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the Invention This invention relates to receiver architectures for high
frequency transmi ssions and nore particularly to set-top box receiver
architecturagsoh@uoessdizel lite tel evision communi cations. pd&agdear@ungs | n
general, the nost ideal receiver architecture for an integrated circuit from
a bill-of-material point of viewis usually a direct down conversion (DDC)
architecture. However, in practice, there are several issues that often
prohi bit the prarECEMERIERCYTEOTURES OTTLIZING COARSE ANADDGETUNM@L i ons that use
DDC architectures. These issu t ypl g&* i g noi se fromthe DC of fset
voltage and 1/f noise from bgégéﬁg% I %[h‘“g&bg Scat ed on the integrated
circuit. In nobile applications, such as with cellular phones, the DC
of fset voltage is a time varying entity which nmakes its cancellation a very
difficult t ations where nobility is not a concern, such
as with saﬁegﬁwc?ﬂeﬂ?@cog?'S/ee@gamogh DC of fset voltage can be stored and
cancel | ed, suc ITh@Sn\tethﬁUﬁHtei 08eddver @éhlt&?ﬂr&ﬁﬂﬁﬁlgfﬁfré&u@:ﬁ? trasARAEs taQd Fore
However, 11 @ sels anlssueg {lﬁ degrades CMOS satellite
tuners t hdPriguarly o Self)l% 8’? %?ﬁ‘?“feé?ff%tf"%”res o ﬁVéSI‘O“HBIH‘E““écﬁ?‘é‘FI ite tel evision
systens utilize a fixed dish antenna to receive satellite comrunications.
After recddackggpunde satellite signal, the dish antenna circui try sends a
satellite spectrum 5| gnal tci a satel lite receiver or set-top box that is
often | ocated Hegfneral hamasiidepls ??e'f’?ﬁraffﬁ'baﬁmre\maeWtﬁgfféed\ﬂr%’\%é@méégli'?f‘(%tef‘ﬁ wat ch
t he sat el | goin@ofdlicdgie ﬁdmﬂyrbgilre&rhbvﬁl d‘»ﬁie&idnl(DBCTﬁ&ﬁécﬁﬁé’ Hbi@ﬁ?er fixﬁﬁ'@tl&’@th@l@m
circuitry to tune th channel that was s t he user.
Thr ouighou == {4F "5 (HHE o Pebih e P! S 6 PRBpiet ot CBpentoms e B - ¢ op
box i s of tBDC aichitectuies. edhetse)1sslm£typﬂﬂly3ﬁ’clﬁdbam§qjﬁdﬁd&fe D(be&mltégebﬂi WBﬁHiseQSO VHz
and 2150 ach.tr ond L ferent
pr ogr am Cﬁﬁmne?sebangmr%nt{y gcnazetaon dtg? m\(,f\ﬁg%:{'eq cuc?lcafnlymo r.ilca ion o1 aﬁlw f].(hpr ogr am
channel s tdeHtlar phpres,ttha@C wifbet wqjiae@ded tigie verymg Gatity wbuch malgmai cangdllgtennatiyvel vy,
the multi pdlﬁ‘lc\ﬂ{ QN m&&%gélﬁktﬁ é'@éf ?blﬁt& %%@4“ ceffbidch B £t EGheifetrlleRe d NE
out put of each transpon he réceil vedl program channel s
consi deri rthe BC Offshfe"qltPﬁn@pc?ﬂd@feé aﬂ@)@@?ﬁl@# Siugh esyﬁbMéw thy uggedf] extstnek st@ay pr ogr am
channel s. GERUGO R er, ATrGBisd 8 ChImESud RHd oRE delples lz%sssa{egakel thieR thakglavVers
include | ow i ntermedi ate- frequency (IF) architectures and DDC
ar chi t ect UPRS 2 hisGIeE architectures utilize two m Xi ng frequencies. The
first mxi ng frequency is designed to be a variable frequency that is used
to mx the 2 F%BRUARY12h07 . . . . : .
nventional home satellite television systems utilize a fixed dish antenna to receive satellite

communications. After receiving the satellite signal, the dish antenna circuitry sends a satellite

spectrum signal to a satellite receiver or set-top box that is often located near a television through

which the viewer desires to watch the satellite programming. This satellite receiver uses receive path

circuitry to tune the program channel that was selected by the user. Throughout the world, the

satellite channel spectrum sent to the set-top box is often structured to include 32 transponder

channels between 950 MHz and 2150 MHz with each transponder channel carrying a number of

different program channels. Each transponder will typically transmit multiple program channels that

are time-multiplexed on one carrier signal. Alternatively, the multiple program channels may be

frequency multiplexed within the output of each transponder. The total number of received program

channels considering all the transponders together is typically well over 300 program channels.

Conventional architectures for set-top box satellite receivers include low intermediate-
frequency (IF) architectures and DDC architectures. Low-IF architectures utilize two mixing

frequencies. The first mixing frequency is designed to be a variable frequency that is used to mix the
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to a pre-selected |IF frequency that is close to DC. And the s&EGBRUARY20Q7
frequency is designed to be the lowlIF frequency that is used to mx the
satellite spectrumto DC. Direct down conversion (DDC) architectures
utilize a siwgboeseesxarng frequency. This m xing frequenyr/isodesrgned to be
a variable frequency that is used to Mx the selected satellite transponder
channel directly to DC. As indicated above, DDC architectures are desirable
due to the efficiencies they provide. DDC architectures, however, suffer

from di sadyjgiisageitSimtboter ShSRe RS 4 Pt’ejséléciédtlpfrl;&erf&?'tﬁa@ is dibsk $BESGpaand 1/Q
pat h i nbal ances. DDC architectures also often require narrow band PLLs to

provi de missioRdmiNineFRITEY cdesiged 9 hi)rhém%fiqqmy Bt §etd Qarix g BigHE PLLS

typically gpdotrhch 4@ch0 RS wh QohRd8Rn (ppci arahtle&ﬂesomzé b 3fnQfe SmikiMd %chxenc’yow' I F
architectures, ke DDC. architectures | so typically requir e use of

such narr &lebﬁﬁﬂg ppquencyisydesigned fopeay ”\7@&“"‘1"3‘&?& I‘Paf_'@:“ﬁ’éé‘é'é}‘ lectedesatsilitey

di fficult Hagspoddendhadvieirestly@eDEr equency ranges and often are prone to
magnetically pick up any magnetically radiated noise. In addition,
interference problens arise because the center frequency for the selected
t ransponder chaasnglicagt dbdvb,eDIDlDG}cl‘ni'texﬁung ag i dggirable duectot thig effialehojes aliey tpids ane

L:: ggrgnmcyslgﬁn%aa‘rzﬁte%/tgr%y h?(_:'we(\)/gresuffeli frgn{ g ?ald\aant% eé eSIII: a§ gusé/ e%$1£51§% Pet & f enllgeﬁg
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m xer Q%gl aendlesdla¥d %@Jleﬁ(eﬂ{ah&%? k@Jh)r&#@g&haﬁm WGP X NdeSianal 1nto
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i nt egrat eoboctrqlledwicﬂlatpmVDm lewdF guchitscturgs lilePPC apehitectyees| alse-tyficaile cagitiveer s,
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a tendency to inter-lo into one another, particularly where the sel ected
t r anspondekneceyanmise sfreﬂwcyer&tkg?s apd ipfien a8 BORY Bragpigeivhiek usarynmagpetiseliy he

I nventi on JHigedtoRe Etaddifiohe ek forende pRVIeESist Blofisy BE cédter RbduBhdy WreR sBl8ded
associ ated nethods that utilize _coarse anal og tilune circuitry to provide

initial arfgRdgrdepdree! aod fieMPOpixpa sigrabye [?H‘éﬂﬁé‘f © JmeHieAueRcy qr ae dpry Slgses pect rum
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Th t des .d f t
e L BE LR P ERRS B 5 b BB e HOBLAER™
i nt er medi aihgu,f 4 edipidencyr ﬂcbuEber)atrmblatbed;euDB@ migag tdighall &utd yhenhvedtel frequencyuner s
are desi I ef Qlnt SRR bALEGE ?éﬁgé%t e Sithd e FRLGHE RAPDHE LG, ROV F

frequency ‘or conver eS|re annel re uency
initial cwm@ow%rengvem willihdeech tbyderampl iggfercwithreaeh qtuman@thglr VEOs etlsnylavaplal ows for

a conversi Pxnie&cg toai(q{ef %‘69&’&% Ge Jn%gepaﬂfcgl%lgg theTsIaleée&: {%OC a fiqdr Hﬁh{{}ﬁlfor%'aéhc uitry

can be inple exanpl e, "using ‘a large-step oscillator (LO
t hat pr ovi ess arg clogedegetder- t une anal og m xing signal. Once mxed down, the
desired channel may then be fine-tuned

Summary of the Invention

The present invention provides receiver architectures and associated methods that utilize
coarse analog tune circuitry to provide initial analog coarse tuning of desired channels within a
received spectrum signal, such as a set-top box signal spectrum for satellite communications. These
architectures, as described in detail below, provide significant advantages over prior direct down-
conversion (DDC) architectures and low intermediate-frequency (IF) architectures, particularly where
two tuners are desired on the same integrated circuit. Rather than using a low-IF frequency or
directly converting the desired channel frequency to DC, initial coarse tuning provided by analog
coarse tuning circuitry allows for a conversion to a frequency range around DC. This coarse tuning
circuitry can be implemented, for example, using a large-step local oscillator (LO) that provides a
coarse tune analog mixing signal. Once mixed down, the desired channel may then be fine-tuned
through digital processing, such as through the use of a wide-band analog-to-digital converter (ADC)

or a narrow-band tunable bandpass ADC. The disclosed architectures, therefore, have the efficiency



t hrough di gital processing, such as through the use of a w de-band

anal og-to-digital converter (ADC) or a narrow band tunabl e bahbF3RYARYR007
The di scl osed architectures, therefore, have the efficiency 2 FEBRUARY 2007
WD 2004/ 093327 PCT/ US2004/ 010765 3 of using a single mxing frequency while

still avoi di Bg ,hillesisterence and noi se problens that plagépysiNeierss
architectures. Description of the Drawzngs It is noted that the appended

drawings illustrate only exenplary enbodi ments of the invention and are,
therefore, not to be considered limting of its scope, for the i nvention may

admt to ofher equally e fectlv odi.nents. . FIG JAis ck di agram
for an exaﬁ‘[p)‘fslélg§af{ éeln?‘%/'ﬂg é%qtueri%ﬁ' B%@éﬁ?)f‘?%‘ﬁf’?ﬁf?ff“%a’fdl‘ﬁ%e g‘ﬁtep laghescei ver
ar chi t ect ubbcafchitdemrepr esent i nvention could be utilized. FlI G 113 is a bl ock
di agram for exanple satellite set-top box circuitry that could include the

receiver ab‘é?&r ‘?%B%rf d raw]ﬁrspr esent invention. FIG 1Cis a block diagram
of basic recel architecture according to the present invention utilizing

a large-step | qea& n&8c m{ak ateOetppedal:@drabngs Sliutrdtd 0K efdnpBiaBMBIdindtits esTlpei ment

for coarse.tune circujtr m an. enbodi nent for a
| ar ge- st ep VHEGR 2EE; {hf’r $P5 “°t79|bé°°’§,&eregl“ﬁmﬁﬁ ‘gfdtrs éﬁ?g?’g’FthﬁH‘vW‘ﬁﬂﬂFye%E’ﬁé?mel
spect rum sbtjarahually tffectiveethbodimentsned frequency bins spanning the channel
spectrum FIG 2B is a diagramfor an exanple coarse tune signal spectrum
FIG 2Cis a diagramfor an exanple satellite signal spectrumwhere desired
channel s over | afiG. & biatbloclodizdranooc il dxatple safetlibrpaetag hoxenvimnixnhwitin which thoundar y .

FIG 3 1is %ﬁbe@g{%ﬁiﬁtﬂ{eof‘ﬂe@ﬁ@m{mm%cg i bedtiQgr | @appi ng bin architecture for

an exanpl e channel sat Ite signal spectrumfor a television set-top
box. FIGS. 4A and 4B are exanpl e enbodi nents for the basic receiver

architecture usgRg @i W&k dRaad SRk LRl G baboCRHouey &lstrcoamcﬁdm row
band tunabl e bandgass anal og-to-digital converter, respectively. 2 FEBRUARY

2007 WD 20641093 EWPWU&UW‘G&W% 4 FIG 5Ais a block diagramfor a
two receiver architecture located on a single integrated circuit.

FIG. 1C is a block diagram of basic receiver architecture according to the present invention

utilizing a large-step local oscillator.
FIG. 1D is a block diagram of an embodiment for coarse tune circuitry.
FIG. 1E is a block diagram of an embodiment for a large-step local oscillator.

FIG. 2A is a diagram for an example channel spectrum signal with predetermined frequency

bins spanning the channel spectrum.
FIG. 2B is a diagram for an example coarse tune signal spectrum.

FIG. 2C is a diagram for an example satellite signal spectrum where desired channels overlap

a bin local oscillator frequency or a bin-to-bin boundary.

FIG. 3 is a diagram of an embodiment for a overlapping bin architecture for an example 32

channel satellite signal spectrum for a television set-top box.

FIGS. 4A and 4B are example embodiments for the basic receiver architecture using a wide-
band analog-to-digital converter and a narrow band tunable bandpass analog-to-digital converter,

respectively.



FIGS. 5B and 5C are flow diagrans of exanple enbodi nents for sharing a
single local oscillator frequency between two receivers. Fl GS2FERRUGARY e®7
are bl ock diagrans for exanple enbodiments for providing satellite dish
signals to satellite set-top box receivers. FIG 7A is a block diagramfor
an dual receaveao+daplienent ati on of the receiver archit emtwseoeh107¢she present
i nvention using w de-band anal og-to-difital converters. FIG 7B is a block
di agram for an dual receiver inplenentation of the receiver architecture of
the present invention using conplex tunabl e bandpass delta-sigma

anal og-t o- di gi trfd. SR0RUYIScR dhgralil 6+ a ffo fefeiRdr RRRkuAlIAS20h Afsingl iRXAND] ©
enbodi nent for converting negative frequencies to reduce the needed tuning
range of #Te¥hpl ex tunabl e bandpass to positive frequencies. FIGS. SAis a
bl ock di agram of an enbodi nent for adjusting tuning errors with respect to
the conplex tunabl e bandpass delta-si gna anal og-to-digital converters in

t he enbodi ment F8fS- égé“d%%. are amdlag%mf §9&“a5'i’ JeAdmensy @géli‘?fl%ﬁ sigle lealynal
correct i orvséiflatdrifiequefid. befrkén twBtactigera bl ock di agram for a naster-slave tuning
arrangenment between a tunable bandpass anal og-to-digital converter (naster)
and a tunabl e bandpass filter (slave). FIG 9A is a block diagramof a

mul ti - stage ar IS éAtaud 6B herblaak diagramafor chample embadimdnesrfosprovidickeiettitt dish usabl e
in the embodinent El LG 9B is a block diagram of exanple stages
for the arsgnn?lfgé?tﬁlﬁrg S%tft%ﬁoé&%%s' FIG 9C is a block diagram of exanple

i npl ementation of the architecture of FIG 9A wutilizing a fixed decinmation
in the non-fin ri | i.an. i 0. -l t age.
F'G 9D 15 a iy ae® Qe ah Bl RoqREighpfifich 3 fo kb liiep Bt of

st age i nplthemserertinverion uge videhand @alogtoipRl sapyerto807 WO 2004/ 093327

PCT/ US2004/ 010765 5 FIG 9E is a response di agram of an exanple | ow pass
filter for the non-final stage inplenentations of FIG 9C Detailed

Descri ption of HGdBiya/Rerkidiaramiier ap duabieeriver implementasion gf B feerdvsr prefitesturepf

ar chi t ect UpSsresditGhvafdA Glim! BAlpleRllBUYaidRt dRpHEe anaRRA-Gigitl) bAGerels CUI LTy tO
provide initial analog coarse tuning of desired channels within a received
signal spectrum In the description of the present invention below the

si gnal spect r UrRIG.SIClY 4 bredkidiagram@é scexirtgclentiotimeititdazewertidneagatia fredukrcies to

t ransponder . channel ectru however . it is noted.that the receiver

ar chi t ect JF&° ﬁ'ﬁ“‘?’?ﬂ\etdh To 153 rg\gg%%aew\éﬁ%’gél?\atbleitbﬁn\figﬁf %@ﬁSl%vc?uﬁeﬂfleBCéeSUSed with other
channel signal spectruns utilized by other systens, if desired.

FIGS. 8A is a block diagram of an embodiment for adjusting tuning errors with respect to the

complex tunable bandpass delta-sigma analog-to-digital converters in the embodiment of FIG. 7B.
FIG. 8B is a diagram representing the signal correction of FIG. 8A.

FIG. 8C is a block diagram for a master-slave tuning arrangement between a tunable

bandpasvs analog-to-digital converter (master) and a tunable bandpass filter (slave).

FIG. 9A is a block diagram of a multi-stage architecture for a digital down-converter and

decimator usable in the embodiment of FIG. 7B.
FIG. 9B is a block diagram of example stages for the architecture of FIG. 9A.

FIG. 9C is a block diagram of example implementation of the architecture of FIG. 9A

utilizing a fixed decimation in the non-final stages and a variable decimation rate in the final stage.

FIG. 9D is a diagram for determining a factor (N) used in the non-final stage implementations

of FIG. 9C.



FIG ITAis a block diagramfor an exanple satellite set-top box environnent
170 within which the receiver or tuner architecture 100 of th2FEBRIARY 2007
invention could be utilized. In the enbodinent depicted, a satellite
set-top box 172 receives an input signal spectrumfromsatellite dish

ant enna ci r cwiot2nna/083317 The satellite set-top box 172 precesseeyiibrcs si gnal
spectrumin part utilizing the receivér/tuner circuitry NO The output from
the satellite set-top box 172 is then provided to a television, a

vi deocassette recorder (VCR) or other device as represented by the TVNCR
block 174. FIG 113 is a block diagramfor exanple circuitry for a satellite
set-top box 172 that could include the receiver architecture 100 of the
present inventidf: 9Fhe ai iegnansesdiagreai ofs preetampln 0@ 7passafiltdyefor the grondra npize, 32
transpondet, 68anAgLS PgEVWREN 950 Mz and 2150 MHz with each transponder
channel carrying a nunber of different program channels. This signal
spectrum 107 can_be processed by the receiver/tuner 100 to provide digital

baseband ofefiled Segeriptionof she lpventiodyr esent a tuned transponder channel .
Th t put si : : 4 hat
ese output si ﬁl@aﬁéseﬂt]@veﬁtgdri} nﬁé?‘s? S pe?ﬁwr Q&ﬁﬁ%{?ﬂes %d @ss&?d@%%@o&l? hﬁtlgo(grs% at can

¢
rune one of the program channels in the tuned transponder channel. The
out put si gardlogltee dircwiy tof previdecipbial Analegoroarsqiining of desiredsehannsls avithinrrerdeepredgr am

channel W B} ofBGunt. " BRUSRROGEEn TR &2 PRbent MAntiNBElow, HREHN D ¥pebfifn £ SR/LHET / t uner
100, can then be processed with a forward error correction decoder 182 to

produce a desgilted|Wiuespert 1o e sagllie trasPenden ¢firingl sPseiuputhostvele dnis nated (Pai Bal |y t he

dat a streanactifétarchiiRfufOand YnethB&' T MR resdtt HREtIoR 6B Bed WMRSther tRnd] &R USe
and vi ew ng b1¥ a user as_represented by the PVR output stream 188. The

out put of EPFETHRSUGHEA by gher stsfempidesiied e PVR data as represented by PVR
i nput stream 192, can then be processed by video/audi o processing circuitry

184 that can inglu . pr,ocessing circuitr ch a n MPEG decoder.. .The
Sutput of the nEishd&ds ROVEF PRgRe 5 ety st sdion o KB TGRaTE 410 Yitkio. dat a
st r eam t hatwhickpliecsegites of haerparchifeaure ¢otaoitbé peeslt isentise doidbe pilzedir Br the-

.pi cture ( P%IER) CQI‘HC%E ggpic%?,sa’ sat]:el?l[e s%%gl ng%lx?ﬁ rmlerﬂs? antih%t STQiEtal_st gc%'ug?r.)c()m%gtglﬁtlél%hts}q y 172
i ncl udes tWO TUNErs W th o one tuner prochl ng the %‘rl rprary view ng feed and a
second t unentepe eirduiiniylt ke fareRite/sebinp hex F78 eprhcesSes FEBREMRYeQA@7n pADtR@iIDg/ 093327

PCT/ USZ004/&%@%@2%91?@}{&@;@%&Ufhe%ﬁgn?onpﬁl%?@ﬁ% eI g}ztig %eéﬁévideag? ;rqe' | as

a PnP input str m a Seco tuner second tuner'1s b g
utilized f delevidiop, yidepesssetnrecordenty OB onpthsrdesise b repyesented by dhs /TN Robledif4 ol | er
186 to generate a video output signal 176 that can subsequently be
utilized, for exanple, Addj tional tuners could al so be

>, With a TV . or VCR . A ]

used, if desireHG rBd a Block dagamyfop exemple sEFusRy B 2 pridlite sqipioy 72 Btchid ect ur e
100 accor diigddt the kdteivi aRE@Bfre 100VRRY jr&eht iivedtior | TH@ idbul @IS p&t@R 107QaRbe,
oscillator 106. Ilnp3u,t Si %Q%I éﬁ%’l %or eéw f Egr{r%oa%iﬁt ellite dish antenna
or ot her sdPi BaTPIF-s> EREPHEH U ey ot oWH RO e FBREETE - gai n
anplifier codohikartyiiy.a nhibdr hediferin phiogran tigmekiss dhis bigth! fpectain1,07 tdn bk rocessdimed
that the i '%Q%e rselc \r/]e?' nél'rol700|t§ p?bwsdle %E]g?tlll baseband output signals 112 that represent a tuned

transponder channel. These output signals 112 can then be processed by a demodulator 180 that can

tune one of the program channels within the tuned transponder channel. The output signal 181 from

the demodulator, which represents a tuned program channel within the transponder channel that was

tuned by the receiver/tuner 100, can then be processed with a forward error correction decoder 182 to

produce a digital output stream. This digital output stream is typically the data stream that stored by

personal video recorders (PVRs) for later use and viewing by a user as represented by the PVR output

stream 188. The output of the decoder 182, or the stored PVR data as represented by PVR input

stream 192, can then be processed by video/audio processing circuitry 184 that can include

processing circuitry such as an MPEG decoder. The output of the processing circuitry 184 is

typically the digital video data stream that represents the program channel and is used for picture-in-

picture (PnP) operations, for example, where the set-top box circuitry 172 includes two tuners with

one tuner providing the primary viewing feed and a second tuner providing the PnP viewing feed.



spectrumthat includes nultiple channel's, such as a satellite television
signals that includes 32 transponder channels between the frefiRRRUARY 2007
950 MHz and 2150 MHz. The output signal 108 fromLNA 105 is initially tuned
wi th anal og coarse tune circuitry 102 utilizing a local oscillator m xing
frequency (fwoyoopossirded by | arge-step | ocal oscill at orria@rowiorwes try 106.
The large-step LO circuitry 106 al so ¢eceives a coarse channel selection
signal 162. The resulting coarsely tuned signal 110 is then subjected to
digital fine tune circuitry 104 utilizing the center frequency (fCH 114 for
the desirgd o&Bﬁ@mé prtogesmgce%ﬁ@y 9549315%!1 asbm@blﬂomﬂm%angm'f&nﬂégconﬁ% D 1S a
bl ock di agram of an enbodi nent coarse tune circultr e channel
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m xer 124 ge&rg!@ﬂlae%dmipgt siddf 196 h$hn Quse@eam%tlﬁﬁa febr Rmpld w@lﬁf%@%ﬁvéﬁom the
output | sj fromm xer 122, To provide these two signals, a |ocal

osci | | at or& tb?P%@‘“TTF%‘H‘Wé’ﬂf@)‘?eESF‘f_éf)de&‘E@i and a dual divide-by-two and
gquadrature shift block (+2190) 126 nay be utilized. The | ocal oscillator

m xi ng frequen Lo) 116 i.s divi Wo i n bI ck 126 to provide m xing
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channel s?ctrum S|glnal 108 wi A ‘16 ?rha % L provide an in- Ehase
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channel s RENM w3 sh geanbddxBentsi ctekmbddelelsmgm &lasshinEd thar tipriapat dgnat 108 is Opigmalr at ur e
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f requenci ey twam block 126 to provide mixing signals 125 and 127. Block 126 also delays the signal 125 to

mixer 124 by 90 degrees with respect to the signal 127 to mixer 122. Mixer 122 mixes the channel
spectrum signal 108 with the signal 1277 to provide an in-phase signal (I) for the coarse tune I/Q
signals 110. And mixer 124 mixes the channel spectrum signal 108 with the signal 125 to provide the
quadrature signal (Q) for the coarse tuned I/Q signals 110. Because the dual divide-by-two and
quadrature shift block (+2/90°) 126 will divide the local oscillator mixing frequency (fLo) 116 by
two, the local oscillator mixing freq frequency (fuo) 116 will be two-times the desired mixing
frequency for the mixers 122 and 124. 1t is also noted that the block 126 could be modified, if
desired, to provide any desired frequency division, such as a divide-by-four operation, assuming that
a corresponding change were made to the local oscillator mixing frequency (fio) 116 so that the
desired mixing frequency was still received by the mixers 122 and 124. 1t is further noted that block

126 could simply provide a quadrature phase shift and provide no frequency division, such that the



be a fixed bandw dth apart from each other and can span the entire input
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In operation, the phase detector 152 provides a control input 153 to the controlled oscillator
154 in order to control the output frequency of the controlled oscillator 154. The nature of this
control input 153 will depend upon the circuitry used to implement the controlled oscillator 154. For
example, if a voltage controlled oscillator (VCO) is used, the control input 153 can include one or
more voltage control signals. If LC-tank oscillator architecture is utilized for the VCO, one or more
voltage control signals could be used to control one or more variable capacitances within the VCO
circuitry. Advantageously, the large-step LO receiver architecture of the present invention allows for
the use of less precise oscillator architectures, such as RC-based oscillator architectures. One RC-
based oscillator architecture that could be used is a inverter-based ring oscillator where the delay of
each inverter stage can be adjusting using one or more control signals as the control input 153. It is
noted, therefore, that a wide variety of oscillator architectures and associated control signals could be

used for the controlled oscillator 154 and the control input 153. This wide variety of applicable



frequency bins spanning the channel spectrum 208. The channel spectrum can

i nclude any nunber of different channels, such as channel 206 RGERRVARYC2087 er
frequency at fcH and the channel spectrumcan span any desired frequency
range. Wth respect to satellite set-top box receivers, for exanple, the
channel spe¥MaW19HET udes 32 transponder channel s bet wEERUSHOYWPESand 2150
MHz. In the enbodinent depicted, the3pectrum 208 between frequencies fi
and f2 has been partitioned into N different bins, which are designated BIN
I, BIN2, BIN3 ... BIN(N-1), SIN(N. Each bin has a single pre-selected LO
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FIG. 2B is a diagram for an example coarse tune signal spectrum 110 after it has been mixed
with LO frequency fio3. As depicted, the channel spectrum 208 has been moved so that channel 206
is now centered at a resulting frequency that is equal to the channel center frequency (fcy) minus the
LO mixing frequency (fLo3). The spectrum 208 similarly has been mixed down so that the spectrum

is now between the frequencies fj - fyoz and f5 - fLo3 .

FIG. 2C is a diagram for an example satellite signal spectrum 208 where a desired channel
252 overlaps a bin LO frequency and a desired channel 254 overlaps a bin-to-bin boundary. First,
considering channel 254, its channel center frequency (fcy) is shown as sitting on top of the
boundary between BIN(N-1) and BIN(N). As such, the LO frequency frop.1) for BIN(N-1) or the
LO frequency froqy for BIN(N) can be used as represented by the arrows identified by element

number 258. Now, considering channel 252, its channel center frequency (fcy) is shown as sitting on



bin in which it falls, the LO frequency for an adjacent bin can be used as
the m xing LO frequency. As depicted, therefore, instead of UWFERRUARY 2007
frequency fLO2 for BIN2 to m x down channel 252, the LO frequency fLpt for
BINI or the LO frequency fL0o3 for BIN3 can be used as represented by the
arrows ident | ement nunber 256, thereby avoidi

conver si on t{gfdéﬁ/o@}’szfs noted that theg decision of whi gﬁr/gé{oaﬁ%n?requency
to use can be nmade utilizing any of a wide variety of considerations
dependi ng upon the particular application and design criterion involved.
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frequenm es fromtwo or nore separate recelvers In an | nf’e rat
mul ti - t unerfreguene)assogiated withif (atris lgpatedfapthe @eﬁtsugfﬁhea%wrenrﬁelmﬂchy@e dotted lines,

such as dotted lines 308 and 310. The width between LO frequencies associated with each
consecutive bin, such as between the LO frequencies for BIN12 and BINI3, can be the same as
des.ignated by element 312. As such, the width between LO frequencies of consecutively numbered
bins is half the width of the bins. For example, if widths 302 and 304 of the odd and even bins are set
to 100 MHz, the width or frequency step between LO frequencies for consecutively numbered bins
becomes 50 MHz.

An overlapping bin architecture, such as embodiment 300, helps improve the performance
and efficiency of the receiver architecture of the present invention by providing redundancy and
helping to resolve channels whose center frequencies happen to be at the boundary between two bins.
As will be discussed in more detail below, it is often desirable to include two or more receivers in a
single integrated circuit and to reduce the frequency range within which the digital fine tune circuitry

104 must operate. In selecting the bin configuration for a channel spectrum, it is advantageous to
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noted that these numbers are provided as examples and should not be considered as limiting the
invention. The coarse analog tuning and fine digital tuning architecture discussed herein is
applicable to a wide range of applications and not limited to these example embodiments, frequency

ranges or bandwidths.

Looking to channel 308 in FIG. 3, it is located within the channel spectrum such that it
overlaps the LO frequency for BIN2 and the boundary of BIN1 and BIN2, which are both designed to
be located at about 1050 MHz. As discussed above with respect to FIG. 2C, the LO mixing
frequency flo2 would not be used to avoid a direct down conversion of channel 308 to DC. Rather,
the LO mixing frequency f; o; for BIN1 or the LO mixing frequency f o3 for BIN3 could be used to
mix down the channel 308. It is noted that by having overlapping frequency bins, an LO frequency
closer to the center frequency for the desired channel 308 could be used. For example, if only the

non-overlapping even numbered bins 322 were provided in the embodiment 300, the next adjacent



LO m xi ng frequency woul d have been LO m xing frequency fL0O4 for BIN4, which
is 100 VMHz from the LO m xing frequency fLo2 for BIN2, rather2fFBBRUARYE 2607
MHz frequency step between the LO frequencies for BIN2 and BIN and for
BIN2 and BIN3. As stated above, overlapping bin architecture of FIG 3
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channel. Additional tuning of the desired channel is provided by the tunable digital filter 454, which

utilizes a variable frequency (fy) 456 generated, for example, by a numerically controlled oscillator
(NCO) 458 that in turn receives the center frequency (fcy) 114 for the desired channel. It is noted
that these implementations for providing fine tuning of the coarsely tuned channel spectrum do not
mix the desired channel down to a fixed target IF frequency and do not mix the desired channel to
DC. Rather, these implementations use the analog coarse tune circuitry 102 to mix the desired
channel down to a variable location within a frequency range around DC, and then they perform

digital conversion and digital filtering directly on this coarsely tuned channel spectrum.

FIG. 5A is a block diagram of an embodiment 500 for a two receiver architecture located on a
single integrated circuit. In general, this embodiment 500 duplicates the circuitry of FIG. 1C to

produce a dual receiver architecture. The first receiver includes analog coarse tune circuitry 102A,
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addi t i onalremaimseliopeyes, is how to keep the second large-step LO2 circuitry 106B from attempting to output

an interfering mixing frequency. Possible solutions to this problem include (1) turning off the second
receive path and sharing the first tuner output, (2) turning off the second large-step LO2 circuitry
106B and sharing the first LO mixing frequency (fio1), for example, using a controlled switch 502 as
shown in FIG. 5A, or (3) sharing the first LO mixing frequency (fLo1) and also causing the large-step
LO2 circuitry 106B to move to a non-interfering LO mixing frequency (fLo2) that will not be used
while the first LO mixing frequency (fLo1) is being shared. It is further noted that other techniques
and solutions could be implemented, if desired, for addressing the problem of circumstances where
the second LO mixing frequency and the first LO mixing frequency would overlap. It is also again
noted that the architecture of the present invention could be utilized to integrate additional receivers
within a single integrated circuit. For example, if four tuners were utilized, additional receiver

circuitry could be integrated with that shown in FIG. 5A to provide additional analog coarse tuning
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paths. In FIG. 6B, there are two singles 107A and 107B coming the satellite dish antenna. These

incoming signals 107A and 107B are then received by two separate LNAs 105A and 105B. LNA

105A provides an output signal 108A for a first receiver path, and LNA 105B provides an output

signal 108B for a second receiver path. It is noted that with respect to the embodiment 600 of FIG.

6A, both the solutions of FIGS. 5B and 5C are available. However, with the embodiment 650 of FIG.

6B, the solution of FIG. 5C would not available because the two input satellite transponder channel

spectrums 108A and 108B may not be the same and, therefore, sharing the first tuner output 112A

may cause errors with respect to the output of the second receiver circuitry.

FIG. 7A is a block diagram for an dual receiver implementation of the receiver architecture of
the present invention using wide-band analog-to-digital converters, such as discussed with respect to
FIG. 4A above. In embodiment 750, an input signal 107 is received by LNA 105, and LNA 105
provides two input channel spectrum signals 108A and 108B to the two receiver paths. A first
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coarsely tuned channel spectrum signals 708I and 708Q. These complex /Q signals are then
processed by a complex tunable bandpass filter 702A with outputs 7101 and 710Q, a complex tunable
bandpass delta-sigma (AZ) ADC 704A with outputs 712A and 712Q, and a digital down-converter
and decimator 706A. A sampling clock (fcrx) 705 is provided to complex tunable bandpass AT ADC
704A and to the digital down-converter and decimator 706A. For digital processing and tuning of the
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desired channel, the digital down-converter and decimator 706A utilizes a variable frequency (fy;)
456A generated by numerically controlled oscillator (NCO) 458A that in turn receives the center

frequency (fca) 114A. The first receiver path outputs quadrature I/Q baseband signals 7141 and
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t hrough t hesre@pd . conj ugate converter 770 and is provided to the conpl ex
tunabl e bandpass AE ADC 704AB. The Q path signal is connected to the "0"

i nput of the multiplexer (MIX) 774.

FIG. 7C provides an example embodiment for converting negative frequencies to reduce the
needed tuning range of the complex tunable bandpass AL ADC 704A/B to positive frequencies. As
depicted, the I and Q path signals received by the complex tunable bandpass AZ ADC 704A/B are
first processed by the complex conjugate converter 770. In the embodiment shown, the I path signal
passes through the complex conjugate converter 770 and is provided to the complex tunable bandpass
AT ADC 704A/B. The Q path signal is connected to the “0” input of the multiplexer (MUX) 774.
The Q path signal is also connected to gain stage 772 (-1 gain), which in turn provides an output that
is connected to the “1” input of the MUX 774, The conjugate signal (CONJ SIGNAL) used to
control the MUX 774 is the center frequency (fcy) 114A/B that is also utilized by the complex
tunable bandpass AZ ADC 704A/B. As stated above, by using this complex conjugate converter to
process the I and Q path signals, the complex tunable bandpass AZ ADC 704A/B can be
advantageously limited to a positive tuning range thereby reducing the bandwidth requirement for the
complex tunable bandpass AZ ADC 704A/B. It is further noted that for a fully differential design, the

-1 gain for gain stage 772 can be implemented relatively simply by swapping the two single-ended



The Q path signal is also connected to gain stage 772 (-1 gain), which in
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positive and negative signals that would be received by gain stage 772 in
such a fully differential design. FIG 8A and FIG 8B are a bl ock di agram
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810 provides an output to the auto-tune control circuitry 812. The
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bandpass filter 702. In operation, if the AZ ADC 704 is mistuned, then the noise within the output
baseband I/Q signals 714 will increase. Thus, by adjusting the tuning offset signal (wsgt) 814 to
reduce and minimize this noise, the AZ ADC 704 can be tuned or calibrated to compensate for tuning

errors in the AZ ADC 704,

FIG. 8B is a diagram representing the signal correction of FIG. 8A. In the noise level
representation 850, response line 852 represents the tuning response of the AL ADC 704. The
channel 854 represents a desired channel located at a channel center frequency (wp). The AZ ADC
704 is ideally tuned so that its notch fails.on the channel center frequency (wo); however, the notch
for the AX ADC 704, as shown, is located at a first frequency (w;). The difference between the
desired noteh location at the channel center frequency (wg) and the actual notch location at the first
frequency (w;) represents an error amount (@grror) in the tuning for the AL ADC 704. As

represented by line 856, the tuning offset signal (@sgr) acts to move the notch for the AZ-ADC 704 so



errors in the AE ADC 704. FIG SB is a diagramrepresenting the signal
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using similar (or matched) complex integrators as used by the circuitry of the AX ADC 704, as
discussed below with respect to FIG. 8C. It is further noted that the clock provided to the device that
drives the sampling of the AZ ADC 704 and the digital quadrature mixer 806 can be used as an

accurate time reference for the auto-tune implementation.

FIG. 8C is a block diagram for a master-slave tuning arrangement between a tunable
bandpass analog-to-digital converter (master) and a tunable bandpass filter (slave). In general,
master-slave tuning of second circuit (slave) based upon a first circuit (master) is typically
implemented by building the second circuit out of similar or identical circuit building blocks as the
first circuit. One can then fine tune the building blocks of the first circuit through a feedback
methodology. The control (or offset) signals which are derived out of the feed back methodology are
applied not only to the first circuit but also to the second circuit as well. Because the second circuit
was not a part of this feed back operation, the second circuit can be tuned by the notion of similarity

(or matching). The second circuit, in this case, is called the slave whereas the first circuit involved in
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t unabl e baRdp@s mattled ARe nfft signdl 888. mast er tuning signal 814 is the applied by
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sl ave tuning signal 878. FIGS. 9A-9E are bl ock and signal diagrans that
descri be i npl eIENIALIFORE bfock aifdnstendli dJagias that describe implementations for the digital

down-converter and decimator 706A/B of FIG. 7B. These implementations utilize multiple stages of
digital mixing and down conversion to bring the output 712 of the bandpass AZ ADC 704A/B to
baseband I/Q signals. The output 712 of the bandpass A%Z ADC 704A/B, for example, can be a
complex 1-bit digital signal sampled at Fs with quantization noise shaping designed to have a
minimum centered at the desired channel center frequency (eq). The multi-staged implementation

incrementally filters and decimates this signal to reduce the design requirements of each stage.

FIG. 9A is a block diagram of the multi-stage architecture 900 for a digital down-converter
and decimator 706 usable in the embodiment 700 of FIG. 7B. The input 712 from a bandpass AT
ADC 704 is processed by a series of cascaded stages, which as shown include STAGE1 910A,
STAGE?2 910B ... STAGE(N) 910C. Each stage provides an output to the next stage, as indicated by
signal 905 from STAGEI 910A to STAGE2 910B and by signal 982 that would be from STAGE(N-



down-converter and deci mator 706AB of FIG 7B. These inplenmentations utilize
multiple stages of digital m xing and down conversion to bri ngFEBRUARM 2007
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t he bandpass Al ADC 704AB, for exanple, can be a conplex 1-bit digital
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mul ti-staged inplenentation increnentally filters and decimates this signal
to reduce the design requirenents of each stage. FIG 9A is a bl ock di agram
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si gnal woukd v eel&ted e iesRE8Sdebéhding uontieGpdcranl sdgmentalibiErAte@d Qkded. | t 1S not ed
that the values for the digital mxing signal 912 and the decinmation rate
for the decimator 904 in each stage can be selected, as desired, depending
upon the spect r EIGS Sy Al addedEi demilsﬁdraabegrplemmmemadon dEtEBltstige Sbhiacrate 9F
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by a final bsrtgagneslghvéﬂownbtpadngsedtoheptsnagﬂmaIMmﬁmngoatqa desired or opt| mal si gnal
processing rate. First, looking to FIG 9C, a block diagramis depicted for
exanpl e i npl ementation 950 of the architecture of FIG 9A utilizing a fixed
deci mat i onFirgit oking 19oAGT Phad blgekagjagsara irddepicted foratypiaplel dpplementation 90afehs n t he

fi nalt st g?%chlkeem;emf 816200 @l 78 1 tix MRLeimblR rdid i G6h-HRLIAPBS @R vARLIS d2hEGS OF
non-tuna (raate in the final stage. In this embodiment 950, the fixed decimation rate stages, or non-tunable

stages, include one or more cascaded stages. There are two example non-final, non-tunable stages
depicted, namely STAGE1 910A and STAGE2 910B. STAGEI 910A receives the input signal 712
processes it with mixer 906A, LPF 902A and down-by-two decimator 904A before providing an
output signal to the next stage. STAGE2 910B uses the same or similar structure and processes the
signal from STAGE!1 910A with mixer 906B, LPF 902B and down-by-two decimator 904B before
providing an output signal to the next stage. In the embodiment depicted, the mixers 906A, 906B
digitally mix their respective input signals with mixing signals 912A, 912B, and these mixing signals
912A, 912B ... used by each stage are represented by the formula: exp[j(2n/N)n] where N = {1, +2,
+4} and where “n” represents the time sequence index. In addition, as shown in FIG. 9C, each stage
can use a different exponential source as a mixing signal with each mixing signal using a different N,
such as N1 for mixing signal 912A, N2 for mixing signal 912B, and so on, where N1, N2, ... = {#I,
£2, +4}. As discussed further below with respect to FIG. 9D, for each non-tunable stage in FIG. 9C,

the digital mixer 906 for the stage can be configured to digital mix the input to the stage with a
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signal 912%.,,aptheSA %’thmrs%ec%m f&4he input signal Is:rotatéd sifth that'tfie @s§&%§rﬁ% further
bel ow wi t h Tespect %o FIG 9D, for each non-tunable stage in FIG 9C, the
di gi tal nifRiwitipe degied frepuensy ggee- can be configured to digital nix the input
to the stage with a 2 FEBRUARY 2007 WD 2004/ 093327 PCT/ US2004/ 010765 20

m xi ng signal selected froma plurality of predeterm ned m xing signals that
are chosen to Fehichkst segnpilethr t“y’“tfst‘ﬁ“alc"éF Eamhs noicto laskiese by firgt pEocesyi Wal

m xi ng. | nmeldpl, waidh digitty i te sighal 08T withel iikih g flgrfalDIo2 fepredchtell b the Bymelh:-age (as
determned in this enbodinent with NI for stage 910A, N2 for stage 910B, and
so on) carf*BEiRRMET @ gEpERats didrrateney of detesis chppnel prd viien RelePiesshE die
frequency hd daquende iRilek. "D resufting Ritled ki@ndl iahént 8@ 80 BPF ddbalvhitRaysRELhR® for the

i nput signal_ (s, rotaged suc at_ the desired channe] falls wthin a
desired friddué rﬁiﬁi}re‘i a’%é‘@.aa?id&“’ {'lﬂ:eéﬁ‘szig’l bes‘i"%démg@ﬁﬁ, tﬂ? fiaing gigel 9% ofhg1ougEo from
t he next tfeork &BF 984 &0Mern Seclnhatedt bypvapias deiindiyr 9881 (dieide-0PR). WhdeClhatiéngiateal | y

m xes the sjgnal . 982 with.a m xi Si | ,992 .represent by .the.forml a:
expL3 ol nl, e sepe) o0 agidts A fouhh Send B e R BFAERERL A8 AL g Bzl and
where "n" deeipatiomentt.s Theesultingrmatpsedgren?ié pravilexthe ditput besband iI/QGignalx &d tiei gnal i s
t hen sent P Leh may be a tunable LPF, if desired. |If tunable,
the LPF 98 %ggiﬁg%z&fdgﬁ%&c;b%ti lizing the tuning signal 994. The output from
LPF 986 is then decimated by variable decimator 988 (divide-by-R). A

deci mation rat g6 98|iEfdileRh 1%% SahinRg 9 tfag{op%ﬂi) des ixﬁh&fbﬂlﬁm lstagd i%[?l@xlaenttafﬁor‘ish €

vari abl e deci mator 988 to determ ne’i écimation rate. The resulting
out put si gifdllG-PLbappd peribe freqyency hecpiinn (Bhefehudrgirgd/cinnaplg nBpauedcy rangesds2,

enbodi ment 954036 9k3 FdG60 réfeseh variond Hnkes withid ivhith 8 Besiréd chalRbighybiobdkdavith@Ct or  (N)
used in the non-final stage inplenentations of FIG 9C based upon the

frequency theewdeut shthe bjndemrs thé el eBererdingriwpn the fisgisednee Ritjayhghshe 954,
956, 958 afgiredOfhnket PAIE FRNRILY BF 1QUSIHHARIRS pakiblirRald oL fle SquatRf ihedsGBannel may
be | ocat Edtht\eM mExI{]rllg r;ignal 912. Region A, represented by range 952, spans from —n/4 to n/4 and uses N = 1.
Region B, represented by range 954, spans from n/4 to 3n/4 and uses N = -4. Region C, represented
by range 956, spans from
-371/4 to -n/4 and uses N = 4. Region D, represented by range 958, spans from 3#/4 to  and uses N =
-2. And region E, represented by range 960, spans from —x to -31/4 and uses N=2. Advantageously,
for this implementation, the digital multiplies that must occur in digital mixer 906 are relatively
trivial:
N==zx1: exp[j2m]=... 1,1, 1,1, ...
N=x2: exp[jm]=... 1,-1, 1,-1, ...
N=+4: exp[j(@2)n]=... 1,},-1,4, ...
N=-4: exp[-j(@/2)n]=... 1,-},-1,], ...
In operation, the desired channel will lie somewhere in the range of frequencies defined by regions A,

B, C, D and E. Because the location of the channel is known, the value for “N” can be set to the



t he out put of the bandpass AE ADC 704. Dependi ng upon the frequenct/| range

wi thin which the desired channel falls, the value for "N' w RIFEBRUARY 2p¢y o
particul ar value for the equation that describes the mxing signal 912.
Region A, represented by range 952, spans from-n/4 to 764 and uses N = 1.
Region B, represented by range 954, spans from7E/ 4 to 31r/4 and uses N =
-4, Regi on ®084098¥2nted by range 956, spans from - FEIURZPEOWHE/ 4 and
uses N = 4. Region D, represented by rzénge 958, spans from3ir/4 to it and
uses N = -2. And region E, represented by range 960, spans from-7r to
-3,t/4 and uses N= 2. Advantageously, for this inplenentation, the digital
mul ti pli eprdpbrataluelis tindivated aboive) sekih@hdt afirer Mukiplica®Gn digial ieteBDO6Y BE Ypecttuid i al : N =

t 1. exp[]j27 TR S B e NE20 explj7mi=... 1,-1, 1,-1,... N=
+4: exp[j(‘%‘?‘}T‘lz?’ﬁ]‘hef,es“j“,‘°h-a‘_’[‘}eiL‘i,W¥‘?“.“.‘e°‘°Ré:4: exp[ J(7r/2)n] = ... 1, -1, -1, ],
In operation, the desired channel will |ie sonewhere in the range of

frequenci es detj J [.0N; 188 e.the 1o ion of

t he channel is%ﬁgﬁmlpxtrﬁsgg{\fgpgg%&f §“@gmggr%aggasgeﬁthgt%ﬁﬁﬁrethén‘%égﬁfﬁ Y 2007
WO 2004/ 098gemenptTisUS2i004 9010786 lind 970oreprosents (gl 1glevanh espongti fonthe dPERe, such
that aftergepoihihd RlonGad fddRencf 1068htSh (B of MeXfelired Hinndl NEns PEOYS Rl alsRpar ed and
the desired channel is wthin region A FIG 9E is a Tesponse di agram of an
exanpl e | dwndrttemratiqn fordhe IRFP02.0r t he non-final stage inplenentations of FIG
9C. The line 970 represents the rel evant response for the LPF 902 depending
upon the frequency |l ocation (w) of the desired channel. The gap 972
represents a stbiperaiomthe multiasngs imnsmeptationdpkdepqpipedypith regpppt E?ﬁéﬁ;g@ EO‘W andpg

nul ti - st age vss¥RlpRIEIRE FnbrPfinad S at@iSGEdsRteatt ihdlude AERAGTixekQo fhiESly tHGutpAD and

OE uses a plurality of non-final cascaded stages that each include digital

T xer s to BHFALPIRE 1Ha ST AT THE DR O 4 Sl J9piFs e pELRURT 3t he

fsi Ignal negbw 9&35 filtdd gﬁd‘uiiotvhgg'-t\ﬁfd"ebinﬁﬁﬂ I l'rrl:e E?dl Eteglerl@' déﬁgneetbtlﬁ{éﬂ vaiiéble&igcihﬁWﬁpaS S
ilter an - by-t eci or,.. T [ nal . stage i.s design t 0. have

vari abl e &8%3@‘%1’8’!1‘}/”1 @ggf“ﬂ%ff“ F“?‘iaily 8??5?%?3@ tk‘egbaﬁega“tdd & dyatagp ﬁ br&%&‘férrat ed to
t he basebaipdhe édipieal miximpnintoagetpls ktyges, bis bipbadentaipn reducdsipeweti requirethentziaxibag i nt o
mul tiple stages, this i enent at | reduc pewel. .requi renments at .the

i gheot s RS pmpaies FREECRG HisoRllt RAHRETor B e Gl MR TR ik

m xers, andmplexity®fsach ktege icbidjpk €eifingl stafe. each st age i ncluding the final stage.
Further nodifications and alternative enbodi nents of this invention wll be
apparent to those skilled in the art in view of this description. It wll
be recogni zed, Fuijther grpdjﬁ@}ioqsm ah[emetiv}gp@gc@ments of this invention will be apparent to those

skilled in the art in view of this description. It will be recognized, therefore, that the present
invention is not limited by these example arrangements. Accordingly, this description is to be
construed as illustrative only and 1s for the purpose of teaching those skilled in the art the manner of
carrying out the invention. It is to be understood that the forms of the invention herein shown and
described are to be taken as the presently preferred embodiments. Various changes may be made in
the implementations and architectures disclosed. For example, equivalent elements may be
substituted for those illustrated and described herein, and certain features of the invention may be
utilized independently of the use of other features, all as would be apparent to one skilled in the art

after having the benefit of this description of the invention.



invention is not limted by these exanple arrangenents. Accordingly, this
description is to be construed as illustrative only and i s forFEBRUARNM R083e
of teaching those skilled in the art the manner of carrying out the
invention. It is to be understood that the forns of the invention herein
shown and oea00s/bessk7are to be taken as the presently pPEreRpE@®IEbHoOdi nents.
Various changes may be nade in the i3l enentations and architectures

di scl osed. For exanpl e, equivalent elenents may be substituted for those
illustrated and described herein, and certain features of the invention may
be wutili . [ndependently of the use of other features, all as would be
apparent to one skilled in the art after having the benefit of this

descri pt i dWhapfs ctamediinvent i on. 2 FEBRUARY 2007 WD 2004/ 093327

PCT/ US2004/ 010765 22 Cains Wat is claimed is: 1. A method for tuning at

| east one channel within a signal spectrum conprising: receiving a signal
spect rum i hcl udf mgthad ﬁqrmaatfea%pnmhm@viﬁuw signalspectiume epRpASIPET ange;
receiving a sel gediiga s?%ﬂﬂé%kc&u@lﬁﬂ&lhéiﬂg d\Surdity B%%neﬁ%h%%éﬁﬁéﬁc&ﬂﬁ&??' to be
tuned; selecting one of a plurality of coarse-tune anal og m xing signals
dependi ng upon TEFVingrEleriing Stﬂnaltlﬁ‘é‘“é’é@iaff legst euelaier chagnegh tabertpnedsi gnal

spect rum  m Xi ngebfii bk SMEYIuERNG &F Eddf¥t-Wink BhaldgeniRifg ﬁ@ﬂaﬁciiegéﬂaﬂhéﬁ daune anal og
m xing signal to generate a coarsely tuned signal spectrum the desired
channel within the cBalosatiop of thedesyredsihanps] wikhintae sighal BRSFIHI i xed down to a

vari abl e | ocat i @ixingithedighalespbdi@mUATHaNe seleRtBDEaRE-AIAB Enalde miRing siFﬁbﬂftoV_ar! abl e
| ocati on bei ng dependent upon the se|lected coarse-tune ana %ahm Xi ng signal

and the desired changfBfrateageerseiygrnedisispel spegewe dislsifed changel matbinthe GoRselY si gnal
spectrumto fine tungnddRRnslepicrad beiahMHRE Hovatd atvatidBleQsHdG6h »ehhﬁiéﬁéqumEeband
signals for the desired chanpel. 2. The nethod of claim1l, wherein the

si gnal spect rum conpfieegEougd Pﬁaﬁ‘r‘?éﬁ’e @‘%Pcaé‘ﬁ‘él&?‘}&ﬂ??e“ﬁ?%ﬁ?@é'ﬁ%ﬁelle??‘b

c](c)mruni cati ogs, tEe &%F@Hn@ahx%ld‘ghﬁﬂiﬂ@kigﬁl gﬂajae&ﬂﬁﬁbhﬂﬁ?m@ﬂp{i 3| ng a p: ura: ity
of transponder  channels with each tragnsponder c nel including a plurality
of program chanﬂ%‘fa@?'pf?f’esﬁ‘ﬂ%ﬂﬁﬁ?ar’ii? tgqe%agﬁﬁﬁqeﬁmnp@ﬁnﬁ&mé}s,ﬁgﬁegi ng separating
the frequency range dhnrdehandssé prodice digpal dhsebamd sighabs far thé desaeéd dhynef. f r equency

bi ns and associating at | east one coarse-tune analog mxing signal with
each frequency bin. 4. The nethod of claim 3, wherein the selecting step
conmpri ses et er Riermetpdvifclainn Lyihesain the pisnal FRECEINS PampEses A Lhifar! sigapl|sBecEpm

sel ecting Qg ﬂﬁﬂﬂté)gon%ﬁgidagonii 16 ahte1Bfe Shrnalt Qﬁans&e&nhh@&mﬂiisﬂg aSplurkig oret hod

of claim4, wherein the selecting step further COMpI| ses selecting a
di fferent transponder channels with each transponder channel including a plurality of program chanmels.

3. The method of claim 1, further comprising separating the frequency range of the signal
spectrum into a plurality of frequency bins and associating at least one coarse-tune analog mixing

signal with each frequency bin.

4, The method of claim 3, wherein the selecting step comprises determining within which bin

the desired channel falls and selecting the analog mixing signal associated with that bin.

5. The method of claim 4, wherein the selecting step further comprises selecting a different
analog mixing signal if the desired channel overlaps the analog mixing signal associated with the bin

within which the desired channel falls.

6. The method of claim 3, further comprising organizing the frequency bins as first set of non-
overlapping frequency bins and a second set of non-overlapping frequency bins, wherein the bins of

the first set overlaps the bins of the second set.



anal og m xing signal if the desired channel overlaps the anal og m xing
signal associated with the bin wthin which the desired channel falls. 6.
The nethod of claim 3, further conprising organizing the frequency bins as
first set of non- overlapping frequency bins and a second setsgEgruaRY 2007
non-over | appi ng frequency bins, wherein the bins of the first set overlaps
the bins of tNeO ¥@EERRTset. 2 FEBRUARY 2007 WO 200410933RET/US2004/010765

PCT/ U52004/ 010765 23 7. The nethod of ckaim 1, wherein the digital
processing step conprises using a w de-band analog-to-digital converter to
convert the coarsely tuned signal spectrumto digital signals and using a

tunabl e digytal frelheodtdd claithea, Whaeifl @ digifll FroceRsNe stepSoomphRs B idefpafd ai m

1, wherein the digital processing ste rlse usi n pnar r oyw band

t unabl e ban#}3¥§ °‘g‘ﬁ’éﬂ?8‘ﬁ’efr&’ °§P‘Eeglthec°8f%§)%? n% fﬁﬁ?fﬁ’ gkﬂ gl sigpalemg el and
to convert hAsiEOgtadalkey to thnedesiregrRdmepectrumto digital signals and using
a tunable digital filter to further tune the desired channel. 9. The nethod
of claim1, further conprising: providing at |east two tuners on a single

i ntegrated gjrcuTke wahqdrdfelaing 1f whesdin ﬁedigitﬂrprooesising:htbﬂ dsompﬂnd usiﬁg:omﬂromeﬁﬁi ver

circuitry, t and. s rece r. ci |tr ured ate at
the same ti ﬂ@eblw"%“ﬁ 15?1%“40#? B cAVE st et es" Chmf:‘ 4% méyefttﬂ} P 5 Yynal
spectrum i nednu&lls@gzl gpepthur @l digital Hgnals hammsaigsx t\mablla |drg1tal ﬁlweetqdenﬂteytunathgaes&m
perform ng t receiving, selecting, mxing and digitally processing steps
of claim1; "’r‘?ﬁelw th the second receiver circuitry, receiving a second

si gnal spectrum i ncluding a plurali ty of channels within a frequency range;

receiving aselectio second desired channel to be
tuned; sel Set | ngkonetha# gfnc%"Pufa ‘%NX&ET% gcond coarse-tune anal og m xi ng

si gnal s dependi ngrovidgogat teh@tWQ)tslamm&mﬁgltilh@grgfeéeimitdefsﬁrim fedfagepizér Wi t hi n
the signal spectrum %emganh*asﬁoﬁ@fwéwer mn@' the H%PMdﬁE@o% LeBeifer S6&G

coar se-tune anal og m Xi ng 'si gna enerat ¢’ a second coarsely tuned signal
spectrum the second dexfigneed toongrateedt thewgmeime: t he second coarsely tuned

signal spectrum hghng frorediveon u&r? rBoel@gi it Signdl Otk theilBhn @ frequency
range around DC, and the variable location being 'dependent upon the

sel ect ed coarse-tune ahalisgofnehaniel vathirrafrequsmngy taRee aad gpfamingdheapiebing and

selecting, mixing and digitally processing steps of claim 1; and
with the second receiver circuitry,
receiving a second signal spectrum including a plurality of channels within a
frequency range;
receiving a selection signal identifying a second desired channel to be tuned;
selecting one of a plurality of second coarse-tune analog mixing signals depending
upon the location of the second desired channel within the signal spectrum;
mixing the second signal spectrum with a second coarse-tune analog mixing signal
to generate a second coarsely tuned signal spectrum, the second desired channel
within the second coarsely tuned signal spectrum being mixed down to a variable
location within a frequency range around DC, and the variable location being
dependent upon the selected coarse-tune analog mixing signal and the desired
channel; and
digitally processing the second coarsely tuned signal spectrum to fine tune the
second desired channel and to produce digital baseband signals representing the
second desired channel; and
concurrently providing the digital baseband signals for the first desired channel and
the digital baseband signals for the second desired channel as outputs from the first

and second receiver circuitry.



digitally processing the second coarsely tuned signal spectrumto fine tune
the second desired channel and to produce digital baseband si QQ%SERUA Y 2007
representing the second desired channel; and concurrently providing F

di gital baseband signals for the first desired channel and the digital
baseband si owahesbess2t he second desired channel as out pygsukiopsoibiee first
and second receiver circuitry. 2 FEBRUARY 2007 WO 2004/ 093327

PCT/ US2001/ 010765 24 10. The method of claim9, further conprising for each
of the first and second receiver circuitry, separating the frequency range
of the sigpal al i u bi ns, and _ass. cratrng
at | east gﬁe c@geﬁg%{o? %gﬁgﬂ%aﬁ“ﬂ?e’ nié Smg fog eaCL of e ? ﬁgeacfhco?d BFUEhEY B n.

The net hosepafting the rfreg@pcy mngdwef thcmlgnalr a:eﬂgtmstm@r b rpdpraliye of fzreeiencan!aﬂnsogzdm XI ng
signal if ' likely interfere
W th eacha% t{nga ?ﬁgﬂe&gn%ﬁﬁgﬁggglngﬁ%ﬁrﬁégw\‘/]\%ecggr? u%?% digital processing
steps for the f| rst and second receivers each conprises using a w de-band
anal og-t o+di gi t ectrum
to digi tal-lgy gtng{J lg&lg’g\é?ﬁ%ﬁm gntﬁeggégﬁp{rfsm%l gl t @Psﬁl)e}%glﬁ%ﬁ}ﬁtﬁgﬁ?ﬁ ﬁ‘é"' esired
channel . miseqaméaw@emﬁnwgnelmmﬂ@ymn@r@rlﬁe@%@ﬂm gital processing step for
the first and second receivers each conprises using a narrow band tunabl e
bandpass anal og-to-digital converter to tune the desired channel and to
convert tH& codhensthedofplaim % wharein the digitalprpasseivg ey for de fist andereondiserivesi ng a

tunabl e  digidobriské bdifyra rvne.i,mtahﬁrg.&largeartAaeveplestb e BRNB& ely thfed sIga® Net hod
of claim9, wherein the first and second spectruns corrprlse satellite

channel sisBReEem Gsigitelsigrals a"fih‘ﬁn%%l@'eﬂbreldfgé‘alé#é’rfﬁ Ellne & deyizgd cBpek r uns conpri si ng

a plurality of transponder channels with each transponder channel including

a pIuraIit of els nd,.wherein the _fir receiver circuitry
tunes a f| %{Sérﬂﬁé T é”rlfffé’lna}?nibg‘? O%EBE AP Péﬁ‘é%ffé?“dcste?c’e 169%™t unes a
second tr &mrwmﬁeés wing rarnedrow-ﬂdid tuhitde bantfaacndbg-oldigitah chdvertaphietond e dddigedf | r St
and second, si gnal ect cl ai 4,
further cohpprior s BRSPSy ¢R8 TRMpedined e ol e B o ¢ une
a first prmma‘mecthamherlmnmﬂtehiemdﬁenﬂelrst tuned transponder channel, and
denodul ati ng the second tuned transponder channel to tune a second program
channel wi thin the second tuned transponder channel. 17. The nethod of
claim 1, fldrthdhe oethprd ptirig utvwhetein thy fitsh endsseeond dignal seedtrymrsogpmarisechaltire | t o
provide a gaﬁlg ta@@emngr thP SAR Banné] s@gngl pRERRASE mrgraapnlaraﬁofu;@s onlifte met hod
ur

of claim1l onprising utilizing the second t uned ram channel
to channels with each transponder chiannel mcludmg a plurality of program channels, and wherein the

first receiver circuitry tunes a first transponder channel and the second receiver circuitry tunes a

second transponder channel.

15. The method of claim 14, wherein the first aud second signal spectrums are the same.

16. The method of claim 14, further comprising demodulating the first tuned transponder channel
to tune a first program channel within the first tuned transponder channel, and demodulating the
second tuned transponder channel to tune a second program channel within the second tuned

transponder channel.

17. The method of claim 16, further comprising utilizing the second tuned program channel to

provide a data stream for personal video recorder operations.

18. The method of claim 16, further comprising utilizing the second tuned program channel to

provide a data stream for picture-in-picture operations.

19. A receiver for tuning at-least one channel within a signal spectrum, comprising:



provide a data stream for picture-in-picture operations. 19. A receiver for
tuning at-least one channel wthin a signal spectrum conpri si ZhEEBRUATBIRIOZRY
2007 WD 21104/093327 PCT/ US2004/ 010765 25 |I|ocal oscillator (LO circuitry
havi ng a channel selection signal as an input and having a coarse-tune

anal og m Xi ngvsign@bs2as an out put, the output m xing si gr@alus2eingsssel ect ed
froma plurality of predeterm ned outpuf m xing signals depending upon a
desired channel to be tuned; anal og coarse tune circuitry having the
coarse-tune anal og m xi ng signal as an input and having a signal spectrum as
an input, the gj . j: i i & f._¢ s within a
frequency rangZ{)&gﬁ%m?tﬁgﬁgzgﬁdéﬂg%gfrﬂggg}tlagrrl]ezL%{cﬁéﬁ%l%ﬁrabgt?g?ﬁgmgonfi gured to
use the coarse-t une haviag agoarsestinegnalogyniaing signad as gutpat, theantpet pixingsigeal  si gnal
spectrum the desiragd: le. M 1 B s .S um

bei ng m xed down toq’gmgg% a Ifg)\ﬂ} %@gljtallltg HF%E%%%?@IEEJ?#%&EE%%@;%%g%gxgoﬁﬁ nd DC,
and the variabl e | cwen i desirereghagpetiopetmdedat upon the sel ected coarse-tune
anal og m xi ng ﬁhlggeéars@mek it%wngql_egﬁg{m@rle;ana@gm%@SEg;aLx_az LG une

circuitry having the coarsely tunedsi | spectrum as an input and havi ng
as an out put di gi t alanfhavingarienal sgertium ap gy inpicherignial wectamdntieding axdurality The

receiver of claim 1%f_c;l‘{!ﬁﬁél§&fi‘hiﬁQ?re(?jeﬂé}%ngé&ﬁ@{hé R dQERE SRRt BaRe!  signal
spectrum fromsatellite conmuni cations, the satellite channel signal

spect rum conpri si ng Anfigugrdde peeyhegoarse-fuasanalon abringHenahie utpyiatchareined

transponder channel digglsyeli@, Be BdstEPInhAn¥] WithiPthe 8aRely GRN Kighab speciium The _
receiver of claim19, wherein the frgﬂuenc,y range of the signal spectrumis

. : . ang
organi zed into a plh§ingmixsd doyn foatitiake peatiom withip @ figaepe; rAnes propadRe: e

coarse-tune anal 0g TheVangbls l0ditRh blifig déperefiupbtle M&f&d@@a?ﬁ-tﬁxfe%%@é]ﬁ&in?i n. 22.
The receiver of claim?2l, wherein t%e anal og m xi ng signal selected tor

out put by the LO ciSeaaiand theidesigd chopnalidgd ni xi ng si gnal associated with the
bin within whi cligitahnedesd dire@irg haiiaahe doarsdl$ tunefsigndin@edtiames %eip@hndhadingn 22,

wherein a different analo ] XI i gnal i el.ect by the LO circuitry if
the desired channel %Q%P?tg‘ﬁglgftﬁl‘g’%%ﬁ%%(ﬁ@?ﬁér Qd??rﬁ‘ﬁ"g@‘é%soci ated with the
bin wwthin which the desired channel falls. 24. The receiver of claim 21,

wherein theyf feﬁﬁ%@&we,b&mi he m}ginitgw@gn Petrlih cShpri&la @hnnBQmalQYRELAPPI NY

frequency bins and a second set of non-overl appi ng frequency bins, wherein
t he bins offromt $stellit¢ cerpmuniqationg.othp psllitehdapehsienst speREms cpmpiging ¢t plurality of The

receiver Oftraﬁ‘s'pﬁ'jdgp chhneWREK &ki0rdnkiRndtr SHaki] indlhdiy alpURRiEdf bfodiatnlcHangdlIPr | Ses a
wi de- band

21. The receiver of claim 19, wherein the frequency range of the signal spectrum is organized

into a plurality of frequency bins and wherein at least one coarse-tune analog mixing signal is

associated with each frequency bin.

22. The receiver of claim 21, wherein the analog mixing signal selected for output by the LO

circuitry is an analog mixing signal associated with the bin within which the desired channel falls.

23. The receiver of claim. 22, wherein a different analog mixing signal is selected by the LO
circuitry if the desired channel overlaps the analog mixing signal associated with the bin within
which the desired channel falls.

%
24, The receiver of claim 21, wherein the frequency bins are configured as first set of fion-
overlapping frequency bins and a second set of non-overlapping frequency bins, wherein the bins of

the first set overlaps the bins of the second set..

25. The receiver of claim 19, wherein the digital fine tune circuitry comprises a wide-band

analog-to-digital converter having the coarsely tuned signal spectrum as an input and having digital



anal og-to-digital converter having the coarsely tuned signal spectrum as an
i nput and having digital 2 FEBRUARY 2007 WO 2004/ 093327 PCT/ USERRUARY0208%
26 signals as an output, and further conprising a tunable digital filter
configured to tune the desired channel. 26. The receiver of claim19,
wher ei n t he Wb Yio4/eM3327i ne tune circuitry conprises a narhCowskawoo’ésunabl e
bandpass anal og-to-digital converter édbnfigured to tune the desired channel
and to convert the coarsely tuned signal spectrumto digital signals, and
further conprising a tunable digital filter to further tune the desired
channel . Jdhalsthan bRER] 3@ further CImphisigld unamedigitan filtdd @ortRued toCidhd thy d&REPT | Ses
phase-| ock-1oop (PLL) circuitry including a phase detector and a controlled
osci | | at of*ame ﬁe phase detector receiving a first signal representative of a
reference frequency, receiving a second signal representative of an output

frequency f the contr ed Oof. enerating at | east qne control
signal to é;dj TR lj"ﬁ‘f lé) r(ﬁl’} e 8’??‘{‘%8‘“%8‘?{’?% ’BH‘SBSS%PW%’% 28. The
recei ver wmhabid imdpmsﬁ Znaldghemgitamcctnh@tetd&:ﬁguredm tutigthd dekitel eangeOaadrtd a:aserﬁh)ent r ol
circuitry to receive a.c eIection S| | ..an o.contro

di vi der crcoraf:s(ei}i' ng&lflﬁ“ 2] SRt g sl Nigng |Sra§(§:f" Hd BBk d ?gag%éil%taﬁ%ﬁef fe phase
det ect or ﬁubadmuﬁod%dmvmded versions of the reference frequency and the

out put of the controlled oscillator, the control circuitry acting to sel ect
t he coarse-tune anal og m xing srgnal output by the PLL circuitry. 29. The
recei ver &t clHiemcaver ofiiamdd.rwhelsim thedi§t qirgpitreepmpsiess phaselovk-lopi (PLIDegcuitry RC- based
resonant - inglhdibeh Wl désaor%namIct,i,tmnéan&mrtacdevpﬁ.ase%xt%a&meée% tURiNGeapl tipl e
channels wwth Tmulti-tuner receiver circuitry on a single |ntegrated
circuit, temfsRidengf: 2 rference fisguenaye Fecpiing @i rdpd stiged rreprergniatiye of 4 rAUtPOt wi t hi n
an i nt egr gldachct bf G bcintroiieh%sciuaro'ﬁ tand BEhiHR at lefdt bslbohttaY siBfl A%d 1ni;miiel aped to
receive a first signa 5ectrun1and to utilize a first analog m xing

si gnal ; afieAueEnsy BiieF O %%k #Prcuitry according to claim19 within the sane
integrated circuit, the second receiver circuitry being configured to
recei ve a_second signal .spectyrumand to_utilize a second anal og m Xing
signal . 3% ThEefRtel e ?fuﬁlg‘f" #éé’@ﬁ’\?@r h"s@g’t Areigy fufhsr pampgses fRRIFALIHCUSBr each of
t he fir st cafgraic eaeve eheinvietiection Eig’nai 4nd yq cohthet dfvicbmeﬁiﬁythﬁt@ﬁg'&ieﬂﬁe fike si gnal
igg_?ts;u{nulﬁle sg.crcfa(?l m ZF?O tlhm19(15e:adegcliléllr l%ged ao %ng%Ylé_etd \J léli%l:';]sc thg & ?S{er*cr ﬁ'd(ﬁl%&élye st Oge
FEBRUARY € 0#tput of the controlled osc1]]ator the control circuitry actmg to select the coarse-tune analog

mixing signal output by the PLL circuitry.

29. The receiver of claim 27, wherein the controlled oscillator utilizes an RC-based resonant
structure.
30. A multi-tuner receiver system for tuning multiple channels with multi-tuner receiver circuitry

on a single integrated circuit, comprising:
first receiver circuitry according to claim 19 within an integrated circuit, the first receiver
circuitry being configured to receive a first signal spectrum and to utilize a first
analog mixing signal; and
second receiver circuitry according to claim 19 within the same integrated circuit, the second
receiver circuitry being configured to receive a second signal spectrum and to utilize

a second analog mixing signal.

31.  The multi-tuner receiver system of claim 30, wherein for each of the first and second receiver
circuitry, the frequency range of the signal spectrum is organized into a plurality of frequency bins

and at least one coarse-tune analog mixing signal is associated with each frequency bin.



WD 2004/ 093327 PCT/ US2004/ 010765 27 32. The nulti-tuner receiver system of
claim31, further conprising for each of the first and second® FEERAARY 2007
circuitry, the analog m xing signal selected for output by the LOcircuitry
is an analog mxing signal associated with the bin within which the desired
channel fal lygg 20330938 € nul ti-tuner receiver system of ¢ giypddeovfaerein for
each of the first and second receiver y;circuitry, a different anal 0og m xi ng
signal is selected if the desired channel overlaps the analog m xing signal
associated with the bin within which the desired channel falls. 34. The

mul ti-tun receiv st em of relnthe irs m xi ng

si gnal |s%ha‘r3@8 “gti/m?%éecglé%ros Sder? é)%:g?l 131 \é\.'?tﬁgtﬁowvlqgf hf’ﬁhgtﬁr A second
anal og m secong rsaegmadusuimj/,lthe hﬂalogl:mxmmlg:raf &rl@tveérrbutpeab;hthetU@ecnrcul&ﬁ is aphe

mul ti-tuner er £ln,the ital fine tune

ci rcui tryaq‘aofg%[%ﬁrl SIgPala Cla g‘élgeob%{dﬂhzngveﬁmv\ﬁgg S ey ol gach conpri ses a

w de- band anal og-t o-di gi taI converter having the coarsel y tuned signal
spectrum gs anmeﬂ@ptm%mcm}lg,gg B Qhihab, ARG Sad % 8 SRR oon AL, B SO
conprises a tuna Pier conf | gure des channel .
36. The neifopitryt fuﬁléfpremt@eépg/emmwsmmscsﬁleqtﬁldaf mear@svem&ane«rlrpverhes dlpgmtl@gl fine
tune ci 1 CitiieXighftbesbdifd vl iR\ ARA deGRELURL fld Ul LTy each comprises a
narr ow- band tunabl e bandpass anal og-to-digital converter configured to tune
the desired channel and to convert the coarsely tuned signal spectrumto

di gital signalfhe ndRhuitl £0eifed FalelnSR Slaith F1 MRS EmEEEI dndlbe Inixhrxg%{mél Y sﬂéi'édt her tune
t he desired channel 37. The nulti-tuner receiver system of “claim 3

wher ei n t Pethe pernd respiyer Sisuismdf &p §rykand %%PPW“‘E&WIS%“ E‘%i’tyé‘!tfrfet“'ew@hannel
signal spechbméers, the satellite channel signal spectruns conprising a
plurality of transponder channels with each transponder channel including a
plurality of program channels, and wherein the first receiver circuitry
tunes a fB%.st Theandpoirdedceiedraniat oﬁadmnﬂhewlﬁaﬁﬂhddigﬂtaeﬁﬁé mﬁdfci&hlrrgzlﬂc'brttlliey tunes a
whorei n 1 A PrrephasEdREd T Sy bt bt SO Ao R R el 1 1 27
mul ti -t unerarselg o@pd/sgnalsystremaodn igdubindh@ihg digitaltsigesls asemwtpmamgal@ cbmprses

denodul at QFunEb‘?éJa‘?éeﬁFhltextc%nf eglt(yﬁ?eathgéegﬂe;i@ﬁ&&@seband out put signal fromthe
first receiver presentative of a first tuned transponder channel, the
first denodul ator being configured to tune a first program channel wthin

the firstsf uneg,thanape @é&%&%@p 6t clzﬁiﬂ dot heREOHE Hitd tﬁﬁe iuhé Sifcuihy RGGnPT 0gr am
channel as an output, and fufther conprising a second denod dul at or coupl ed

to recei vErshandisgfophieceyss sy e&é}tcwﬂsgﬁ gREPv-PIdiveble badpepelagie-dgialy WO
2004/ 0933 &onvéter. é%ﬁﬂ%@&sg& channel and to convert the coarsely tuned signal spectrum to

digital signals, and also comprises a tunable digital filter to further tune the desired channel.

37. The multi-tuner receiver system of claim 30, wherein the first and second signal spectrums
comprise satellite channel signal spectrums, the satellite channel signal spectrums comprising a
plurality of transponder channels with each transponder channel including a plurality of program
channels, and wherein the first receiver circuitry tunes a first transponder channel and the second

receiver circuitry tunes a second transponder channel.

38. The muiti-tuner receiver system of claim 37, wherein the first and second signal spectrums
are the same.
39. The multi-tuner receiver system of claim 37, further comprising a first demodulator coupled

to receive a digital baseband output signal from the first receiver representative of a first tuned
transponder channel, the first demodulator being configured to tune a first program channel within
the first tuned transponder channel and to provide the first tuned program channel as an output, and

further comprising a second demodulator coupled to receive a digital baseband output signal from the



second receiver representative of a second tuned transponder channel, the
second denodul ator being configured to tune a second program2dtERRUARYIZ00MI n
t he second tuned transponder channel and to provide the second tuned
program channel as an output 40. The nmulti-tuner receiver systemof claim
39, wher ei NMORBHYB3Nd t uned program channel is utili PEFUBWOHNOSFde a data
stream for personal video recorder op&ations. 41. The nulti-tuner receiver
system of claim 39, wherein the second tuned program channel is utilized to
provide a data stream for picture-in-picture operations.

second reeciver representative of 2 second tuned transponder channel, the second demodulator being
configured to tune a second program chanmel within the second tuned transponder channel and to
provide the second tuned program chantiel as an output

40, The multi-tuner receiver system of claim 39, wherein the seoond tuned program channel is
utilized to provide a data siream for personal vidco recorder operations.

41, The mult-tuner receiver system of claim 39, wherein the second tuned program channel is
utilized to provide a data stream for pictore-in-picture gperations.





