaadckJSVgﬁal (o) thi s
vy, e, AL 96l 0Bl Lo, £08u QIR PLERsy S0PTL . ggcd upon
si gnal  (f cseeyatedPsciligtien srgmlétmbﬁﬁ thgt issedie gm@eéoarrlen%ﬁlanalat18fan<bta®eg1@l es that

are di vi sorg,pf Dt“‘JI) @tseSrhei/ceetbcan@t BRtroiRY asYhrt 8 LRATTRPRRSIE, of h%gh Si gnal
t hereby neking the i%na s ratiometric. To produce the ﬂlta| cl ock

si gnal  (foj ft?)luewzslockﬁ%@%mn raleeritym Amplpmegiet yithis she %mtﬁa%ogféfa U

di vi de- byb\éhtﬁt 01 Katiorhdfic clé’o@%fthByregaﬁmgnt)hemcbuhtputd withgnade réﬁg@ﬁﬁc)lrcﬁﬁataf 0
generate bot t O m.xin 118 f the dlgltal
O ook st gnar ppaiEs i sgkre PRudlst ARt ottt hghaRy it B ot Pt O
thereby temdemgptedo |imt potential interference between the two signals
because digital harnonics of these signals will tend to fall on the

frequency qfodife Q36uidd ALK Ofhe etaapebft(xé OBC} ;s34 mameaMcoﬁy@.tleémmuttypl cally
used an external reference clock to drive a djgitar clock S|gna on a

separ at e i rire§Pde derateitvetiametric Siork sigmalty I pardpulay; pedspiptedy divide-byf RS GEY ens t hen
e e T e

1 0 _gene 0 ixing
r ;tL i \c/)\lr?etz ??ggﬁzale) ﬂmmurognfgﬁi)bgg mixasl@?tt D?ﬁeygf lﬂo‘cl'f mgg%&eiizmaﬁmm e
[ 00401 Fi & e fepe iR S SRERY A RRIGR H RIS 2hs AR ol SR BBRETE 10
cl ock syst edngnzls@ocanmnalss@cdsbyf mtpgr#tect figitalcirsiitsy, shoh e Aigital Pigquitty yéthinghg lowek r i ¢
clock of 't hc%mretseﬁemumgwmhmp m%n?uwoqtls R chal etér%omaalmt sigfaf%6dla 252 i's

received by system 2 his oscillation signal (fosc) 252 can be generated

using a wieeeneefer dftdgsived angjthat e eafjpmetiicrelagistagnerasg cord berbifized fog ofben PURPSF d be
utilized tof sl dad ttikenoR8 Alal thedhix@ircuittydidihe GigHS cifcuidP 2hat BathedeSatidmertlc t O

generate LO nj xi signals 118 and e digital 0C i gnal 1 205. In
FIG 3A “Q‘. Syl el i AT CQm%ftt‘lggéo’ 8816{% Ps ’i@?ﬁ%%g‘&eugt(a{egf“g% ttvco) 314
i s used to sagemnepatécient.oscillation signal (fvco) 315 that is used to
generate LO m xing signals 118 and the digital

[0042] 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 (foic) 205, and the LO mixing signals (fio)
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cl ock signal (folo) 205. The VCO 314 can be controlled as part of a PLL, for
exanpl e, or through a frequency | ocked | oop control aI gorithm i npl enent ed

Wi t hin the}”t(’%{’ﬁn"ﬁﬁc’gm rol circuitry 312. In short, %%ﬁﬁézﬁ%ﬁfs@@ cl ock of

t he presen n can be utilized with a wi de range circulrts that

can produce the starting oscillation signal fromwhich a plurality of other
rati onmet ri cll@|(geyming §diyids-by-groequadssiee gensertor iQ@iizad), |Wrdhi #1g abhdesed upent the exanpl e
of FIG ZB,refe{ende%ecgle@p(f;M6a first and second divider circuits are used to
generate two ratione r| c.cl %:é%m gnals. In particular, as depicted,

di vi de- by- X bl ock (- 0= Greyf ei ves the input oscill at| on signal (fosc) 252
and out puts signal 1ﬂgm1x7¥mcs/ba'(fﬁutN)ﬂi(lgrve)I 117 is processed by quadrature

generation (QUAD CE I’CUII,I’_ 1 ] erate the two LO mixing signals
(fn) 118 that can bgp uséﬂ“” Yf%?@)&p RgleI%rjw de-by-Y block (-Y) 202 receives

the input oscill atifn=dicghar feF R 292 and outputs a digital clock signal
(fo u) 205 that can fg -Used tg-a¢ e;ate d| gltal cl ock signals used by
integrated dlgltal C|r=Uf§) # cﬂ circuitry within the | ow 1F

conver si on CEMEEOFY lid%angr%cabépn B %ﬂ%‘ﬂ'fdﬁ“@ °°I‘6§13d & ac“‘%"eﬁ}betdéﬂre? feguensteher
ratiometri clocthae lﬁgxﬁlsg Aab the edddtich crikaa Peme vaieedf W,fR, kesd vedn mdlphhaﬁedtahe

rationetric, cloc en ted coul ilized for the 0ses
desired. A Slre? L:‘(Oé e%o ge FHETE Ha g?ﬁ'egecet a(‘::‘forrc(lzﬁrl'ﬁq? PO 1(9 199 “B%g"‘i%}‘ d(?? rcuitry
t hat use t heelstbronghts useresbrfigorable tegistkr. sisghengn FIL dAgpnwrrpisignbldERROR)G2R ey ¢ ¢l ock

system 250, aléé%'glgne%e%f RF @RimBlePRire MESOEALIRGitrh DL tlab RentFR EBrrdr GGG £

circuit. [00421 7 n operation, as stated above, 'the rationetric clock feature
of the pres&fived fgiht B °Hel Siggal qap thep oe wesd it dwdift Bel N 1wsrin oFdehberedfse ause t he

m Xi ng Si gn@dqSen@itkot d3@ntehli Piotzarb whdnQ@knga r@adddsiga.e di vi sors or multiples of
each other or of a common base cl ock signal. AI ong with the integer N

rprel)gf’ :(rjm;gl @pﬁbnt %{sggte,fa?npﬁ &%{1 Flé[ls th‘u:mg ﬁﬁ fer%lce freauengyd(?klﬁ;%&lJ caxlx:be selgcteg r%% | gl’ O;/ihge
fol I owi ng eguafesodis. Eeerlowd tgrg@(ﬁengncy eqoibe sedaated tofbe atwitr 200 KHe. yX capbestmtedd i n

FI G 3A, W“tb%@ 1i S BinSeusaed « B ﬂi@r & fﬁiﬁtRadaJ\ bP?élth‘éﬁ toa\}ag' de dnEé‘EdoQ%tﬁM ¢ vaI ues

for the oscillation output sig (fosc) clock S|6;nal

jo) 205, andatedo becs xf%gxagwgﬁaq asdemw s o DE I ( Eager af sbout 10
PCT/ U52005 m22398an b]:Jsaec(teﬂSS lummg6 avithl R\/doﬁteieﬂa&nblﬂmaug UABY afuslrte 1 gemieradseor 1 s

til d 206.
Pveo 200 et oefiSy, B brc IART iptep Gt 25 pqulfle 3Ry gyl G oy GfrTa
i n/ 2=( f ReF-195 Mo@t b3, 9/£{)MH2f élhomﬁpxtstnm:KIV uﬁuma 199 RMHY) Anf the Ofriicng sighs
X =101V, T VAl Ui lodhoes b FO8k kbl RS iaFhEShAIhANMSRRGR! | €0 Lo

achi eve the desire requencl e
112 (fzr) with the m1x1ng 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 channel down to the target IF
frequency. It 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, fo: 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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for these signals. And the selection criteria for the values of NN R X and
Y can be inplenented as desired. For exanple, these vaI ues can be sel ected
accordi ng twoaseemehi p | ook-up table or could be set %g&’ 5
user-configurable register. As shown in FIG 3A, an error si gné fSERRO?) 322
may also be generated, for exanple, using the DSP circuitry 108, that

i dentifi es reseivesy sTWSnte%‘lnﬁPm{j us¢fal be??é@epwws%lla@rﬁaha"e Tlgrw! enerating @n&grfeolm can then

be used to wmAlnh Yo ﬁlbﬁnlmx HafutRy ihit meds,rataaomds&ﬁl 3. fﬂﬁl@]l@ﬁerms&&fuﬁlrfrom

essential ly 85] 7n$7r when t(ﬁnl n ecejved % g g}% é As an gxarrpl e for
an FM specturd) "¥ieaP 8F &g BS«? e"r‘?c?b‘p("fcé} if’? See DisnOBEE P 8IBEM 0 be
32. 768 kHz oufﬁhtelghzb%gcjzzstmfgem2f1nequema;59@GHz kheusiag te vaak df02 be Xadno tHis 200 KHz .

X can be s cte t el edtobel

R g e L

for a desi rbsdd@wsmhfamne’verq dssited tq bme@d,ttﬁasinﬂlsore@mcawléaﬂoratoualb@wtto dxute M—lz N

can be sel %Gtrsﬁéj of s Q&)d o%Qr?tﬁl %Igé" ﬁe&o&%} ‘F‘a%(o?s@vé?@%&iﬁéd' YWﬁtﬁ’ t}Qear&‘lﬂééﬂnlre to 1

Wth these unbers sel ect eé he oscillation maﬁ Eft fose) 252 woul d be
u&fS 1

2.395 GHz. dﬁm@ cdrepve: He Vel u %@@iri‘awar(qfﬁdl&*fed topeye peduming rgse jpfathe The
out put si gniadired ftequaopibadld WEile 3@ usthng Melzame Arichip feilidtéd. m xi ng signals (fm 118 to
m xer 104 would be 99.8 MHz. The m xer 104 woul d then mx the input signal

fﬁicéé&”} o) o 2 Ty DG e Dl AR G e I I E S ot "200

kHz (i.e., bl@dea® rdepiver thaDgiliges iping mﬁmm@m 3éhad amfplomettlc %{QIIBG)ZStCZU@DIhYlEB) The
appropri ateanh'o\(rﬂ)lhges 95 @pﬂs mam%@clom;l a]td%)ﬁ&ﬂfmrfa%éeaéhr&%crwm coul d
then be simlarly uch he m xer m xes the desired channel

down to thd$%y @‘é‘i 24‘ F‘“ Rfr“@’élhség’i‘@fpecwm (fzp) h@t‘%ﬁceﬂ"lﬁ‘éf’y t low npise edifierdENAY and Y
coul d al so b arm)ldbo&s&ﬁby infxerd®8 ité @fﬁleratAﬁ’dl (II andSin nnﬁztgeﬂr_y (Qb‘lagnatshleét abwet | F
frequency coul da cret unlng
St ops vt e Otre8a Frspey e FEPEHERY B Rkers Bire SO Sois O HGHE 1

i ndi cat ed adl@nvl@pdw Mputimmabl é22byn 2divibrp edsh¢wih FiabA dhesoleft @O@nd\rghlt(ﬁ)edlg)ahd

sel ection gﬁgaﬁ%ﬁt@@m \%Lﬁf& E\Qessgc‘i’%th TRt 'c%‘lﬂh %%pr%nt%@ﬁﬂ?:%gl 3l eCt t he

frequency b recelver 1s tun cha r exanp

t he oscil | @nearoRariprtPADGhaits {7 gatly2. somodugedpft pand rlslptéwépal%ﬁou@btdmla@ 3 GHz
or gr Ieat er \ﬁl\ﬁﬂdlscl lbsemlpaﬂdAsmA I&gtn%nﬁﬂig&l g@ﬁils(aﬁ&mlgﬁ&m ki) (f%,@los &ABe be used
to sel ect at values are use or ning the tunin range
for the - 8EPgratades WRURETSLiPslosisnplesing é? 'Efg’%gg%?%caéﬂ}lé eb&‘r}ﬁ lé’th(eXﬂni que is
usef ul beC@USeAﬂBI&SarﬂSs@lb&tlloﬁ'fslgﬁaS(HP&HBSH@I@M)QD’BE@tdIsﬁ@e kgigetof divade-bysd ni mum t o
maxi mum fr at . differ r of

Cpect rum £ i Cog bt B sl s Pkle SerR S vt i B LR BN 11 ator

because t hipbase ghifted Imbrtiesighds 8 &d thikatiddon  out put signal (fosc) 252 of about
2.114 G to 2.590 GHz, assuming the value of 12 for X, and this range is

within a fagjgf Ofas Jdeﬁctédr AR0E RkATUEID 3%5@4%“36?%?1%&%% didlaVeNGhy 1 f
addi tional =~ broadcast spectrums were desired uned hi s si (%I e

on-chip o s Aithingysingle jgarated [gasrd. sigh aéslglltaéflguuw within the low-IF conversion circuitry 1
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 (I) and
imaginary (Q) digital signals 120. ADC 156 and ADC 158 utilize a sampling clock signal based upon
the digital clock signal (fpig) 205. Similarly, the circuitry within the DSP circuitry 108 utilizes clock
signals based upon the digital clock signal (fg) 205. In contrast with the embodiment 200 of FIG.
24, in the embodiment 300 of FIG. 34, it is shown that the digital clock signal (forg) 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,

-14-



outside of its good operating range, unless other factors were nodified.
Wth the architecture described above, the values for X (and N) can be
adjusted t resulting tuning range into the dgsi{&dddredsency band
while sti Iﬁ’dt?saﬁuglytllﬁe sanme on-chip oscillator. [0045] FIG 3A i1s a block

di agram of an alternative enbodinent 300 for an integrated terrestrial
broadcast redets vlopk tignak (frat ) 28& couldrite ippdcid desivesl  In jagiditipng if ylesBad? ragfigeithen

& at i OnFt r: Ooeikﬁk QMldteS IEdu IMUR 308, @l Higk maﬂl (6 X BA0Go8d m&sas(afs&ﬁaaate%ﬂa&( and a
igital clock si

FIGS. |
ond oA an e ool s euftiek Shoel iy 78S T Spubie bt o) e Bl se
anplifier (swi)321 tQMN eendedoo cuplyskedcldsy sighak Gier 4.04) 312@d1gpemeuoaNeehg1telaixrcL(1&>) and an
i magi nary () «Sha0H fe 31%& sgha‘?}’i’gm Epren S)%?d‘%ﬁ(h%%%@m&ﬂl ?oléf(% rgél gouﬁl%‘é @%ﬁh)

C|rCU|try 1 process t roduce
digital auohywdmt'ﬁmfcugiyg%lSslcfmzmqunneadmlmdeﬂqubeém mmmlllwrlth ﬁﬁr@t tQG. t hese

left (L) ang wenog,htn {sPhrtridd SHtdddhat R UEHIQ cwaxt Rtai @r,smg el %m;k%?e MBR PBgaRrpcessed
with additional cij rcwtré as re resent ed X}(OE; gital -to- anal og_conversion
IEF

(DAC) ci r cuF'eEn Pciaignah (e roee) 35 SR Rasseg h™addiiore giiders, F@}ultavhar 8y out put
signals 2ldher é\bdk(genaaﬁlom Birdaltdbefoddbeitgh@ilited ab BIRLK sighilg M@ the digial a.lﬂc81tr5'zlf3d4 t he
digital cloc fete) 205 c b erate S tiometric.clock

si gnal s usi némat!"e\%g e BYY %) Qe ?&)ﬁn g%gﬁ Ato ) S‘P%e"ﬁ&'ﬂ? °t5Im8E:6kdcffesre% 202.
And a band oek swlsawlébwmrat(dgm& SELEEFI‘lff@N)t CQ@M bipelrs vaﬂhsldhebéglfalpp’pmmd to

di vi de- byX 5pbl ock (=X) 204, if desired. In addition, a quadrature generator
or phase shift block 132 provides phase shifted mxing signals 118 to m xer
104. 10046] As depicted in nore detajl in FIG 3A dotted |line 304
represents P& di gT he SningicPRel £ty it B RSk 34 Sagos ¢ welagr oreied pyodlaot | such
as digital @Corsi4t mylcm/intthmrgeﬁehmesla@WsdﬂEumOﬂgﬂelr(mC@rBlsnrraculdsafdyto LEfBrate tElSP
circuitry 108 and the. artic

DA Qit al
converter (NSE) i EAcK Sigt CZFB&NT@%COHU&F'@%H? 2[°rﬁce1ves L{?réet b}fame %’% (IrgR(g%nver sion
circuitry tCFfédtNl‘fﬁhb@%?ce@wh mreseeﬁlthe(®§lreéﬂdnnel oebgituned, yecél@s thbi gyfitlaton sipghal s 120.

ADC 156 andi ARG de & coidih ﬁszaQ'etﬁba%@HBJaf Qﬂ r&hisk r&ér&%eq%@%@gpﬁmﬁﬁ) 206hgs di gital

clock signal (fuio) 205. Simlarl he circuitr SP circuitry

108 util i zéﬂéscweaékovesthfgﬁ%tschwgléw’ﬂ&%came Ceffeb’fef’éfl’ an insgge () Ha1dt seleptpric) 205.

I n cont rastbayeuhbontth@deemqmrmantnla&eb@éks Frbfeesentediby dnl"ldet & BHRQANEBtand00 of
FIG 3A it is hat gital clock signal ore) 205 can be

sel ected t I‘Pr“ﬁ‘?fd’lbi Rablﬂ‘ﬂﬂ (ff{)p?‘éxgarve RVE%“()thaSQrS sglgrtedepased r“ﬁ?fi @ﬁé‘i‘gﬁf ehapieberas gnal
329 or an XARGHFRICHANMEE) efr e edn@&kth§b<gnalan<( ﬁlﬁEﬁnmﬂ@@)s B20nd Al howgh it is

d ble f t h t 9 t til d der t
Feduce per FFSHFGEPAYRIE NeoTErTBaiseae Btesburhar s BAgiifhok
signal, - 1viu\g 2006k CHERMIenRETLEISRD fib¢ OR2RDY (FIBIEGWI\E$31(9Iaod:ihe saagaahe (f UF
[l xPV) 320 sl @oResuizad) 1 ageeﬁ)'tf]t%gnt ol Q%faféd'ut,g e i ﬂ%ec%srge)eﬂ.% sehher than

bei ng selecte rou coul d be
used as a seEF Al7eand A% an bs digntieofi a4y é@a?dtl?lto%hzet @ntbh@f é!ffé‘F‘ttélzescP'@c%“ §‘?gnal

(fOlc) 205 \faﬂz[bledérginiléé sigials Citidbdiryd. 3%er FoRtrol %AILA dko SWLfiIGHY, 32destqul d be

glsregu;[ ? r )SIUp(BpérlldlEghEpog Ith(g clr%tgt%l/ ut(hze \Fé(g( ED) It 132 f?ll’tl'(ljell' Eloetgdtth}{ tl;[e%CtOhceucﬂt‘ng ital

represented by block 314 can be implemented using a number of different oscillator circuits.
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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304 so that both the clock signal (fREF FIXED) 320 and the rationmetric clock
signal 329 could be utilized by the digital circuitry 304. Such an

enbodi ment w§ rilsi9escribed in nore detail with respect to FIG 3B bel ow
It is further noted that the digital clock signal (f013)’J054%8R e MUX
328 and the reference clock signal (f"EF Fes) 320 coul d be fpassed t hr ough
addi t i onal oBfrafioepé fiequenpisst {This irddptiyely high Gutpe rfregyerry alsq derditaiesi @reffidene shalls bef or e

being util nxa@dawasn@hmk;e ﬁt@lﬂabs%mtam chdaRs Gd @ilikealvedask %lLtrtam%Qﬁl.emsvuaﬁtu n the
| ow- | F conver,si |rc

DSP. A d
i T erent  TRROERISTGRAT oh eV oan quREraTER bt PENEOM I nEne o Pt
circuit bl egkbtowr timveatiohte. :dG@z ttleel one bir roané tnduyctors3oat wo[xl@@dﬁébdéﬂrfer Ut tagk cont r ol
circuitry 3{&;ﬁer9e%taﬂn‘%f tk%Al@(?@{étr&L%e Bk el HALHE Y \Qh' 1t(?)f lﬁeﬁt\ﬂ{h thel YCO)

314, which in turn generates an osciflation signa VCO IS used
t o gener at devids@ackpggt i ometric cl ock signals, The tun| ng control circuitry 312
receives a target channel signal (TARGET CHANNEL) 222, which represents the
desired chasmagl t o bRratiti) @, tufiQC @ Sirkute nscﬂ'rsltIratniv@rthésiaglaa&ham&lﬁgnﬁlr om t he

VCO 314 as [ ei ve are nce frequenc gnal
(e 200 PARGECRREOU AP ol of G5FRS B o SRR PR IR WSBR aibe
correl at ed inpot sgnalispecege(fed) N)2. tThatuning caigblegtudy 31bab®d the p’mﬂumhemdle@mﬁed

channel . §1k9t%¥ P gl %%?&ﬁﬂ& %ﬁd ﬁ%n@dﬁ%ﬁlo‘f‘&mw}/ ﬂz%e%grp%tase dine2Nd

di vi de- by- R ave val ues at are Selecte upon t he
t ar get charsigedl (@WEITU@TNR@EHT CigaRIEtyning 2Dthe YCR Bl r Bt tuning cenyaledetitind i ne

E EnedSI gnagﬁ% e/ 2R rt]k;%]fﬁle UMD kiShal FRNE mmt)ap,rw Yo firke e mi 19k tfl@VCbl 3¢41)fortx|%s D?Eds to
e esire ar ge channe nom.n n e

o ood! et CBRTE] SN SN iRl D i AR B REY B 289 G ol e isd ey o
tune si gnabntfoORARSRg ZFMNEbut;BlfLﬁoxﬁﬂe VOO-1it InaoditianDdn esiogsigllS(ERROR) B2 pot ed t hat

the coarse a?ng%ut}hrz]e% t(t) efl;% accom Qlatleg tu%%z aﬁ%%gir#?ggﬁ M} %%’g&’hilre?neg)ent ﬁrﬂéég desired

bi t S|ze can T sizes, C varrapl e of ana S|gnals
i f desired.er@s hreuthecrewtvmbblgr@i gnélthe teingl epniad! Siscuey i dap 2egdthisgesroy] sighal ged,

dependi ng  URRRaAS. aE{QQt&'o{l@hkldea%n&tdfmem@ 3‘1@&0 MR %ﬁme trimagsenw tthgr not ed

that the VCO ci rcwtr repr esent eéd ock 314 can i npl ement.ed using a
nunber of d’P?lﬁ@rfé‘i‘?Pa%é‘&‘iaf fr o dF °EtP‘|‘té’t§P3¥§15 of ghe MR %146‘%?‘1 qdéf‘?ﬁal ToF ¥gRk ry t hat
can be uti lErmoR)izs2 descitilibady ihe tudnScontrd tigitry Bl folred@Beyxdfirol.Whi ch i s
entitled "METHOD AND APPARATUS FOR PROVI DI NG COARSE AND FI NE TUNI NG CONTROL

FOR SYNTHE NG H,GH F Y Sl %MW S" and
which is hj}r)é@y i rkl?l/chgrr1 thgrggqa@m% 33@}& encgga%noygeﬁg Lngﬁ‘? iPre %B%A%% is also
not ed t hat th%gﬂatt:@o@lsﬂgnnla@mq@ﬁ@ﬁf evrllamchhmw@ arﬁtlermtqwfasfﬁcrﬂedfwﬁ@g' uwubﬂ to or

above aboutse@cnén &Hze \Aaﬂaesqsxci@andtyqn bRIYER Mﬁ@ﬁ@@&@@ﬁ %ﬁahy,qﬁmﬁng% &fMd ces,
such as cell hon 2006/ 012271 PCT/ US

005/ 022319§ ? f% ¢ gnal
f requenci esd‘g‘t“}ilﬁl%d‘ ?‘@ahﬁfiilc\)@?%/a“}‘ilh@??e‘lﬁd‘f“ﬁﬁ]famﬁef Eqreontryt signaldfosqd é79 Gl &8 an
efficient, peoakd oftlﬁsl’thﬁgdf atiedighhlctk sﬁgnﬂﬁﬂfglr_-,ﬁzoli,@s thawk ind8G.i 3l atliopmesipaui t s are
utilized beﬁ% eC oxgtpaﬁ? Il(ay %eenrlrneul;]gt controql cxrcuqry 312 to indicate that a change in the
oscillation signal 315 has occurred. Using this LO jump signal (JUMP) 326, the digital circuitry 304
can utilize compensation routines, if desired, to adjust operation for the ratiometric change in the

digital clock signal (foig) 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 (foig) 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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made relatively small. In particular, with output frequencies for the VCO
314 in this range of being equal to or above about 2.3 GHz, the one or nore
i nductors that would be needed for an LC tank inplenentation of the VCO 314
can be int QP a4 %Mo the integrated circuit or incl udR§THSNSHRES devi ce
package. [0049[ In operation, the tuning control circuitry 312 first

recei ves t hdtiedivigles aghusirneteivet gaation p@r’&ﬂ&&f‘ﬁ desrladNMEDld Xhi@izrobanetblzatanaigo t he
channel to put si gnal
spectrum (ftg?1 eﬁwg‘gle%ﬁ Qh%ﬁ{zﬁg)f@éﬁlg %fsr g?&%%(ﬂ%@% éll{Eacells&t he fine tune
signal (FINE TUN? 319 at a nomnal or initial setting, and tuning control
circuitry 39952} hedomififenakeonireb@sndisated pheve, the tWICOT("BUéERSEY Fi9een reFivy ag o

provi de coaernses@nulrmngow)fszt kﬂemmlguaﬂammh@ohummmgr&@i@ﬁar QJRRORE 37} ttornythe 312 then
adj usts the, fine t l? t he VCO

n U
30T 0"t ho Ul SRR heBheRm chelin® 3k FartRanoiieef G fr om
osci | | at i orrewive pailh du8 1dberfoss it khe tuning @fithe mput sigmd spedtrutn{(&r)tiuhiorige mdipelt ¢hennelut put

fromthe quahﬁnﬂﬁg cmroagf&ﬁ % ga%uﬁ{ertfag er?drg&@zh EERIRR) %Za%J(UQth N%Lﬂg@ be

utilized to acconp his tuning. The error Signal 22 can
represent t\t{rﬁw@ocké%wraétq mpr% fislly waethy wepivsf gangl | Ala additieaal pww@néw rol

Circuitry 3dgeseidd by SRmbidBS, & bOproviidFdh the@sPAMERFBDS Lakd A US 10¥//ie out put
frequency of the VCQO 314 to correct for thes& tunl ng._errors. Thus, both the

f eedback siGRATSOR FEHTY A ﬁﬁ}ﬁﬂfce%rgcﬁﬁl‘tryé‘igmﬂ PHE! YEEPREFUEhd an additi onal
error signal (ERROR) 322 can be utilized by the tuning control circuitry
312 for frdqdhcy F@RBrod block 0B& a1 ofdheddittoha ahmmﬁwlelembivdumbnsjsglﬁalan Begraes changed
in order tqe&és’tp% b?oaﬁ’%ttréc&wr%{at 854 a‘%&llo&aﬁé‘&gla cloc%*%%,cﬂidpgs e@Clerl gnal

(fplQ 205vv| ein ratiometri ion ng upon the
sel ection ofererrs clpell Erers ?20>€°ra1rs&a1wwtmwghezmra§ﬁdecmz AIP BSpa sipnpb y .
Simlarly, dpbhbmeQaneeisrddeilda@y adbvdhdisdlam mp&gm) Yovednd ﬁ)fo@el@ b;%elaloa% happens

with changes to the ou Sl Fl G u of this
change. | n CREETH SRR BIETE g R0 Lty B e 60 SREsoH 1 EF G THAN an LO
j unp si gnal 154 eriHUNBR)s 132 nddatolpeodaadtdfpitsl sigyalst Teest digitah gjgraB atertitdn peovidedsb bty 312 to

i ndicate t . o Usi

this Lo | ungnbyfl R0 e3Pl Uk o B8 B B850 AREUSE i (21 1O
conpensat i cgvnaraiudiginklstt andrighieanlip gignals; 6h%1@ﬂtny§tof thp ORI §8care theyy previded toa?tlpfb metric
change in the, s@ha@ 'bhf@ér (ﬁuﬁ)czlss %ﬁdg%géht (RE ﬁ%.al%f“ter (%96)53"5% Ase dapgs biogde above,

the X and Y divid | ocks in and can_be changed b
pr ogr am or %ﬂﬁ@%??%ﬁ?%ﬁ% prgyide ta%lefaé@@%résht %dﬁ% P‘é’iﬁ’e”gl“ﬂ%l%gs e puussh
frequenci esthagbuffeRS56 Ert35® Gadtalsb Ge pramudaSO Oaesd rednd Faro gsdauaplest (L)iahd Hght

desirabl e t h L 52 FI GS. 2A,
3A and 3B c@??rgfé da‘f %gqafér}g i C?Od( Tgree uggze‘?a "igtrllls e‘l’ﬁ]té()%{/méa’ t33&(30 %T’%"geg Qi tal

cl ock si gnadre detapibelpw.205. The vaI ues for X and Y in blocks 204 and 202,
therefore, can be selected accordingly. It is noted that an integrated
on-chi p m cpeapnt ral vh@,reamarbn}a@dnuénksl ihe €d ifptt AV ga 16 atkEOdigitar d&k Wl

2006/ 012271 PCT/ US2005/ 02239
(foig) 205 can be 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 [18. 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 (EILROR) 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 reference clock (frer rixep) 320 or can be
generated from the fixed external reference clock (frer mxep) 320, if this clock configuration is

desired.
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of the dividers and other receiver operation paraneters, if desired. And
this mcrocontroller can also be used to inplenent sonme or all of the
digital prqecessing done by the DSP circuitry 108, [0052] For additional
control, a 92,93‘1/%12%7@ above, the tuning control circuitP§l/BI0¢RMB8ecei ve an
error signal (ERROR) 322 fromthe digital circuitry 304. This error signal
(ERROR) 3280551 omth elockdiggald @t th@ digieau tikchity FMin ERRRBIGSRNEGard Pro@BddQEInSthgnal

correlatin |seo ere det din th hdueto
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channel . ¢kivenalt refiaienng deﬂ(tfztsodxxmd |3?-Q:uintbc ger@a@d (I,‘fahSlllﬂ'ﬂ,lbb' lazeystalusellaar (¥TAIs | gnal

( ERROR) 32856)@7@%:‘4%& M‘@xa 1¥% Pﬁzgs\Mﬁzh'r I%Iﬂcquém(g‘)%ﬁm%gn BSe1dcRdMBhEmd | nal 1y

tune the receive diti on contr nal S, as repr esent ed
by el enmentdigigilock ggna qb?-Q?vWH‘é’dS FeHeppirictdth psspRctdp theeéicﬂlmymiwl ffck 2 2L NA 102,

the | ow | RyiscGsdavab Oﬂgéi'?rl bs LUsihé ¥ &Qﬁ)etn@rclo@ﬁ Bi@rial KEEIBIVEE DBP r&rbulthl’ Yogt 0 provide
control for those circui a blo ({<%d| agram of an

addi ti onal mtaﬁfesf‘élf%a%r.ewma?@esai‘%%?} ‘é‘%ti‘“‘f‘?ﬁ““%ﬂrc\“m s %F‘&g‘f‘? Pl
br oadcast theioegrated citchitibs radtded. | Raier tharr e tclocke®® bstrigehediigithltchkck ggnalokycf 205i g 205 and

an fixed e&?é ifal anﬁ% outégfcﬁguﬁ G%2 grldq}iekex%g E{C%%P)ire %ll%g\eé 9s1rtgtqf1egfllxle?%xtecf‘§af cuitr y

within the Tntegrat rec iver 112 is
recei ved er@nqe@WMémwué?@l iThe @PC%@WCSIUQ 1é$1d7Q)4ﬂééé?slsé7@F empodirnentare 104 t o

generate rﬁeldoéﬂe)i uﬁﬁkqh@ﬁkeh Q)@Qﬁapﬁ'fe)’enée@)oc}? (@p@@ 3200 h?ecﬁjkégtﬂ@-b§P AGnd AEN
processed W th V 152 and to produce digital

si gnal s. “@Pﬁ?i Bo, 9B, dﬁ%i“@ 1?9( %e ?Pﬁ@ﬁ“gpﬁ ‘Bfffr%ﬂo‘tkére&‘ﬁm‘qs "b"a‘f“lffelﬁéﬁzf er (BUF)

354 and a 14336 bndbuf e (IM)bﬁ%%etﬂ@tﬁ Odtwech Gic ﬂ@fct_{?_iﬁ@ﬁt@%@dTﬁbye tulffers DﬁPSéOEiog 0
ener at e t nal s oyt put.s

gre t hen éﬁ%}%@@& 3?%%3%? g‘?’ ag‘op\%dﬁ% ’952%? BipPesdpat Fﬁﬁ%ﬁ%@%to&ﬂ% %%a ght audio

si gnal buf dnedesird8ldieyk 8% 8nd ofitpet data tipmotker ddsirddlvsleratebuf f ers 356 and 358 can

provide the left (L) and right (R) digital audio signals 122. The outputs of

these bUff?éS% ] 356rn@ndocki amc@}esenb&ovmeoaabﬂegest@r R/e&se Jamlcams $fe t O
produce le and ri (R), analad% audi o signals 212. The cl ock signals

utilized |‘Hte¥rﬁi’ clEgHiEotsP n"comg‘gﬁcaéﬁ@ el By R0 §BPdardy PR PmBE| By, (0054]
As W t h eageduire toneiiniagtion®ad boyidd dueio &k htraparticutdr greaduck sst_A,@))oonmplemdr sdoad di gi t al

cl ock sign fnio) 20 eper.ated as ratiomet nal s using
i vi de- by- @ BB oot o aC B PEREEDa Sup Bl B 503 SR DL7 o
t he divi dethmeﬁlt)bthdm@t (R)XjeitdQudipsigmisd 22 ﬂqrﬂ@uagﬂqrndlGﬂDf@-lﬁyatbh&)Speﬁﬁ@)ratd% to

provide theg Lo, gﬂémmme%e%eo Légtﬂgt)tﬂe% elra&%&&elé »[he/épefcff%a%b%{?rﬁl lcﬁﬁm hesi zer
182 generates the oscillation si fosc) 252 and I's contro by the

aut omati ¢ FP‘F%Q}L?G‘FRQF BOMACSI15G Aﬁ%:)l% BidolR cagalso berfdockgdusige deidixeB Xt ei ves an
ext ernal rx@fe@ﬁ&rmk kG Aab) ﬁbREEt)]m%Q@omealm@lhi@éhB@hla}SEd gRrhted usifgGANNRL )  si gnal

222, and a tunj n rrectign Si naI 322. These signals are
i scuased HPERIIER ESielF i Tsohkd Sl i ook 16 ROVEAN hat 't he
ext er nal raeif/aenragemse IS5 gt lthat doftédRin} 30 rasars tlbebomddey sfahentggrgeadircds t he fi xed
external reference clock (fREe_rixeo) 320 or can be generated fromthe

fixed ext e@ﬂ@l " AT ANGS bBLAG bl RES erbofbherd 48 fof dh ilibhraReaGlrRGHa1 SRALAGUr at i on
receiver that includes both AM broadcast reception and FM broadcast reception. In the embodiment

depicted, input FM broadcast signals 112A are sent as differential signals to LNA 102A. The
differential output of LNA 102A is sent to mixer 104A, which uses LO mixing signals 118A from LO
generation circuitry 130 to produce I and Q signals 116A. These quadrature FM signals can then
processed by the ADC and DSP circuitry integrated within the same integrated circuit. Input AM
broadcast signals 112B are sent to LNA 102B and then to mixer 104B. Mixer 104B uses LO mixing
signals 118B from LO generation circuitry 130 to produce I and Q signals 116B. These quadrature
AM signals can then processed by the ADC and DSP circuitry integrated within the same integrated
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-17 WD 2006/ 012271 PCT1US20051022398 100551 The cl ock signals for the
digital circuitry within enbodi nent 350 are provided using the di gi tal

cl ock si gnalwo(hdeig27205 and the fixed external referenc &I/I%Qﬁﬂ REE FI XED)
320. The fixed external reference clock (fpEF nXE,) 32 can be generat ed,

if desired, by a crystal oscillator (XTAL OSC) 374 operating, for exanple,
at 12.288 Miuit The op@Riosi the Ot geperdD8 creuitnb é30ctapckeie sbang stlbeion @A al ¢l ock

si.gnal  (f Dr gy p2QRyN) Wghat Bod that amsqrzazahwomcn bro%ps%;ndnsomtbb BroQssel b @k 1 on
signal (fosc) 252, as discussed above. ain % using a rationetric cI ock

signal to clegik thisalpsptedithabiic 1O gengratipn C”‘i vdpd drdevied °§“a§§“€‘|’%ﬁ)"f dnglerieteofl b

arrow 37221 Mixing sights thdt X g L@édl'@LHo{hF{b(e ﬁb@%l)&ﬂgb4ﬁteilﬂ@fhﬁagmmgr 1304Bﬁ&b|p§jn_ﬂ}ﬁ_g OnI the
integrated circuit is reduced. t her .t e clocked using the digita

cl ock si gna‘l'po'fg eﬁ)ef“?é’g?%ﬁ}ée%a@?g?‘i“&?31%333:870 output circuitry 362 and the
external CODEC 364 are cl ocked using the fixed external reference clock

(f REF nxED)08638D. THe 4RIDCsbletkdiagmef ap gigbodinge 4001 fp0a portebleldegicd 492 that usilieeadodi ment
are also clbwqm&guéa fegestrmﬁbrtadxa@ﬂe&mrem@@Jcoralﬁ%@rtﬁgfe%en@ l9G Ko, PRt aCED)  320.

Because the DSP 1 and 0 and 172 are

operating afhe Boreblefevire inclugie e 19w Efersfvesi iegratedifireyii 0P agugied i chargglselediig ang 358

g a Pf be usedinteFach vty 4®h&odgatcambﬁbrwgemn]§ fan d\ldﬁd‘(ﬁfp&ﬂﬁterﬂi&f @Arctiifty 5. t}%r?_dgﬁ:s e
uffers 352 354 5@, and. 358 can_be, f.or exa e u ort bu

monor | o5t EE RO 0b D dnEeiosag R e B B s R PP A ac e and

out put dat athebigharmotdetions diési re duad| 2 pktablateeviroh@db Ghe Tifieningcdevick HoRyisasfehi t ect ur e

can provi dey agyal Ae kit LY o AP PlrlALd/RBTARE EnpolifiRODSLE T ToUl LS

need to conmuni cate at a specl rate. di o st andar for exanpl e, can
require confititlecat propse Wf“'ﬂﬁs oHihde %Wub@a%faﬁtt anteppe £2078¢ féwbéﬁadqaﬁta@tems uch as

48, 000 sanpies Ipﬁrnotﬁ@ﬁlgﬂ"éjpon(iﬁ}gdéﬁﬁé 89 coniefﬁplﬁtaﬁmqmp@rﬂlbdaﬁﬁﬂt 19&)1(1}%1';1@-)' a3all t he
digital audio é)eput circuitr e .the ghé%and right
(R) di git al PoEART &Vt Gritat 8 haspy OlUB‘ePﬁ%m\é)?P & r‘FdPCh@df)%ff %“é&aseﬁwet‘%li‘b"f fied
rate throughndnr Rt eonskmplé)beindieutd aaowa theSmall, lpavtablelievicaopteld rtaestor r el at e

to the Spec]‘&}lfo!%eegn Wn Cﬁé ca?J]fohg ac‘)%tzﬁ)?e’ ca Xetr,A%i. cg‘r?ngct Ice 0§§I},YI o%h%nks’m('a 70 and

172 can al s c usin er nal erence
F[ xED) 320. porkhlhdayigh h@mnnm%qtqdém@ﬁczé apdiy/ brlg@cgéweeu\at el ivdiornyted et the non-

ratiometri cau@io%éﬁutsht&@a@é @06 Jarhsroa&!:vcﬁg}mm@g oaf,utg ﬁaliseknaiogqu utemgéaqgeﬁ make
this architecture eou i s noted flcs}jotted | ine 360 represents

t he boundar?}’ﬂbf“idﬁ}@ ‘Ptﬁrlfaé'ﬁf‘éﬂ“&ﬂ ‘%9? P’@Lﬁ‘)% cou ddﬁi‘i?”ib"lf degiped; suchaspyodld ipe the agr am of
an enbodi neate i EindlOferidrvr bdiilleghtaxﬁ'aﬁdwéxeﬁd'e@&)tp’r(bv&ie treoadaaGtion ift&ERE Rethe t hat

i ncl udes bot h I\/%bro cast reception and FM broadcast reception. In the
enbodi ment @ § i nput FM broadcast signals 112A are sent as

differenti aI signals to LNA 102A. The differential output of LNA 102A is
sent to m x@P5904AIGwH i blogediagra® fod atjepmbodinegnBl of antigegratedgerrestcnl bpadrest at i on
circuitry 1@&&%@%%&%&1 o’gamat&(ﬁ@)ga@oﬁml&@fsoonéﬁng%%r Rlqingy SMti gnal s

can then processed by th DSP circuitry integrated wthin the sane
i ntegrated ERPELIAS, W"ihﬁlﬁi‘f“bmenblro(gém%gs]tA %‘I%Fn'él"’é s‘&“fb@e he (aed 42§ 5°9YA 1028
and then t obyd @ hoiskQhBlifieMINa) 102Q4Bprocesed Uy@ixer Kidn@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 signats (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. 5A 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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signals 118B from LO generation circuitry 130 to produce | and Q signals
116B. These quadrature AMsignals can then processed by the ADC and DSP
circuitry |®g@g§b§% within the same integrated -18 WO 2006/ 012271

PCT/ US2005/ circuit. In operation, the LO gener afCHySE0F33%8ry 130
can receive a band selection (BAND SELECTION) signal 207 that allows a

sel ection oélediti hubnoafeastd hamebki(’s SEDEOHON) dce Saesd ﬁquextob]eonnbmaﬁbrdﬁr It is

al so not ed aFehd’?‘stcustSeQi in %Qéeg&ﬁﬁ rv%' %gf{c? lor ﬁaEtSrByang] gg ’llh% Sobtﬁo? Q‘Ewﬁﬁlnioge nerate a

single set of mxin e use xer~ 104A and
t he AM ni xépupled gghe Jagl’p@mrrhw ﬂuwhomewemsrels'e@aﬂmﬁamme by genkmtidyitelitsel ect i on

si gnal 207.134 @8R8 lonEbrGord@nii$sod. bl ock di agram of an enbodi ment 400 for a
portabl e device 402 that utili zes a |lowlF integrated terrestrial broadcast

to.t tl t ed t abl
vt co 1 ncilthBS ot a8 =il BBl B8 Rbisl e Wit 1O S0 bbthr stitfela o
channel selfettd. dnthe examplef5as e dmcd:ahmtnel)(fc{i)(idbeﬂumaﬂlmhpresermﬁé:gtslgmahsrro@ﬂ$4and to an
audi o out pyt i, atgrkace sffgnglq }6rsyreéggﬁédm?@lg&bam%g@e&é %%ﬁkn%w mild §oudi 0

!
out put |nter?§ce circuit n-coupl e i stening device 408
t hrough corfiee ‘WEPUH&ELS@FHP%CH% (fe) pi@rta hipinteredighe frovarshtfyr) i h‘éorld?nsft wiffi ng

devi ce 408 thezqafib thead phangs itjiabn lganlzéaean@ﬁaécbmar@é WaDRLeqLdibRs e, portabl e
device 402. The.e odl nment 400 Cﬁg al so Sotfc ude one or_ nore antennas, such

as an FM br Gaddighsids Rieation &s wibesd o Hg devgnationbieco 2uides fePiemnbtisia wop99iblellO j s not ed

that a por tstgbdlefcﬁletw Dov-sie @@cnbemghat(ﬁa) 1582t Blglemwdjeafemtagnsl Gr.ef soably a
smal | por trt%bec ive Ces I m tct]"a‘rtate im ?emer%m €i herﬂl.ga h-51de ec%‘lon or(l) W 51£ in ecklnCheS or

| ess and haspa V\éll JHEY SFCmL SRt 57 ImpISsine gihey highsside picetion of fowradetinfection ;"¢ at ed
above, the aghdd hot ppoide dlisl abilityete i seach4@pveerothe tvchéuriag omstation. a$omepsmmc§ hagn MP3
player, a B gado (Rt RevREY ﬁlﬁt%idg afPBR b hjectRdn E@hé%?@zfﬂi@l%ﬁgse%‘é'tﬁe%@f any

other small portable device having an integrate restrial "audi o

br oadcast ro&BUseREsPury ip thequngd Gppetchanag siepa afigr H’ehas BEFEPEosE Putueh Re &ctice 406
can provi dgaicigiultdl audi o out put signals, anal og audi o output signals, or
both. And the interface circuitry 406 and 408 coul d be conbined, if desi red,

such as wo b be t“f,}% thecl‘?& gonlrgl c?r’custry%{) gf t?neérigs%ét lnvel%tﬁgrh%W$V%If a)I[) nr'%u ac;le I(?I’l wer e

used to provi e t he conmruni cat1on in or evi ce 402.
[ 0059] FI Gof Bigh-bide er lip-gidkinigitiag isamplemented iy ewb@gzlmﬁemsmm@f magaﬁgnahmoelgrr at ed

terrestrialyffqadeathm teSRGhd s%fec&ol&‘%% hlgm&e%‘i’%% Jld%qakcu&% G rkabi@hrbefole@he CONL T O
circuitry 500 for addi nﬁ; certain uenCé control" features. As wth the

enbodi nent deged phnmel igself beeaﬁroFéFseF‘ nedi lectigr ean bp Fipqer oFyxanale UpiEg r ecei ved
by a | ow naisgectigiqgdritinfihat (slcdifipurdid daaﬁllnpnvﬁ&@sﬁgdmdaymml&edr 1okdidetigecganer at e

| (1 d a [ . i | s 116. t 106
hnd DSP o poerrErbe et il it bl T I e pBE R ERSRERYS I ng ¢ ghe
(R di git alfrequedkics aptht gestredsshgnell By 1RBg toAlesdirguusieadd hivoghesigngls Fodrfespteet t o
FIG TA i tD§Psc1r 1bs ntgxt &gmélp"ﬁ% L(()_)t dol % cuﬁiré/1 a%egsﬁgéttheoﬁjghwbtowé'agf?@qlrt]lélcﬁ? uld be

provi ded by the receiver, | esir tion g signals
(fro) 118 dghae C‘Q@ﬁ@?*’éﬁt wﬁwﬂ Ipepforyaaned-degtading @iazeédntpﬁrymawhe next adjacent upper

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 (fiu) 552 represents an upper image signal
that is as far from the high-side LO injection signal (foy) 560 as is the desired channel (fcu) 554. If
high-side injection were utilized, the mixer would use the high-side injection LO signal (fiou) 560,

and the interference signal (fiyu) 552 would be mixed onto the intermediate frequency (fi¢) along with
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and these phase shifted m xing signals 118 are used by m xer 104, as

di scussed above. [00601 LO control circuitry 500 is added in FIG 5A to

i mpl ement  a@dihdc@igdy; f requency control features. One s {15330% és a

hi gh-si de versus | owside LO signal injection selection AR HIA

repr esent ed bl ock HI/LO NJECTI ON) 510. Another feature is a

pr ogr anmab| & ‘%glﬁr e 6’@&?‘1 ger) S & hVWhEGWG’f BgrIdeinetity pasbostoRlersodesiigtiact i on

]1: eature as imepr Sﬁﬁlﬁlﬂ)edlabwyerihieﬂﬁ Kigral @MstE@FdﬁQN)aAWImaEhﬁﬁﬁl that equﬁmecyn cont rﬁl

eatures cussed..i n. mor W t e F and 5C. The
LO contr ol %{éle}IQ‘gliI% 1O 'ﬁ?%onl Ség“"aéﬁﬁgfeés pae dﬁs”e{)%ﬁ%cﬁr §|%f1 rlfﬁS %dse WEGoYh one or
nore si gnal\eer@@ﬂllzedntdje mixet Wald & the loersak ingestian i signer (o) 360 artdhheou‘gﬂer@n@ or nore
signals 50 6 i i us

ove of de. LOEIGARI > et Ol o @Bk AQLAR (i ol el BT P2

desi red chdfmet34( flap) thtewsqoef lpwrpidadinjegtion gygpld seepie @ uwswgwgneage é’Pfrbe%Ql A

| arger int e&Juerrevbcaes@mwwbr thdt wadhuch Ses§ ﬁﬁftﬁ§§@ﬁﬁﬂ>w@xyof$ﬂegiﬂ§ée c@sddy uBirg- AS IS
wel | known, rl’gl srpectru éfar 112 to

the i nter mdth e L et e oo it Senal IRt ahte eeh e TG AT B - Tl o
frif | varealwd@', thnjLe)odontmm ciregitry eanl dee@ineawtaltherrhighatle frgkgtaeor Wivi-didetifjectierquat i on

f, = fi. shodi¥e 1l fsedt @tﬂ!‘ex%;g&éo%&b&% oy o!dse lﬁjéc'rt]l!a' si&ﬁ eTLFeﬁi tgi?v% 1x1§%t9ns floL

and fLoH represen a I nj ection
si gnal (f Lotrperdeaferene stgnal Himgd) éia? dntyj teeciterowdiase @(FSHWCJ( tfef ilf)is HEQ, that thesigeabt i vel y.

Many syste ”BBerpd? btfdr Srek¥éndidd UGS RdrnBifks %r D Efpertin@ Rwes 1Q1§ge' Rl RadidsQuidbisd OW si de
injection and do not provide the abi to swtch between the two during

oper ati on. aesswié fesiid, ﬁé%t@mméﬁgt“@ﬁﬁré‘ﬁ“%ﬁth% BnaRic sYRStRRE WheiegR-ues - and
| ow si de i nfideGdjdctidh ofl Wkvi-sitg inpdeidn@t | on by assessing the |l evel of noise or
spurs in the tuned target channel signal after it has been processed through

the recel Vet h (freUL L i 190624 W ikl @ ORI Slecfihfilid 11y GO0 Of he

present in owever, | ow si de
I nj ection i@ammépﬁémaéﬂsw ebym#ékn)ﬁgbewmésseeswm by@ﬁgnﬁlraag‘é >&1, gridbwpidaer

Wi thin the gpeeh (W eie@r Qhémc&e&%wlenso@f robidemr@rﬁena% sLQW6rSfdR i) ecti on
is made and before t desi red channel |tseI been processed and tuned.

Thi s sel ectY&oH t&ﬁnW‘Bé’erfﬁHjeby f“B‘rer X, theus‘P‘ﬁgFF %lg@eré@f“imoqRFéll Hol°i ¥hm t hat
is confi gUh&tdnﬂeﬂlatdﬁ‘E@EIﬂfy (fe) inaebhiaice \hllttgl‘béfqhdﬁen fkmteetfmom.s stfowh,awe SledEbld I’lj ection
is prefera e t hat in

di stance f lr)%%“fe? re‘lﬁc 8relﬁ)eeﬁe(r:l{1€gy %gm{\ﬁ far. tt ﬂeqruen y @ng E]nd aéecmf i3 tar%yt o these
f requenci esfregueadcyt (fix0i8gh Fai a@m&h gesB@4hdnned (i) HE to DS@nqdlltOcunals,yhen@@& afiigt

exanpl e, t r fir equenci es
that coul d@ %@tae@g{) %’ﬂil ?sgg lf]f;tHetf'Esy %Fctﬁgga %@g?( IFJ)‘?&O%;Q)SE@A sel%gtg\ﬁa Arfatthe 1ih&€

rading 1 ma In particular,
t he next aoﬁ7a<§e@r?§ent§r31§eﬁ°tlon|qfrﬁ@e WQMVmsWéPSHa%mﬁrﬁb(fqa dam ckerftrst Bower

i mage si gnage &Hawe(fm%m bginfgade 3S8¢nd rokegtnar(m;)le% m&mﬂ'rthmecdmtm tDgetiS €
hi gh-si de o Iréeﬂl ow ecti.on assess nt .ca de at power-up

across the ‘t‘ei“?ye( )3538517 Ak Sﬂecﬁdoﬁ?cgtﬁ? ll“fi%%\cr%?%“t eeacg?{‘t(i F“@‘e% SPERS  acr oss

a reduced sthedetired phahdeBlfcn) 554 down to the second IF frequency (fir;) 582.

[0065] The programmable selection for the LO signal, as shown in the embodiment 520 of FIG.
5A, 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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i ncl udes the desired channel to be tuned, each tine a channel is tuned, or
at any other desired tine across any desired portion of the spectrum

dependi ng up@BokE2@ gorithminpl enented. 100631 Looki ng QﬁﬁgpygzﬁkG. 5B,
interference signal (fMH) 552 represents an upper i mge Si % is as
far fromthe high-side LOinjection signal (frou) 560 as is the desired
channel (f cpirhagsms coufd be ginpipved fqy @royiding progrespmagks centigt fo|theAdcond girgyitsy PO woul d
use the hl gbsesdcdaudhmweequrfaynskoceesm&e@hoﬁeiau&l-l) 560, and the interference

si gnal 552 woul d be m xed onto the internediate frequency (fir) along

\-?th.lg E ﬁg W6%€06/F0A1ﬁer2r7m])'cap gl' LS(Z: a?tg 591%6‘2 § %%dlmenQS ?fqgs mvengoncvl}lﬂ be gp ax(e n) 554.
i _rrage. Si i these blylled tlrhtee Ilrhtnefrlq‘“ecrfehiﬁt:@soslpfgmallt V(lEBIW_I)eC@ﬁ&dr @gf:felsethztt:the@r%@mr i mage
S| gnal t hatlnéeﬁloﬂsis B@trhn{d’eﬁ) %tﬁe&eexlaﬂﬁ% %Ilr;ggenleﬁ?sl Wc&?&r\g@q tl§§ %@iptl((n iISQJr))e 562 as
is the desired channel low-side injection were utilized, the
m xer woul oFonﬁéréedtah élumwesqnuénq i o8 éhe PerROSE € teackipethose sKillef jn thiat theypapner e

i nterferencarnryisd @k idvédtida.) It R5S bar@déreloda@haling @EmOsTttRe ihvdetidn Mt TRshnahe

frequency ( |l ong,. Wi th the desjred chann f 554. Thu e use of

| or'sr e i bR Bt et es BEpEwR RrreL FPABE™. ks = TR o Hfen woul o
have a si gnbad inpiwentatichatndvasiteuet [Fessatiiarquivakntsdgrats o he subsftutechier | mage
caused bV UahD0BhONs ! HSrbdd [ BE Chh Qi Plpfia® 88 el thehfih @gg@él'um@z@ r of
the upper image ?re ue Wer | nmage e'?re uenc contro
circuitry ciagepddndy ﬁﬂ fhe uw%tomerrfeamr@haﬂsasd@ulidrbp emtate@trfo ore skiigd & theart ffeect i on
shoul d be ug@Hg thd RndtR 6f tRiX AR pBorvP e ik d@EELT Or e, | ow side injection should be
used to avoid mxing the larger interference signal (flMH) 552 onto the
internediate frequency (ftF). It is noted that the signal power at other
frequenci es, such as harnonics of the upper and | ower inmage frequencies,
could al so be assessed, if desired, in determ ning whether to nmake the
dynam ¢ sel ection of whether to use high- side injection or |owside
injections. 100641 FIG 5Cis a signal diagramfor a programmable IF

| ocation selection feature. In the exanple 570, a desired channel (fcH) to
be tuned is represented by signal arrow 554, and |owside injection is
bei ng used. The LO control circuitry 500 provides programmabl e sel ection of
the LO signal that will be used by m xer 104 to mix the input RF signal
spectrum (fRF) 112 to tile internediate frequency ($F) in accordance wth
the equation fRF - fic = $F. As shown, two selectable |IF target frequencies
are represented by a first IF target frequency (fins) 580 and a second IF
target frequency (f.2) 582. For a given desired channel (fcH) 554 to be
tuned LO signals, therefore, a first LOsignal (fLol) 578 is used if the
first IF target frequency (flIFl) 580 has been selected. And the line 572
represents the action of mxer 104 in mxing the desired channel (fcH) 554
down to the first IF frequency (f1F1l) 580. Simlarly, a second LO signal
(floe) 576 is used if the second IF target frequency (fiF2) 582 has been
selected. And the line 574 represents the action of mxer 104 in mxing the
desired channel (fcH) 554 down to the second IF frequency (fiF2) 582.
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[ 00651 The programmbl e selection for the LO signal, as shown in the

enbodi nent 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 programmble on-chip register.
Factors f&LAdNBosing the desired target |F frequency can include the channel
width of the RF spectrumof interest or other environnental considerations.
For exanple, if the integrated terrestrial broadcast receiver 520 were

i ntended flor ude intagrateda¢rrestrial BM adimbroadesst recediief {19020, 860,580, 439, f r equency
coul d be %?bi) ect ed. for each country. This selection could depend upon the
nat ure of e “UPE LY East spectrumin that country, including the respective
channel Wi dt hsg plikeri($04)@b@Ssled RatcetyMndEF ¥ighdl 8pattr@m (1121an@ MG/ 012271

PCT/ U52005/ 022398 nechani sns coul d be enpl oyed for providing progranmabl e
control to the LO coand @ inpuis@nd hpyingapw nB?)Slg'éﬂlé&@n NPeththe R inpgfuency is to
be utilized in oper 6¢ h 0 rnative
enbodi ments of thi séﬁ %a\c/rg cl%rgﬁl %ﬁdszgqgg%g%gdné b[%%éagﬂﬁ%gd g‘f(c?i P@d in the art
in view of this descempmisimgu plutalivi 6fl FNdehareelbdronzectrresthiel @fdar rpadchsit t he

present invention is not limted by these ex e arran

Accordingly, this dESAMEE:GeHH ‘i°§gg‘6y%5) OLE%&?’?E@L'%”PH g’é‘fn&nﬁ'gq}“g only and
is for the purpose gfmz .eaching those skilled in the art the manner of
carrying out the invention. It is to be understood that the forms of the

i nvention her eimakisoillatoagencra@acitcigy (b0 couplésbtotradere aaEMtdhenrm esently
preferred enbodi nent i?ctva“ oy nent ati ons

and architectures. (e 6(2%; g(’/éﬂpgﬁ%/ndeclogﬁg‘ﬁfg On%{ﬁw Eagggcélf "0t ed for

those illustrated ag ned‘?ﬁ?f)lthedsd’l%@h Rign@Ndingelecb@ident pah iceBMQharinae
invention may be utilized i ndependent Id%/t of the use of other features, all
R

as woul d be apparenﬁel%céloﬁﬁgn%llﬁ“ﬂIbékﬂgluﬁe gengrte grixisg sighalyi( hig) fareh benefit of
this description of the invention. -22 CLAAMS 1. An integrated terrestrial
FM audi o broadcast receiver (100, 200, 300, 350, 450, 520), conprising: a
m xer (104) cduwl-l@ctohmrsiemeiru&trﬁnl()IRFc@jpgamlab repaetthalom: I]Flszgnadm(dlé) fiwmi ng
signal as inputs angd having ﬁ F signal as. an out

I he
signal spectrum conpfi 8§ & %H@Fotobf"éfaﬁc @fta'sﬁ'éﬂ @%@ctt%ﬁ?wggnprl si ng
a plurality of FM chanegich Jllrcgmyanél@('llﬁgﬁFs'f hd se@é‘rﬂi fhalie08 Qﬁ?ﬁﬂ convteh@rsm xer

bei ng configured to output real "and @gl nary |ow | F signa (116); I ocal
oscil | ator generatl 61r56C|158:)u¢CtUPiFd(tSD3O9 r ulpdedlagmanyekw lFeSlamFtM(bltﬁéramél
selection signal (2g2); 3830 olBtkadRd iRORRAS Wi lign R Qubfie an oscillation

a digital-signal-processor (108) coupled to receive the digital signals (120) from
the low-IF conversion circuitry and configured to demodulate the
frequency modulation within the selected FM channel, to decode the FM
stereo encoding within the selected FM channel, to digitally tune the
selected FM channel, and to output digital audio signals (122), the digital-
signal processor comprising an on-chip microcontroller; and

digital-to-analog converter circuitry (170, 172) coupled to receive the digital
audio signals (122) from the digital-signal-processor and configured to
output analog audio signals (212);

wherein the mixer (104), the local oscillator generation circuitry (130), the low-
IF conversion circuitry (106), the digital-signal-processor (108) and the
digital-to-analog converter circuitry (170, 172) are integrated within a

single CMOS integrated circuit.
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signal (252), the oscillation signal being dependent upon the FM channel
sel ection signal and being used to generate m xing signals (118) for the
m xer; low | F conversion circuitry (106) coupled to receive the lowlIF
signals (116) from the m xer and configured to output digital signals
(120), the lowIF conversion circuitry including first and second

anal og-t ol of gl |RORMRLAFSif HHuqkiRladRURL el obhet 58) 33ncksrmat nary

| ow- | F signals configured to output rea Imaginary digita

si gnal s ( 1220) of daiohi k;;lﬁuraher songnlastlng)mpute(s@oitry(cmﬁgurcd)tmb@ﬂvet bMraedei ve t he
digital nal s (120 th W | onversi.on cir configured
t o dendul eaeseara s MibaR Hmut i SRR RpRitha Sl et Efnanner . o
decode t heohiyhursd & &I RNE RAMiNGsivhdl i IIBBY enS@k eeheskcfiMos amnglon to di gi tally
tune the selected FM channel, and to output digital audio signals (122),

the di git alicuigiygh3). yheseasse mixhe4Aiingouteddn reshive F avdie sign#lal | er; and
digital-tQq gi‘@a%gtﬁe M&rrﬁ%sﬁpﬁ}‘s‘}’?stchééplédlr §ceﬁx72A1MCa%pl%'s? Q11 8%l ve the

di gi tal signal's rom-t si gna cessor and
configured to output analog audio signals (2 12); mhereln the m xer (104),

t he | ocal oscil] ator eratio rcuitr 130 rsion
circuitry %106)}wﬂW€g% at?ﬁﬁﬁgrg udigy e éﬁfe T@Sq%gnﬁﬁiﬁgr3g8 55,

di gi tal -t052@51@#&amcz)%Félﬁfheqe)crawgcmayor(gTX atl&17(290uﬁ{ VLB Reviatesdgtt hin a
single CMOXS integrated circuit. - he |ntegrated terrestrial FM audio

br oadcast oseitleiionesigr(al0io die@; fra@Enc3BEs. 450, 520) of claim 1, further
conprising input circuitry configured to receive FM audi o broadcasts and AM
audi o broadcasts and further conprising a second m xer (104B) configured to

recei ve a i Xi NheSh@pated(rdA&Bial IO ALIbOrdLeR ra@SBiet (ANORO@EIVOY 330, ABO,
circuitry 130% wherein one m xer (104A) is coupled to receive FM audi o

si gnal s PP ab claiig [t fsthst ramppiging Auadigiure Reneratiioaiptudley {1632) serfigpeedatol audi o

(
signal s r@adcast receiver
(100 200, Egte B sl hE bl (FE b A YR Bl el T et or
generation circuitry (130) provides output oscillation S|gnals in discrete
frequenc te 4. The integrated.terrestrial udi 0 a receiver
(108 2036 $ 308$Th§sﬁtegr&§6 te”ssg"c‘ﬁat %‘g ‘Prai“fFP"it regeiyer r(é‘?o g&ﬁp%%%gé ‘z{Padr ature
gener at i 0”52@; roF Uiy I ]vaf?e)rell‘f'QHé 'cgg{fa‘llglghél -prO&R&K: aliRultMP (1I33SiRcIalMsf hed m xi ng

signals (118) for use by the m xer
channel selection filter configured to provnde additional tuning of a desired channel

within the RF signal spectrum.

6. The integrated terrestrial FM audio broadcast receiver (100, 200, 300, 350, 450,
520) of claim 1, further comprising control circuitry (520) coupled to the local oscillator
generation circuitry (130), the control circuitry configured to select an IF target frequency

to be utilized by the receiver.

7. The integrated terrestrial FM audio receiver (100, 200, 300, 350, 450, 520) of
claim 1, further comprising input circuitry configured to receive FM audio signals (112A)
and AM audio signals (112B), and wherein the mixer (104) comprises first mixer
circuitry (104A) for FM audio signals and second mixer circuitry (104B) for AM audio

signals.

8. The integrated terrestrial FM audio broadcast receiver (100, 200, 300, 350, 450,

24-



5. The integrated terrestrial audio broadcast receiver (100, 200, 300, 350,
450, 520) of claim1l, wherein the digital-signal-processor circuitry (108)
i ncludes a channel selection filter configured to provide additional tuning

of a desir nnel wthin th si gnal ectru The j ntegrated
terrestria FE0k e b S e Hjereeargln TS 1 ia0) T 520) of
claim1, faeduBgdy s@ﬁfﬁ@inké'(ﬂ@)%ﬁ@&ﬁt@n‘naﬁd fr%ﬂehé%o%ﬁgp&rc‘aﬁ&p('lgﬂ) fie the local
osci |l | at or generatlon C|rCU|tr%/ he ‘control circuitry configured to
sel ect an ﬁr@lutemygsenthtm@qmermwon @thrbtowtuitnult ﬁ@@SQJUatNmeSlgr@t@Wbrand the The

|ntegrated errestrial EFMa [ 00, 20 50, 450, 520) of
claim1l, PR re&n%rﬁyscf)ﬂté&lcﬁr e gfér‘\é??e?‘éﬁon%‘f ?dotﬁroggpuf gewée@@( %%‘trle audi o
signals ( 131@{%1)5 to&lﬁﬁjfréﬁ\lbﬁd.&ddyﬁthsslwadwﬁeréﬂa tlieza-oa)tomﬂrtcfre\dﬁerﬂ@ldantr@lecﬁ@u&%f is(104)
conprises first mxer circuitry 3321)2 for FM audi o sjgnals and second

mi xer ci r cifthereophgurey i ise amrawgr@l( yfamghe digitqlsignahpraggsaine Qirewiry est ri al
FM audi o r , 0 claim1l,
wherein tﬁggﬁg (t)sseglﬁ) ]é?{])?]g g’%é?%&%ﬁ%ﬁagﬁ?%@cﬁ%?gbe)ﬁconp |c)508§&a
frequency sagmzﬂshem zer( 182) and automatic frequency control circuitry (181),
the frequency synthesizer being configured to output the oscillation signal
(252), and the automatic frequency control circuitry (181) being configured

to output 6requ/eeebfam@a@vw(4o@lrﬁmlg$het.qtetgﬂ@edftmmm 86 BRAUGRYr . Wherein
the automatic frequency control circuitry is further configured to use an

error si gnareiy@2p0, fZQQ)rﬁOt)h-’eSOdﬁ@ﬁ £a0) ofictpirall, prdofvebericegpeismgui try  t hat
represents error i ec'tn@? I cz te? FM channel to adjust the frequency
control si gnal sy % a[bf d 400) having the integrated
terrestrial FMaauddio obfpaadmﬁibe (408g.ei ver (100, 200, 300, 350, 450, 520) of
claiml, and further conprising: a channel selection interface (404); and

an audi o output interface (406). 10. The portable device (400) of claim?9,
wherein the, au I; [ ce further
confi gur edﬁ% o] g];l%\ﬁ% gitdsilll?’;a?}r()bggpéal(gﬂét)%te&@éﬁgﬁg O@Flbult n’k&%?hod for tuning
t errestri al40\oadises dmrioacfaeesﬁusthemoaﬁgurnd egrratidddiggeleivderqutpwtonpri si ng:
generating .an OSCI | I 'ation signal (252), the oscillation signal being

dependent 3 an FM channel sel ection signal (222);
11. A method for tuning terrestrial FM audio broadcasts in an integrated receiver,
comprising:

generating an oscillation signal (252), the oscillation signal being dependent upon
an FM channel selection signal (222);

creating mixing signalis (1 18) based upon the osciliation signal (252);

mixing an RF input signal spectrum (112) with the mixing signals to generate
real and imaginary low-IF output signals (116), the RF input signal
spectrum comprising an FM audio broadcast signal spectrum having a
plurality of FM channels from terrestrial audio FM broadcasts;

converting the low-IF output signals to real and imaginary digital signals (120);

processing the digital signals utilizing digital signal processing circuitry including
an on-chip microcontrolier to demodulate frequency modulation within a
selected FM channel, to decode FM stereo encoding within the selected
FM channel, to digitally tune the selected FM channel, and to output

digital audio signals (122);
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creating m xing signals (118) based upon the oscillation signal (252);

m xi ng an RF input signal spectrum (112) with the mxing signhals to generate
real and imaginary | owI|F output signals (116), the RF input signal

spectrum conpri sing. an FM audi o broadcast signal spectrum having a

plurality of FMYRAREdrsdighypdiastenals (|4 toaandias amonubrid csels 2lddnverting

the |owIF out Q/Zjéreﬁli tﬂf?@érﬁr&tﬁ\'g,r@r@z!tin pﬂiﬁﬁg@?gﬂ‘ﬂﬁ&xfleﬂir&i RleengRAl Secbid0) ;

processing the digital “signalfs utiFizin I gital sighal processing circuitry
i ncl udi ng an on- chiquvaitiog ccphnene petfemedovittema dngrt@EMOSeneenty drodul at i on
within a selected FM channel, to decode FM stereo encoding within the
selected FMchannel, to digitally tune the selected FM channel, and to

out put  dijgi tairh@hl@ih@dsﬁ1raa1hm,(ﬂ«&ﬂér;com%ﬁsiﬁ?pmmm Bpth@rdditgi doakigaedi o
signals (122) to anal og audi o out put signals (,212%1 wherein the generating,
creating, thiserivg FM iapdio demetltlPAy andrdd ewdiongzrahd (IH@Bonndcwhereintthag st eps

are perforped w.ihi i P(M(E ad~circurt.. 1 T hod of
claim11, "{%qu%\kél\{eewé@ﬁp?e?ﬁ%gn%prOV| %E:Orrlgi I %g&l& féﬁ r&ﬁﬁ%é §lr%%%¥ |(bdl}%3§ﬁ8t o]
recei ve FMigiugiaM sudjoaigaalé WiRApconddniAMgairdiiaysi@msy) s (1 12B), and wherein
the mxing step conprises mxing FMaudio signals wwth first m xing
circuitry (104A) and mxing AM audio signals with second mxing circuitry
(104B). 133 TheniRhRE of bafh 3l MyfdreinthHRL BorkRinkl sicpleo RV eI DheSE oD
conprises utilizing a irst analog-to-digital converter circuit (156) to
convert t Hiestrapalogitovirgitel somgrekr tiocuat (Idbyid adpnvsitgthalrednidwalti igwdirig aa second

anal og-to-di.gjtal ,converter circuit (158). tg9 convert. the_pmaginary |lowlF
ol onar t o il e FOCHIARY = SeroRY hla derdat S e ORTREEh st bR P hpr 51 ng
sel ecti ng t@NimaEinkB16RT FisigpauenCgitadsiggal. Uti | ized by the receiver based upon
a programmabl e setting. 15. The nethod of claim11l, wherein the processing

step further conprises generating an error signal (322) representative of

L br et e laons) Sty TR 008ki F e h5h BELer SRR 0 111 21 0

utilized by the receiver based upon a programmable setting.
15.  The method of claim 11, wherein the processing step further comprises generating

an error signal (322) representative of errors in tuning the selected FM channel, and

further comprising utilizing the error signal (322) to adjust the oscillation signal (252).
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