APPARATUS AND METHODS FOR EFFI CI ENT | MPLEMENTATI ON OF TUNERS TECHNI CAL

FI ELD The present disclosure relates generally to the field of wired and

wi r el ess wormumoseivi ons and nore particularly to nmet hodecans2eielosised
systens for inplementing a fully integrated tuner. BACKGROUND El ectronics
devi ces for consuners and busi nesses include increasingly nore diverse
functionalities. Anong the functions being provided in various electronic
systens such as conputer systens, stations, client devices, nobile internet

devi ces, telADPA NDMETHODY BOR EEFICAENNIMRLEMENTAKIONGFhoxes i s
the reception of television signal s;gkegisM | ar nul tinedia streans and
delivery over one or nore channels radi o frequency signals. Received

radio frequency signals are typically converted or transfornmed by a tuner

before the signals are passed tﬁtéﬁﬂ@ékiﬁﬁﬁh onponents. The conversion
process typically involves the use of a local oscillator to provide a

si gnal 5f requend¥ys escrtodistibate melates exgueralby to tthatficlds ofriwied wnd twitchess r ecei ved

signal to forma garo jpLermedigte freauency signal and/or an tpternediate
f requency “STgRAIF 67 EGMIUT AR TG FY eqUeneidd® "TH“sone ar ehiPeteir&s?

conver si ofulfyriorpraedeinéed signal to output may involve two frequency

conversion stages. In such archi &%ﬁ%&g@,{wgfnerau on of two or nore

comut ating frequencies requirin e local oscillators (LO \

phase | ock | oopSec{rfllits) devic@n®r Wonstidices bhd usinésygi Gluldy in@e4sies infore
LOinteraction resulting i

addi tignal .cost, space, and may lead t n

degr addd éhvaﬁﬁévncag‘ﬁlflwf*%ggﬁe BESERr %@P@Rroaﬂ%mﬁwlw@gmw gtibj ect
matter regadhdedcaspidiesykiomenititRins, diePRldvicet] Abbile PRiritk dvioskt t@ndsigh stinctly
clainmed in the concluding portion of the specificatiaon. The invention,

however, BeseHeassalilg rgeshicsarnd actapr) bress Ho dheorecenpien of ildavisien giebaterr wi t h

obj ects, fLRRlHhRRimANLRINAMPEESerl RSEERAE or FBYe MERIcINRININAES FLeRAcPY
reference to the follow ng detail ed description when read with the

acconpanyisigaléir awi ngs i n whi ch:

15 Received radio frequency signals are typically converted or transformed by a tuner
before the signals are passed to downstream components. The conversion process
typically involves the use of a local oscillator to provide a signal frequency, or
commutating frequency, that is mixed with the received signal to form a zero intermediate
frequency signal and/or an intermediate frequency signal or commutating frequencies. In

20  some architectures, conversion from received signal to output may involve two frequency
conversion stages. In such architectures, generation of two or more commutating
frequencies requiring two or more local oscillators (LO) \ phase lock loops (PLL) in one or
more tuners typically results in additional cost, space, and may lead to LO interaction
resulting in degraded channel quality.

25 BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter regarded as the invention is particularly pointed out and
distinctly claimed in the concluding portion of the specification. The invention, however,
both as to organization and method of operation, together with objects, features, and
advantages thereof, may best be understood by reference to the following detailed

30  description when read with the accompanying drawings in which:

Figure 1 is a block diagram of an electronic system in accordance with some
embodiments of the invention;

Figure 2 is a block diagram of a tuner with multiple commutating frequencies from
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Figure 1 is a block diagramof an electronic systemin accordance with sone
enbodi nents of the invention; Figure 2 is a block diagramof a tuner with
mul ti pl e wormues4ing frequencies froma single LO in accectase@omssdro sone
enbodi nents of the invention; Figure 3 is another block diagram of a tuner
with nultiple commutating frequencies froma single LOin accordance with
sone enbodi nents of the invention; Figure 4 is another block diagramof a
tuner with nultiple commutating frequenC| es froma single LOin accordance
wi th sore asiissdi C?rmﬁcgorétm@ Wéth serpe prnbashimertty ofifheingertigna f | owchart t hat

describes an empggl @E'iht a Jth&t E’lg%ll‘gfi’agfré?ﬁ &f B'tﬁh&“%th”]ﬁhﬁigl%”taé}hﬁl%tlﬁg tuners;

and Figure 6 is a flowhart escri bes anot her ment of a net hod
for ef fi cifesauencigpiremarsingtd ldp ingfccerdemse sith semepmbodyacpoftbeingedignt hat f or

sinplicity and i4t i1l 3 S I t figures
have not necess%ﬁtr i egIrIIOtla%raH\Alz)&{ %ﬁigg%li eo.ql ?—'gi?l El‘]';erxw)ltil llﬂﬁﬁl% % g@“%@ﬁé ns of
sonme ob ttﬁeq@nelmafrbm arvengledle) examggdaat e&ithrsehaemb@immtmﬂtber ing¢rgioent s f or

clarity. Furth ere r appr Q| t fer N |l s, have
been repeat ed gr‘%‘rewgltlsne |g§arrg§1 fge i’ At én%cgirn?eélgpgn ng orOr Sﬁ%fegtgous
el enent s. imﬁbmmmmswdm In the foI | owm ng detail ed descri pt| on,

det th f l e t
et Torth Lo prordod ToRa LM Sder el sh BreRa | oo RoaT Kohover . i 1

will be unggkstaegbnyf nilkgse ski I led in the art that the present invention

may be practic d hout the e cific details. her i nstances,
wel | - ARown met ?1 sra@e@aﬁtﬁa f?ﬁﬁaﬂ@‘mtg %’Hd“l?:rﬂt?’c(lﬂ @lgstﬁa% Hereteen

descri bed 11|1L{%trﬁlt@él @ kheSBoA& RRE ﬂo@n@&gﬁmyebéehedrm@s@@@alé N¥eNtiBiple, lthe Woul d be
an advance_ in the art to Elr ovi de an agpar atus and met hods for an effl ci ent
c

i npl enent MBRIOBT ohsqmel the\glismeatsmphe exagasrated relafiei tguthed clegneasi Py er

nul tiple eRRmuUt aling Jvﬁ&gk!&ﬁ?de?e%l dpbRIPtifke CRITRR: SAHEAR MUb%er@Yébeéd‘g
intra-system’interaction that can negatively affect performance.

Per f or manégwopg the[figeres rindicee ¢erecaron igion gnadogepnglpeetuner capabl e of

delivegging two or nore commbquﬁ@Eﬁjﬁﬁg@ﬁfpﬁ@P@an degrade when the
comut ating frequencies are tuned close to or equal to the sanme or

har moni cal | y r &t 8teefdllowing detailed description, numerous specific details for the efficient
implementation of tuners are set forth to provide a thorough understanding of the
invention. However, it will be understood by those skilled in the art that the present
invention may be practiced without these specific details. In other instances, well-known
20  methods, procedures, components and circuits have not been described in detail so as not
to obscure the present invention.

It would be an advance in the art to provide an apparatus and methods for an
efficient implementation of a tuner, wherein the tuner is configured to deliver multiple
commutating frequencies from a common source while avoiding intra-system interaction

25  that can negatively affect performance. Performance of electronic devices having a single
tuner capable of delivering two or more commutating frequencies can degrade when the
commutating frequencies are tuned close to or equal to the same or harmonically related
frequencies, resulting in impairment of the service. Typically, it is found that in such
circumstances that multiple local oscillators or phase lock loops associated with the tuner

30 can injection lock or “pull” ecach other when the local oscillators are placed in close
physical proximity to one another.

Electronic systems requiring more than one source (e.g. a local oscillator) in the

same tuner may be configured so that each local oscillator is independently isolated
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frequencies, resulting in inpairment of the service. Typically, it is found
that in such circunstances that nultiple |ocal oscillators or phase | ock

| oops asswoi2ati@®s4wt h t he tuner can injection | ock or "pariuS2eanbs4es her
when the local oscillators are placed in close physical proximty to one
anot her. Electronic systens requiring nore than one source (e.g. a |ocal
oscillator) in the sane tuner may be configured so that each | ocal
oscillator is independently isol atedthrough application of electromagnetic
coupl i ng ithyerehtapplicatiogiaf Q1¢<‘<§fﬁallag1}Pt1F Rowpling isolapyt AdHEsonalip &1 gherseldheisques may
be appl i edcdig {&mlaﬂeg% REIppREIR hfinBOVHELS0BUAD Aok QTEPR Shial of
supply 1 oops” Applicati tiple tuners incorporating such techniques
requi re actiung mnaupmqoé@@s an%ppélszqi@nsé myriielh thneraingepdring peeht tedwicued y i n
nobi | e de S t

appl i cat | \C{)%(glﬁ'g ag(? ﬁblgall gﬁjab\é“ahg gég gfgﬁéq% aabcfﬁ'd)e 929{101114}1 f?lvn\f]nglsr%]% devi %$ds to
avoi d bhe dasgledf\mmwlrrtallp‘bml fao1©5sl ormshm ¢oa1t chphcatmnsadpvvmldfon@dl@ntagcpms té ng

mul tiple co tatl freque oscill.ator in
Bopl | Cati SHBUY R PR abl BEHBEL S gRCeSor Ryl RSB BBy peci ar 1

useful i nra:qnﬁtr@nm@dmbmnmltdtmg)r frgmetciaf ttlm of)mp@mgm $ocelf obdikatdbrumer s ar e

| ocated on @ nmonol i thi.c integrated tci.rCﬁit or. di S‘@g%ﬁd on. a?l'I co n

subst r at e *PIESAROTS FEBHI e APSPET CYHBU PR HETUSRC Fray© sBEIHY CBAMultt i on

W th vari oufant@W es aldidel psy 5t BiEcompOlicnBX@ENHE GineB =8¢ Alchtod on @ Bdrolitic a

Per sonal a set-top box, a television device, a desktop
corrpuﬁs lﬁ%ﬁﬁ?Flg&E&ﬁﬂﬁ?@F Olhafcg‘ﬂi?%‘bs"t'i’ %t er, a notebook conputer, a

t abl et conputelsom@. SOV fen@ QTS eﬁwen@oma@%@h@e&m st @ictioR vidnetheld devi ce,
a Personal Digital Assistant (PDA) device, a handhelél PDA device, an
on-board devieEend aystonss fasGapEpIBeAAtaion. AclRph R RersaBYiosPuiT (Reh) & s8ta9P devi ce,
a non- vehigul Af] dRYInCEvicR, FMBRKIP QDmpARE,LARLEIdEHRfor, & 1R ERRulE LT
non-portabl e device, a W Tel ess comunication station, a wreless

conmuni catPishodkegoreRtera ayjablel €SBPWET s STRR| pRMIUARP) 2 handhdl@ EOBPURE rel ess
rout enp ah\é‘ﬁcfh?ﬂ Qicki 4 BLissts1 PRAEM R {\PPA)OJeVWeraehaﬁﬁﬁelﬂl@b\ﬁpﬂ&mce af-ocal
Area Networ k , Wreless LAN (W , a Metropolitan Area Network
(MAN), a Wﬁeﬂrésiswmmn OYtRaamd, desiicoyadieybAd davipie wolikulEnaRNice, sanopfvebicelas WAN
(VWAAN) , nal PA| rel ess ( es
and/ or netd\g\géigd %Ogﬁ‘%gﬁﬁgﬁb\g\pg‘g&é& ﬁ\dgeﬁ%qeh&eﬁ&ﬁowe d@@é ?)?q %Yeisc 802.1
la, 802.1tbmm80Ratidugiati8O2. wiﬂrie;SSSOlzmllﬁl,cathzj.evﬂ:ﬁdt WM@S Atéms Boiahddhos and/ or

future ver5| qns anld/or deri vati ves and/ o qng
WIT or wireless router, a wired or wireless mo em a wAred or wireless network, a Local

20  Area Network (LAN), a Wireless LAN (WLAN), a Metropolitan Area Network (MAN), a
Wireless MAN (WMAN), a Wide Area Network (WAN), a Wireless WAN (WWAN), a
Personal Area Network (PAN), a Wireless PAN (WPAN), devices and/or networks
operating in accordance with existing IEEE 802.11, 802.11a, 802.11b, 802.11g, 802.11n,
802.16, 802.16d, 802.16¢ standards and/or future versions and/or derivatives and/or Long

25  Term Evolution (LTE) of the above standards, units and/or devices which are part of the
above networks, one way and/or two-way radio communication systems, cellular radio-
telephone communication systems, a cellular telephone, a wireless telephone, a Personal
Communication Systems (PCS) device, a PDA device which incorporates a wireless
communication device, a mobile or portable Global Positioning System (GPS) device, a

30  device which incorporates a GPS receiver or transceiver or chip, a device which
incorporates an RFID element or chip, a Multiple Input Multiple Output (MIMO)
transceiver or device, a Single Input Multiple Output (SIMO) transceiver or device, a

Multiple Input Single Output (MISO) transceiver or device, a device having one or more
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Term Evol ution (LTE) of the above standards, units and/or devices which are
part of the above networks, one way and/or two-way radi 0 comruni cation

syst ens, wel2bulms4ipadi o tel ephone conmuni cati on syst ens PCa/UsSed 10085469

t el ephone, a wirel ess tel ephone, a Personal Comruni cation Systens (PCS)
device, a PDA device which incorporates a wireless communi cati on device, a
nobi |l e or portable d obal Positioning System (GPS) device, a device which
incorporates a GPS recejver or transceiver or chip, a device which

i ncor por atidemglnanmpg aldégregrterenl agtenpes, Rigial Ml@peBnowt?aftt MBI gsvisesogt put
(MM tr q &ﬁ‘s’ \ﬁﬁfltl %ncﬂ?d’ 'refftl?o d@vm%'s Q)gl stérﬂ«j"ﬁt %ﬂ Bf R}In%le ﬁefﬁ‘dﬂel& %E@@

transcei Ve?s? devi ce, a tl p e np t S ngl e transcei ver or
devi ce, a(@lngbekHﬁam P@mdlfreo)oar Witistess Apraicatiin Pamoeqi ﬁ\é@%d@m@r OIeth@ bkaal

antennas, Di gi kgl gﬁlgg&mgﬁtggfi&l@?rhreﬂt%\é@l r;ﬂff"ds&?ﬁn c%gwﬁ%/tf?ﬂlgﬂﬁ ol Eﬂorét andard

radi o deV|ces or evi ce
Bl ackBér r yypePaf m1rﬂe®o<)omrauﬂﬁa|t1elh eigsalfppl/ocaticon, for otapgdd, KaMreqimcwe or

the like. di ts_of the.i nventl ed |n conj ion with
one or nn#ﬁpgg%ﬁé g’d el%??wnng“ﬁ?%hgg prx%%a§g) ()O?thﬁgf f or

exanpl e, RaEDN)FT m&&n&y)n(m)lplekmg (BDRedT 1(IieFI)1V1siBIn€M]uleple )Acl&:s‘ﬁ i(SDBI),

Mul ti pl OF : Mul t

g ROy LTSRN UL ST 57 Al B
CGener al theDuRadm oY iACEest GPRE)A), Mﬂ@aﬁiﬁdD@RW(@dﬁj Fy1g YN Qm)OMJI tiple

Acces %q%@waﬁf@@%%%%@%ﬁ%mi %*XI/P te'&i? <Ptr£f3\§ ﬁh@ﬁr' aeion

SySt em ( G?%éltloﬂﬂig Fyste caVESy, WALKIB&Ri-N1dM) Z1g§Eé r(@NMV @E@ﬁﬁdde(thB)(U\X@)Obm

System for_Mobi |l e copmuni cation or the [ike.

o e GO Sy mmm@ncwwn%é@% 38 260s 6 HTO aR e dge Ssi e

and/ or netpiHolfnentngr therifRentibhhRL (RN &RE&n VAFiousNGth&CdevaSs, USSEmbah& LN
i ncl ude, for exanple, random or hon-random di sturbances, patterned or

non- patteﬁ@@@ﬂﬁlsturbances unwant ed si gnal characterlstlcs I nter Synbol

I nterkgrence (il )cerm§Lr?1‘Petrfefeﬁcémdr5ﬂo1s@’| RGkEd Herhﬂtn%l &! f‘d?%&‘am '&ﬁdo’ﬁ?' S€,

non-whi te noi se, signal distortions, shot noise, er mal I cker
noi se, "pion kon idge, dlﬁulrbgmceﬁopaﬁterneéwaInamhtéermd| @eturhames,euro’rantedtmﬂabr ence

produced Qﬂarg&%mﬁpse S é ﬂ‘gérgetr&lc@ (l@@r El%&n@h&?%ﬁe‘cﬂg 1£t(3rf§r%ﬁ;c%l %ﬁn@ signal,

noi se or interference p uce sting corponent
at t enpt i ngotse noesrdnweloae,sswlahﬂlﬁtonwmsesh@trnousm ‘ér:rfn@ﬂ enise flixkodoasd “bl}lk

noise, burst noise, avalanche noise, noise or interference produced by components internal

20  to a device attempting to receive a signal, noise or interference produced by co-existing
components of a device attempting to receive a signal, noise or interference produced by
components or units external to a device attempting to receive a signal, random noise,
pseudo-random noise, non-random noise, patterned or non-patterned interference, or the
like.

25 The term “mitigation” (e.g., of interference or noise) as used herein includes, for
example, reduction, decrease, lessening, elimination, removal and/or avoidance.

The terms “television signal(s)” or “digital television signals” as used herein
include, for example, signals carrying television information, signals carrying audio/video
information, Digital Television (DTV) signals, digital broadcast signals, Digital Terrestrial

30  Television (DTTV) signals, signals in accordance with one or more Advanced Television
Systems Committee (ATSC) standards, Vestigial SideBand (VSB) digital television
signals (e.g., 8-VSB signals), Coded ODFM (COFDM) television signals, Digital Video
Broadcasting — Terrestrial (DVB-T) signals, DVB-T2 signals, Integrated Services Digital

4



conponents or units external to a device attenpting to receive a signal
random noi se, pseudo-random noi se, non-random noi se, patterned or

non- pat t ewoedit/asapf erence, or the like. The term "m ti gawiusad10(884g9 , of
interference or noise) as used herein includes, for exanple, reduction,
decrease, | essening, elinination, renmoval and/or avoi dance. The terns
"television signal (s)" or "digital television signals" as used herein
include, for exanple, signals carrying television information, signals
carrying aiendersting §ES 0T senelst idigital mlgyisien sivedlevarsing MRFAA asdighades, di gi t al

br oadcast d?éngf‘t%ie%mo%%'n&l@'ca%ﬁﬁg 1@@5&@‘ aky dch%lﬁé(d §i1 19364 QlTTS/)nd@d Qﬂﬁbﬁ(} gignal s

in accordance wth one or nore Advanced Tel evision Systens Commttee (ATSC
st andar ds pai/eldt dudicaVid @i oie BEES- /GVSB}HKW gVitled CodingAYiCorudiogmdebos Digtay. | 8- VSB

si gnal s), - | evi i g dcasting
- Terrest rll\gg ﬁ?%%%&%% é\k §)D§§%%M%na{@ %flel?e@rl\{lﬁll{a gé%‘(r?l\flgi ?é@ﬁ

Di gi t abBr dxdiogist i Tretpv{sidBDB)DEV gsighass, pchggast;md: sd:aal dyitd |tdemsmg nghads ¢ag.ryi ng
MPEG- 2 au% t el evi si arr. d| o/ vi deo

[ di.gi t al [
or H 264 augp)gl ge ceeg ng % 1szlon6as%%nal%ge.§.ltjgl evéslonrmgﬂggpér%ség Variced Vi deo
Codi ng (AV@)31Vade1r@1g\hiad;etal,lithi>rgai digh, tddrliionnedghal tﬁnﬁ‘aldma@rtrea’egfed Bive)ghshgnal s,
DMB - Hand t Tel HDT I
ot 0" esar TR i Grcbat SRR ine A oG N BT B dba T

di gi tal tedgyiagicomd/osidgaabsicts. ig addidldB@ o instaall @Y upiincsiigioalistat sransf err ed
or g@ i‘g through a satellite or a dish, television signals transferred
through the at nosphere or through cabl es, signals that include

(I n vvhol e or i AnRAkthe RAVIIE EMiaki @8 ©f Be (BLHAd. forl aidéd)lsatﬁél/r&éntc@ﬁlﬁ’a
services) in addition to or _instead of digital television data, or the

li ke. Anpdigieheleyisionieadash Eliegﬁ"?é‘ﬁ%rdtlfh%s%ﬁﬁﬁd prmber GB20609-309p of fheS\G s t he

recent Ch'é%ndi!rcﬁiatn@h ArligViiof b drAngaid. is Thgust ansang Stl%ctqf'es caR@led nunber
GB20600- 2006 of the SAC (Standardi zation Admnistration of China), and is

entitled ‘Cedigiang Mpdulptionfer, Deialnheevitou T pgestind Bupdoasteg Spsterar, inugd t al
Tel eviigi o Lg& f1%SE<Ld6a' T}%rs%ﬁ%%dmsosyéie%ﬁed tb 3 b@lﬂa '?‘L@f%{éﬂ M Qfp. The

standard may al so referred to"as DMVB- ita dia Broadcasting
- Terr est Breddyasting DVB- TyrtasifiBl) gi aral DMB- ﬂHrmﬂDmltBr ob(ﬂld:talsftdllmg Broadcasting

Terr est o1 alhRSAINE Ml THL A ARIRTE bkl BERSTalLypag, Lelsupe Lo herein

as "DVB-T" urnln to t ure ustrates an el ectronic
system 100 t hatNow turning to the figures, Flgure 1 111ustrates an electronic system 100 that

incorporates multiple radios in a common platform to allow communication with other

20  over-the-air communication systems, the platform including a tuner 120 comprising a
single local oscillator (LO) or phase lock loop (PLL) configured to provide a plurality of
commutating frequencies according to some embodiments of the invention. In another
embodiment of the invention (not shown), the electronic system 100 is a wired cable
television receiver system, satellite aerial, or set-top box that is configured to provide a

25 plurality of commutating frequencies from the tuner 120 comprising a single local
oscillator (LO) or phase lock loop (PLL).

The electronic system 100 may operate in a number of networks such as, for
example, Digital Television (DTV), digital broadcast, Digital Terrestrial Television
(DTTV), signals in accordance with one or more Advanced Television Systems

30 Committee (ATSC) standards, Vestigial SideBand (VSB) digital television (e.g., 8-VSB
signals), Digital Video Broadcasting - Handheld (DVB-H) that brings broadcast services
to handheld receivers as adopted in the ETSI standard EN 302 304; Digital Multimedia
Broadcasting (DMB); Digital Video Broadcasting - Terrestrial (DVB-T); the Integrated

5



incorporates nmultiple radios in a common platformto all ow comuni cati on
Wi th other over-the-air comunication systens, the platformincluding a
tuner 120woanmriosiiag a single local oscillator (LO or phags20i0088400p
(PLL) configured to provide a plurality of commutating frequencies
according to sonme enbodi nents of the invention. In another enbodi nent of
the invention (not shown), the electronic system100 is a wired cable
tel evision receiver system satellite aerial, or set-top box that is

conf i gur edervisepPasiialiBroadgsstingal qreeytriak (I313RvH fimidpag oF Migelesh Eide§tyf(MGrfiit he t uner
120 co pr ISt 9ﬂwﬁle§ {HAQ M er }@&gatlecﬁ?l%ﬁ) lof‘b@fele%%@)ca@ Ar&h@é@oﬂk%/& séfPLL) . The

el ectronic system1 erate’in a nu net wor ks such as, for
exanpl e, Dnghe eIEEE‘eﬂ()é\hlslSDWlfé@WM)S ahil(glighethe h?re@aﬂda‘@tntlor[)lgﬂlofallmﬁ@i testrial

Tel evi sio T. I d 0

Tel ovi i onPalte W) an 2 0Bl MACRALTHRCRAN AT TR ELIENBOERRC |
digitab t eymm 30@proyveleghg cPablBly ofi @nalhtsl)catnﬁg ) :tna]RF/‘lﬂcaltecm PBeoadtastieng -
Handhel d Q\{Bélg% thoart Ot%él s .broadcast services to handheld receivers as
adopt ed i n"YH& St9h 8rkﬁN 302 304; Digital Miltinedia Broadcasting
(DVB); Digital TWe dem)haﬁdaaldb@;ﬁmbrngllustr'ﬂas ra@ SR Itlalhscél‘n'zNBl-l'D) witli lo@e or more

I nt tedS B t T T J
L e e R N
Wrel ess logatd #r €aaletivar KS(tWaéwmﬂi&Bl&dm@ﬂiulﬁthﬁ)/deliEEﬂ&% 'l‘hel’lantennas

speC|f cat i al t hough the present invention is not tedto erate in
onl'y tResd? OREPRATIRYS TRRRTEISS otk BT s 12058 yerifs d%brt%c%se%aom @rdct roni ¢

syst em 10Qidair® ¥hP@ uhd Bir&ixR 3gital te¥ev@fonq@TVY Bidaatdsthgy tethndgRFAlLOGAEIyON Space
Wi th other devices in one or nore networks. The sinplistic enbodi nent

i | | ust r at é2 aienpaEl Q5 mpsledt wissd imaw tewlglieisyigalsito s tunch MOApEPEY105 t hat may

recei ve host tgApshdmsidnt %H&ﬁné&slz\'ﬁ\x%ﬁlrertWa sklectBd Ghannélhéﬂa p%d%teﬁﬁ’iﬁ@d ed to a
transcei ver 115 to accomodat e nodul ati on/ denodul ati on. The ant ennas 105

al so receivermedigisstieasnon(Foputautt whish mayobe Sirthecanplificd drddfilisradseithgsed t o
rake asTVlrﬂbﬂﬁSW@ftﬁ@%nao&%gtehmf%%h ngltﬁeam: h@ﬁs%éflbé' 199. @E%E\Qnté%&’@gfeas“ ng

technology. Alternately, the ant’enna 10 be a wired input to liver
si gnal s t anayheompriserong20r (et deiaetionyl or rpn@mdareeﬁnmman’@mas tnkcéudmmefpr 120

cut put it B G SHEMIE nipe AREAEA SRR BT, ERETTY G 7
t he t uner aotenext er othérl typessefcintensasi suithlle fRFtransamsioeiof RE diguls. Edc korant enna
105 embodiments, instead of two or more antennas, a single antenna with multiple apertures
20  may be used. In these embodiments, each aperture may be considered a separate antenna.
In some multiple-input, multiple-output (MIMO) embodiments, the RF transceiver 110
may use two or more of antennas 105 that may be effectively separated to take advantage
of spatial diversity and the different channel characteristics that may result between each
of the antennas 105 and one or more host transmission source(s) transmitting a transport
25  stream.

Appropriate to received MPEG-2 transport streams and the different technical
constraints of the received data, a demodulation scheme may be selected to provide the
demodulated signals to a processor 140. By way of example, the receiver may include
OFDM blocks with pilot signals and the digital demodulation schemes may employ

30 QPSK, DQPSK, 16QAM and 64QAM, among other schemes. The transceiver 115 and
tuner 120 may be embedded with the processor 140 as a mixed-mode integrated circuit

where baseband and applications processing functions may be handled by an embedded

first core 130 and an embedded second core 135.
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may conprise one or nore directional or omidirectional antennas,

i ncludi ng, for exanple, dipole antennas, nonopol e antennas, patch antennas,
| oop ant emoasil/msapostri p antennas, or other types of amCerusasossssbabl e for
transm ssion of RF signals. In sonme enbodinents, instead of two or nore
antennas, a single antenna with nultiple apertures may be used. In these
enbodi nents, each aperture may be considered a separate antenna. |In sone
mul tiple-input, multiple-output (MM enbodinents, the RF transceiver 110
my use two or ThPecesoakilanaisantfs dath siroyahya memenfinictficeeldy te Esaoat ed t o

take adva@{o?‘%@ ik s?s{?@htl hﬁlnog’ Yfﬁy &Igfep%l gné Blemgf'efc](f%r\%ﬁgnlé:;ﬂﬁl/%Fﬁlonvolatﬂe

characteristics that my result n each of the antennas 105 and one or
mor e host momons ﬁqr§mr@m Eouexempk) nenrvakdiie memery mayt malndpone osmprsarhthe

Appr opr i atf&low a| i éénefgflﬁéﬁﬁ% ZROAAN ggﬁj Ri}tﬁgbﬁeeﬁ@ nggﬁplvpi oLl EPRBM

t echni cal cons e recerv on schene may be
sel ect éd t(EPlp(DM\)miI@trtdakby EER@NME&P@@M) grakslrivo omsopid seesdor (440228ya way of

exanpl e, the r |ver C ocks .with pi.lat. si I nd the

di gital defp ﬁ&%’l dn° Sg( %&é%l oy‘g%% ,lgl%g ,ﬂﬁigi@il\ﬁl an ’315} M anong
ot her schmﬁ)ry,Tmﬁagrremqq;lealvmk bi htlendypeu n€ horkdRitifcayiadhéncerntiatidadedid t h t he
processor

appllcat|8ﬂ?’ g@@%@gﬁ gwgﬁgﬁplnt ﬁggte@“ﬁ%ﬁ%ﬁ@hegggégxggﬁggggguﬁgfst core

130 and amn elitb egbedinBeC piddideOheo k3R. PideesUrOoe eM@ial bAdtesttyg tiiifd)sf Ehe dat a
throuq@ a nem)r%I1 terface 145 t nennrgﬁstora ein alggsten1nennr¥ 150

conpr i'9i n@rEREO 8 Wr Ay 8P A INFECERb AT HoRwSPath PEPRERSPSSYbr? st or age.

For eXa”p|n@hwoﬂ@15%@és§6r'($vﬁ1cﬂﬁﬁ?bbbc@@)daﬂa@@lnﬁﬁﬁw@t@@o% a%@ﬁqﬁut@ﬁne&\h@k)‘ @lcl owi ng:
read-only menor pr ogr ammabl e \ﬂ§§ﬁ) , erasabl e PROM (EPROM),
TG

el ectri cal mgfluépgz@l\ne@mm@wctw& @t SERItGT gtprsitatRpligptiopepecfi. | 228)
a floppy %@éﬁ«ate@cﬁaﬁpg@cwoﬁ% 1ECl @AM s& Gnfpuledlcisensaid Lleensidtesk (DVD),

flash Hé a magnet o-optical disk, or other types of nonvolatil
machi ne r eBMadimentaelie arosepebl49 mey Bavera viegle Pegyad serecdadigna ﬂhﬁcolermSﬁg

I nstrygti Qng i e mifi Eeﬁ@ﬁesg%%oméfuﬁ Ht'éhffﬁ}eﬁgt)}ggs B%&ce‘%@%@fe@%ﬂtth@r ovi des

two core processors centr roce S|ng uni t processor 140 may be
any type @amwmge%@iﬂircgméﬂﬁi)d@ aMgem@rmbcewr Fb&mtba@r@étgﬁmore desngnt meir k

processorbggﬁ%&Q &%%$§§aggggn&ggﬂaph&ﬂ ? %r a conputer network),

etc. (includi Instruction set ¢C (RI'SC) processor, an
application sp@lgufq 2_‘,18 a block diagram of a portion of the tuner 120 of Figure 1 configured to

provide a variable intermediate frequency from a common source, or oscillator such as a

20 local oscillator (LO) or variable frequency oscillator, in accordance with some
embodiments of the invention. A low noise amplifier (LNA) 210 which provides
controlled input impedance at the input is provided to amplify broadband signals from an
RF input 205 which may include one or more of the cable, terrestrial, and wireless
television signals disclosed herein. The amplified signals are passed to a first mixer 215,

25  or I/Q mixer in this embodiment. The first mixer 215 receives and combines an input
signal or RF signal from the LNA 210 with a frequency signal from a first conversion
stage 250 to provide a zero intermediate frequency (ZIF) signal. In another embodiment,
the first mixer 215 combines an input signal from the LNA 210 with a frequency signal
from the first conversion stage 250 to provide an intermediate frequency signal (IF).

30 The first conversion stage 250 scales the frequency signal from the local oscillator
245 by a first conversion ratio to adjust the frequency signal from the local oscillator 245
provided to the first mixer 215. In another embodiment, a variable frequency oscillator is

used as the common source instead of the local oscillator 245. The ZIF or IF signal from
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integrated circuit (ASIC), or a conplex instruction set conputer (CISC)).
In alternate enbodi nents, the processor 140 nay have a single or quad core
desi gn. TWe 2priowessor 140 with a nmultiple core desi gn nRETIUSL@YO3L469
different types of processor cores on the sane integrated circuit (1C) die.
Al so, the processor 140 with a nultiple core design may be inplenented as
symmetrical or asymmetrical nultiprocessors. Figure 2 is a bl ock diagram of
a portion of the tuner 120 of Figure 1 configured to provide a variable

i nt er medi dteliprBgaehidy includie an dbphrse (I3 eemrroacntgnd o Quiaflalr oiQ)sawnonest a | ocal
osci | | at ot £y QingAl ARG it AIGBGHigARAHS bk Bhe o o YFRGRnIL 0 SO

enbodlnents of 1 nventi on. [ ow nol se a fler 210 whi c
provi des oorfraqodrce doaindyp wthilp rhi@cdtamcethats t ke |Ch=p1mel uﬁher}er| tiket @omawbl ify

br oadband c§ﬁlg§]}%‘l§?f‘:tﬁé§ﬁ}ﬁw i ﬂaﬂ%”ﬁr ‘{% ey MG ﬁ@yoqqgﬁ bR fﬂéle erlBf € of the

cable, terre eV|S|on SI |sclose erern. The
anpl i f bed swgghA is tlas empaksed, and as ofitpntdteqnénce of mﬁirst orixdr 2@3. T heashanmel t hi s

enbodi nent i r.st X 15 receiv and ines a N ut al or RF
oo T et o kRS s bR PESENESeAR RV TS SR S lS o
st age 250nhﬁxaQDV|de a zero |nterned|ate frequency (ZIF) 5|gnal I n anot her

enbodi nent first, mxe ines an in ut Si fr NA 210

W Th a1 requendy® SCGHAMIT 81 PreSTidp e pd P ivEle wet st 8F Bui de-an

inter rredl 3to@alf fr@f) lth%l’kfhy(n@ﬂ gintak 200 Mith aniialuEhd’ySsﬁgrﬁDﬁUﬁirtﬁd: (U@alsdsalget025@5 scal es

t he fr uen égf nal mthe | ocal oscjllator 245 b rst conversion
&Hi? gt @é%

ratio AU Q spgRenent 179  seeop e%ﬂlm %l?a QY IPE oy ovi ded

to the fl g seBdniedonveksion bthgcPddl hEle s8FHRQEoiRRAlion Aagéalichablig the BALRAGY
oscillator is used as the common source instead of the | ocal oscillator

245. The zigraldfon thedpeph giciliats fithethe poramoppquase tothe figshenyeriep sige 2 phase

(1) conpongMtheaB&na cCHRAALHLE 266by GRERAABRBveksForl tatid & RfLsHBE Rqicis channel
filters 220 configured to pass one or nore desired frequencies or frequency

bands whi s&@ng| Gemithy lasehescylator 245 chairif erovidodt tertge pgrond jimixesr 223, minxay
conpongnt a%rn&tgI @mﬁbdﬁ%ntct%mﬁ%@fjo% Fiéu?éqpﬁQBXﬁgum t8 Iﬂrdv%deatﬁ]e @Lgu%tt 256 the

first conversion stage 250 In this enbodi nent; an out put frequency of
the first ushgervagdde lmﬁr@le@lhtarfmuenfcy ffoey e 20@mioN sourc@mwlﬁménwem nwre

pos itio ne%’taggst éﬂeceo'ﬁvér gn fd éucl? tas %exﬁlrst g&n@e@f&q 2%0 ?18 QHQ F&F% Pt er%%%olt_l-r% second

m xer 2251 rovi ded t'o recei ve and upconvert the
si gnal fr@mhbhtesemnamgelhe ZIFor 81 ggdP Grta etnld Qedmmgeency signal fromt he I ocal

oscillator 245 The second mixer 225 upconverts the ZIF or IF signal from the first mixer 215 and

20  converts the whole of the signal band limited by the channel filters 220 to an intermediate

frequency (IF) that is higher than a signal band of the IF or ZIF signal from the first mixer

215. The intermediate frequency signal output from the second mixer 225 is amplified by

a variable gain amplifier (VGA) 230 that receives an IF automatic gain control signal

(AGC) 235 for controlling a gain of the VGA 230 so as to reduce the range of IF output

25 240 signals supplied to a downstream component or system such as a demodulator (not

shown), wherein the demodulator may be configured to provide frequency trimming

compensation. The gain from the VGA 230 is controlled externally by means of the IF

AGC signal 235 based on signal level measurement downstream of the IF output 240, or

on the performance of a downstream demodulator. In an alternate embodiment (not

30  shown), the first mixer 215 outputs a IF signal while the second mixer 225 outputs a ZIF
signal.

The first conversion stage 250 and the second conversion stage 260 are both tuned

or scaled by scaling ratios using a controller 255. Two frequency conversion stages, the
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and an | conponent 265 and a Q conponent 270 of a second comrutating
frequency fromthe second conversion stage 260. The second conversion stage
260 scal esotznm/dosaquency signal fromthe | ocal oscill at @cTA%2010t0B826€0MDON
source to the first conversion stage 250 and the second conversion stage
260, by a second conversion ratio to adjust the frequency signal fromthe

| ocal oscillator 245 that is provided to the second m xer 225. In an

al ternate enbodi ment, the tuner 120 of Figure 1 is configured to provide
the IF outfﬁﬁtCOEﬂ@SI%lsF@@e 250 aanidabp esepand epamerbian estaze e?éaeﬁ@yﬂhlﬁt&m hléd commn

source i nyalih i P05, HIREGer ARERdAentR rﬁgfasromn%éd SRS JfAgqleh

conversion 250 and The 'second conversion 260, w thout sep rat|%g the ZIF or
| F si gnal cpmieesidn sims @cbdmgahesatos moTh &egussonebnnizien sR2& mpcbhwaed srthe ZIF

or |F si g@@aéedb‘tgyo 1 135 u%fng?ﬂelx%Btrgl%gggy%ﬁeo&ﬁﬁslﬁé 25&'%&2’99 h% Jcegsgﬁ si gnal

band Iimte Ranne ters to an 1 nterne equency (1'F)
that i 8§ hilgher Fugmwla)rsai @pahtebanmolhz’r i Itte foEm axf aZgcdAers] gmabsefprocestonea i r st
m xer 215. Thqilntenp? fromth gd m xer

uenc ut

25 1 s amsrersl O TEhRh b GRGES N B P e &Y VR BB AR FEES et an 1 ¢
automati c (gallumngantedwed snsgnalon(séifc)mﬁ% (R(IﬂC)ClﬁrnctdSmrl anngpplicg@n npafifid he VGA
230 so as.to reduce.th ge of ut 240 sj supplied to a
dommstreaﬂggSWﬁgﬁgwp(égKéygf E%Hmﬁgdgmd@ﬁBHWPﬁggﬁgénot shown), wherein
t he denodul at oms B ex48pl6,ahd LOUI4E ndyCheltiiblcdia afra@gm%maen Brant®i dighhertz
conpe Batl ain fromthe V@ﬁ¥230 S conﬁrol exter a"é&?% means

a

e 9
of thélIF( ‘f\@ 8i ’éﬁ&Pmﬁé‘?“B%%ﬂPGBW YREAVPIEVB) réh%‘ﬁ‘ter m of

the | F outgprieredfdtwdn 50Mnl NO0D KM ARNCBIZP and a@@c\!&iﬂatcbﬁﬁrﬂ‘ta@ﬁ@%q&leﬁ%ﬂ In an
al ternate enbodi nent. (not shown), the first nlxer 215 outputs a si gna

whi | e t he (GReewysErion) fiom e seqond Hﬂi‘f‘é 285 7 bsiagorar 12 ME 21 iTPSeCceyARicst on st age

250 and t'&ﬁarﬁ@ﬁ@é\f&sﬁ&@éﬁ%ﬁ%é}ﬁ asﬁ@%ngégoﬁgt@ge%%rl&ﬁ@% 4t n%f%é%'ﬁgl aRy scaling
ratios using a controller Two frequency conversion st t hefirst

a
conver si orﬁhesﬁrafg@nzfs@maﬁfagq%@ %@@@ﬁ@ur@é e/ @ing p desitgd ghranolgo a Zdlg signgl] Ukt r at ed
and dgsgcr 'tﬁed%fsl'réa dRbGHY R 581 MIBVRYG Firdt an\%mdisg%%k He%eﬂ% 20 e 1D bed. A

plurality o requency conversion stages i ncl hree or nore frequency
conver si ons snghesiOfaMibe Agpedd @pnmssqn@@gbyomplasmg@e sedond sixesi2Ay ancthe

control | egy e%%?%nd-lép e?s%ht & elaz%? iszc'%ﬁﬁ Ya RE é&%v&gl%?ogpwwdeléhoﬂocfu dgpre 1 or

a separate con Int OFﬁ]O a gen processor, a net wor k
processorlemmﬂchTwayomnwdasﬁwdamamchﬁumﬂ¢élkﬁ19ummiaﬂﬁwﬁmﬂﬁeanehmork),
etc. second conversion stage may be set to 251 to deliver the IF output 240 at 11.98 MHz, or
20  about 12 MHz.
As an alternative, first conversion 250 may be set to 8 with the LO 245 tuned to
4008 MHz to provide the desired channel at 501 MHz. It follows that to provide the IF
output at 12 MHz that second conversion 260 would be set to 334 to ratio the 4008 MHz
signal from the LO 245 down to 12 MHz. As another example, first conversion 250 may
25  Dbe set to 10 while tuning the LO 245 to 5010 MHz to provide the desired channel at 501
MHz. It follows that to provide the IF output at 12 MHz that second conversion 260
would be set to 418 to ratio the 5010 MHz signal from the LO 245 down to about 12 MHz.
In each example, the LO 245 is scaled by the first conversion stage 250 and the second
conversion stage 260 using scaling factors to provide a subharmonic frequency of the LO
30 245 frequency. Residual tuning error between the desired signal frequency at the first
conversion stage or the second conversion stage is removed by digital downconversion in

a demodulator (not shown) downstream from the VGA 230.

A further embodiment consistent with Figure 2 is to add a fixed output division
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(including a reduced instruction set conputer (Rl SC) processor, an
application specific integrated circuit (ASIC), or a conplex instruction
set conmpuwvenro(1@oSay). As an exanple, the LO 245 may be tumalsb@oioss4as r ange
between 3 and 6 gigahertz (GHz), a first comutating frequency
(downconversion) fromthe first mxer 215 may be delivered between 50 and
1,000 nmegahertz (MHz), and a second commutating frequency (upconversion)
fromthe second m xer 225 may be around 12 MHz. To acconmopdate a channel
request oratiogy ihe wpendrcongersipn %tilgecd:r‘?\‘?é??@n&% thy fiepd cpBMbdivisiondatich@ay b¢ st ni xer

215 and thg i gt aﬁ%“ﬂ?er &b@ﬁtﬁhé‘gﬁogw Cﬁ’@ﬁé @ééfr&fjcﬁaﬁnél ‘ﬂs”?q]laM‘ﬂES' red

channel to a ZIF SI gnal desi re annel en first
conver si orﬁ@@@nwmyonb@osmet tb @dathelLOn%ﬁLlOuZ%tq 33906|Mfé11 Fo tggoddivian, A

second co ngggn%rglga Z%ﬁlg%egogﬁg{aéé 'né'% #J'ge S GP {{I)&rcmnﬁﬁgly 21%%\/[39 d if tlﬂg fx&fon d

conversi on st age con ur upconversion’to provide an | F out put
of 12 MHz oufﬁot dwrs@mmmiatseset hed, rteeuesond g)nwemon hmny(él 24)50dust ¢fuhedixed 3006

MHz, then t econd conye SI 251 to i the I'F
out put 246G G SRS WKED 1Ay 18RI 1E 228Nl bt (b SB-

conver si oby253Q togyroige et IRt outButvd4dhatt HEOLKAH24 or tabsred 2t BIHE00BhdVkrotd provi de
t he desired chann VHz t fo rov de the | F output at
15 Mt AP EBRBRE S0 BPE e SRl B o et hpt B S s A0bg ik
si gnal fr @moht &xea pbfAs@Ab 320w iltustraked M—lzlgm/és3 aaiche theex@mab end fthd Sdcogdnver si on

250 rrgﬁ be set .to 10 ile t n| ng g\% 45 to 5010 MHz to provide the
desiréfl crgnEiontaesde0. kaprovide singler BREPAYY: t o provide the | F output at 12

MHz that secongiganyef sh@her 2AQKVRLErEn RE 5 68rtibiP o AR fufer’ Bl @ntiB@cP@L0 MHz
signal fromthe LO 245 down to about 12 .. In_each example, the LO 245 is

scal ed by SeEate re@pialle iveinsdir Seaugreyolem gntingled-Cs doeserdarssviils FOpe st age

260 usi Ng capadinRss HAAE Hventdd. Ws%éc@i%ecﬁea%ﬁ’é@mm@ﬂeﬁce%@%%@ﬁ16%5(1 nbike LO 245
frequency. Residual tuning error between the desire frequency at

the first agphler&iNen Slagerldies tbﬁ@dé@éoﬁmaboﬁi%ra@u%%l@mag% i sThempved by
di gi t 3k dounge gbﬁéh?d% IR & GBI HeALOk {eﬂs’émaﬁhéhwlré?i&ma&\ﬁﬁm %ﬁeﬁ’sm the VGA

230. A further odi ment consistent with Figure 2 is to add I xed out put
di vi si onr disclosddrherdie ‘Sleecampdificd measls from tlsft bya.21Pere mrafpl to tha ﬁl@t mixged out put

12,0, 280 R 05,030 £l DG RERETE SR 10, 0 S 200
LO 245 i s 2imet atfeqBO06 siykid .frofoz lochli escitapidl4Si and a first conversion stage 250 to
provide a zero intermediate frequency (ZIF) signal. In this embodiment, roofing filters
20 305 are located between the first mixer 215 and inter-filter LNAs 310, wherein the roofing
filters 305 are configured to reduce a passband of the ZIF so that overloading and/or
distortion by the inter-filter LNA 310 and the second mixer 225 is reduced. The ZIF
signal from the first mixer 215, including an in-phase (I) component and a Quadrature (Q)
component is filtered using the channel filters 315 configured to pass one or more desired
25  frequencies or frequency bands while blocking others.
A fixed divider is provided in Figure 3, illustrated as a prescale 320 component, to
reduce an operating frequency of second conversion 260 and to reduce related power
consumption. Also, a first postscale 325 component and a second postscale 330
component is provided to provide the in-phase component I 265 and the quadrature phase
30  component 270. To build upon the example provided earlier wherein the desired channel
is 501 MHz, first conversion 250 is set to 6, and the LO 245 is tuned to 3006 MHz, then
upconversion in the second stage needs to be about 12 MHz. Further, if prescale 320 ratio

is set to 4, first postscale 325 ratio is 6, and the second postscale 330 ratio is 6, the second
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upconversion in the second stage needs to be set at approximately 12 Miz.

If the fixed output divisionratiois set to 4, then second conversion nmay
set a prosoedviiahs4ibe fi xed out put division ratio, whi chPC3/U$20103689t 0
ratio the LO 245 signal frequency of 3006 MHz by 252 to provide the IF

out put 240 at 11.93 MHz, or about 12 MHz. The second conversion stage 260
may be preceded by a fixed divider having a fixed conversion ratio, such as
a prescale 320 as illustrated in Figure 3 between the LO 245 and the second
conver si ofoRteEdm 2600atiq hopkddeiseeto d Vg previde bk evtipuindOiat §2.5FMJlw er 9us anot her
bl ock di aghapyef a portion of the tuner 120 configured to generate a
variable internedi ate frequency froma single LOin accordance with sone
enbodi ment s of Thaérst peevatsionrstagASS@ dheyecoldcongersipre stagi 209, thefpegserdle 2@ o Fi gure

2, a |ow @8@@&1@%@ ik %o#g}:%@%%&?nﬂ@qﬁﬁglg bilCehe Qéc%ﬁ&i?%%]al%it%gacé%g{u%g{n an Re

|nput 205 ut si one or
terresbri aay tarselt wtlme lagaetod lirgwges vanessdegeraling @h dosigo sewbidegatennandlingy

anplified nal the Q0 are provided tqg the first 215. The

Frst mxdr SIERg T cOH0E 585 PnBLe rBL B b frrorld Bl el The” La

210 with aeﬁ@eqmechemb@mmwmﬁm@ﬁﬁanhndaopﬁﬁﬁkHMaMQmsﬁ@&]ahd4atheﬁst

conver si on st age t rovide a zero internedi ate fre nc éle si gnal .
22 5 i

In this efBbdN GRFeG oy e gR agg diosge; 881“6’&91‘ *}%e THrst mixer
215 and I bk ederiféd t@delbNAIha 10, outdne ned nvithie ar prelidtarehifddl fra;[usncCyO&lralbe

conf| o reduce a ssb nd of the ZIF so that ov ng and/ or

di st of ﬁ”if@rewrfgg?w% Fired & O%H%%rﬁﬂ‘f?n‘é}’nﬁldt%%l ﬂﬁﬂﬁ L Bagns

r educed The aéhiconiv@fish pfoceid beloivhitfeamrﬂmaul&w (not Bl uigg &Bqicicyphase (1)
conmponent and a Quadrature (Q nponent is filtered using the channel

filters 31BMEPHRICHREBALIND %@@p%&étlﬁrsewﬁéowl%%ﬁ REdFeed eYds requency

bands whi l,g 0419 kI BgitAtREISsiof N ADEFoM ¥dAGENl Sas AN AE n IFibukd G4EEs 3,
illustrated as a préscal e 320 conponent, to reduce an operating frequency

of second dewnperaidgmoddgonnd to reduce rel ated power consunption. Al so, a
first (gostscal g vg%?e'Ss ?soﬂﬁ’&%% tl?a'E‘Eies%nﬁc%%ﬁréﬁle&’iﬁ{eﬁtc&i‘ aem§t§9d fPIRORRML | S

provided to p de t he I n-phase conponent 265 and the quadrature phase
conponent nzvbmef!’f@tl@mf it tupesrd 20.He ilbustetpd @ the @quﬂerderéwﬂ Higyresphdr@igh 4t he

desired C% féﬁl th§8‘b%p WCOH %Jrl?& t RIS ﬁhlﬂBle%%Q‘nﬁ{e?atlég ggen(éles %91 d he LO

245 is tune upconversion 1 n S stage needs to be
about 12 memoEupmherJnﬁknmn@$wah@h®2@1Kﬂhﬁ@lspmvﬂmi A first commutating

frequency from the first conversion stage 250 and a second commutating frequency from

20  the second conversion stage 260 is determined in element 520 based at least in part on the
channel request. In another embodiment, the first commutating frequency, the second
commutating frequency, a scaling factor of the first conversion stage 250 and a scaling
factor of the second conversion stage 260 may be further dependent on the IF output 240
and a signal frequency between the first mixer 215 and the second mixer 225.

25 In element 530, a tunable range of a common source, such as the local oscillator
245, is determined if the tunable range is not already known. A first conversion ratio is
determined in element 540 based at least in part on a first prescale range of the first
conversion stage 250 and the tunable range of the local oscillator 245, or common source.
In element 550, a frequency output of the common source is determined based on the first

30 commutating frequency and the first conversion ratio. A second conversion ratio for a
second conversion stage 260 based on the output frequency of the common source and the
second commutating frequency is then determined in element 560. The first conversion

stage 250 and/or the second conversion stage 260 may convert with or without in-phase
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is set to 4, first postscale 325 ratio is 6, and the second postscal e 330
ratio is 6, the secondconversion 260 ratio should be set to 10 to provide

| F out putwd2011z005412. 53 MHz, or about 12 MHz. The first eomUSREI0OB4EE age
250, the second conversion stage 260, the prescale 320 conponent, the first
postscal e 325 conponent, and the second postscal e 330 conponent may be set
within a range of integer val ues dependi ng on design considerations and nay
be controlled by the controller 255 and/or may be dependent on conponent
har dwar e @8d{lépdratyrp ceapareriiiodithassmbodiments. = out put 240 provi ded using a

single LO 245, piie. § s Sfio ARy Bfaf h&@rﬁés%ﬂ%ltmﬁ&g e&B@dﬁ@&%q HARELSLPN St age,

the second conversion stage rati o nmay derived deliver the |IF output
240 wi t hi effigiqt edpltaentitiadthe ﬁmuéa@wsvﬁlmwd i the embmlmamts loéttigaeas la desired

| F out put tﬁr&?ﬁ%“%”%e?e”l? tfl@elturifF PHE R SUtcogté%F%ﬁg‘){q Q#ghé;e?na}{?l leI @orﬁ\guut&tsirll%g

downconver si Focess in a dowrst ream or (not "shown
frequebhcy ﬁtequermmem@ronmrp@nmm s@mce. Aim derhqnti61@fmulhjge semomt:htm@rﬁmeueabiem 260 may

be used tg vi de .an_anal o I ALenversion ck 4 si gnal
oo 1T T ust o SR A8 SRh P LBGE, CRNGRAL A PERt e &' S
fl owchart budedtat d&scnpdne&e amlepibmdmmratmgffreqwmeﬁehadhefrm thaenfrecixfenm and

|nplenent%%|on.o& t he t 1?%Ee as illustrated.in thegﬁnbodlneqts of

Fi gures 1 tHIOUgh U %h %?F]Pm TRy RO TG Pl AT BYCESH MY, 8F

mrjll tiple eaivafteath ¢tghd écmqumﬁlmgefse_qﬁmms aACKilﬁﬂmébcsle;ﬂitﬁ)&nd |a®e@ifn&@ﬁd§&arllé51f0 a
chann uest S r lrst comutatin requen romthe first
conveﬁb. oﬁagotlaglst%gedg ?8& The AR Rfiue Céfq%%ﬂﬁv ¢ it Pscdocond
conver si ORatHti8@6mBAK Wih dﬁﬁ@hﬂ@%qh&c?k%ﬂﬁ% f@raparpﬁ%ﬁgseé(‘l) di@aBind H part on
t he channel request. In another enbodinent, the first comutating

f r equency QUHdEUSERY Hgnd SRAETST G fhektgnd gnd ey sigpalés flssedoin e&ﬁmephe first

conver si 0p 5§ hA0Re ZathoAlRKRuakdlichsl ot 8eledon@hrdbif S5 ANInHRRY &R St age
260 may be further dependent on the |IF output 240 and a signal frequency

bet ween t Kigngliapd theQ siewal imaderagng 66thie fararangtcpnsdaate fomengydigiebnent 530, a
tunablig range %inb%dlﬁ{%mmy%%%&%beélfé}&ngﬁthtrgﬁ g&f&' da&ss%bﬂ h&hQFuctér: 1S

determned if the tunable’range 1s not rea nown. A first conversion
ratio is detctoms pegeduncse detrshtctBgto dpah@dompngeeea@t cprfigyeatipn oeftiagsf itcst

prescal e rP%In gﬁﬁppgets S ?%1&15 g'is%fos&g NYE &P r§ 29€ 08\599 rf:)%adhlgg% u QP?ArfgvaEea‘n ge of

t he | ocal or connDn S e 1IN el enent requency
out put ofcom@meWanCSGUHae1n@u@m;ammmHEM&bmwem jonces$ee, Poitings, methods,

modules, and subprograms. The term "program" can be used to refer to a complete
20 compilation unit (i.e., a set of instructions that can be compiled independently), a

collection of compilation units, or a portion of a compilation unit. Thus, the term

"program" may be used to refer to any collection of instructions which, when executed by

the electronic system 100, provides multiple commutating frequencies from a common

source. The programs in the electronic system 100 may be considered components of a
25  software environment.

The operation discussed herein may be generally facilitated via execution of
appropriate firmware or software embodied as code instructions on the controller 255 of
the electronic system 100, as applicable. Thus, embodiments of the invention may include
sets of instructions executed on some form of processing core or otherwise implemented

30  or realized upon or within a machine-readable medium. A machine-readable medium
includes any mechanism for storing or transmitting information in a form readable by a
machine (e.g., a computer). For example, a machine-readable medium can include an

article of manufacture such as a read only memory (ROM); a random access memory
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comut ating frequency and the first conversion ratio. A second conversion
ratio for a second conversion stage 260 based on the output frequency of

t he commowo=xouwrwesiand t he second comrut ati ng frequency iPsTiUseo0mat469 m ned
in element 560. The first conversion stage 250 and/or the second conversion
stage 260 may convert with or w thout in-phaseand quadrature conponents in
further enbodinents. Figure 6 is a flowhart that describes an alternate
enbodi ment of a method for an efficient inplenentation the tuner 120, as

i || ustrat é8AM: ¢ eagaetisodiskniiptage oredm; giyoptical storpge uesldiag andya dlesh meplosy t uner
120 is Co'afeéfi . rez%d o Qdcﬁit%n', Xﬁ{acm—;eh@ib?e rﬁéﬂﬁﬂﬁnﬂ 'iﬁlﬂldfer ?(ﬂ)'dgﬁgd sqghaisrs%ﬂ a conmon
source. In elenent 610, nultiple comutating frequencieS are determ ned
based on as ¢lethind] optseluestustical pr etherefony of propegatedatigndlsi (a.gelcermenvaga@0 based
at | east 9ﬁﬂﬂﬂ#£§wﬂp3%ﬁ£%§nﬁ9 utating frequencies, wherein the frequency
is a harnoni c frequenty of edch of the commutating frequencies, or an

i nt egeb mul ti pMéhibreenah ifetwés dahineéntivh dacormu ilbtsiraigl fmrdedpseibed bereinA fi r st
prescal e B%BiQn%ﬂ1e% 1§ecotr)1%t {gsc%h§ ra&hp i§ag%¥erﬁiged in F{e nt 630.
The har mofi¢Y fTEGUENREY> STgnal°at TRE D St “Presal &7 Vo T Coniihed with
an i nput RKIlEd agheacyit Bi Goaford, oo bounte@od fhapthagppeplldd ddignale iatadicd to
quadrature signal .in.ele t 640. e. l. signal .and.the Q signal is

M tered Frarbidotst i Fratmard e v fsdhey Bl by uBhe eecond
prescale ratio is conbined with the |I signal and the Q signal in el enment
660 to forman internedi ate frequency signal. Enbodi nents may be descri bed
herein with reference to data such as instructions, functions, procedures,
data structures, application prograns, configuration settings, etc. For
pur poses of this disclosure, the term"programt covers a broad range of
sof tware conmponents and constructs, including applications, drivers,
processes, routines, nethods, nodul es, and subprograns. The term "progrant
can be used to refer to a conplete conpilation unit (i.e., a set of
instructions that can be conpiled i ndependently), a collection of
conpilation units, or a portion of a conpilation unit. Thus, the term
"progrant nmay be used to refer to any collection of instructions which,
when executed by the electronic system 100, provides multiple comrutating
frequencies froma conmon source. The progranms in the electronic system 100
may be consi dered conponents of a software environnment. The operation

di scussed herein may be generally facilitated via execution of
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appropriate firmvare or software enbodi ed as code instructions on the
controller 255 of the electronic system 100, as applicable. Thus,

enbodi menwe 20f1/wba9si nventi on may i ncl ude sets of instruecirarssoienssad ed on
sonme form of processing core or otherw se inplenented or realized upon or
Wi thin a machi ne-readabl e nedium A machi ne-readabl e nedi um i ncl udes any
mechani smfor storing or transmtting information in a formreadable by a
machine (e.g., a conmputer). For exanple, a machine-readabl e nmedi um can

i ncl ude a®lag¥ME| e of manufacture such as a read only nenory (ROV); a
random access gRAPL % .RAM;;. @ magnetic di sk storage nedia; an optical
storage nedia; and a flash nenory device, etc. In addition, a

machi ne-r eadabl e nmedi um nay i ncl ude propagated signals such as electrical,
optical, acoustic r 3 j e rier
waves, infrar eIIJI' s’?élr?a Og?& %%?r%g{grﬁé‘%%gf@?ﬁ%? %:n??mﬁ{ﬂﬁ{aﬁ}'ei %ée(ﬁ‘? 1gc|1er§ ffoglgt ures of
t he i nbenti on hawembesnrdel ¢angtrismged and descri bed herein, many

nodi ficati ons, surbsegiiltlut éh%nsél ré:heartl,ges, and equivalents will now occur to
those skilled in the &t "S!"Yherefore, to be understood that the
appended cl ai ns ateerminfindidt domnomatag fiatjhensyatd aechnidicomtriuaiag and changes as
fall within the true spirit of the invention. CLAIMS What is clained is: 1.
A met hod for 88%?%@7%%1 aﬁ"ﬂ)’?@ﬂ?‘?&&'bee B F98trut at i ng frequenci es from a
conmon source, Cafeimbind tufi®leiaidend e ohaasbutgquest ; determning a first
comut ating frequency. and second co tati frequency. based at | east

i n- par@ upon the é‘ﬁﬂlé‘}g ar%ﬁlﬁé?g‘(efr“%‘é’fa&? Sr"?i5 ﬁ'agaét i“d%‘glﬂnél P58t t he cormmon
source; deter fpinpd St @rsfdohdrsiGPANRIHH AR thidbleQa2RSethe 3bmBASSuréd)- part on a
first prescale range of a first conversjon stage and the tunabl e range of

the commn sour celelegdingied fauency opiretRfdhsprirpetcebasehen b6 fivtn sour ce

based on the {idiShta§ Létch RAd Tk S84 8RE¥rs@ndaddignd | rst conversion ratio;
and determ ning a second conversion ratio based on the frequency output of

the comon sour cedeiiginiige sseandivanssionieie based o by freauepcy outpuréthaet hod of
clai mqg, f“”@cﬁﬁmbﬂ‘&;‘ui&'ag@thfe'sééoﬁ& b&lﬂmﬁtaﬁﬁ&ﬁéﬁu@&%onem of the first

comut ating frequency and an i nput frequency tothe first mxer with a
channel

2. The method of claim 1, further including filtering a mixed component of the
first commutating frequency and an input frequency to the first mixer with a channel
filter positioned between the first mixer and a second mixer.

20
3. The method of claim 1, wherein the channel request is derived from a

television signal.

4. The method of claim 1, wherein the frequency output of the common source is

25 generated by a local oscillator.

5. The method of claim 1, further including determining the second conversion
ratio based on a fixed conversion ratio of a fixed divider, the frequency output of the
common source, and the second commutating frequency.

30

6. The method of claim 1, further including scaling an in-phase component and a

quadrature component of the frequency output of the common source by a first

postscale stage and a second postscale stage.
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filter positioned between the first m xer and a second m xer. 3. The nethod
of claim1, wherein the channel request is derived froma television
signal . 4voTBha/meiibod of claim 1, wherein the frequencyPoutysaa1008sithe
comon source is generated by a local oscillator. 5. The nethod of claim1,
further including determ ning the second conversion ratio based on a fixed
conversion ratio of a fixed divider, the frequency output of the comon
source, and the second conmutating frequency. 6. The method of claiml,
further including scaling an in-phase conponent and a quadrature conponent
of the frequengy gt ﬁ&yﬁ stage and
a second postsgafgggggggRECEﬂﬁIQQHHﬁqn g%ﬁg?%§%nﬁhﬁ?@m@&ﬁ%ﬁgﬁhglng
filtering a m Zstcounyetirgrireqoéncy ed 41 nput frogrenay ttd figt mixeugneyooling an i nput
frequency to agfirst mxer with a roofing filter. 8. A method of using a
vari abl e frequency oscillator to provide multiple commutating frequencies
using bultiple conver5|on stages conpr|5|ng generating a harnonic frequency
signal based op t e Cco t|n i es,. det ning a first
prescal e ratloga‘gnwﬁ% %W%ré£%§$? X O“qﬂﬁ5(HFHWd?ﬁ%EWg}nnnlc
frequency si gn%mmﬁtaﬁﬁ@fré(mér&:ﬁes prias ﬁﬁllt@ler@)ﬁli/ﬂmm tthlgeenompmmng geaclatnga equency
(RF) signal to, form an |n gy Q signal,
filtering the ParE‘P&‘ﬁg‘i@q‘é‘W lﬁ%a ngS 8’?131 m GE%WB? ﬁ‘il?tha%qH%“CFF T noni ¢
frequency si gnaéterahmh@eﬁgeplegudlepatesﬁﬂlaeeéoaalpﬁbswléllau@ Rembingiggh@l and the Q
signal .to forman |nterned|ate fﬁﬁﬁ?enc QFF% gnal . 9. The met hod of

clai m'8, wher eMHMORE fifYaUrhFiEnad sihe it Pgselen PPy ey frpquegy

comut ati ng fraauenRay @ RdmanSEeRRE (mgmlhﬁquacfrﬁt%tqemﬁgnal Ikerifpemet hod of
claim9, further |nclud|ng filteri a mxe nmponent of the first

commut ating frbyjerahesd GaE Stgmat ang “r?ﬁ%’émlﬁ%@aberﬁwlctf@qt‘%’éyﬁ%?%tattllﬁ’xer with a
channel filter sécencpﬁrés%alemﬁlo%tmé 25008 hi Elle (Y SAYLR G BSarBhtcfh@@HENCY bands
whi l e bl ocking others. 11. The nethod of claim8, wherein the RF signal is
a tel evision sﬁgmemw(ﬁﬁsend

15
9. The method of claim 8, wherein the multiple commutating frequencies are a

first commutating frequency and a second commutating frequency.

10. The method of claim 9, further including filtering a mixed component of the
20 first commutating frequency and an in input frequency to the first mixer with a
channel filter to pass one or more desired frequencies or frequency bands while

blocking others.

11. The method of claim 8, wherein the RF signal is a television signal.
25
12. The method of claim 9, further including determining the second conversion
ratio based on a fixed conversion ratio, a frequency output of the variable frequency

oscillator, and the second commutating frequency.
30 13. The method of claim &, further including scaling the I signal and the Q signal

of the variable frequency oscillator by a first postscale stage and a second postscale

stage.
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12. The method of claim9, further including determ ning the second
conversion ratio based on a fixed conversion ratio, a frequency output of

t he vari avbeofwmesuency oscillator, and the second comruPatriusgomOssyeeEncy.

13. The method of claim@8, further including scaling the | signal and the Q
signal of the variable frequency oscillator by a first postscal e stage and
a second postscal e stage. 14. The nethod of claim9, further including
filtering the first comutating frequency with a roofing filter to reduce a
passband of ¢ hét {Thesrethasktatai brirthor degiede fteriss te fryemmustingr ovi di ng a
variable inte | . t i I of frequency
conver si on stg§§§h§hgmg£g%ﬁ%%ﬁmgg%F@g%%ggﬁ%?ﬁggﬂgagﬁﬁ%ggﬁh%g%or, configured
to operate atfrequemdsti ple of a commutating frequency, to provide an
oscillator output; a first conversion stage to provide a zero |IF;, a second
conversion stage to provide quadrature upconversion fromthe zero |IF,
wher ei A t he setdrdtuocarfuerrsyiding s tvagablciorpnedas fraquengodiwerpst engeonverter to

provi de the connu&§t%3% freguenCﬁ.bafed on the oscillator output; and a
demodul at or coRPTY5r Sd BTG RHESHIE PETYEY § SPTARP & Hy SYRRET %t e frequency.
16. The tuner of al@tiifatdd conflparcdithofichae dtanaultiglo 0P c@asuthiigefeeqaenchDr e
frequency conversian stages. 17. The tuner of claim15, wherein the tuner
is a nDnoIithig”rﬂvgbyﬁpgﬁa@f?%HWt. 18. The tuner of claim 15, further
including a prescafist warpanenigeieheri atzb® 18sci | | ator and the second
converéion stage. 19. The tuner of claim 15, further includigg a

transd@i ver confi%iiFE PBYFEALIRRE [Pterids Apaiatere upgonverpian figRERC &0 ¢l ai m 15,

further includimghdrefd theicchRbdoncalitn GARRAPALesARpRnSaGONELResirssal e
conponent in the second conversion stage. )
provide the commutating frequency based on the oscillator output; and

a demodulator configured to downconvert the variable intermediate frequency.

15 16. The tuner of claim 15, wherein the tuner comprises three or more frequency

conversion stages.
17. The tuner of claim 15, wherein the tuner is a monolithic integrated circuit.

20 18. The tuner of claim 15, further including a prescale component between the

oscillator and the second conversion stage.

19. The tuner of claim 15, further including a transceiver configured to receive
WiF1i signals.

25
20. The tuner of claim 15, further including a first postscale component and a

second postscale component in the second conversion stage.
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