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This invention relates to receiver architectures for

hi gh frequency transm ssions and nore particularly to

set-top box receiver architectures for satellite
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nost ideal receiver ar tectur or an integrate
circuit froma bi ANDOASWGM:TED MEIHORS of view i s
usual ly a direct down conversion (DDC) architecture.
However, in practice, there are several issues that
often prohibit the practical design of integrated
Techuicakkietd ofthledmeentitin ons t hat use DDC architectures.
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partlcl!llﬁlz‘l"}atto%g—tgﬂbc;ﬂ‘écélﬂff ngﬁl?etcﬁpes @b thUlli‘ie tefe{)lsfép Qbh’ﬁum atlons
appl i cations, such as wth cellular ones, the
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l'i cations er.e b is not .a concern, suc
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severa jssyes tha often; B"é’g‘é’ﬁdh%Plia%Iﬁa]d‘?é‘rg&d’é dnteguates! eiquit implegentations that use
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satellite tel evision systens utilize a fixed
from baseband girewtry deated eonsthe dptegrated cirewitruhi cwebile rasphcmiqner such as with
cellulafr‘iﬁi@ﬁ%I #8 ]jd"&t'fs%@trcﬁia d {s §hd Uﬁglm Ht‘ftﬁ%lﬁ& fﬁﬁ{e@ 3L @ancellatlon a very
circuitry sensaste Ite m si gha
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the Dgooqﬁgteyolﬁ 'éanabiI gl!oﬁe\él a§1docrel {eh%c? Us@!ih aél\'mrg httﬂg .1.1 d o &lternal storage
esires t sat el progranmm
capacigra, € [Howeeer,r ELadiseas stilb asissveced vﬁerp@gl'adesccmsl shteylte toners that use a
DDCarcl:JIPf%c t he program channel that was sel ected by the
thr oughout the world, the satellite channel
spect rumsent to the set-top box is often structured
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spectriip st¢he 'S %Sﬁfﬁm‘w BN GrssrR PP SCPTGR 1osABd B3 Blevision through
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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



2 selected satellite transponder channel to a
pre-selected IF frequency that is close to DC. And the
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to DC. Direct down conversion (DDC) architectures
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spectrpifdg D oVAitge, downrsonygrsipn (JRlR¢) pishitechgrpaiidize 2 sippleemixingotigquency.
This rﬁkﬁg@é@%%gﬁ Qlesc’iéiﬁ@ tFe a?‘%?ﬁ@l@tfﬂegﬁelg&ﬁﬁatt@ ulFtORESEe selécted satellite
noi se I mbal ances architectures al so
ﬁansp@ﬁdeéﬁhafl@ééﬂ?célympﬂow band PLLs to provide m Xi ng
frequencies, and inplenentations of such narrow band
PLLs typi cal | y utilize LC based voltage controlled
ogwiihdieatest stGMGQB§J ardhipeetines arecdesitablst dieeats, the effivieDE)E they provide.

tu p S such .
DDC Qrar : o%lv\lf % &%%ir glf%? Frh% d@%@?gééés\;%as sgsceﬁt?q_%_yg% ;bfeC qnmse, 1/f noise
and I/ @ah labﬂamtfei dDDGIafchlteuulrbs dl® often neuivy mtrrom—btmdf?l@q teeproyide mixing

frequeh%a% :al%lfl ?g:%}egelg'ﬁg{i %e%lr ﬁgﬁggévg-bigﬁdgg@gﬁ prﬁMy %itiﬁge E&b%@é voltage

controlled esciltatoe Q&(Ds’)ODJoa/n]ET aﬁkﬂiltﬁ&tulbﬁ Gkt DDA lilehlt‘eeﬂl}é%[ also typically require

the usé A uenc f O 6&’5}?@ lg%dy%(&@gf&ﬂgﬂ g&r < h argl Q en difficult to

tune Jvéle%@nﬁéqu@ﬁcy%ﬁge‘d enY PSR profle 0 REMRAGH Ly ﬁ&( 8P |a¥® magnetically
this interference problem sonme systens have

radiatedrporserihaddifionetsrigionee REARrras arisp becepse seniegfipqusnuicihe e selected
transpglﬁieﬁj Qﬁﬁﬁ& ahPthe BB thix@e s‘(‘Q@f ar«t: B%lcﬁﬁ}qé{'tﬁeeﬁmte rﬁ%ﬂﬁ{%@f Y% drSvery close

he m xer input, divid (or doub
in frequergys| Td’t wivetthis imtesferercs [pf@le@[, §oras S){s‘mng hgﬁemmme@@:d receivers where
Bequenfy i REORTLChatIE Hfiad 0 S
the DleJ %Eﬁ@ nI %tse X a{ég dle a rv@la | réq%%%c{ ?rg g?ﬁ/yglgsénﬁ%g the mixer
input, Weldmd%is(or v@ublow rgnslates eﬁhv eElQC WXIlﬂg higoa @ta dlired evaotgd t fpequency.
Furthétnﬂsrgrxill%’ree thllﬂerseﬁ‘g Pes?&@ 64 he @eﬂge 1“?—:%11 Feﬁ\é%t %11 BDE:%‘XC% ers as well
ncy I'nter- o one afio par Peul art
as twwi/hwd@ retChleers,e’hH hbecth uanchmswto irdefere Wiln peeh thien andtein VCOs also have a
tendency e 1nte{ liolclﬁ \1/nécg Snee z}ngﬁ’l garacularrye\g elr%tg? s%?céegil t%ag\é{eoaéeé §Haélﬁlgls for each
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detail bel ow, pr e signi ficant advantages over
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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 digital processing, such as through the use of

a w de-band anal og-to-digital converter (ADC) or a
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architectures, therefore, have the efficiency WO
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m xi ng frequency while still avoiding interference and

noi se prabl e t hat plagye DDC .arc |tect
of usitipd SHEE TISE SRR PRSI oI Br{EieRsy Al pint pigblems that plague
DDC apiesaied. drawi ngs illustrate only exenplary

enbodi nents of the invention and are, therefore, not

t.o . be nsidered limting of its scope, for the
Desc”ﬁvﬁﬂpgﬁﬁ’hﬁ?m38ﬁ1t to other equally effective
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| Bis a block diagram for exanple

be utilized. .FL.G
Other%qg?lz)fTfjfefévese@fbpfhg’ﬁmﬁ'ox circuitry that could include the

receiver architecture of the present invention. FIG
1 a. bl di agr am of b ecei ver architecture
?gég s § be&E flﬁea%rfggaémxam éfﬁfl{l@ﬁet-ta? ey eaVepment within which the

receivbrodr @SR Rf e GRser® Hvbhtloalcold bEliizedD 1s a bl ock
di agram of an embodi ment for coarse tune circuitry.

FIG 1E is a block diagramof an embodinent for a

| %@ er]ﬁfs%poll)&‘-‘(ﬁz{gré?ﬁ GdrlekAh0E satéﬂlt@setztﬁa béx rcditRIhA AR include the
an exanpl e channel spectrum signal w th predéterm ne

receiverrasehiifesiery of Biemsesenb aitieg- t he channel spectrum FIG 2B
is a diagram for an exanpl e coarse tune signa
spectrum FIG 2Cis a diagramfor an exanple
s&l@!1G isa k&ld)@rtﬁagr@p eCbasigrressiver erchitssiuredcaldmgeths present invention

utilizi ﬁ%%gﬁ?%’ hﬁc %%QI oscillator frequency or a

oun ary FIG 3 is a diagram of an
enbodlnent for a overlapplng bin architecture for an

e annel .sat ILte nal spectrumfor a
RIS 3 R1ogk HAPRS of AR erhactseche B iiee SR GHINE, op o
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nalo ital verter, and a narrow
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respectlvely WO 2004/093327 PCT/ US2004/ 010765 4 FI G

5A is a block diagramfor a two receiver architecture
| St %S griliagran fiy e cxamnig g spesiri giepal vthqedetspmiggdfrequency
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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.



oscillator frequency between two receivers. FIGS. 6A

and 6B are bl ock diagrans for exanple enbodi nents for
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box receivers. FIG 7A is a block diagramfor an dua

recei ver inplenentation of the receiver architecture

of the present invention using w de-band

a og-to-digjtal converters. . FIG 7B is a block . )
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conpl ex tunabl e bandpass delta-si gna anal og-to-digital

converters. FIG 7C is a block diagramof an exanple
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__reduce the needed tuning range of a conpl ex tunabFe

oscillgteritpauensy bawpradive rsgeiveisequenci es. FIGS. 8A is a bl ock

di agram of an enbodi nent for adjusting tuning errors

with respect to the conplex tunable bandpass

d &GS -6 griebth erg| bbapktdingdingi fonéxampleventodingnisifort previding satellite dish
. i f . . FIG 8B is a diagram
SQ”“?E%%%Q%%%?W@b?gégéW%§a| correction of FIG 8A. FIG 8C
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a enmen fween. a tunabl e bandpa . .
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a multi-stage architecture for a digita

down- converter and decimator usable in the enbodi nent -

OfFIG1 7B is 4 Block Hifmgra@Bot 4 daltb@sler BAAGHAMISH oBKeFBéifer architecture of

stages for the architecture of FIG 9A FIG 9Cis a
the preseRf dRvepiigisigcompiex Bvphe banapase Adidrsigmagnalge-ta digital converters.

architecture of FIG 9A wutilizing a fixed decimation

in the non-fmal stages and a varjable decimation rate

i WIGHE is phlack diagige of aprpxamplerymbedignegy fog peavertiag negative frequencies to
reducé_jtﬁs fddbd¥ullflg fan a6t L orr{pb&( tﬁh%ﬁlg bhdld Lﬁ% %&ﬂfv@ lﬁlaetlenéi@sag e

i npl ementat fons of FIG 9C. WO 2004] 093327

PCT/ US2004/ 010765 5 FIG 9E is a response di agram of

a [ 3 -]

" BLREAIR & ploBRBSR o bifhod Ry KA R b oot 0 respect o the
complehtanitie/mtipasndeliasigoraesdng-to-digieh tonyertgs mvhaeshbodmeat ofdiG. 7B.

architectures and associ ated net hods that coarse

anal og tune circuitry to provide initial anal og coarse

t BG83 ioh didemmrregtehtipthd Sgnal edrtentian af #0@i8A2d  Si gnal

spectrum In the description of the present invention

bel ow, the signal spectrumis primarily described

WIFId scesmﬁblo&lo diagfai €drl 4 h&sklgﬁﬁﬁp@ﬁﬂ%rmﬁhmﬁ_i between a tunable

spectrum  _however, it is nqte t the _receiver
bandpas apglessiordise! chvierire {RRsERY) B 2 {’]ﬁ Palors /R Don

could be used with other channel signal spectruns

utilized by other systens, if desired. FIG 1lAis a

bFH&1OA isady ¥5>ﬁk fligeraghotea msi-wage Arutpsire feret digiiy dowrp-converter and
decim&BVishOIB AL ertdRikdrk BF G, 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.



whi ch the receiver or tuner architecture 100 of the
present invention could be utilized. In the
wereddasent depicted, a satellite set-top box BFRUS2004/010765
receives an input signal spectrumfromsatellite dish
antenna circuitry 171. The satellite set-top box 172
processes this signal spectrumin part utilizing the
receiver/tuner circuitry 100. The output fromthe
satellite set-top box 172 is then provided to a
t BIEVDEIioNn, reBpohsslAneASS ot b etk dew ﬁﬁaVS:F@ltep lforOthB &on-final stage
. devi ce as _represented by the TV/VCR bl ock 174. FIG 1B
implementations flG d? Ggram for exanmple circuitry for a
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DetailRCBeSRHptRINCHT the Hiveioh00 of the present invention.
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can include processing circuitry such as an NPEG

der. e .o ut of the processing cifrcuitry 1
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transpQJdeF DR 0PRSS bﬁ}gut%ig‘hgly hid Y :h%:% %eli g?% ggrggﬁgator 180 that can
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Sele] 0
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one tuner providing the primary viewing feed and a second tuner providing the PnP viewing feed.




transponder channel s between the frequencies of 950
WMHz and 2150 MHz. The out put signal 108 from LNA 105
WO g00409332al | y tuned with anal og coarse tune ciPCTUB2094/010765

102 utilizing a local oscildator mxing frequency

(fLO provided by |arge-step local oscillator (LO

circuitry 106.. The large-step LO circuitry 106 al so

es a coarse .ch el Ie pan signal 162. The
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circuitry 102. The ‘channel spectrum signal 108 is

sent to mxers 122 and 124. The output Q signal from
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mixer POV EPeoy1a e SEVBLE] 9 HREH 130 e 12ebitenfby channel

spectrlﬁﬁ bichal 108 with Bd Elgﬁdl l1y718estoRYe b6 Imaé%eﬁ%iai- a3 fﬁfr’[ﬁie gc%lf]se tune I/Q

xcept for the degrees phase sh t ween
51gna1531|18n§pd pepr J2dymixessthe gl a@pel |sEc‘Frgm sigpald 8k with ggrsggﬁﬁlo]fZS ghprowde the
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frequentOdr theemixeBanMahd Wod. hiitnis a6 ndR8hdt YRR bldak 126 8BS b Gfdified, if
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108. In the enbodi nent depicted, the | ocal oscillator

m xi ng frequency (fLO 116 is generated using
wW@b@gmoizork-1 oop (PLL) circuitry. The phase deP@rUs2004/010765

152 receives a signal 172 that represents a divided

version of a reference frequency (fpF) and signal 174

that represents a divided version of the output

enc LO 116. A reference frequency (fp.EF) can
local %&1 ’éleé’eitaeq“?w (%sa)ahl;ﬁ fy direrdly epd Ryrtle miers 1§§ éng i’%& ¥eept for the
90 degkbdt phéEQ@hﬁ%EﬂéEn @t vhdg [Yﬁa%li 19pcillator 164 is
provided to divide-by-Mblock 166 to produce the
signal 172. The output frequency (fLO 116 is provided
t
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ener S|red ut,put fre L 116.
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recei ver architecture of the Agr esent invention allows
the phaggrdeteciop 1§% andpgonfralded gseidlatos &S54oast itagetheivto ripvidi phasdeloeletoop (PLL)
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descriqu\immberdebasbeldwr ing oscillator where the delay of
each inverter stage can be adjusting using one or nore
control signals as the control input 153. It is
nhi erativhehepiasedetdchatl 52 pivides ¥ asrtet pef 15936 tHe'o@ﬁtﬂﬂled oscillator
hltecture and associ ated contr nal s coul d

154 g0 GPTTHHd b OHPHOUTReg et the S erbrel At 1. dbneRBre of this

control MPett154 S3l dePBhSupbh @R RbikQtuyeddbh 1@@%&& all Bnt¥¥iled oscillator 154. For
2004/ 093327 PCI/ US2004/ 010765 8 architectures is in

exampiga ffa ypltest eenfrrbed psailaten AHCAhis e, dte qonEolppput il ph eancigplude one or

more VoRagtl dohtr@1@shnd ! IF iidlBink Bchldkd: @fchHERurOts dtiliSePHLERERICO, one or more
i nvention, which in turn causes the output phase ndise

voltagq eontohgignalineujshiesused frotostsolpmeton enare Fasiablecapasitaiory witign the VCO
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each irazngterrst,ﬂgb esn lm‘adjustlng using one or more control 51gnals 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



di fferent channels, such as channel 206 with a center

frequency at fCH, and the channel spectrum can span
waey4deset ed frequency range. Wth respect to BeX/Ekio01/€10765

set-top box receivers, for &xanple, the channel

spectrum i ncludes 32 transponder channel s between 950

WMHz and 2150 MHz. In the enbodi nent depicted, the

i SRR O P R R o e T e 135 oS8 v e
architét@feé gflﬂlﬁa PebsEt Milventﬂnl\@hwﬁhﬂ\&m caus@'tﬁl( dhtgut ;phaze No to tE@ﬁ tﬁhe phase
pre-sel ected LO frequency, which

a sin
noise aﬁﬂ%egrﬁéfeeae pHefjtor Vg2 Wideg gpecirum rapgeofsiely) - ‘muefbweqwred Vveo
phase h6iSe §e&ikiEf@ns. channel 206 falls within the b| n, the bin

LO frequency can be used as the m xing signal to

provide the down conversion of the desired channel to

2 Fic; SN 80 QY dib AR FoR bR R hdrelt ' i i

depi ct ed, chlaf%ne ° 206 1%11&00w tﬁl ﬂﬁ%%?%gﬁgfﬂéownh predetermined
frequeﬂﬂe‘qmeﬁmlsﬂmg_@ chagwel bEeCUEYe éO&sTheI@aImekspngﬂm gnaiclude pny number of
dlffere%g%%%e(fs 's%clhrlls Bgaélﬁeﬁrsffg it 2 d:ertlter Iq%%rﬁ:g’aggggan\éﬂéﬁ%&a%l}%ﬁsp%zﬁum can

span any dedired G&qﬁmby\mge eNaih kdeltrte q&telﬂiﬁ‘e)/sehwf‘a HoResteiels el 8thmple, the
t.o be the t hat frequency

ted,
chann) Spednusn ety %trﬁrfsaé\nféﬁ efiBiels B hon MR pt Y M I the
embodih &t rd'eﬁb'l‘é@ C{h@%cﬁlﬁﬁ‘ 2be bé&@f@ézneﬁlecﬁl@nonﬁtﬁI afld E%ag %QWQJPed into N

upon t elnp ement ati on desired |t|on
dlfferqzldnn?, edidraes é@lgp@tﬁd BIYL, B&W4 IBdJNbe Bﬁé@J la)nBlIﬁND f anerbnn has a single

uen i.es . coul d aIs sed e en
pre-se R P ER e, B R B o ifes 200> KEfngl i desird
channélal‘)G s @mﬁiﬂipheeblﬁ GH&’ 5if Hlﬂ‘di’iuaicg oal be&ﬁ&ﬁisrth’éﬂlﬁdt% s@nk186 provide the

it has be uency fLGS.
down GRERIBIST TRAESIR n‘i]i‘éPnegﬁ‘eéti% S BIrD o Bt smbodiment

deplct&f‘ 3hanfi1208 %{lls A3fin BIST3 anlW L@H&@%ﬁ% Bds c%n B§§§éh taé 8 mixing signal. In
re Uenc&)t hat is eq Ua to the channel cent

additiqng @fheeere d(me@r-ﬂepmteniuﬁle width 202> freasdi iy hsﬁsr@qrumgtd (d be@BY same, and
t.h
the Wlt&ﬁeZOﬁ %@ﬁ%gﬁj g&c‘l?lqd% ﬁb({\];g {gg ﬂa¥ bgé’;htsﬁpeggﬁ tgb%(ﬁl% sgr?lvm {Eslg P?_t@thowever,

e spectrum 1S no reqg UenC|eSf
that ﬁ‘anldncfyzom siz¢sO0Bd  LOFfr@ued@esi @n de dlo&gmﬁmnbodlstabuted( aipdae be varied or

A T M T M0 T

could BS4isaivard diffsreat iinbetsoofbi@ flrquendis YoullFialsdthe used depending upon the
implerS QRS Jdgrl n% channel 254, its channel center freduency
P “(‘?“84? own as sitting on top of the boundary
betvveen BIN(N-1) and BIN(N). As such, the LOfrequency

f 1) for BINCN-1) or the LOfrequencnyO(
Bkﬁ Ell_? %aﬁla ‘"Jlg\lé:@ eéémP]r@ ﬁPaé%‘H?%ﬂgrlﬂ/ SRepfErn | Fhafisr Tt has been mixed
with Lod@&ubiddy %g)é by s abiE the RAMHREedrtth 20¥04s b&A rx‘r?dég_(l)%d & channel 206

channel its channel center frequency (f
is nowglantered ata sasultlmg@equmcmaz BC4n4) 93 B2 Chdnod)/ deﬁﬁ()ﬁédu&ﬂo@ (f28) minus the

of the LO fLO or BIN2 in

Lo m‘éﬁgﬁlﬁ% fenetBap)| |T[§e SIS ﬁaé[a/évs Piee}zmi‘%irdoew thafyghp gpectrum

UsBfled e BHedudd Wy £ 2 the channel center
15 now reqaengy e?% AC ﬂl%y aﬁdég% DC thereby in effect

causing a dlrect domm conversion of channel 252. This

[ undesi r.ab sult ar di

IR B Y an BB PR g o, Wt desrp channel
252 owetamreebin Mﬁeqnendyamé atdeardd@hﬁmeqmrlﬁpgra tilkgo-bibibburidary. First,

. Which it l1's, the LO frequency for an adjacent bin
conSIdErén,g g@ﬂ.ﬁfg@g‘l,ags chpangl ‘B?Ptﬁb %E@ep?y)éqq@ﬁcxsg sh. OWIJI as sitting on top of the
boundary between BIN(N-1) and BIN(N). As such, the LO frequency fion.1y for BIN(N-1) or the

LO frequency fLo® 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



As depicted, therefore, instead of using LO frequency
fLO2 for BIN2 to mi x down channel 252, the LO

wo e@gieasey fLO for BINL or the LO frequency fROBUSI®N4/010765
BI N3 can be used as represented by the arrows
identified by element nunmber 256, thereby avoiding
di rect down conversion to DC. It is noted that the

deci sion of which bin LO freq uenb¥ to use can be nmde
top of g 1.9 Feaepnan iLozafforaBWd@ W&h.cawle 52 falln Jf BErfepanegg fioz for BIN2

were usgcp tt%gn?lf{ gﬁwlu ﬁl@agflél t532 REL ﬁr%ll At E%qﬁe%@;g {TF}E}f‘%élgd lgl?é #YE thereby in
effect eambmg b dB6d dSRDcdnOErsian oﬂ&ﬁﬁﬂeam rT@lsbB Bn @fdefitabrReésult @cchating to the

. an le 32 transponder c eII te. s a
archit e O PPt HYEpRy § ?ﬁhegee*?‘ @%ﬂﬂ?@ oY% aB%\‘ih’F Fgﬁfeavency for the
bin intWh&h iBAIEIthd 1.6 Hef@dnsP A 48 bdiahankig cad PGl Wihd ABxing LO frequency.
i ncl udes 32 transponder channels between 950 IVHz and

As depigisd) tharpfong ingteechedtusingdth @qusm.‘/nfgo:aﬁmﬁmé 70 gipgpvnyghganel 252, the
LO frébcisﬁencxgyrm d@g IBngg tﬂe %03 eqlg]lgng ese ?eman ands zpsorglgrgsented by the
arrowsr ﬁartﬁ"ﬁe BY Sleinbr@t n\amﬂérnsafth@&t@zmmaﬂﬁlg dAsct dewin édrgwslefﬂ td IDC. It is noted
he enbo .3 there are 23 overl a plng s . )

that th@é’ﬁ?‘?@h PgﬁfﬂEgtb 8cfEFqH‘?5]ﬁ¥>é°r‘é38 AR e maé% iz engy ‘%lalﬁgde variety of
cons1derat101ﬁ|uEE ding % 6h tiaépzﬁﬁ&ﬂarﬁt#mé@tﬁ(ﬁﬂhnb lstSgrﬁiftﬁer{oB'ni\Blve@]-M

. e wi dth of each odd bin 320 as

deS|gnated by el ement 304 can be selected to be the

S @f@ 3idh ﬁlagfaﬁ‘lt 4t 20 EmB&GRent 8YELOr B Bve%lggplﬁ’gc‘blﬁi %h%ﬁﬁ@ﬂ)r BY example

el enent can be selected to be the sane.
32 trapspendes cBameh patellitg Bpeneh ppeplenng doree tielevition Bt-teth bms aﬁ‘% pamgular the

satellifd 6&9@@& ARV &REN R Jﬂcmg 39 Msgaﬂde ﬁﬁeg penb@e\ae)sa MHz and

requency aESOCI ate cated at
2150 Mhlg vaibreaelr chafine heinppbpub 37.5 éﬁi@waﬂnt éd dblylcﬁh@hdmﬂ )@ represents the
' t The. Wi
e 8B 3, LS LNl i s
configoed $rethe bmbcaiuhen’u 306 mlmlne as 2heteviegming bias d_oﬁﬁgureﬂquelﬂ odésumbered bins

320 (}%ﬁg 1.:23 P?l(} %iga{nlshﬂlg ﬁave ereé Fﬁls 29{]@3\5 %Eﬂﬁﬁ E%Widﬂ’l of

each ddfl bap3des Wesigeted hywtémnesm dinrne sblSctbditof bet the saMedt'l’heoﬁldth of each

even bEIEgZZa gi%g%r@g rdﬁgf)r%:z ?;%PQ Og?ean Y)V% Betlef%d%ﬂﬁez %n %ﬁrgg \?MA%]EI ﬁﬁehxgldths 320 and

322 cdnl RORBIGY tSbee Bahavesn dis@sieﬂ&ﬂbk&il 62lcﬁS’onf &in be conﬁgured to have a LO
consecutivel y, red |ns becones 50 MHz.

frequeggypspsisidgitihit Fha%ﬂsg?ﬁateé @t thp gentet Hleetgn %Snvﬁwa%eﬁ@ﬂ Py fgglotted lines,

such &ehd&ﬁadl IRE B0€ dnhesper fraé FBME Setvdded Iﬁ(ﬁffréah&iafey #doctaR8 with each
recelver arch|tecture of the present invention by

conseqyfing, bt pidsh ras hgtversh éhe Iaﬂcﬁeqﬁfélc}ﬁﬁ ey ?B‘”ﬂé’é‘él%l%ﬁéﬁr‘i’élthe same as

des1gn‘943@ $§ efefiRhEI12f MRaUan %ee\ﬁdtﬁl%%@n 10 PQuéicidsde c&@éﬁﬂg@eﬁy numbered
between two bins. As w be discussed in nore detd

bins isdalfdhe width afghedfinse if orj@@mphblrf widtles 304 @nd, 3¢ afiies agd andbeven bms are set
?
to 100 955 H€/Tuth Br Boo BhAMD NI RHLE Bt fof pBRubidy pumbered bins
becomfes feMiHzne circuitry 104 nust operate. In selecting
the -bin configuration for a channel spectrum it is
advant ageous to WD 2004/ 093327 PCT/ US2004/ 010765 10
| AGreadeppinigebif pebitency ssteg émﬂiodemnt BQD, thelpg) ireproveethe performance

cent.LO‘f enc S fro .or nor e,,
and ol 0 AEERGHGEPEh FIRENS] 18 s Rt Rt oy tofyEing redundancy and
helping & @bdlvd @mﬁrecsa;vnoeé cefef fr%@fencemiag;bena@aé &t thedboaudir@between two bins.
rference w is also

As WlL\ére 1SeUsERadn gnozfeo b‘efiw i Oﬁ?rb%%wf‘ytoslf%de&&% gqre 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



the LO frequencies to reduce the frequency range
within which the digital fine tune circuitry 104 nust
woep@rars2and to rel ax the design specificati onBCT/U820041€10765

digital fine tune circuitry0104, such as, for

exanple, low pass filter (LPF) circuitry and

anal og-to-digital conversion (ADC) circuitry For the

n‘@l(}8 nt 300bf Flg\ 3, a 50 frequency step.is
increags, ke Tequensv, siep befse LOffsrauensies sp éﬂresﬁn%@pfrewws Trom two or

more @El‘éted&[ewéﬂ; hha ibeaed afulti-RetMaR NIt Zhd tir ehugh apart to avoid
equency step while still keeping adjacent LO

mterfer?néa HER erfélsoths%éplalpyr\@a it 1§ alig afantapRons fogedise dhe faquengy step between

the L@!f2Quddbit £ fehbdde the £E IMILZy Ifaﬁgéqwﬁﬁlﬁ YwiidnCiRe AR al ﬁ’ﬁestgné) Eirc‘ri'ntry 104

desirabl e frequency it is further not
must qpergisrangl feplpxibe/d %tgepse rcathzlé rﬁ(frrt@fuqhaltal Sins tur girgyétryc Higs sreh as, for

exampie @@v@ gﬁs@ GidP fihrPPt) Qﬁcﬂ@# LAt gg% e %%q%ﬂn{ gﬂ?@; Srouitry. For the

I nvol ved fespect 1o St & ers
embodiment 309 p’féﬂﬁp&)mj@rl\mh é’lrmmncsssrtgnla Ionasme@nahjmlwevfmeﬁle fr@cﬁ@ncy step

at or

wten PGB0 GO TN b8 LGAAEAL P, S g g siven
LO fre_‘q@é)lciélsizepaﬂ'dtﬂ.dstp avinid rigetfdrenc.r ﬁqsl ele yiotsd €t & $0 MIDSREUERY step may

be or nore, t aar tuni n rovi ded b
a0 320 PR BT o008 B b Py s o
configpiativrisaeny for ehpsemdspesdigshon tpadicelar ddoign tdqiREmas iFRIIRA.

| arger than traditional resolutions. Because the

bandw dth of PLLs that provide these |ocal oscillator

O WifhrespBétdD SlafidaidveelFte R@HR NG taRfanspdader %ﬁﬁlnEWﬁnﬁﬂpE%ﬁum between

N%&lo of the frequency step,. traditional PLLs woul

950 Mz gad £ 0§ Mbz:rthg oot aliterpizing dregusacy mprlutians arpyigaily on the range

of 100CKOME. I Bififs, witdrd metﬂcﬁuenlcﬁ'étgﬁls%@&n ko6A! 086 Fil7 R bR gI e dolie tuning
present 1 nvention, the bandw dth of the PLL wo T

PYOVIdF¢ Re e Iaigeiisp @saiiaton ofethe preagnt dfventionanpovide irﬁngrev steps that are

100-tiERE HHrO ur bl %ntﬂgltfoﬁacl %édfu'n@ﬁk Cﬁ&%ﬁ@ tlIeoEan{ll\b%thC g r‘Ir%g that provide

tune frequency steps IS note hat these
these Iggad ogpillpidr @@ﬁ’uh@g@m{B e sbamddﬂmﬂmm age typicalhe 1/30 06 ihe (-frequbncy step,

trad1t1(§1§ldﬂ’IfLr§]\$du | g ctédrw ﬁguelb g% t%gl{‘a% e gf‘l%'l&@z tIﬁ 8?“259‘%@ with the

I ne tuni ng a ure |scussed
large-step Iocabtpslcnlla@bbethe meseandmtmrﬂyaebanﬂwﬂpo itleeRTilowsuld kb yBd more on
limted to these exanple emﬁodinents, frequency
ranges or bandwi dt hs. Look? 8'to channel 308 in FIG of
1-5 MBz ox lugliles, depeamiirgdipen thei msolutien chaan &r tisp@aise tite FteqlentPatps. It is

over s the LQ frequen fqr BIN2 apd the .
noted |t (PP cirRcpro g 9 R 6 Ul gt P asIdgitd s tigpiting the
inventiog. | 'Dh?aabémlseahna@ckgOtiﬁnnkom M dighs] dinszUssEitbcRRO MBcWbddNherein is

e to FI 2C, O mxIn frequency L2
applicqf fpg it pee oawais BowafL" GolEfsde fhepsoeme lsrARbPamens dfequency
ranges @PBdMaR1dthE08 t o DC. Rat her, the LO m xing frequency

fLAO for BINL or the LO m xi ng frequency fLO3 for BIN3
could be used to mix down the channel 308. It is

NOSSRehgt th %aﬂ?ﬁél Bew | innEIGO\Be itl [@ARIRE FifGAHRNGY Eﬁéctrrﬁﬂ sh&R that it

freqﬁency closer to the center frequency

overlanshe @ fedisasior BRTEm skt toutstary afIN| fst BBampich areitoth designed to
be locRBd Yt bRt lﬁﬁmﬁng nﬁﬂ cﬂécﬂ&eg\élg& n#&’ e%nsggct % ngg t%eo mixing

provided in t odi nment j acent
frequer® Gk)> 09Q B ot RETik4dS2 @0 @ HFFH Fowil LorlvEdsivh F algmﬁerl SQ8Ie&NDY. Rather,

woul d have been LQ. m xing_frequency fLO for Bl N4,
the Lovmrixgnlg f{eguefr@b g_m_éorﬁﬂg }.nor thg LO mgﬂng fre¥1uency fLo3 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



the LO m xing frequency fLO2 for BIN2, rather than the

50 MHz frequency step between the LO frequencies for
w®bkad2/ogasel? Bl N1 and for BIN2 and BIN3. As st at ePICHDS2084/010765

overlapping bin architectute of FIG 3 hel ps resolve

boundary or inter-bin channels and hel ps reduce the

bandwi dth of the tuned signal thereby reducing the

bandwi dth requirements for the anti-aliasing filters
LO miging freﬂt@aascwwgd have bseinbPimiging &?@ep‘évqfwf@h%m% whish ISAlrﬁé MHz from

[.CUI t
the L(? L pixing {“r %juen(iyt %LP;ST% ﬁﬁ\g ?%lgetr tlgalcmstpﬁl 5?%\&{% {é}g efgc@t stéput%?ween the LO
frequeﬂdl&r ol (BINR Qanidi BINAP priicD @t hBRN2UArdl BNHChIA@\/s@iﬂedbybove overlapping bin
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the tufdte s1§m|thér%sakedbﬁﬁgfthé béHva-i(hE 16 maRp i fRg tHel dhti- allasmg ﬁlters and
architecture, however, is that nore than one

reducipg i seRRlingriae seAuHm RV Y RS PIFRI A mar.‘/é&u@?ﬂ:gn th%ﬂlggal fine tune

circuit eftelemtEﬂ Qlet di g e foatlﬁé %Veriaﬁﬁﬁé b agp ?dlb'ﬁ‘ dane lSe achieved by
4A and 4B are exanp gf enentatlons for the
ug

expancbns tl'@ nuEbe Qfelronagveuhapp@@thyrrséou g the freguensy Isiendempen adiacent LO
| ' .
frequeh‘gﬁsad(;)&% ltl fﬁ%g)gn%’%%? F ngﬁ%ﬁ’gﬁ%.bé%%m ?tuf% H@sf/évglw 1@@%ore than
one bigihag lheemr@esm@ated ssegpeing thelsyme fraqueaet faogd, drereby myevdding atdesirable
lm@“éggugﬁnf G 4A utilizes a w de-band ADC 402 t hat
celves coarsely tuned signal 110 and provides a
d| gital output to a tunable digital filter 404, which

£ IS VOO S raEpte o Bruras T e P e ghgieccte woine o

Wide-b'hﬂ@ADU‘liBr the i Efigh tghd éitcuftiyl 10€ indH darttiv bandesnable bandpass ADC for

e i e S et RS b il B SER . it

w1de-Haﬁd h@morz G te¢ EiSest ddbrselg Qb ELigdal €TURA cpyov(cfeéikl)hgﬂc%ufpaf to a tunable
desi red channel . Enbodi nent. 4

dlgltaluftlter (%o @/high n pr QDS g dcge@h?ﬂswg Flg?aé%al 1)2 tFah o ing the desired
chamgﬁﬂﬁ&f g}% 2 tﬁenaﬁabﬁee&gitaﬁﬁte; hgy ﬁﬁ%@@lvxnmmﬁ@quency (fy) 406

provides a digital output to a tunab
generaﬂaidg fqraekarﬁplb,t‘te'ra mﬁﬁencﬁldzr cangmilerigoseilator] (I@¢®)a+1080hhmputtumcrecelves the

e Sy PR AN, BT B o

band @&EPIELEE resl) anasle bapmi)dgstmoo a2 tHantdagivef thé bear@dBsiufi®ickignal 110 and
chanpel is provid tupable digital filter 454,

providgh# digital, guinut 303 tugalq}g IdfgéfB]I tglter rd'ééhug?fcwmﬁ %e digigg! output to the desired
channél AL RlEH:bahd Ba:ﬁ?sés';f%ﬁc RiYiz& @Y 'E@l{tércﬁédu&c?gﬁ%ﬂ alh qgr the desired

osci |l ator that in turn receive e center
channélr éqdmnna} tt(nﬁI@H)f tlﬂ@ldbsrt@rchmhlel id pwivided by Herturable digitaj fdlter 454, which
tions fq& rOV|d

ut111zef amaw&le ge%uﬁlgyggzﬁggl% )Fefa[ﬁ'%l r ex a pném%erlcal %Sntrorh[%d oscillator

(NCOJTH38 thktein $88 iréBHeSMBRBRbr mlh ot i) flﬂﬁﬂthb%ﬁﬁéﬂ chdnnel. It is noted
frequency and do not m X e desired channel to DC
that theeet implementatiens fonprpedaatine itowng efdhe eqpeselyriunedhanssl spectrum do not
mix thte%ﬁreﬁl %‘ef &&(mltg?a iti)&d ettﬂa ?regl?eﬁlﬁpr ﬁﬁil docntb@ﬂﬁ)glthe%gl%dtcﬂannel to
a varila ocation wt n a f ency range aroun
DC. B@herathese Iitememhmjlop&e pfeothenanalpgy poamdie von vieguilino h02a bedmix the desired
i | fj [ 0 Iy~ t
chann%h(g)n rr]lzt Sélaélc lgc%tl%l &%ﬁ% Ky erc{ﬁgﬁcErl o%‘%% agl&gﬁr%cr:ﬁ éﬁpetgeﬁl they perform
digltale:ﬁbmmmnﬂ dfgﬁiﬁ)l fileringdirasdy pethis coansela tunbd ¢t£amlelh sectnoc.at ed
on a single integrated circuit.. In general, this
enbodi nent 500 duplicates the circuitry of FIG 1Cto
PIFLGIS@eis 8 blbuiatiagref @if Wesmisidiient SO for £twokb@ivet drsliitecture located on a

smgle\r}%(e:ge%ilrcgéggz des aﬂ§%%ﬁlﬁ)6€%$l§:5 0 n(ﬁlpf:clza[[e%l% g [: cu:ll'tglzé' FIG. 1C to

produce a dual receiver architecture. The first receiver includes analog coarse tune circuitry 1024,




12 large-step LOL circuitry 106A (which outputs a
first LO mxing frequency (fLA)116A), and digital
WO pove/0933eE circuitry 104A (which receives a fiP&L/US2004/010765
center frequency (fcxl) 114A for a first desired
channel to be tuned). As discussed above, the first
recei ver coarsely tunes the input channel spectrum
to. produce the internmedi ate coarsely t

large- %T*Pa]h(% Pirgiitgih KoM Fevehepipuisie ﬁrSaL& I{Hémsiresveéleﬁé éfs@éll%w@d digital
t s I
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channél]:éme tuﬁedm AadisgussetiBovecthe ﬁdst reeeleer\cearsaly}mhesdbﬂnpmtahmgel spectrum
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this méﬂaLﬁBZ]nkIl_y&B)e, thatithnakbl ghd &l prcﬁduﬁediglﬂz{l ®asebandGignhle Yorlﬁ)ﬂﬁst tuner output
1 (\ghi gh]gr ceives a second center frequency (foj 3
2.t Sitfitye BBl are R CHEAROAS oBe® PR LIS e LO2
clrcult'i'ye GOIEY BhiGPSEHRE ¥ b8 Bfxihg) BeduethARNS) 11§ﬁ)9051{diﬁﬁgna1 fine tune
O8AB to produce the internediate coarsely tuned
c1rcu11c5h HdBdvhish gwailveslalsemdanntelt fngnersty gﬁcﬁﬁll IIL&ZB mr ac@ssddesirtd channel to
Si I nel. hann roduce. di.qital
be g0 e et gREGer by, B BEAE sirfetGuri 0P8 froduce e
1ntermie61aiﬁ @ba&ﬂ:l}t tnadd dhbnel digwal 1 10Bednd e QAR brocedécs GlS ﬁgﬁl to finely tune
her ei n f Ie [ti-tuner sat Ilite receive
the chegg g Preh e PasEhrRe SteRel 5 i Pl it SPYH Ly dsuipped that the
two tuh&VeboligiRtnt€ Aiskbeksddehettin hieZR8p10 Iﬂuﬂf-ﬁﬁér%tiﬁlh@éjx@betdf& Babodiments and
receivers wwthin a single integrated circuit. Because

that the gechigechirg Oﬁ%mleﬁfea}nvwep could be utilizgd o @tear@teeadﬁlﬁ%@ Fegpiaers within
a singlelift6ghtbd diftufche enbodi ment 300 of FIG 5A it is
possible that the sane LO mixing frequency may be
sel ected for use by each of the two receivers, such
t @@éaugé-tgere aref twBocal Gscﬁﬁcfd?s Q‘gﬁngle 11#9%&%&; 1&'&1%5‘1{? tl{leV@nbodiment 300
frequenci es can be preci sely ﬁ
of FIG. |5Rxeitys possible ﬂ@t @emmh L@auiningtiteguency\may he se&@tedtfome p each of the
th pr ! em t duI receiver htec ure c
two reb s BUAN B8 Rorc Tchad oi6E ons Peled G LS REEnG B sagerecisay

matché@tlﬁy xmm gkéiy ﬁiﬂelﬂi@fb&yﬁtﬂ dach 61hEC WKEIna BEIEFonvib Bi€prbhlem St Bual receiver
in fact selected for use by

arch1teé§g$aé}b%?1wg{efr\%gg£ ?lég dhay él}estwc)fl ERSLVeLs shitep) single L) pixing frequency in

circunBHRQA iR thé Yndf O Mhing FRAqudnBE 1S & ReloQdd Fop ubd BY LA DS the two
so that the receivers can share the first LO mXing

s Soien ok | LR} crRoder: 300 o Bl dndesvich E0pisihaded o that the
owever

t he secon
recelv?rs can sha{ EE)SE O mixim frequilz%% 1n S %Cé%l{l?t%e? 8ne problem that

remanﬁuﬁqwﬂler 1alhow od ieeh el s&g)nﬂﬂaxgen@e}f E@nﬁﬁﬁﬁw 106® ﬁ@m*ﬂ]:ct?nptmg to output
turning o th

o i o B ST e 0 b e scon

receiv® it Whd sl(a&}lg &Mﬂsﬂﬁn&fcfutﬁuh QP Refhg off MIRe&IdCRrgbBp LO2 circuitry
circuitr 6B and sharing the first LO m xing

106B Wéh%r@ﬂége férrsq_IéP mixingfrequgnayifie)), fos pxagiple, Birg # esnfrelipd switch 502 as

SW sh n
showngf G e g Y P Ry e el SR B K et
LO2 chralige164re R b&Zt Gl AoBLthieFfor niig y ch that will not be used
cnor:gslant erf eI:ll ngoLO m Xi nglr%m éngg;ﬁ( (%,)@Loﬁ)at aV\‘/iv1 HoL he T
while fhetfirtid Qumbdng fisinensy (hen)fis beig st dhared 1 Aguriemistby ofhr echniques
and SOEII&U% gou:ljdz l%eb %xen%?,ul? ((jigsr%rse’:d Ctlgr fu%f“] efrjstsgge ¥he|q)gct> cm 8P cucupsgnces where
the secbad [L,Oetdl,xnfgcfreqadrdy esdiha dirdt Ao mmtg &muexfcy @muhimtlﬂﬂ Cle$s also again

noted m;ge(tﬁg gc%&egaﬁeg th LQ g‘ ng?}g gp gﬁuﬁg Fe s (i\'lgz grosla eh egﬁf e],ﬁidltlonal'[ receivers

withinnkiggle tlﬁtagraﬁa@ eraﬁﬁ hFbeetathip®, off fouh @npises@8 tutilifdd e Additthal receiver

. _.coul ﬁl1 be ut ‘ﬂ L Lnt egrate additi onal .receivers
circuitry could be 1ntegrated w1t that shown in FIG. 5A to provide additional analog coarse tuning




within a single integrated circuit. For exanple, if

four tuners were utilized, additional receiver
w@reoe9I3ey coul d be integrated with that shownP@CTUF10GH010765

5A to provide additional andl og coarse tuning WO

2004/ 093327 PCT/ US2004/ 010765 13 circuitry, digital

fine tuning circuitry and LOcircuitry for a third

01rcu1t&}fe I(,:dg%ﬁaf irﬁi}g rt‘tgﬂr%dglléﬁl{tg{]%lé It(ﬂ %%rf%gtr% Ictloar %Erld;rlégéﬁ n E‘Eﬁl additional analog
coarseCluhfag difciitrl Ofigaal f fel fublink Q&GN fand AD cﬁiélﬁﬁ%u ssed f@btﬁ\&éeelver As
a variety of selection techniques could be inplenent

discuspegy aboke 4 varepeefutsifctien techigies gedd by lfnﬁ@n@nw dorethe ILberequencles

providedl Bﬁ Whel &1ff@1%nﬁ’l(t) RirE @8RS Hith & Ipwﬂ %o fﬂél Iﬁﬁlﬁﬂ)l@ 1B Ers \é6¢Sthat interfering
suc interfering over he LO m xi ng

Overlapiﬁqwmngﬁéﬂuﬁn% cawld ibel acpidept GS 5B and 5C are flow
di agranms of exanple inplenentations for the first two
sol utions above for handling the second LO frequency
WEERS 5B @idrﬁgl ge ﬂ@wdi@qmnmnfwxmpls fraplemeriteione &m thewrst two solutions

above f iy l%g\c/iglégzthge Cé)rg?n?;%ggrnqe smél?eLC(? ﬁaq 1% sﬁg}ed between two
recelvérs e g embodiment 32D off F1G hiB S’hmiml@ blook 522 ﬂttéﬂ?mesllf tHehBlo selected LO

mixin %\Auﬁ%clés?vg}i Eg ﬁ&;altl? bqul)—n b oﬁgl}egaégwgh%] 4 étgrbwh)g)ck 526, the first
I I

10 okt 8% ShiE o LA BB B R0t pver

down ealctirne@offi Aitthe ausyenis ENaY etben iarbdockiS4 teach I wirsuitmg operates, and first

10 misn BN il ahOhURR o Bk 500t P Py PR Ty Rrvia lock 2

ilatl d&%ﬁé@@fﬁ@k&&ﬁe@&éd@%& SuBUR RGE11 DS (HY datn. th And
simi s%m&*t (flL OZ).tAnd augﬁyfrr] cfulf t he ané,wera ngOINO?LOZ)

again, tihthe 4npwds| iy c‘NOS 2then @ablhclq_@% erch i@ pyc@pse pearates, apchfirst LO mixing
freque[nﬁr &%}5_,%&] gll%x%@ gég{qea%#ﬁ&qy ‘I‘ S!Elq(l}é %?ctStzg,l'e]tﬁ% ﬁlgg ?Lgr output 112A
is sharbdiraed the whiird sechdPceive pathalradiy Bpdwéaé dent indeuraetamnd

receiver path circuitry is powered down and turned

off. FIGS. 6A and 6B are bl ock diagranms for exanple

i mim bt 6P Rt blosk @lagmhd Ed}@x&rapleluhbltmaent@ﬁo‘hb &l goaling satellite

satel|ite set-top recei ver archltectures

dish Slsalﬁlft:@@ate%lﬁe sef-riroex e aecsﬁVﬁglr@ltPWSﬁn IRGTG 44 ffiere 14 g yingle incoming

signal f1OPFomhige SRRE bk Shiéling. hma hf%&ﬁﬁ\g sdBllife dpBHRAM Shhal 107 is received by
satellite spectrumsignal 107 is received by LNA 105

LNA HRgnd then sligiinte twmﬁlglaiwséua@% K038 to pgiidgripuig Bashef the two receiver
paths. panMGd @B' MPMLSe HRd EAFR VTALRE 15W® c&ﬁ'ﬁg 'tﬁéesratellf%@ﬁﬁﬁ antbitha. These

there are two singles 107A a 0/7B com n(g
lncomtnﬁélglabépmtaed d0Eh angrihenrseeivet hy gwo spm@ﬂiN@wp@:han 105B. LNA

| I
058 BRI oIS E TR S0 88 N .
signal 1083\ fdrarseepnfliregtver Eﬁﬂel It esrnop@itthat veithorespiit o @EEbnrhOdmede@O of FIG.
N, Qut.pLt | 10 c rece
6A, bo‘rﬁ%thg oélﬁféonts ﬁafﬂ%a% r‘g gl g tave%llag'l?hglngle er am{h il e rgta)gmefn 850 of FIG.
6B, thé-k@utiorbes, FIGo5 ¢ wiohld r&bh\taﬂalﬂmbecexise ieGEo it aatellife@raaspender channel

avai |l abl e. wever odi ment .65 Fl G
spcts i R B ok oFte o S TRy g g e owpue 12
may cARE auise with Gespabbtol thyetitpus af e bdcbiRl recetres pieduilar,  channel
spectruns 108A and 108B may not be the sane and,
therefore, sharing the first tuner output 112A nay

C RL.8 ACiK b 8108k WagrBm TOSRRGA] réRivbNigpRidieRtdtioNés thd\@cHRE BldRitecture of
recei ver, ci rcwtrg FIG 7A.is a block diagramfor.an

the pregent|invegtion wrae WidpparentlagfooHsitl cotyertere sl ndiscussed vith respect to
FIG. 4 Shvt LGk emBodihent 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



t he present invention using w de-band
anal og-to-digital converters, such as discussed wth
wo e®peeI32to FI G 4A above. In enbodi nent 750, PE@nUS29p4010765
signal 107 is received by IUNA 105, and LNA 105
provi des two input channel spectrum signals 108A and
108B to the two receiver paths. A first WO 2004/ 093327

s BT SRR B8 58 58 SRR LR T 5L e Lo

cucultl}alm shehn tbéather Shth@& Wolnp¥x 1Q0AEnabih4 fard &Qﬁ&l?%ne@ 'éﬁa%i&l spectrum
nal s that are coarsely tuned chann

npl ex
Slgnal% p%lteﬁer mw%?% genals a1 dhea PEQSRISPERY # Iy Basy Filiers’ SaAea Whﬂ@rband ADC
I t
B e e R
provided [ta ére Wﬁé—;hanma}'riﬂ%gldcﬂl@ cligite¥ quals@atﬂﬁ @nikes angrobainellestlect filter
756A. tm%?(re rlnean 81ngh g% des 1re aé]gli; A]g an %Ea'l'] rte %fge £ 40, g %‘?WF F]eéect filter

756A tileedlesariblk fdyaaie I(f\n)t MAcgegeratadl byl ﬂ@ﬂérﬁhlw Eonffo K& osaillgtor (NCO)
channel select filter 756A utilizes a vari able

408A theb gy ieogiyesi the amen fpaneaen (for) By 44 dpres firshpgjred channel. The first
2 CO ¢ ) hat

s ST ALY SO D s SO Ty ppp, A

receivdq&thrcblohcatrarthmﬁrst Bbavdr ippthtand metuécsuemeqs 42?8 entt [24Bs 90 degree phase

l./ band the first
i RSB Y, TR AR S L2 g
digitalf quadrbtureanixer ard dhaird] sdldt filal 736B.S ARIwia the Ti2? Becaivel paltd B,sampling

0 degree pha i ft bIo k 1268 | ar ste LO2 i
clock Zficwgu. Priy pleyetsd tp 6&? Wa’sesbaaﬂ ATEE 7580 and tegieiil gaietupanixer and
channel 28Rcefiehr 568 ﬁ(’)II ﬁﬁe &Hﬁg rtﬁé Hésﬁecmcﬁa%ﬁelaﬁl@ SR ABAdrature mixer and
select filter with the first recelver path, a
channeg] ap;lp(l:ﬂfﬂ’@r 7@63)@11(112(3:{ @[ym)abkel@equglcp (B} 4B geveated by NCO 408B that in

w8 BTS00 108 o RS e e

embodit@&it 17801 c6MaNKB| havé @Bl tidduitelifod Masdihe JVerlpE b@ﬂ\@en the first and
channel select filter 756B utilizes a vari abl e

second J(@ gpepg frequengiss (206 B.oghk Ardispuesgd ith Nerso OFHEGE hat-Ciand 6A-B above.
turn receives the center frequency (fCH2) 114B for a
second desired channel. It is noted that the
e l§b dBne pblogk Oiagrul fdr afebreeeiver impldintntatival of d:herre«wnter yrchitecture of
for .handl i ng over tween t I st
the present 1nventflornel(1qsu \g comm leX?‘?l‘E. 1 ba?q%eﬁ)cgﬁa-m qil 8 dls %af ?_'onver%rs such
as dlsdumfl)&mh ré@e&ltmG 4B @oﬁldnfé&bﬁ’dlﬁbm\ﬁe() dﬁl ifput &fgn4ls1 02 is received by

o oS AR Bl b BTt FRLEHE AL, Bl o e v

receivéiSath@. @Dﬁﬁ;k Eééei&zéﬂ’}ﬁﬂi Rchandpiass 102A kad $20080 degree phase shlft block

l.0 ital te as di scussed with
126, (35 p‘é%? gp bl RonsPanih. whish spbtbr emy sl HQ Hgas that are
coarse§l @& cHdddell SpebtRGLisisRsls YST diA70805, TAO Jemﬁle;( s1gna1s are then

provides two input channel spectrum signals

procesa@évs acgmples uermble bangpass yidier Pafvath outrruisy G I %né&éerafcopMeﬁ tunable
bandp% F‘ g%l%ds@%zggﬁﬁg DA 26/ 3l chadhd 17 19& q& 9h zfﬁ? %G‘le?g] 'df)&nlg] -converter

, and large-step LO1 circuitry
and detiog&t MQFA. oﬂts;auplmgcalqgk €x1) 7@ sipgvaes td dvatplaxrtenabledandpaisy\> ADC

704A ﬂa@ﬁ%&'@@%&‘fiqg% n= gcetgtreg?mnéls . a|o1§ Bq%g%g (J:_Fé)%; B@lté&?g%egg%%ggwning of the

desired &HAaR1ahd asERASEN{HId Beﬁlﬁpa@@ﬁﬁerWOQﬂ aﬁ&'&lﬁ%ﬁpl@%%na@ﬁ%z ADC 704A
710Q a conplex tunable bandpass delta-sigma (AE) ADC

receivey thg Aewipr freavency (fcs) 7HIAA fane fist deired plehnaeldiFgr fuather fine tuning of the
and

o BRI g B0 L B R PR B B v

456A fdderated by numerically controlled oscillator (NCO) 458A that in turn receives the center

frequency (fcu1) 114A. The first receiver path outputs quadrature I/Q baseband signals 7141 and



704A and to the digital down-converter and deci nator

706A. For digital processing and tuning of the
waemunoesd2thannel , the conpl ex tunabl e bandpassPET/UsmM04/010765

702A and the conpl ex tunabli2 AE ADC 704A receive the

center frequency (fCH ) 114A for a first desired

channel For further fine tuning of the desired

% E the digital down:convert r an eci mat or 706A,
714Q @Ft‘iP bungr QuARYt 2 A SSCqnA SRFGRYARRAY ‘F‘U? igates fhg rsbeﬁer%rtpé apd, includes
mixer§ WP dndalbhl, SPMER! Jhed BECHIbELEE, fame &dﬂafF 108B, complex

turn recej ves the center frequency géan) 114A.
tunablﬁrhaedparSeﬁ@rv@}ZBpat ¢omplexpiynabley bandpass ¥ ADCQWd?s ersrhﬂddlgltal down-

conve%é_lrg% cfémtrr}leg'o}’ ﬂ?gt V?u r‘{"é@%&g ?%s%%Zcegg co’n 04/ q chgck (acfbﬁ) 705 is
prov1cﬁﬂl b itBat@BplE uilable SBand 6L NE eAD(Ja’ld?tBaﬁlﬁi the th gﬁdﬂf S‘down-converter and
xers 122B and 124B, 90 degree phase shift bl qc
decimaiop 8061, 5 F ffedigtiel progsssieg fﬂtdu‘rumng of desdesizginshasgel. flrﬁrﬁsempéex tunable
bandst@rfﬁQﬁg’@g hid b czglﬁéx t&aﬁl@'@ 8B HABLE1NAMERERS: Miguency (fom)
04B and a di - converter and deci mato
114B ﬁ@@BeCOAS degitedh c][rdneelf |F|osfurth€d'e1e\tgnngya%the d@mrs(aciphmqh,ghe digital down-

ool 4SS T BBl 0 SRR s

in turPRdeivéiand SateR redRBBy (FQ) 184MI s rﬂfe@Qﬁa‘ifﬂhéWéJnl%ﬁﬁhe‘hW‘SMuld also
of the desired channe the conpl ex tunable bandpass

have gdditipaal CF@Q‘B’ tndandling @@ﬂ‘tﬂpé ketWEFWdM &rsbEndAReo4B mixing frequencies
(fL01,%eg)$r gd&/ n}eg]ia_ecito%% NGYe Gl p3dAB for a second

Ranne or fur ‘Rer |ne unrng of the
desired channel t he drgrtal down- converter and

ci mator 706B utrlrze vari C f\2 .
ABO G LY Sh P No O ReB e af IO A e R prvidts o
ADCsCERNGS ahd @RURRIBY rideetdy Abt]4304AﬁB b Bolidded RApositE frequencies if
enbodi nent 75Q could also have additional circuitr

desired.o NegaiNel Pt natieten 25 e by ipg the cpmplex senjuasteciibe Q gt signal

to the MiétsN@2 A/ GUETRIAGS. This tive Lﬁ%ﬁency’i‘%nqe@féﬁ SREHYY tﬁéﬂefore can be
respect to FIGS. 5A-C and 6A-B above. i s noted that

placedpfigs thegpest 134/Brib sasihehibs eearboﬂlrr@ 7@A 2 o/ 598, Thit pre-processing
advan{agébﬂklff Gihit® %dféﬁlgfeh fr(Q:@ssh EQ% e Fad 5011:1’1519)( Mllfogtﬂf&e%g done by the

range” f or ADCs ABCa imted to positive
ADCsfT0dtyBenci es i f desrred Negati ve frequenci es can be

tuned by applying the conpl ex conjugate of the Q path

signal to the filters 102A/B and 752A/B. This

né& gatm/ra*oﬁdaopnmmyplc embedigénd oroioncautirtgr negativie efreqﬂemms to reduce the

neede(g ﬁrgglg ﬁgﬁt g&?g:ﬁr%% grtuintggl bﬁ,ﬁf)gsrsfﬁzle&]éégglélg/ﬁe ﬁc 0si 1ve }requenmes As

deplct@(ﬂ\ﬂﬂfﬂl BPAD Path ignhWirdived By ERMMHRY tlﬂfaBIéQ)‘éﬁdpaQs ARRADE 704A/B are
for the conpl ex anal og processi ng done the ADCs
first pragesagd byrtmorrmf,expvroevrgere §Olyﬁrte>zaﬂ«pﬁ'ethe ﬁ%bqﬂyweﬁ #havggys the I path signal

passesARUET the BnPISORL R EERAUENT0 S ik Prorvedarfaerhé mnpr&ece%ri bandpass
tuni ng range of the conplex tunab bandpass .

AT ARQAMNBo Td@s@ prthsighples aemeitedsto the “0"depitof g, mmlhelexer aMyx) 774.

The Qg %ﬁ%alslls g\fé@ & %g&a %&/ ggglas?aé E?f??gﬂgr gﬂéleclél g%%%oilﬂ% an output that

is connequl toxthe 61j ingeit ef ho MEKtEH. 7IHS. cohjugdtt elgﬁaiﬁ@@NTBSIGNAL) used to

cone 0t P b B Ay SR S5, MR AL OTRL e compe

tunablt BARPLS A@@Q%ﬁw EA fRbted Qlf'(ﬁé By u-Eth% this @Qﬁlfi‘leﬁ' b@%&%e' converter to

connéected to “0" input of the multiplexer (
procesg7the I and Q path s1gnals the complex tunable bandpass ALY 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. 1t 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 turn provides an output that is
weorvaeesed to the "1" input of the MIUX 774. ThBCT/US2004/010765

conjugate signal (CONJ SIGWL) used to control the

MUX 774 is the center frequency (fCH) 114AB that is

al so utilized by the conplex tunable bandpass DE ADC

704A/ B. As stated abaove, by, u g this conmple
positive @ﬁji @@@flg}e sigpalethetopoyld be Fg?cgefgi Sy gpia sfage {4 & f}g{l g fully differential
designSi gnal s, the conpl ex tunable bandpass AE ADC 704AB can

be advant ageously limted to a positive tuning range

thereby reduci ng the bandw dth requirenment for the

c b

ng{@g C?gxah OéfBE glgaarlﬁfcqtsﬁ @«Ené @gfrtelz%ﬂ% (gzéglrét{l 1‘e§)e£tWefyhﬁlrat descrlbe
one impégmenfatipn ﬁmcnlﬂgetageand mnablmg ting enpire ﬂremberdipmldatm-vemg/ converter
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advanthiba(tf th@tdsdlt bt seteirvedly byned aleita-sigiag eorﬁ’r@ﬁerlmllsypldmll& produce large
dj f enti al esign. FIG 8A and FIG 8B are a
amounbgl CBCE‘ isgying &i' 8W8ut|”£g‘ﬁ ggerdi agram Trespectively, that
descri be one inplenentation for calibrating and
handl.i tuning err in a bandpass del

t
c ARG St to IS 84 3 Djogk diagram 1s dypigiedof a?&wg@eerﬂaﬁ% frygalibrating
tuning B oA A0SR Ro b Barfdbsas déf-siddM Son &Rk GARALALLSRT, ts@i‘iﬁ% the complex

advantage of the result that an i nproperly tune
tunable) bpidpassi dpka-sigamaaploato-digital qopyrice inythp rea@eélélentaP@EIG 7B. This

oo L 0L RSyl b 0 gy, KA REELERE Gy o

adjustOthe amalﬁerbaﬂpzme . 00 700t combdt lﬁ)’r&t’rbﬂgn it conten gre@remr SSimilar to the

ottt TS 0 R ERERD L BTSRRI, er 02

d1g1ta1biawﬂb&&&rt§£edna aecﬁﬂneamm edhfaﬂ 1t§él>f ﬂblldéis al d1giﬁﬂc‘{lﬁﬂiaﬁfré5mb{ér 806 and a
enbodi nrent of FI G

chann%l é%leétlefv gars figgr (LATY $8- r%@@wéfr baa%haa% {/Qérsaalﬁ 4 b/%/ ﬁraéelt do an energy
detectsrtmb ight QétEiSBles DoBOM thé GEBEBignhNathe Aty abtSctd ¥ 0tpriaRE 8n output

dpass AE ADC 704 to correct for errors inits

to the éléﬁfl’élﬁ cerrt@é cisqyityy. 818; rhhp avto-tugle cpdrol eisgyéien Higrin tupp grogides the tuning
|
o G B8 BRP Ui L 041 58 18 MUOERL ol iy o1

also'seflécannmtostune Ghfrolsiigna 8 li6tts e ifultiphex bru@E$X)e80ai @‘ hé¢ mbltiplexer 802 chooses

uadr at ure m xer 06 a chan Iow
berwogh B¢ Bt e br 0w el end BADE R GERRE & FEARDT Fyspe tunabl
bandpak EISET. t B dpBraf6IE ilile ASABC 704 isGdiStuhddathesl eleiofe Rein the output
noi se in the output si g]?al The ener gy detector 810
basebgyd 3R ae%al%ﬁlbw'fllplaﬁreaStso e byadisting e dyvng offset pigeal(Psey) 814 to

u r
reduce an(?i m1 dH‘Eze ﬁg 9?1£e H A(‘Zoﬂ_'#)glg]lgétl Szénl béen%a ed%ccslér[%te%tté l(‘!%rﬁ%ensate for tuning
enorsiMhﬂbEMTﬂdpass DE ADC 704. And the auto-tune control
circuitry 812 also sends an auto-tune control signal
816 to a multiplexer (MJX) 802. The nultipl exer 802

CRERSES is beta\g»eﬁbremeer@hgmsbeblgﬁam @6iréckitn bf @G gmaln fB8noise level
and ground and outguts a signal 804 to the tunable

represeiitigp S8, fespaney lirpB92 represpy i toming irgspense oAthenty® Avm 704. The
channd 38U oL AER e 18 M B8Pt il . e e

704 isagall$ tune@ sd thet itsuvidhfallf b5t chingéladentecRefudicyGde); héwever, the notch
reduce and mnimze this noise, the AE ADC 704 can be

for thg éﬁ DG 70451 shewt. dgl lacated ghp dg effeguqngy (®uniThg difference between the

desired notch location at the channel center frequency (wo) and the actual notch location at the first

frequency (®1) represents an error amount (®Wgrror) in the tuning for the AZ ADC 704. As

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



errors in the AE ADC 704. FIG 8B is a diagram
representing the signal correction of FIG 8A 1In the
wmoiogmoisevel representation 850, response |i nECBBER2004/010765
represents the tuning respdhse of the DE ADC 704. The
channel 854 represents a desired channel |ocated at a
channel center frequency (coo). The AE ADC 704 is

,ideallg/ ned so that its notch falls on the channe
that it g elpsefy; %@a%wwhe chrpel gspffichicdpency k@oln A depictpdin Ftlﬁe%@e center

frequéﬁBC(%S“ﬁme r é’éf“chahﬁel'é%ﬁ% Qs frén | éﬁer fotcl RGIENY ADC 704 Tn

erence bet ween t he esired no
operaﬂlmﬂielchg’itahd;uaﬂhﬁlre: haenets weuld enltiplyets afisyned @At c’o‘ﬂ”tﬁe AheADC 704

actu r& Fﬂ%tCh | ocatjon at the first fre uencyig
by exp(d3ena SheFrvE calmg sieaificantaaise m(thetaveyd outavt ehenel§A ﬁ@“‘fhd?’as selected

6
and upifo i QRpacd e SRE POCCRERT® EpQple Do bk gz apc 7os,
the noﬁse lat lhheubﬁﬁ ABDGill 04 muich M@té’tﬁﬁdﬂ 109 S 2vhstROCE WIBZOM A/ dbDid GBjusted so
that it g | {, nore closely aligns with the channel center
lfiplg&a(f B ¢ coo). As depicted in FIG 8B, the center

frequency (wo) for the desired channel 854 is offset

from tchforthe ADC 704, I n_ operation, the

S i PR 3 e THO G5 il HCIAP (AVBt eSS of e kmowldge
that amlﬁbﬂd)g&@l ﬂﬁ&cpaélta%fgrﬂah&m&&tef\@&cﬂ QA1 pRYduBX dge( é}fkﬂ]}l‘cs of noise in the

t her eby causi ng glﬁnlflcant noi se in the desired

channg], fpned by aichael Seigelten S DVRS At e inghe mmdmmb@pwd the input
t

to the 51?%]?5?7@@ %!)ué%%«l)z f‘()‘i:@edl-tg> Eerg %? sel&!ﬂfdg EI‘O%H& HH&%I 1o MUA 2 The output

energy)eﬂnpthﬁn Belddinimigdd Hy@d_ms’m’lg the Blatngrbﬂbé‘ta[gnﬁl((msﬁ) mettm&gf adjusting

where this error is adjusted that it approaches
the B Trondopmanc aDuEs A BRYEI Feoush i die tHhE Proe R Fould be

complgt'e@ancﬁﬁ)rhﬁk@p%raﬁgﬂ AN @ PRl tyNBadeRRhE da& tioh BPML%@ 802 to the input

|rrproperlé t'uned delta-signa converter notch wl
channejrspefice V@ pigaal JAHUHtisngded thal saute-fne glgorithmeanenid) mmlmemted utilizing

30 to tg% dgcxﬁgasgﬁl rré t%?lt ggtlhl‘(l:l{’l% 8ﬁ§ ﬁ%gaq I% iﬁrf k{llg ?ﬁlﬁttgﬁé’i‘ NGyl %Z algorithm

could d)e akedutod vérg rra;ﬁdiyt tn zdelitwnbthe aﬂb&miel algprigind vaudd bdréxedgbd each time a
MJX 802.. Th ener antenbemnlm
it bl SR 51T RE KU g 5T P EaroRer g A plosipRtgh s be used
to calibfh@dr sba/nd@@hjs \fifted, B6ch dsR@nablérbaidha®y ik 70SERRGR) in AT ale AZ ADC
mumis found, the auto tuni ng_or calibration coul d

704, T EBR TBastsE YR EPREPRRRSOUS RS U], dfrflesitng) snch st the dfiltpryis constructed
using Qiﬁﬁﬂg '(&gmﬁta%df’ @&fﬁﬁ&i 'fh@eg‘?ef'corMJg(ugeqzb}I ﬁletéﬁ%ulltrg?ftthe AT ADC 704, as

channel spectrum’/Q signal 708. It 1I's not
discusgggtbglomiwiih rebpot to e 860 th i furthst eotedhthetdtheitlpdld p.wmlpd t8 ﬂletdowce that

v S LA RSN RS 0 UE DL ARS8 e o o

accuradpetimxefudnee for ére\autoapaedinglemlentatdadi t i on, the aut o-tune
al gorithm coul d be executed each tinme a different
channel were selected. And this auto-tune procedure
am:t}i 80lienEbbek dRprafmotrth alaser-deeUsfidy dr@n@alehdbatvBenda tunable
pass filter, such as tunabl e bandpass filter 702

bendgi APHQF s iR (OB o R B A POMMARS (WP (2@, Iy goneral,
mastetIBSve Efunib AFC RN ARGk vk bR8d USBH . a ifrst d8RLf %ast@xl)' CB typically

that the filter is constructed using simlar (or
implemepiediyduildBaphesecondidigria eyl silap seidensipak W@wé ibpidding blgcks as the

first cﬁfzuﬁ h @é@‘%alﬁ%n R tul?eS the HufBHS ERRLPBF GW rJuﬁStﬂl%g%h b Feedback

. It is further noted that thecoc rovi
methogl@ogyh a'hg soniteod (ar lgffset) 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



drives the sanpling of the AE ADC 704 and the digital
guadrature m xer 806 can be used as an accurate tine

w0 edogigdsee for the auto-tune inplenmentation. FPC/USIC04/610765
a bl ock diagramfor a mastd8-slave tuning arrangenent
bet ween a tunabl e bandpass anal og-to-digital
converter (master) and a tunabl e bandpass filter

| gve) . In.general, er-sl ave, tyni ng of second
the sk el 15 51 et i oue B RECIEHT teftied ahles Bvjer cigeuit wil
have d t6po16@) thit is tcBTh S AL&AbRY0 B WeliBHcR ehethB&ol &4 th€stkduit selected
of simlar or identical circuit building blocks as

out
as theysffre CFfUE Of pahfamenablfelo ddredbRgk PPEFIiEn Qalﬁémq@é example of a master-
slave ﬁlﬁi gcﬁnﬁﬂmbﬁt%‘éﬁsm Phne tliind bt Stilt& Ifycslljdving PRV o illator w 1ch has the
back nmethodol ogy. The contfol (or offset) signals

Smnemﬁ%@%”%re derived out of the feed back nethodol ogy are

applied not only to the first circuit but also to the

second circuit as well. Because the second circuit
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ADC Hieraghediilf gutcof|ifeagical 1pe sirlat spmplexs maqgra;ors gshesed ifprcifyg filter 702. In
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signal l$114 |nia§'®8 thid@nihp BER): BighaANERAS §14A5nd°@@ 1np719§]1g1?a$ td {48 tunable bandpass

ter tuning circuit that allows fine tuning of

filter loﬁéovlé ﬁaﬁreemml%p%ls%@‘hfas|dISé¢sseﬂo@ovw1ﬂa; pesiest totfiESs§Angud 8B. Once
f
the feégkééri;;ﬁpéer,atl%ﬁarﬂd'mé ﬁ?@g’c efd araaﬁaggg “%B‘%M’g &Haglgﬁéﬁdéa% uAl‘%Ir./tch 704,

tunab andpass
the magter tupfngisfmalt §1dd$ the mpgliediby aimitoitgploe matching)o abeotunatdsbandpass filter

e he f] In operation, sonme feedback
70238%&38“{:19“avemnmﬁagn%lézgon the output 712 of the

tunable bandpass Al ADC 704, and a mast er feedback

Si l, .8 [ roduced. . Thi s er f.eedback SI al ..
o 5RO B0 ele B ORU oo (i o SO PR B o the digitl
down-vdniverer iand ddeiniatdar mﬂAﬂﬁsf EIGH’@I ’Elliesé ﬂﬁ}jléi@n&ltlgﬁbaitlli%-ﬁufti@le stages of
the tunabl e bandpass AE ADC 704. Thi s feedback
digital gpiing; and lowp GPIVSHMRI Lringle BEPYLHE2 OF diegiandRase ATI ARC 704A/B to

basebanﬂ"ﬂ@ @1@5‘% iy atfh@ BulhSEYSHEHe @Qf%gssvﬂi Rpcesnass, 40 e{ﬂnﬁ%{ can be a

A and 8B. In addition, the ster tuning signa
complway -bitedigited signali ngpdn‘df &elfs with m@bntizasim T)oi@lshapiag dietified to have a

mlnlmBlgpc?%tgrsé %b%p cte 6&}42}% ?eggg xgglgeggsg é@a fglbclo %]g{th'gg%d ?rg}lojllerglentatlon
increndeR@ e fikers ShdfdetiRated hiPchaBE rec@&ﬁe désim rgcﬁﬁgﬁ@lﬁgof each stage.
ry

operation and the tuning control circui has tune

t he tunable_bandpass AY_ ADC 704, the master tuning

SEH EyA 81414k cﬁ%ﬁ E?rﬁlltf) 'a%}i tlure390 P IR 1%!11 'ggxgﬂ-converter

to the tunabl e bandpass as the matche
and desinmm TOanisablp withneahb@ingent FFDQBf FRA-7BE Boeanghit Gtk framch bandpass A
ADC 21?4915 prPcdelss%g rb?/rras setr1lg§rjl tof %gs%gJed s?agI npwh?crlrleagt S%E)\INI? r}ﬁ’chfl e S”ltl{EEl 910A,
STAGE2 910B . STAGE(N) 910C. Each stage provides an output to the next stage, as indicated by

signal 905 from STAGE1 910A to STAGE2 910B and by signal 982 that would be from STAGE(N-

,_J




down-converter and deci mator 706A/B of FIG 7B. These

i npl ementations utilize nmultiple stages of digital
worzoomge3and down conversion to bring the out pupCu2004/010765

t he bandpass AE ADC 704AB ti® baseband I/ Q signals.

The output 712 of the bandpass AE ADC 704A/ B, for

exanple can be a conmplex 1-bit digital signa

sangl ed Fs with quantization noise shagO ?%Eﬁ%zégne
D) to FLAREGY %Ocmlhilmﬂﬁdc@ﬁ& bp 818557 0Re S r 840G I, STAGE2 ...
STAG@?N%) S6uld AIP B R With smfar Biduiily, AR,
inpl'ementation increnentally filters and deci nates
this signal to reduce the design requirenments of each )
e bls0 I t -
ST e G lenF R Doy SHETYO, L 38 multstge
architetse ooy 9208 the sibgecenihodintent dapistadl the stagDOutas rer&m@d byBaixer 906,
Th
Whlchél)llgqtghggl?:ltese 121115 ngaE cla d&%%%ﬂ%% gﬁ‘ﬁ 91@‘ Dﬁhe rgﬁlltan% \ﬂ%‘h{ﬂﬁ% ?aégeg through
a low PARAGHdr (DBE)A?OZ $H'1AGEE 992 GR be. tunaH*EA%sN}d add ©Ciunttacignal 911 can be

used th:S> h%ﬁ%?ht L&ﬁﬁ’s' Gha : %ﬁ&) % tﬁehlgﬁ.lﬂgﬁlls %ef%la%c} S\% by decimator

904 t0Bdathd shge sutputalThe 8801inhtaf 9Motsh thatiea fixelndeSinAH( Ptdy\MD desired, or
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915. (l“ﬁa- Ok, sighdI/dze the. stage STOGHD yen€ @ Hhd ngkt! stdde. For example where the
npl emented with simlar circuitry, if desired. FIG

stage 13 th STAGH YOR. thedpruh pigetl tethy ﬁtageeweulﬁi besigna) 7 oo theesADC 704,
and th%]&ltﬁm ts@la{] Wolf Wéédal §@)@9ﬁt 1531%&h\9ehecﬁft YF £G19f 9ﬁ)|BGIt lg’ﬁoted that the

he Stage enbodrnent depicted, the stage input is
value&@télﬁ\dmtabguxmg@wnab@@ and (kg @qqm@.ﬁtlgn rai¢ foy thei deeigaton 804 in each stage

can b A0 nOBIred ok Bl S sl ST BRI RS

Thi s LPF 902 can be tunabl e, if deS| red, and the

t yni Shgna 1 ¢ca tune a
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FIG. By uﬂ@ﬂgmphxrah@gﬂﬂldbmhcp]r aviildartoa-fRbbgaes bl jowied by I'aeﬁnal stage that
b 3@ L(?r 904 can havet a . fi xgd decimation rate, if
rings {5 10 a degired ot 8PUMY) S1epa ProseE it i on rat e

(dovvn by-M that is controlled by deci mation rate

i ector_si 5,. The o ignal fromthe sta
First, &%msstotﬁi@ 9§eﬁtblﬁ$ s dn e ftai; or ?-*@Flpftjxmﬂ%en afiprapso of the
architdcife oSRIGOSA ulidinke HI0Wetindé ratetin Bor- Al kta Sds GPA vdrRble R6cimation
st a%wavvoul d be signal 712 fromthe AE ADC 704, and

rate iy the Teak Fiee- silly il empadinaent @5Q th Hredodrsinatign rate Stagesepr ka-tunable
stagespiﬁcl'ﬁa_eb‘%zormg caslcﬁdeﬂ%t ngt egle}@ﬁ% t&vg exanfAd H&Sfida0 rnoﬁjﬁﬁlable stages

digital mxing signal ecimation rate for
depicteds emagiely iSAAGEH 99@& andh SEAGH2 9 0y e STAGH1 BE0A edceivesdhe inpyt signal 712
I &4 iy
procef P AA mAGPSARL THriRR MCIGRRSLIN TBRATT BN A, (8ftre providing an
outputesignaploghd myxt etagen tSAGHR VHOBtuses the banie- @‘tsagléar airerthire et proeesses the
i I ' ' e
51gnalq{om E’ggﬁ%g?l let:thh ?gr %)SGEf %{ngg\iﬁ% argd; ddax%fn ﬂw%ac{eflglator 904B before
prov1d11’rmitn oultyyuit mgsalttdn dlemegmdged olanth¢ emboditesit degcted, tlwhlxmm|906A 906B
. . Si na rocessin rat rst.. 1.0oKki t I1G,9C a. .
aigiafy SRR ESRERR: Bhyainds el pitiog yERA DA 2B 6 piiine signals
912A, %@B of ufell &y cahGhigt e trepreented byl e f@duldl bXp[R2MG)nd whens 8= {+1, 2,
+4} aralexg]ileirrea L g%r(gs?%? gnle Qwré%gfgfe%?eﬁlgqlexsﬁgéadlg&g aia m\cl)gzglu?HG 9C, each stage

can us8 IR e BtpoB&Mial JobiRe b X RkiSlEGENAB It Bach aliGnS sigGe ﬁsmgi’z{ different N,

non-tunabl e
such as N1 for mixing 51gnal 912A, N2 for mixing signal 912B, and so on, where Nl N2, ...= {1,

+2, +4}. As discussed further below with respect to FIG. 9D, for each non-tunable stage in FIG. 9C,

—t
=

the digital mixer 906 for the stage can be configured to digital mix the input to the stage with a



stages, include one or nore cascaded stages. There are
two exanple non-final, non-tunable stages depicted,
wWoa09809338TAGEL 910A and STAGE2 910B. STAGELl 91PET/US2004/010765
receives the input signal 202 processes it with m xer
906A, LPF 902A and down- by-two deci mat or 904A before
providing an output signal to the next stage. STAGE2

910B uses the sane or sim|lar structure and processes
mixing pignal selgiied fromanplarplizrol Pyadskrmineh MY ing pisepdpthat rpehesgp tp reduce

comp 1 fHONuRYioh YR8 &F kiBdigtal %ﬁ)}ﬁﬁg bR 488 8ion, REOY I Genal selected for a
put sugnal to the next stag In the enbodi nent
C

partlcldem‘weﬁ éas, detervpingd jpethis egrbes&megos@ Ny ifgistage PI0ANR fonapge 910B, and
r | I
SO on) 9&%%@9}1&%% q% ﬁg@g& l@é}(r?ﬂlg Igciaglr)]% bf; {He)gé'l]r{lzl%elsgeg%glﬁ%ql%ﬁ% Jhlg the input
signal éathe stagage that the rspgtemdit the ifppt sigeal ﬁs)rqtﬂmdasuch that the des1red channel
[ td ere N={1, 2, 4} and where "n
ﬁns“%ﬁgvgéé%¥gﬁ%¢¥nﬁm%n ‘'sequence index. In addition, as
shown in FIG 9C, each stage can use.a different

tial 4y’ : D with b i
CHBRE L 5 9 RSB A ) 55 Wit
mixer 9973 ﬂr&hﬁchgﬂgﬁﬁlly Maxeb ete s@néﬂl 939 V\Eitlhg:nﬂrbung 3131 92 fbp@erﬁml, by the formula:

where Ni {1 4} di scussed further bel
explioupk e ‘b‘eé?Pl?SGntFIﬂG fr@rssencwf thedepired shannghapdy Véhesft arlgéerrrrrents the

time sgciughce%gdex t”Jhl% rgéugi %%luxem‘ s)fﬁfal R08erf Qht &E@F%S%g@fhﬁﬂ%ap %e a tunable

conf |gure I al mx the |nput to the stage Wt
LPF, i o0 0033 27 FETP0S20 e/ g0 56 sing e ining ies G4l The output

from ].Sﬁfl*' %§§ qgt Bod.gcﬁla@du agklérga%leofieo a%jre%%r {;&p\fl(?edbﬂj(l N9 decimation rate

are chosen to re uce exit
selectlomlsrgnhht??(b rp@vuieedt tantrot kignali tgi lhelvamable rqigclmhiror %&rtbrct@tennme its

h |
demmz::i}lot% ergrr‘rlrenx :,] eg rg’sug{]n%louﬁ)e IT%C g&c}lj ?rov%te% Hﬁl ou, o r S ag eéigf&l&m?s for the

embodiRerft 300 sfFIGe7R10B, and so on) can be made to depend
upon the |ocation of the channel center frequency
within the input signal to the stage so that the

S PEE. 9DLigR ﬂﬁg‘rahhﬁr detpritnil 0fetbr (NS usedtiathe ﬁioﬁ‘»ﬁﬁzﬂ staB@implldd@ntations
falls wthin a desi quency

desi red chan r
of FIG ?ﬁd@sadﬁaﬂp ﬂi?re petcydpcggan 690t th esrrﬁfgglr gniedusaey ranges 952,

954, 956,088 hlEG0Yirese vaASds rSicBOWithis wmidh%tdeﬁfeﬁféﬁhiﬁ@ldné?%e located within
m xer 992, which [Xgltalk%?nrxes the signal 982 with a

the oufguk pf]‘[jle éaia@quqis HYA endingyupom ghef fipquercy range within which the
deswe&2 &Er;ﬂl s, 40 ea[lﬁe fgﬁ flled%rsgtstg Q SrtiiGr xtaﬁl%‘}&etﬂgé/c{ugtfron B8R describes

esrre channe ere epresen s th
the mixing mn@ie?lz n Begaon Zshmpree@!;ﬁdthyrrgngﬂ R&cspsisdioan —i/4 ta #éand uses N = 1.

Regloff' Enrteplte %g l’sf;e?rﬁ M@ &gg{/ Q&PILSQS It\lll]ﬁga Reglon C, represented

by ut|I|Z|ng thgatunlng signéﬁ6994 The out ppdns from LPF from

-3n/4 t?)ggM :a.%% ﬁsg)e/pr;j FCR{ élelg Ie Iesgrﬁt gfrange iesrérat%ltlsg ong ?%ﬁ gf T @rgld.lses N=

-2. Al reyibnlEsrepresmtet b range grsra kpano frofe ntar3nalng vt N=-nBt Advantageously,
988 10 deter ion rate, resul tin .

for 3 giplsreCir g m ey e T D o2 e 106 e relatively

trivialsi ghal s for the enbodinent 700 of FIG 7B. FIG 9D is
a dlagranrfor deternrnlnq a factor (N) used in the

non- f i Rar =5t S§82MpI-erfehtlati-ons of FIG 9C based upon

t he fregﬂgpq%mﬂgﬁg&|oq (¢9)-10f the desired channe
Frequency ranges 954, 956, 958 and 960 represent

varrou%qréﬁg@@Dﬁﬂﬁﬁrh -whilch & -desi red channel may be
| ocat eg Wigt RkFY (/2] =... 1,4, -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 frequency range within which the desired channe

w0 a00km933the value for "N' will be set to a parP@€TubmN4/010765
val ue for the equation thaRldescribes the m xing
signal 912. Region A represented by range 952, spans
fron1 2r/4 to 7r/4 and uses N = 1. Region B,

ran from7r/4 to 37r/4 and
proper Va ue ‘ﬁ ial IC%GCP é@ e]tt% aéﬁ}: E’é‘gﬁ ligaion HSI digitag] éléXQJEQQ6 the spectrum is
rotatedSaﬁﬁﬁEe dasen chaﬁﬁsl # V\hﬂiurrzgibl{]rAand uses N = 4. Region D,
represented by range 958, spans from37r/4 to and uses

N= -2. And region E, represented by range 960, spans
f FIGN OE s a P@Forge ldlaBrag e ;Hﬁ&%mbh% Bw Iﬁgél ﬁﬂér%%? Itﬁé non—final stage
enmentation, the digital nmultiplies t

for this
, lmple”ﬁﬂ’é%tm&%: &b :F?(‘ﬁp 96l gilba| lingi 378 rremnﬁrtbe relpvani vespapse for the LPF 902
depenchﬁgp Hxﬁ‘ll the ]R’Eél-uen@( RJ[:ﬁt?nErt}o) ef the deél[ﬁd ]char%ml ]The[ %a€797/5§?prTsents a stop

band attenuatjion fortthPF9p2 . N = -4: exp[ j(7c/2)n] _
j, -1, j, ... In operation, the desired channel w ||
lie somewhere in the range of frequencies defined by
r Byoperesion, the ByltiGtagDimapleindntatiBe 8 5dmcrited withaaipbd fo BIstt bre 9D and

o Uy 0 e B B S BB 1 e

of the AR NDIAT @(Cin ahiey &, cettiCthe &ifial naf bhero dlthdt PAdhGs, dﬁlie@ Ehe'nﬁxer output to a
ital  .m xer 906, the spectrun1|s rotate

low Paa%lg]ﬁr a2 Aoy b-tyyodegimagar.n lilee%qabﬁagg is dgsignedype hae @nable decimation

SO thatﬁ%@l@ﬂfe@toche&ﬂ{ea% ﬁ&fall? Hecﬁ&ﬁﬁg@ﬂo%é RWbRAB Sitel Ah@a%‘fa Qo%%fb(y’breakmg
non-fi nal stgg | enent ati ons of FIG é

up the| 4%}@1 gyRng EYse el %Stﬁg?é thlél iy lgpentatéanpisAenss powert laguiteMpnts at the
h1ghes9@§np15i e&@@ dﬂeﬂ&eb‘ Rﬁ’@ réslaﬁtlgr[ ‘?&fdﬁ@&%‘oJ ﬁl%aalgﬁ)ﬁ %&gl)s %d h(ﬁlces the
desired channel gap 972 represents-a
complexfty ehepsh istage lﬁ@ilddltlm@le PEsBOR. | n operation, t he
mul ti-stage inplenmentation 950 descri bed mﬁth respect
to FIGS. 9C, 9D and O9E uses a plurality of non-final
cBythaumddifcaigasandhiternetivelembodinade oftthigiidvahtion widlbs apprent to those
skllledrmlthé Qlty te\né)lv %!flttfytdesc%%%gnheltAv%él f%génzlgg,cﬁre%go%?,lttgg the present
1nvent1t>ines nvixbmlt@ijb:p titesd exeanplé amu@aﬁ&tsf [ |Ak:ecrrd1a@1§} this description is to be
st age i

o B B SHTR B e P B RHLER L5 et
carrying woethe iisvehtiohal It 35 o &e iuf@drabdt tBattthefobas 60MB thveAd o hereln shown and

s BT ROERUSLY B BSRLRG, P Lhe 91 GLL AR e

the 1m|p1bﬂﬁﬁtaﬁ@ﬁudtrfde BR Rt nAds HiQoselll JRES xR %ufv@feﬁts glements may be
£ es the resolution required for the digit
substltlm: gar

ghosgl sfralgd, g d qsprébed@m and t:e}:ta@f feaizive of th,gglgventlon may be
utilized MBpeRdently bhe ubded oty @&ﬁlresF!ﬂ[ bRbuaed Ih%ﬂa&‘ﬁ{ t odﬁb gﬁiﬂgd in the art

alternative enbodinents of this Invent

after hayfg thehpnefitof fipdescripsipn pf thefinventiohe art in view of this
description. It will be recognized, therefore, that
t he present



invention is not limted by these exanple
arrangenents. Accordingly, this description is to be
weooeneiied as illustrative only and is for theP@UUSIE€010765
of teaching those skilled 22 the art the manner of
carrying out the invention. It is to be understood
that the fornms of the invention herein shown and
_described are to be taken as the presently preferred
Claimsnhodi ments. Various changes nay be made in the
What isTRLEQERt at i ons and architectures disclosed. For
exanpl e, equivalent elenents may be substituted for
those illustrated and described herein, and certain

f j ti . .yt li L
A L
woaekitinge ségnplospentrtumt incladigg sidivlaligef chanhélewithin a fgfieescy range;

havi ng t he, henefit,.of .this. description,of )
s e asietg Stsoh Sush R R R B B ety
Vbélécting oad aff afickality of toarsd-turet dneldg brixing siprahglepéndingapbdn the location
one chanpel, wi thin S) | .spectrum conpri sing:
recei vi° gwé‘e%“ieg Eﬁﬁnnéaﬁ%&qﬁ?ﬁlﬁ‘ﬁifﬂﬁam a plurality of
Cclhafingett®s sdnkidpBetaunt WRE HR et O@ese-tufet@RloY inftgn@signal to generate a
sel ecti on sigpal_identifying at | east one desired, _
channelPo3 eI RNELHEY! SreeiEt S R6HE Bt signp) sapcdipy fpingrmixed down
coar setd 4R iARALQHN WKhi G ﬁdqﬁ&@% $ar@6 RBOAU DO, RAARe {dBble location
| ocation of the desired channel wthin the signal )
spect r GaPe dpBendit 1prs the splefed spares-fuaprmydlagimixing sigppland dip desired
coar sehAHAg: @l og m xi ng signal to generate a
coa(sely.tuﬁed signal spectrum the coarsely tune
s digitally prpeastingiie bedrsely triodsinalonprtrupgo 4ing twnp Higldesired channe] and to
| ocat i e A6 Qhde DC, and the
variab$EXW%%g??%§m£%§?ggﬁg%%gﬁ%gﬁ?égpon ?he sel ect ed
"coarse-tune anal og m xing signal and the desired
channel,: .and.digitall [ si.n he coarsel n
2 ctiRARtiog Rt PpielhaBt B8R RRER bGP ERR a3 spectram
from tavellifer athiownictionst ale kasi ko aghenel gipahls sfectrun hemgdsing @dplurality of

channel . .2.. The, net hod of cl ai wherein the sigha
wanso§iBE AR il BEsRo o iel b hyine S DRty ol e s,
satellite comuni cations, the satellite channel signa
spectrum coppr.i sin plurality of _ transponder )
3. cﬁgﬁ At d\/\ﬁ’f?ﬁalg‘a&hgftﬁecin“é’ﬁ’@%‘% SehasAting the ﬁgﬁ“ﬁ’éﬁyn’ﬁm%{? of the signal
spectrith Ufita ! a Iﬂﬁraﬁfy ArRGhHEY 6heRRE bFociding [ GeabBéitQdaeé-nmb ahdldg mixing
.1, further conprising separating the frequency range
“gmﬂdﬂﬂkﬁﬁﬁ@ﬁ%ﬁﬁ&Vb“%pectrun1into a plurality of frequency
bi ns and associating at | east one coarse-tune anal og

mxing signal with each frequency bin. 4. The method =
4. offhemethed DT claive Bewherein dhesteleating sigp eamppisesleisrmiging within which bin
the degﬁe‘a%ﬁéﬂn@f £ %@ﬂd%ﬁb&in&’ﬁﬁ%ﬁal@é ixcir} 1‘2?a%ch§a‘E’ad‘%flﬁﬂH&'bin.

alI's and selecting the anal og mXi ng signa

associated with that bin. 5. The method of claim 4,

5. \gﬁ'ﬁ% ?{#eglrotélﬂc? c%a%lnezﬁ tVé’h@&inS b€ %el%&{n% rE?Jp fufiR rc!o?h%ﬁse% %Q%S;Jn'g NY4ifferent

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 overl aps

the anal og m xi ng signal associated with the bin
waowdohios3xhi ch t he desired channel falls. 6. TheCTES1904010765

of claim3, further conprigdng organi zing the

frequency bins as first set of non- overl apping

frequency bi ns and a second set of non- overlapping

i,ns mh e first set
. GHEPEREY bt bV Bl Yo subhPtn e vide band
analogRCdiglth2004tE10 Zﬁﬁ'ert 23 céarseli amekdifolspetineh @i digitl signals and using a
erei.p the digital proc ssing step conprises using a
tm“mk&ﬁﬂgfbgﬁao“ﬁﬁ&ggngg taI converter to convert the
coarsely tuned signal spectrumto digital signals and
using a tunable digital filter to tune the, desired

8. cHgrAghod ¢ clamiel. wetehthe Migdphpracesing e eppriseetsifiedh Ragjow-band

tunableqsag §arﬁg>gsts QRiSITRYRER Ml e d@s@arcﬁgmfa%a% csnwa@meecoarsely
pass anal og-to-digital converter to tune

tuned %@1@1 sneefruah tondigifal sigaals andoeninges tungte digialridisr (o ﬁlrtb?réwe the desired
channepPl On@l spectrumto digital signals and using a tunable

digital filter to further tune the desired channe

9. The method of claim1, further conprising:
oo PRRYGAAE P MRbiRgES on @ single | ntegrated

crrcuit conprisin I receiver circuitry and

siprodiditlg aeleast wer tuoers ouatsingle intagrated K:ird:uliawdlpsising) ﬁdit receiver circuitry
receiver C|rﬁU|tg¥gconf te.at

ti nme; %dtsﬁ o(n é‘e(fe {:lr(‘rué Bi egrs fﬂ} ?K} ecerlve& é)fl‘%\.fl% n%gured to
flrst Seghifeadt tippané time) i ncl udi ng a pIuraI|ty of

el MAthIn a frequenc ra e an erformn
FURb A St Teb R e TR g o o aiey by e 8 pgatiy of
St eps antelsiviiid a fedybendl trkhgt RBA EERHEh BE @dc¥RIng, selecting, mixing

circuitry, receiving a second S|gnal spectrum

i ncl udﬁlﬁghgéfa%!r RrPeassipgsters o HaihbBl28d wi thin a  frequency

I RO sdcBEPle¥ding cReud®), ection signal identifying a

second desired channel to be tuned; selecting one of

a pl uriarditipe ¢f seserdomignal owpdant rdudingap GurAlityj gigehannels within a
signal s depg &@ ﬁgon the location of the second

desi red channel W tHin the si gnal ectrum mxing the
secondresdiyjngd sedgstion signal identhyiag o e@yenrgdﬁmqlr@emebw@e tuned;

anal og S r .

f uned séegéﬁﬁﬁq&lgpdg%ngﬁhraﬁ@ﬁg gg&gé glﬁ segtgtgere %&Fb% ‘I&ﬁléss?glnéﬁs depending
si gnal spectpou mheldeaangn ofi thegtcalohdesited channal widiti e signal spectrum,;

| ocation.w uenc ange a ound, DC,
vari ab 1x1 (}féea elc%nzi Sb%ll A Becéruéqevly]lt can Ocr(])alis% -tune bnﬁzi‘oegcr{uxglg signal to

coar se- t unegeaéljaie_agsemmdl qogrsaly gmﬂ sgnai spbgruche hiersecbnd coarsely tune
channel ¢ 20 ) e A ot PRSI e SBEIRSPRRS oy
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.



desi red channel and to produce digital baseband

signals representing the second desired channel; and
w@orveizent |y providing the digital baseband sP@nabm04/010765

for the first desired chand¢él and the digital

baseband signals for the second desired channel as

outputs fromthe first and second receiver circuitry.

2004/.093327 P, US2004/.010765 . .The method of. .
0. e S Rl ar R sreing P bt by LS PRp R bircui.

separatigCthe drageaey wetigeCofl thei dignal spaapar atd Agplidktyf sfefrepleayy bins and
. r.an E of the sugnal @Eectrun1i to a Eluralit. of
associafiBigfl IRIRCPC BY - Ui e 8 SELETE, b SteB fpiegRebin.
coarse-tune anal og m xing signal with each frequency
bin. 11. The.nethod of Clal”%ﬁo” further conprjsigg .
11. Sﬂlgrqlert,lg)dtqf &lagm rlg?tf“‘éli‘?é pg@pqﬁg& g tbq,]g“st z?mfalolgﬁrglxpg sigpal if the first
and sec@ﬁ&ialﬁrb%%séing i3h 0w 11 m(bﬁgméﬂf&@ Hith el dhel.i kel y interfere
: with each other. 12. The nmethod of claim9, wherein
the digital processing steps for the first and second
12.  "BeShNIdHf by b, WP the ﬁfgitgﬁﬂrg&sﬁné/‘gt(?ﬁ TR irst and second receivers
anal og-to-digital converter to convert the coarsely ‘
each cqmprises wiingna wideshsod nnalos-toaliglial conybrter tg eanvertahel coptiehyytuged signal
nahl i Qi i ]t -1. ir | .
peces OB Gt 3 bl Bl BB Bt R
processing step for the first and second receivers
B R RIRRR ooTOgA D R  RAH 8 reconr
each cobijaiseralsingruchatrowdany/ hiblé bendpBansddgytotdigiebeoaigrato tune the desired

ectrumto digital signals. and using.a tunable .
chamne i foxForp i e ety [FaeHeTSTRL MECTHR ‘i igte bSEfaapsing  tunable
digital fifter td RethEtikode @dsir€d @dbide®, Wherein the first and

second signal spectrunms conprise satellite channe
signal spectruns, the satellite channel signa

14.  SDRCHEHEP of SR Sheid thd BFdlahd ¥ecdhd iR SPORERE comprise satellite
channel s with each transponder channel includin

. - - . a
channeygigiahpreetures the segiiteAbamghng2b sPesiNSARBIPEFIRE § Flaraliy gfggansponder
channe{s&§i&] ¥&h tGhdpGitlet ERanhdl ARFudthef 4 Biifality" &%&Q&Q €hanfN18NAE herein the
and the second receiver circuitry tunes a second

first repqivem Spowte tuneh arfirell trangmonderhehapnst west thefseednd jrpgeivgr circuitry tunes a

' irst and second signal spectruns are the

Second\s@ﬁ%&%é?%% nmet hod of claim 14, further conprising
denodul ating the first tuned transponder channel to
t-H4ne fi st . I .t hi he first

15 Ml iR L RRTERRE ol R Gkl R St
tuned transponder channel to tune a second program

N S
to tuneld ifkst Hropgank bRNBECiMEh HenGet phabtrafspatianstahnd,Candplenétialeting the
sesond S R L B SR SR Rond e
transpodBlérichZinBlg t he second tuned program channel to provide

a data streamfor picture-in-picture operations.

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:



19. A receiver for tuning at |east one channel within

a signal spectrum conprising: WO 2004/ 093327
weEROMANE3004/ 010765 25 | ocal oscillator (LO cPE€TUB1004010765

havi ng a channel selection2§ignal as an input and

having a coarse-tune anal og m xi ng signal as an

out put, the output m xi ng signal being selected from

oAbl e BRI R AR Tt Pl fmspe

coar seohsdiRin€ haloigi rm&mg bigitdl agart digput,0ls Qput uﬁnein@ﬁg{aob}emg

m Xin as. a ut. and. havin

Spoct cein S0 fom Spntie PalRained SEpRfab IR draripepon

pl ur aldetiyed@hann6iNaBeRed; WM t hi n a frequency range, and
oarse tune circuitry being, .configured to

t he anal og ¢
(jaglog pRarse g‘aﬁe%“t“{ﬁh’éav%%ﬁ’a’f#ﬂ“ﬁ gradpgyRigingsiEnal as gy inpyt and

coar selaying HEgshl silcBidlas megatrtﬁmlgﬁam SpebRith ﬁl%luﬁmtgldﬁbﬁlrahty of
Si gnal spectrumbeing m xed down to a variab

| ocat ichrnogls tvthin aslrgquensyiémnes apd g analemingtse e CE%I“X bring

vari a ]

coar caPTRERh b hORLAG unE SRAGE ERing 1RAR! b §EpBl £LA tned

channelgnalspertingthe aparfelynians sigral speetow beine hixed dgvitthe variable

coars [ I tr ViR
aﬁbéég%&&ﬁﬁa I% gﬁ%ﬁ\gelnc%%gé aéer‘@'d ?%g %ﬁ‘q {0 ?&Eabféri&ag& ben%d

C h ann eiepenﬁéht ufidrethe sedeeted @parsgeftund analvg hﬁxlng\,klgnlaé and thérdesired

si gnal srglﬂc rym conpr i ses a channel si gnal spectrum

from sg M% comuni cat i ons, the satellite channel

sligitabdinestmesCdifcbitty Gavipg the tougsedy tp;hddrs@naltspecmﬁlm ds A Rppind Aliving as
channels wt hannel cluding a
pl ur al¥" thth}%‘ngﬂsﬁl?ﬁ“@ﬁ‘ﬁﬁfﬁseggthe is”ee"ﬁ]ea“? tei ver of

claim19, wherein the frequency range of the signal
S ectrum is agrganized, into a plurality_ of frequency
20.  phhgdecsivar e 1> Hherig s sightb sResiara sompriws a5hgggl signal spectrum

from SS&Pﬁten Borrh@iikionsS theAS&OIG et iRfneM didhal §triih e&ﬁﬁ:‘)ﬁ%’iﬁg i Prurality of
22. The receiver of claim?21l, wherein the anal

transpopdex chrinals wilk pach dpespprdgr ehopneh mcbutng By lurHEy ebrogrpm chanpely.

is an anal og m xi ng signal associated with the bin

within which the desired channel falls. 23. The
21 rideapagiier of claiial fnvdiereindhe fisiveney tings of bntsigarlapergrum is organized
_ i _ ed. b o
into & iAot fiBhey) inS B4 hER ot AP oh oot blod pidlPgnal i
associatgd swithieadhdtbquénchbinhe bin within which the deS| red

channel falls. 24. The receiver of claim21, wherein

the frequency bins are configured as first set of non-
22. Ghhe rrb@p/pi mgclﬁlmemlu evheyeirbiha sndogl mixise sigind saledtedofor output by the LO

cireuite] R ot oAl RUToin B e e ine s

25. The receiver of cI aim 19, wherein the digital fine
[ wi de- hand

tyne circujtr rses
23. ITBGTEDO Fl@%’ft 1. st it SRR HEE MPEng Sighal dt jeltctdely the LO
circuitr$ i he| deSIRACIHAMIE 3FerRPs tHaPdhloAMslxiN2ighal Mb@idtedl 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 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..

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



WD 2004/ 093327 PCT/ US2004/ 010765 26 signals as an
output, and further conprising a tunable digital

wo pdonee33epnfigured to tune the desired channePCT/B82004/010765
The receiver of claim19, wherein the digital fine
tune circuitry conprises a narrow band tunable
bandpass anal og-to-digital converter configured to

s1gna1s ﬁlre\ gu&e g%g? rﬁ%{: ggnfl:]?%%‘fng gﬂlgal%le fhg%lvtﬁl[ of con 1oun gﬁqgﬁtﬁrﬁe e"¥e desired

dmmwbonpr|3|ng a tunable dlgltal filter to further tune
the desired channel. 27. The receiver of claim19,
wherein the LO circuitry conprises phase-I|ock-1oop

26. ('ﬂieLr}:ce(i\ief GHictalny 19, Whdréifl iﬂﬁgdlgltd)hﬁﬁ&u&e&@ﬁﬁ@rcoﬂ@ﬂse@ a narrow-band
roll ed oscrllator t he_phase detector receivin

tunablertap Sss%nglﬁaro digiga) CRREHFTAOTRGHo p e Brd & Pigldnd ?chpnvert the
coarsel %ﬁféﬂ “ighfl PedtRELRUdiSHkADRBhalk HRH THARE BbhMBif 2 AMaSUREAI filter to
%@enc of the controlled oscillator, and generati ng
mﬂmﬂﬁmﬁF Alepiredshatmelnt r ol signal to adjust the output
frequency of the controlled oscillator. 28. The

receiver of claim27, wherein the LOcircuitry further

27. cbhepedetyesolistaimn i) wlmrmthmirq/clrcwmcmgpmsesjpha@e -logle-tsiop €PIL) circuitry
. t l I

1nc1ud1§$§@ﬂ§4e c&?elcﬁ)g tah% Eoc\%l %&Ped ¢ cﬁgiﬁ?t%n? S’t{r‘eo Blliarsg desztgég%ﬂn%gésl}/laﬁ 2 férst signal
represematlveh ef ph@&@ewetfequmy,bas@dngr plosrecdid/ slgmli re@geshetige of an output

tequen B 18 BHERRT ot RS B bRt Tord St s s g he ot
frequericg ofak eaitrotltboscilatos e- t une anal og m xi ng srgnal out put

by the PLL circuitry. 29. The receiver of claim 27,

wherein the controlled oscillator utilizes an RC based

28. I'EfRORSNer oFtdlalfit UT,ewhedén the WA tircultdn Afrthee CRMPIREs S¥iBioE Rlrcuitry
for tunjng multi Ie channels with Eyltl-tuner recei ver

configyrgd o ggcevg 2 chppngl sgreﬁfgqnélsnﬁka@ﬂr%\f%w Tyider; carcuifry that proyvidgs the first

and sedohd Siknd1£68he/SlasEddidettr tohidsd AGPAIHIBDv i Hors | oR k¥ rdfBrevbd fédlency and
an integrated circuit, the first receiver circuitry

the outgj ¢fghe. mrrrpgiﬁr exgilietory the gpnpiol Eirguiteds otig dh aflect hecqopspnune analog

mixingpalloQiput byl the BLBcifduiit  anal og mixing signal; and
second receiver circuitry according to claim 19 within

the sane integrated circuit, the second receiver

29. ofl{ecrlééetl\;ey oP aﬂlg 29 o&fxérgiﬁ rtﬁéj c<§n?ro[1<§f §§c}{ﬁ‘fo§ wifiged qu lﬁt-g{).@h resonant

spectrunran to utilrze a second anal og m xi ng
structugi gnal . 31. The nulti-tuner receiver system of claim
30, wherein for each of the first and second receiver
circuitry, the frequency range of the signal spectrum
30 iA Irmttig’ﬂlnél zewiverdystem fpi tunia intuitipdef chburetyvathoyulibitursr reaeider circuitry
oarse-tune analog m xing signal is

on as“é%i ér%rgfesrsﬂw% FIRAEHEE r equency bin. WD 2004/ 093327
RSt/ rbdoRARP At A0&ordidg 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.



32. The multi-tuner receiver systemof claim31,
further conprising for each of the first and second

WO e@ei093e7 circuitry, the anal og m xi ng signal B&l/E81004010765
for output by the LOcircui2fry is an anal og m xi ng
signal associated with the bin within which the
desired channel falls. 33. The nulti-tuner receiver

te clai.m3 ach of .the
2. RGPl Guir Grelli YR 1 BFRE Prfer i s o i st and
second St@hat ciraut@eltbe{:hlmibg ﬁnmﬂ'gas@&i; is¢lededc foR 0§t By/elrel BD it iRy is an

analos G g st LB G Ly i S eserh S 1 uncr

receiver systemof claim 31, wherein the frrst anal og
gnal .is shared b%%the second recei

m n
33. XI %11 FLSI,‘leI‘ receiyes systepct claky 3. WsHin £05 Sqtc@g)f Fhe)ﬁrﬂgnd second receiver
cn‘cumi' Qrdﬁfe‘ﬁenWahiloé klghy sighd166 fs&éc@ed’\&fttﬁe A6 BLIET ovedaps the analog
he multi-tuner receiver stem of claim 30, wherein
mixing sigaal gpsgpiptad With the binywihia whichitherdpsiredchensel fafls.r st and
second receiver circuitry each conprises a w de-band
anal og-to-digital converter having the coarsely tuned
34.  shhgmalti-opecteeaiver systeanof ehpmt3 lawuerﬂa\vher@stohngliog alixisg ggal & shared
by the @SorlectERlow B0 67 afEIPI S Hon ArlHDRMAE ol HbPlugorore iy
eachotherl ti -tuner receiver systemof claim 30, wherein the
digital fine tune circuitry for the first and second
receiver circuitry each conprises a narrow band
35.  tTheabilg-uhantpeisa systeh @f-clabm dD,giviieadin tb:eodig@rl {6 tune circuitry for the
first ang %%:g%cg%?eggqr %g?%t%}g gac Qgﬂgr?segégfgqeﬁgﬁ& ?r@lo gill&ltﬁ‘ cg,:ocl)nr/]evrteelt ﬂaving the
coarsel$ h@@cﬂé@nal fiRenah SDaCIOPR hh SRFing digiabdibialstk gh bl@cbutf Ankdta®b comprises
kﬁ1 %her %une the desired channel. 37. The
a tunablg, digifal ity cpnfieured;te twpe g&?gf’sérﬁﬁi ghengslai m 30, wherein the
first and second signal spectruns conprise satellite
channel signal spectruns, the satellite channel signa
36.  SHwaniiHneTtsRsirer SyHem 1 clainy p&I wheyei fhet digikd fisp g circuitry for the

first an§ @&Bﬂ@ }e%eMér c'i}cﬁﬁff Rad SRPRORAGarGRABAEhunBIE bithE afalop-to-digital
ural it ram channels, and wherein th '? &

convertpe@eﬁmércy f@rtm@LIhft gpired phagneh ard tp @@nvrertéhﬂscpers@lle rcunerh algmaé pectrum to
digital Gfih1s! B RECARiscl SRAMNEigflI T bl RS 1R 13868 Bikunel.
anspon er channe tuner receiver
system of claim 37, wherein the flrst and second
: Lt ner
7. Phida ARECILUE syl of Db S0 Sineith nd BBl ekt B8t scctrams
compr1§e| sagdlitel e:immielll sipoid sp@ltquine,dthe tsateHigC eha\rmelas@iag bpeadrums comprising a
and fromthe first .receiver :
plorali 38 SRR Hhef A Sork PR “HobSit IR S ohplsg of program
channelshandf wiiesdin denfadileadins chenifrg tmenh ifystridsgonddr Whghnal 4ddrtbd second
. gr ﬁ channel mrtﬁﬁ@ (%he first tuned transponder
receivel GLefitty| UnoR A sqegnqraRsPREe HEeY r st t uned progr am channel
as an output, and further conprising a second
denodul ator cqupled to_receive a digital baseband
38. &%mh—gﬁnwpevfe‘r S¥steoy &f Byt Ayhetstn t%? first and second signal spectrums
are the Bkl US2004/ 010765 28 second recei ver representative
of a second tuned transponder channel, the second
denodul ator being configured to tune a second prom

39. legxg %‘El%k-tu%lt eyt Qﬁteﬁ?&p&gmtﬁpﬁﬂhéﬂ' &%HQHQ & irt RaR0 R ator 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



provi de the second tuned program channel as an out put
40. The nulti-tuner receiver system of claim 39,

wob@n o932t he second tuned program channel is PCT/UB204010765
to provide a data stream f@8 personal video recorder
operations. 41. The nulti-tuner receiver system of
claim 39, wherein the second tuned program channel is
utilized to provide a data stream for

pi cture-in-picture operations. SUBSTI TUTE SHEET ( RULE
26)

second receiver representative of a second tuned transpotider chammel, the second demodulator being
configured to tune a second program channel 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 second tuned program channel is
utilized to provide a data siream far personal video recorder operations.

41, The multi-tuner Teceiver systetn of claim 39, wherein the second taned program channel is
utilized to provide a data stream for picture-in-pictnre operations.
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