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(5 7) ABSTRACT

Receiver architectures and associated methods are disclosed
that pmvide initial analog coarse tuning of desired channels
v ithin a received siagnal spectrum, such as a set-top box
signal spectrum for satellite conmnuiications These archi-
tccturcs provide sigrulicant advantages over poor direct
down-Conversion (DDC) arclntecturcs and low intermedi-
ate-frequency (IF) architectures, particularly where two tun-
ers are desired on the smne integrated circuit Rather than
usiag a lov;-Il'requency or directly converting the desired
channel frequency to DC, initial coarse tuning provided by
analog coarse tunin circuitry allows for a conversion to a
frcxtucncy range around DC. This course tuning circuitry can
bc implmnentcd, Ibr cxiunple, using a large-step local oscil-
lator (I,O) tlmt provides a coarse tune analog iiiixing signal
Once nnxed dnivn, the desired channel niay then be fine-
tuned through digital processing. such as through the use of
a wide-band analo -to-digital converter (ADC) or a narrow-
band tunable bandpass ADC.
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RECEIVER ARC'HITEC'TURES UTILIZINC
COARSE .4N.4I.O('UNIS('NI)

ASSOCL4TEI) AIE'I'HOI)S

TECHNICAL FIELD OF THE INVENTION

llus ulvculton rclan:s 10 Iccctvcl Brchuccuucs lor high
frequency lransmissious and morc particularly 10 sel-lop box
receiver architectures for satellite television comnnuuca-
tlol'IS 111

BACKG ROI IND

In aeneml. the most ideal receiver architecture for an
integrated circuit front a hill-of-material point of view ls
usually a direct dov n conversion (DDC) architecture. How-
ever, in pmctice. there are seveml issues that often prohibit
lhc piacucid ilcsign ol uucgitucd cucUR huph:uu:utauous
thai Usc DDC Brchltccnircs Those BsUcs lvpicallv ulchldc
noise I)om thc DC oifsct voltage and I/f noise i)om bass-
band circuitry located on the mtegrated circuit. In ntobile
applications. such as with cellular phones, the DC otfset
voltage is a tune varying entity which makes its cancellation
a very difficult task. In other applications where mobility is
uol a couccni, sUch Bs wilh salclhn: 0:cclvcis, lhc DC ofisel
I oltagc can be stored and cancelled, such as through the use
ol'cxtcrnal storage capacitors. However, I/I'noise Is still an
issue and often degrades ('MOS satellite tuners that use a
I )I )('rchitecture

Conventional home satellite television systems utilize a 10

fixed dish antenna to receive satellite conununications. After
rivetvuig the sa tel lite signal, the if ah antciuia circuitry scuds

salclliu: spectrum signal 10 a satclhu: rcceivcr or scl-lop
box that is o ften located near a television tluough winch thc
vieiver desires to watch the satellite programming Tlus is
satellite receiver uses receive path circuitry to tune the
progrant channel that was selected by the user. Tluougbout
the ivorld. the satelhte channel spectnun sent to the set-top
box is often structured lo Include 32 transponder chaiuicls
betwcmn 950 MHz Bnd 2150 MHz with each transponder so
cluutncl carrying a number ol'ifibrcnt program clmruicls.
1iach transponder will typically transinit nniltiple progrant
channels that are time-niultiplexed on one carrier sigttal.
Alternatively, the multiple program channels may be fre-
quency nuiltiplexed within the output of each transponder. B-

The total number of received progmm channels considering
Bll thc traimpondcrs together Is typically well over 300
program channels.

Conventional arclutectures for set-top box satellite receiv-
ers include lov, intermediate-frequency (IF) architectures 0

Bnd DDC arclulccturcs. Low-IF arclutcclures ulihze two
mixuig Ibequencics The first nuxing frequency Is dost~ted
lo bc a I ariablc I)cqucncy that Is used lo nux lhc selected
satellite transponder channel to a pre-selected II'requency
that is close to D('nd the second mixing, frequeuc)'s s

designed to be the low-IF frequency that is used to mix the
satellite spectnnn to DC. Direct down conversion fDDC)
arclulecturcs utihzc a single mixui frcqucncy. This nuxuig
frequency is designed to be a variable I'rcqucncy that is used
to nnx the sclcctcxt salclhtc transponder channel directly to io
I )(

As indicated above, DDC architectures are desirable due
to the cfiiciencics tlmy provide. DDC arclulectures, how-
cvcr, sullcr from disadvantages such Bs susccplibihly lo DC
noise, I/fnoise aud I/O path Imbalances. DDC archilecturcs ss
also often require narrow-band Pl.l,s to provide mixing
frequencies. and implementations of such narrow-band

PLLs typically uuhze LC-based voltage controlled oscilla-
tors (V('Os) I,ow-lli architectures, hke Dl)('rchitectures,
also typically require the use of such narrow-band Pl.l,s
v ith I,('.-based VCOs Such I.(xbased V('Os are often
difficult to tune over wide frequency mn es and often are
prone to magnetically pick up any magrnetically radiated
noise. In addition, intcrfcrencc problems ause because lhe
center frcxtucncy for thc sclcctcxl transponder channel and
the DD(.'ixing signal are typically at the sante frequency
or are very close in frequency To solve this interference
pmblem, some systems have implemented receivers where
the DDC mixing frequency is double (or halfl of what the
required frequency is, and at the mixer input. a divider (or
doubler) translates lhc DDC mixing sigoal Into thc wantod
frcxlucncy. Furthcnnorc, where lw o tuncrs Brc dcsircd on thc
sante integrated circuit. tivo Dl)('eceivers. as well as two
low-III receivers. will have a tendency to interfere with each
other, and their V('Os also have a tendency to inter-lock into
one another. particularly where the selected tmnsponder
channels for each tuner are close to ether.

SUMMARY OF THE INVENTION

Thc prcscnl invcnnon prox ides receiver arclutecturcs and
associated methods lhal ulihzc coarse armlog nine circuury
to provide initial analoa coarse tunmg of desired channels
v ithin a received spectruni signal, such as a set-top box
signal spectrum for satellite conmuuucations These archi-
tectures. as described in detail below. provide significant
advantages over prior direct down-conversion (DDC) archi-
tcclurcs and low inlcmicdialc-frequency HF) arclulcclures,
particularly where lwo luncrs are dcsircd on dic same
integrated circuit Rather than using a loiv-II'requency or
directly converting the desired channel frequency to D(L
initial coarse tuning provided by analog coarse tuning cir-
cuitry allov, s for a conversion to a frequency range around
DC. This coarse tuning circuitry can be implemented. for
cxiunplc, using a large-slap local oscillator fLO) that pro-
vides a coarse tune analog mixing signal. Once mixed down.
the desired channel may then be fine-tuned through digital
pmcessing, such as througii the use of a ivide-band analog;
to-digital converter fAI)(') or a narrow-band tunable band-
pass ADC. The disclosed architectures, therefore, have the
efficiency of using a single mixing frequency while still
avoiding uitcrfbrcnce and noise problcnm that plague DDC
Brchltcctuics.

DES('RIFI'ION OI'I I III DRAW IN(IS

It is noted that the appended drav in s illustrate only
exemplary embodiments of the invention and are. therefore,
not to be considered limiting of its scope. for the invention
may Ixhnil to other equally efii:Olive cmbodimenku

FICi IA is a block diagriun Ibr an cxamplc satclhtc set-iop
box environment ivithin ivhich the receiver architecture of
the present invention could be utilized

Iil(i I I I is a block diagmm for exaniple satellite set-top
box circuitry that could include the receiver architecture of
the present invention.

FICi. IC is a block diagram of basic receiver architecture
according lo Ihe prcscnl uivcnl ion utilizing a large-step local
Use llla lou

FICi ID is a block diagram of an embodiment for coarse
tune circuitry

lil(i IE is a block diagram of an embodiment tbr a
large-step local oscillator.
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FIG. 2A Is a diagram for an example el&Souci spectrum
signal lvith predetermined frequency bins spanning the
channel spectrunl

FIG, 2B is B diagram for Bn example coarse rune signal
spec&Blat.

FIG 2('s a dlagrmn for an example satellite signal
spectntm &chere desired channels overlap a bin local oscil-
lator frequency or a btn-to-bin boundary.

FIG. 3 &s a diagram of an cmbodtmcnt I'or a overlapping
bin architecture for an example 32 channel satellite signal
spectmnl for a television set-top box

FIGS. 4A and 4B arecxamplc cmbodunents for the basic
I&ct:Ivc& s&chitccturc usulg a wide-bmld am&log-to-dlgnal
corn ertcr and a narrow band tunable btmdpass analog-to-
digitai comerter. respectively. I

FIG. 5A is a block dtay am for a two receiver architecture
loci&&&:0 on a shlglc ultcgrtllcd cucull.

l1C)S 5B and 5('re flow diagrams of example embodi-
ments for sharing a single local oscillator frequency between
nvo receivers.

FIGS. 6A and 6B are block d&agrams for exmnple cmbodt-
ments for providing satellite dish Big&IBIS to satellite set-top
box receivers.

FIG, 7A is a block diagram for an dual receiver imple-
meniation of thc race&ver arch&tecturc of lhc present mven-
uon us&ng wide-band analog-to-d&gttal convertcrs.

FIG, 7B is a block diagram for an dual receiver imple-
mentation of the receiver architecture of the present inven-
tion using complex tunable bandpass delta-sigma analog-to-

&O
ihgl&BI const'1st:Is.

FIG 7('s a block diagram ofan example elnbodiment ftlr
converting negative frequencies to reduce the needed tuning
range of B complex tunable bandpass to positive frequencies.

FIGS. 8A Is a block diagram of ml cmbodlmcnt for
adjusting tuning errors with respect to the complex tunable
bandpass delta-sigma analog-to-digital converters in the
enlbodiment of FICI. 7B.

FIG. UB Is a duigrtun rcprcsenun the signal corr&mtton of
FIG. 8A.

FIG. 8C is a block diagram for a master-SLsve tuning
arrangement between a tlulable bandpncs analog-to-digital
comertcr (master) and a tunable bmldpsss tilter (slave).

l1C) 9A is a block diagram of a nndti-stage architecture
for a digital down-converter and decimator usable In the
embodiment of FICI. 7B.

FIG. 9B is a block d&agmm of cxtmlplc su&gee fi&r thc
architecture of I'IG 9A

FIG, 9C is a block diagmm of example implementation of
the architecture of FIC). 9A utilizing a fixed decimation in so
thc lani-llntll su'Igcs Bnd B vBrlabh: dt:&inst&on IB&c ln thc
fhlal SL'Igtx

FIG, 9D is a dta~vam for determining a factor (N) used in
the non-final stage implementationc of FIG. 9C.

FIG. 9E is a respome diagram of an cxmnplc low pass
filter for the non-final stage implementations of l&Ki

9('ETAILED

DESC:RIPTION OF THE
INVENTION

so

The present invention provides receiver nrchitectures and
associated methods that coarse analog tune circuitry to
provide uutial analog coarse tulung of dcs&r&xl chatulcls
w itlun a rix&ivcd s&gnal spectrum. In lhc dcscnption of the
present invcnuon below, thc stgnal sp&ctrum is primanly sc
described v ith respect to a satellite transponder channel
spectmnl; holvever, it is noted that the receiver architecture

and methods ol'hc present invent&on could be used w&th

other channei signal spec&runts utdized by other systems. if
iles It&xi.

FIC) IA is a block diagram for an example satellite set-top
box environment 170 witiun wluch thc reccivcr or tuner
architecture 100 of the present mvention could be utilized.
In thc cmboduncnt depicted. a satclhtc sct-top box 172
receives an input signal spectnun from satellite dish antenna
circu&try 171. The satelhte sct-top box 172 processes tlus
s&gnal spectrum ul part uiilizing thc rccmvcr/tuner circuitry
100 The output Ibom the wits)lite sct-top box 172 ts then
pmvided to a television, a videocassette recorder (V('R) or
other device as represented by the 'I'V'/V('R block 174

FIC). IB is a block diagram for example circuitry for a
satellite set-top box 172 that could include thc rccciver
arclutccturc 100 of thc present invmlt&on. The input s&gnal
spectn&m 107 cml be, tbr example. 32 transponder channels
between i)50 MHz and 2150 Milz with each transponder
channel carrying a nun&her of difierent pro ram channels.
This stgnal spectrum 107 can be processed by the receiver/
tuner 100 to provide digital baseband output stgnalc 112 that
rcprcscnt a tuned transponder channel These output signals
112 can then be processed by a demodulator 180 that can
lane ouc of the pi'ogl'Btu ella&lucis with&&i thc tuftctl tl'all&pon-
der channel. The output signal 181 from the demoduLstor,
v hich represents a tuned progmsm channel v ithin the tran-
sponder channel that was tuned by the receiver/tuner 100,
cml then be processed with a forward error correction
dimodcr 182 to produce s dtgital output strwtm. This dig&tal
output stream ts typically the data stream that stored by
personal video recorders (PVRs) ftlr later use and vieiving
by a user as represented by the PVR output stream 188 1'he
output of the decoder 182„or the stored PVR data as
represented by PVR input stream 192, can then be procecsed
by vtdeo/audio processing circuitry 184 that can include
processing clrcu&try such as an MPEG decoder. Thc output
of thc processing circuttry 184 Is typically the &hgttal v&0&x&

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 tv o tuners with one
tuner prot iding the primary vie&tin feed and a second tuner
providul the PnP viewing feed. The output of the process-
ing circuttry 184, as well ss a PBP Input stream 194 lbom a
second tuner if a second tuner is bc&ng utilized for PnP
openctions, can be pmcessed by a video/audio contnlller 186
to genencte a video output signai 176 that can subsequently
be utilized. for exanlple, v ith a 1 V or V('R. Additional
tuners couid also be used, if desired.

FIC) 1C is a blocl dtagrtun of bas&c rccetvcr arclutccture
100 accordulg to the prcsmlt ulvenuon uuhzing a large-st&7&

local oscillator 106 Input signal 107. ftlr example from a
satellite dish antenna or other source, is received and passed
throu h a low noise autonlatic-gain amplifier (LNA) 105. In
the embodiments described herein„ it is assumed that the
input signal 107 is a signal spixuum that &ncludcs muliiplc
chtumcls. such as a satclliie tcleviston s&gnals that includes
32 trmlspondcr channels between thc I'rcqucncics of 950
Ml lz and 2150 MI Iz 1'he output smnal ltlg fmm I NA lt)5
is initially tuned with analoa coarse tune circuitry lt)2
utthztn a locai oscillator mixing frequency (fzo) Provided
by lar e-step local oscillator (LO) circuitry 106. The large-
stcp LO circuitry 106 also receives a coarse channel ac)ac-
t&on stgnal 162. The resulung coarsely tuned stgnal 110 ts
then subjectixl to d&gital linc tune circuitry 104 utilizing the
center frequency (f&w) 114 for the desired channel to Pa&-

duce digital baseband signals 112
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FIG. ID is a block diagram ol'n embodmicnt lbr coarse
tune circuitry 102 The channel spectrum signal 108 is sent
to nlixers 122 and 124 'I'he output Q signal frnm mixer 124
is desired to be offset by a phase shift of 90 degrees frnni the
output I signai from mixer 122. To provide thesetwo si nels,
a local oscillator mixing frequency (fzo) 116 and a dual
divide-by-two and quadrature sh&fi block (v2/90') 126 may
be utilized. Thc local osc&llator m&xuig frcqucncy (fr,i) 116
is divided by two m block 126 to provide mixing sig&tats 125
and 127. I3lock 126 also delays the signal 125 tn mixer 124 io

by 90 degrees with respect to the signal 127 to mixer 122.
Mixer 122 mixes the channel spectrum signal 108 with the
signai 1277 to provide an ln-phase signal (I) for the coarse
tune I/Q signals 110. And m&xer 124 mixes lhc clraiuicl
spectrum signal 108 w&lh Ihc signal 125 lo prov&dc thc
quadrature signal (Q) for the coarse tuned I,'Q sig&tats 110.
l3ecause the dual divide-by-two and quadrature shift block
(v2&90') 126 will divide the local oscillatnr mixing fre-
quency (f«) 116 by two, the local oscillator mixin fre-
quency (fro) 116 will be two-times the desired mixing zo

frequency for the mixcrs 122 and 124. II is also noted ll&at

thc block 126 could bc modilicd. &f dcs&rcd. Io provide any
desired frequency division. such as a divide-by-tiiur opera-
tion. assumin tltat a corresponding change were made to the
local oscillator mixing frequency (f«) 116 so that the
desired mixin frequency was still received by the mixers
122 and 124. It is further noted that block 126 could simply
provide a quadmturc phase shit't and provide no frequency
division. such that the local osc&timor nuxing frequency
(fr o) 116 is directly used by the mixers 122 and 124 except io
for lhe 90 degrees phase shift bet&veen the two signal 125
and 127.

FIG. 1E is a block dm ram of an embodiment for a
large-step local oscillator 106. The large-step local oscillator
106. according to thc prcscnt invemion, is des&gned to is
generate a mixing s&gnal at onc of a plural&ty oi predetcr-
nnncd frcqucncies. Thc output LO frcqucncy &s selcctcd
based upon the channel within the spectnun that is desired
to be tuned. 'Ihe output I,O frequencies can be organized and
uniformly or non-uniformly spaced as desired. As one so
example, the output LO frequencies can be a fixed band-

widthh

apart lrom each other and cmi spim lhc cnl&re input
clrannel spixtrum s&gnal 108. In the embodiment depict&ah
the local oscillator mix&ng lbcqucncy (fr o) 116 is generated
using phase-lock-loop (Pl,l.) circuitry 1 he phase detector 3

152 receives a signal 172 that represents a divided version
of a reference frequency (f~r) and signai 174 that repre-
sents a divided version of the output frequency (fro) 116. A
rei'crcncc frcqucncy (ls«) cmi be genera&cd, for exiunple,
using crystal oscillator 164. Thc output of Ihc crystal oscil- o

la&or 164 &s provided Io div&dc-by-M block 166 to produce
the signal 172 1 he output frequency (fjo) 116 is provided
to divide-by-N block 156 to produce the signal 174 1he
dividers 156 and 166 are controlled by large-step LO control
circuitry 160 Based upon a coarse chiumel selection signal ss
162. which rcprcscnts information &dent&fyuig thc clraiuicl
that is dcs&rcd to bc tuned. thc control circu&try 160 acts thc
dividers 156 and 166 to generate a des&red output frequency
(fzo) 116. Dependmg upon these settings for the dividers
156 and 166. the phase detector 152 and contrnlled oscillator io
154 act together to provide phase-loci -loop (PLL) circuitry
that attempts to lock the output frequency (f«) 116 to a
sclccled LO m&xing frixpicncy, as described ui more detail
below.

In operation, the phase dclcclor 152 provides a control ss
input 153 to the controlled oscillator 154 in order to contml
the output frequency of the controlled oscillatnr 154. 1 he

nature ol'his control mpul 153 w&11 depend upon thc
circuitry used tn inlplement the controlled oscillator 154
i&or exaniple, if a volta e controlled oscillator (&0('0) is
used, the cnntrol input 153 can include one or more voltage
control si nels. If LC-tank oscillator architecture ls utilized
for the %CO, one or more volta e contml signals could be
used lo control onc or morc venable capacitnnces w&llun Ihe
&r CO circuitry. Advmilagcously. the large-step LO rccciver
architecture of the present invention allows for the use of
less precise nscillator architecnires, such as I(('-based oscil-
lator architectures. One l((bbased oscillator architecture that
could be used is a inverter-based ring oscillator where the
delay of each inverter stage can be adjusting usin one or
morc control signals as lhe control input 153. II &s noted.
thcrcfbrc, thai a wide i ariety of osc&llator arclulccturcs and
assnciated cnntrnl signals could be used for the controlled
oscdtator 154 and the contml input 153 This wide variety of
applicable architectures is in part due to the wide-band
nature of the PLL that can be utilized with the architecture
of the present invention, which in turn causes the output
pl&asc no&sc lo track thc phase noise of the rcfcrcnce osc&1-

lator over a wider spcclrmn range thereby relaxing Ihe
required t/('0 phase noise specitications

l&I(i 2A is a diagram for an example channel spectnun
sigaal 108 ivith predetermined frequency bins spanning the
channel spectrum 208. The channel spectrum can include
any number of different channels. such as channel 206 with
a center frcqucncy al frri, ond the channel spectrum can span
any desired frcqumicy range. W&th rcspccl to satellite set-iop
box receivers, for example. the channel spectmni includes
32 transponder cliannels betv een 950 Ml lz and 2150 Ml iz
In the embodiment depicted, the spectnun 208 between
frequencies f, and f, has been partitioned into N difihrent
bins. which are desi nated BINI, BIN2, BIN3... BIN(N-I),
BIN(N) Each bui has a suiglc prc-sclccted LO frcxtucncy,
wit&eh tire des&gila&cd lr o& 11 o i& os ' oi v 1 i'ol i»'hedcsircd channel 206 falls witlun thc bu&. thc bin LO
frequency can be used as the mixmg signa) to provide the
down conversion nf the desired cham&el to a frequency range
around DC. In the embodiment depicted„channel 206 falls
within BIN3, and LO frequency fzo., can be used as the
mixing s&g&ud. In addition, ui the mnboduncnt dcp&ctcd, thc
width 202 ol'each bm has been sclcctcd Io bc Ihe same. and
thc width 204 between each LO frequency hns been selected
to be the same. It is noted. hoivever, that frequency bin sizes
and I 0 frequencies can be non-uniformly distributed and
cmi be varied or moditied depending upon the implementa-
tion desired. In addition, multiple LO frequencies per bin
could be used and diffi:rent numbers of LO lbcqucncics
could also bc used dc7&cnd&ug upon thc unplemcntal&on
dcs iicxt.

l&I(i ZI3 is a diagram for an exmnple coarse tune signal
spectn&m 110 after it has been mixed ivith I,O frequency
fr«i As dePicted, the channel sPectnnn 208 has been moved
so that channel 206 is now centered at a resultin frequency
thol is equal lo Ihc clumncl center lbcqucncy (I'err) m&nus thc
LO nuxing frcqucncy (fr os). Thc sP&xtrum 208 sinularly has
bimn mixed down so Ihal Ihc spectrum is now between Ihc
frequencies f,-fii,i and f.-f«J&

lil(i 2('s a diagram for an exmnple satellite signal
spectnun 208 where a desired channel 252 overlaps a bin LO
frequency and a desired channel 254 overlaps a bin-to-bin
boundary. Firsh cons&dcrmg chan&a:I 254, &ts cl&anncl ccnier
frixpicncy (frw) is shown as sitting on lop ol'hc boundary
bclwimn BIN(N-I ) nnd BIN(N). As such. thc LO frequency
fr«is, i&

fnr l3IN(N-I ) or the I 0 frequency froi» for IIIN(N)
can be used as represented by the armws identified by
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clcmcnt number 258 Now, considenn chaiuicl 252, its
channel center frequency (f&») is shown as sitting on top of
the I,O frequency f&os for 13IN2 in which channel 252 falls.
lf I 0 frequency fzoi for 13IN2 were used to mix dov n
channel 252. the channel center frequency (f&,r) would land
at DC thereby in effect causin a direct down conversion of
cluutncl 252 This is an undesirable result according to the
arcluu:cturc ol thc prcscnt invention. Thus, where Ihe chan-
nel 252 m erlaps the I 0 frequency fiir the bin in wlfich it
falls. the I 0 frequency for an adjacent bin can be used as the I c

niixina I.O frequency As depicted, therefore, instead of
using LO frequency fros for BIN2 to mix down channel 252,
the LO frequency fro, for BINI or the LO fkequency fro.,
for BIN3 can bc used as represented by Ihe arrows identified
by elcmmit number 256, thcrcby avoiduig direct down
conversion to IX't is noted that the decision of ivhich bin
I 0 frequency to use can be made utilizing any of a v ide
variety of considerations depending upon the particular
application and design critenon involved.

FIG. 3 is a diagmsm of an embodiment 300 for an io
overlappuig bin architccturc for an example 32 transponder
cluutncl satellite signal spectrum for a Iclevision sct-Iop box.
ln particular, the satellite transponder channel spectruni 208
includes 32 transponder channels between ')50 Mliz and
2150 Mhz ivith each channel being alxiut 37 5 Mliz wide.
As depicted, channel 308 represents the tran~ponder cluuuiel
desired to be tuned, and element 306 represents the width of
clrannels. As configured in the embodiment 300, (herc arc 23
ovcrlappuig bins configured as 12 odd numbered bum 320
(13INI, i3IN3 13IN23) and 11 even numbered bins 322 io
(13N2. 13IN4 13IN22) 'I'he width of each odd bin 320 as
desianated by element 304 can be selected to be the same.
The width of each even bin 322 as designated by element
302 can be selected to be the same. And the widths for bins
320 and 322 can be sclectcd to bc thc stunc. As discussed )s
aboi e. each bin cun bc conligured to haves LO lbequmicy
associated with it Ilrat is locatcxJ at Ihc center of Ihc bin as
represented by the dotted lines. such as dotted lines 309 and
310 I he width between J,O frequencies associated v ith
each consecutive bin, such as between the LO frequencies so
for BIN12 and BIN13. can be the same ns designated by
clcmcnt 312. As such, Ihe width bc(ween LO frcxlucnctcs of
consccutnely numbered bins is half thc width of the bins.
For cxmnplc. il'widths 302 and 304 of the odd and cvmi buts
are set to I (X) Ml lz, the width or frequency step benveen 1,0
frequencies for consecutively numbered bins bcconies 50
MHz.

An overlapping bin architecture, such ns embodunent
300. helps improve the pcrlbrmmicc aml cfiicicncy of the
receiver architccturc of the present invenuon by providuig O

rcxlundancy and helping Io rcsolvc cliaiuicls whose center
frequencies happen to be at the boundary between nvo bins.
As will be discussed in more detail below, it is often
desirable to include tv o or more receivers in a single
integrated circuit and to reduce the fbequency range within s.
mluch the digital linc tune circuitry 104 nuist operate. In
sclccting Ihc bin conliguration for a chaiuiel spectrum, it is
ailvantagcous Io increase thc frequency step between LO
frequencies so that adjacent I,O frequencies from tmo or
more sepamte receivers m an integrated multi-tuner satelhte &o

receiver are far enough apart to avoid interference with each
other. However, it is also advantageous to reduce the fre-
quency step bctwccn thc LO frcqucncies to reduce the
frequency range within which the ihgital fine June circuiIry
104 nuist operute and to relax the design specifications for ss
the digital hne tune circuitry 104. such as„ for example, lom
pass filter (I PI') circuitry and analog-to-digital conversion

(ADC) circuitry. For thc cmboduneut 300 of FIG. 3. a 50
Ml Iz frequency step is one reasonable choice fiir the fre-
quency step ivhen considering the trade-off between mini-
nuzing the frequency step ivhile still keeping adjacent J,O
frequencies separated to avoid interference It is also noted
that a 10 MHz frequency step may also be a desirable
frixpicncy slap. And il is further noted Ihat other frequency
steps or configurations nuiy bc chosmi dcpcudutg upon Ihe
particular design requirements involved.

With respect to standard satellite tuners and a transponder
channel sigttal spectruni benveen 950 Mliz and 2150 Ml lz,
the local oscillator mixing frequency resolutions are typi-
cally on the range of 100 KHz. Thus. where the frequency
step is chosen to bc 10-50 MHz or morc, Ihc coarse Iuiung
provided by thc large-step oscillator ol'he prcscut uivention
can provide frequency steps that are 100-times or more
larger tlmn traditional resolutions 13ecause the bandwidth of
PI [.s that pmvide these local oscillator output signals have
a bandv,idths that are typically '!ic of the frequency step,
traditionai PLLs would be expected to have bandwidths on
the range ol'0 KHz. In contrast, with the large-step local
oscillator ol'Ihc prcscnt im en(ion. thc bandwidth of the PLL
mould likely be niore on the order of 1-5 Mliz or higher,
depending upon the resolution chosen for the coarse tune
frequency steps. It is noted that these nunibers are provided
as examples and slmuld not be considered as limiting the
invention. The coarse analog tuning and fine digital tuning
arclutccturc disc u sax xi hcrcm is applicable Io a wide range of
applications and not limited to tlu:se cxamplc embodiments,
frequency mnges or bandwidths.

I,ookmg to channel 308 in lil(i. 3. it is located within the
channel spectrum such that it overlaps the I.O frequency fiir
BIN2 and the boundary of BINI and BIN2, which cre both
designed to be located at about 1050 MHz As discussed
above with respect to FIG. 2C, thc LO mixing frequency
fr os m ould not bc used Io avoid a direct down conversion of
chiuincl 308 Io DC. Rather. the LO mixing Ikcqucncy fz&u
for 13INI or the I,O mixing frequency f&,» for 13IN3 could
be used to mix down the channel 308. It is noted tlmt by
having overlapping frequency bins, an LO frequency closer
to the center frequency for the desired channel 308 could be
used. For cxamplc, il'only the non-ovcrlappuig even mun-
bcrcd bins 322 were prov ide&1 in thc mnbodimcnt 300, thc
next adjacent LO mixuig Ikequency mould have bccn LO
nuxing frequency fzos for 131 N4, which is 100 Ml lz fmm the
I.O mixmg frequency fzoi tiir 13IN2. rather than the 50 Ml lz
frequency step benveen the LO frequencies for BIN2 and
BINI and for BIN2 and BIN3. Asstated above. overlappin
bin arclutccturc ol'IG. 3 helps rcsolvc boundary or inier-
bin channels and helps reduce tlu: bandwidth ol'he Iuncxi
signal thcrcby reducing the bandwidth rcquirmuents Ibr Ihe
anti-aliasing filters and reducing, the samplmg mate require-
ments for AIR'ircuitry that may be used in the digital fine
tune mrcuitry, It is noted that a similar result to the over-
lapping bin approach could be achieved by expanding the
number ol'on-overlapping buts to rcducc thc frcqumicy
step bctwccn ad)scent LO Ikequencics. Onc additional bcn-
cfi1 of thc overlapping bin architecture, howcvcr, is Iha1
more than one bin has been designated as covering the saine
frequency range, thereby providing a desimble level of
redundancy.

FICisk 4A and 4B are example implementations for the
basic reccivcr arclutccture using a wide-baud ADC for Ihe
digital fine tune circuiuy 104 and a narrow band tunable
bandpass ADC I'or Ihc digital linc tune circuitry 104, respec-
tively In particular. enibodinient 400 of Iii(i. 4A utilizes a
wide-band AIX'02 that receives coarsely tuned signal 110
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dnd provides a digital output to a tunable digital filter 404,
which in turn outputs the digital baseband signa) ~ 112 I&or

fine tuning the desired channel within the signal 110. the
tunable digital filter 4U4 utilizes a variable frequency (f,)
406 generated„ for example. by a numerically conrrolled
oscillator (NCO) 408 that in tuni receives the cenrer fre-
quency (I'&II) 114 I'or the dcsircd channel. Embodiment 450
ol'FIG. 4B utilizes a narrow-bimd (complex or real) tunable
bandpass ADG 452 that receives the coarsely tuned signal
110 and provides a digital output to a tunable digital hlter in

454 i&or tuning the digital output to the desired channel. the
narrow-band bandpass ADC utilizes the center frequency
(f&,r) 114 for the desired channel. Additional tuning of the
desirc&i charuu:I is provided by thc tunable digital tilter 454,
wluch utilizes a vannblc frequency (I'„) 456 generated, for
example. by a nunierically controlled oscillator (N('0) 458
that in turn receives the center frequency (f&w) 114 for the
desired channel. It is noted that these iinplementations for
providing fine tuning of the coarsely nuted channel spectrum
do not mix the desired channel down to a fixed mr et IF Ic
frequency and do not mix thc dcsircd channel to DC. Rather,
thcsc IIIlplciIiciltatioils Usc thc illuilog coarse tillu: cllcili1&y
IUZ to noix the desired channel dov:n to a variable location
within a frequency range around I )( . and then they perfornt
digital conversion and digital filtering directly on tlus
coarsely tuned channel spectrum.

FI(h 5A is a blocl diagram of an embodiment 500 for a
two lcccivcr ilichltcc(UIC located &111 II slllgh: llltcgl'an:0
circuit. In general, tlus embodiment 500 duplicates thc
circuitry of i&I(i. I('o produce a dual receiver architecture. Ic
'I'he hrst receiver includes analog coarse tune circuitry
102A. large-step 1.01 circuitry 106A (which outputs a hrst
LO mixing frequency (f&o,)116A), and digiml fine tune
circuitry 104A (wluch receives a first center frequency
(for&I ) I14A I'or u lira) dcsircd cliaiuicl to be tuned). As Is
discussed above, thc Iirst rcceivcr coarsely tunes the input
cluutncl spectrum 108A to produce the uitemicdiatc coarsely
tuned channel signa) 110A and then digitally prncesses tlus
signal to finely tune the channel and to produce digital
baseband signals for the first tuner output 112A. Similarly, dc

the second receiver includes analog coarse rune circuitry
102B, large-step LO2 circuitry 106B (which outputs a
second LO mixing frcqumicy (fins) 116B), and digital linc
tune ciriniitry 104B (which rcccivcs a second crsitcr fre-
quency (f&ws) 114)3 for a second desired channel tn be
tuned). 1 he second receiver coarsely tunes the input channel
spectrum 108AB to produce the intemiediate coarsely tuned
channel BI~I 110B and then di itally processes this si rml
to Iincly tune thc channel to produce digital beseband signals
for thc second tuner output 112B. It Is noted that thc two c

tuner embodiments discussed hcreui dre exmnple multi-
tuner satellite receiver enibodiments and that the architec-
ture of the present invention could be utilized to integrate
additional receivers witlun a single integrated circuit.

Because there are two local oscillators on a sin le inte- ss
grated circuit in tlm embodiment 500 of FIG. 5A, it is
possible that thc same LO mixing frcqumicy may be selected
I or i isc bv'dch ol thc Iwo I eccl&&'Is, SUch that 1& &ii:II o . Iil
such a case. unless these tv'o frequencies can be precisely
matched. they will hkely interfere with each other As one &c

solution to this pmblem. the dual receiver architecture can
be implentented such that the two receivers share a single
LO mixuig frequmicy in circimistances whcrc thc same LO
niixlllg frcqUcllcv Is Ill Idc1 sclcclE'0 lol Usc bv cBch ol thc
two CCCCIVCIS (froi:fr&is). Iii tlii eiilbodiinciit 500 Of FIG. Ss

5A. the switch 5U2 is pmvided so that the receivers can share
the first I,O mixing frequency (f«n) in such circumstances.

Onc problem that rcnuiins. howcvcr. Is how to kc&7I thc
second large-step LO2 circuitry 106B from attempting to
output an uitcrfnruig mixuig frequency. Possible solutions to
tlus problem include (I) turning off the second receive path
and sharing thc lirst umcr output, (2) turnuig oif thc sixond
large-step 1,02 circuitry 106)3 and sharing the first I,O
mixing frequency (f«ii). for example, using a controlled
switch SU2 as shown in FIG 5A. or (5) shanng the first I,O
mixing frequency (f&oi) iild also causing the lar e-step LO2
circuitry 106B to move to a non-Intcrli:ruig LO mixuig
frequency (f&o ) that will not be used while the first LO
mixing frcqucncy (fio„) is being shurcd. It is further notod
that other techniques and solutions could be implemented, if
desired, for addressing the problem of circumstances where
the second LO mixin frequency and the first LO mixing
fr&xlucncy would overlap. It is also agdui noted that thc
arclutccturc ol'hc prcsmit uivention could bc utilized to
integrate addinonal rcccners within u suigle integrated
circuit. Iinr example. if four tuners were utihzed. additional
receiver circuitry could be integrated ivith that shown in
FILI. 5A to provide additional analog coarse tumng circuitry,
di ital fine tuning circuitry and LO circuitry for a third
race&vcr and additional analog coarse tuning circuitry. digital
linc tuiung circuitry and LO circuitry I'or n fourth receiver.
As discussed above. a variety ol'selccuon tccluuques could
be implemented tiir the I.O frequencies provided by the
ditferent I,O circuitries ivi th respect to the multiple receivers
such that interferin overlaps of the LO mixing frequencies
could be avoided.

FICiS. 5B and 5C are liow diagrams of example imple-
mentations for the first nvo solutions above for handling the
second I,O frequency where a single I,O frequency is shared
between two receivers. In embodunent 520 of FIC). 5B,
decision block 52Z determines if the two selected LO mixing
frequencies wiil be the seine (f&oi:fro ). If the answer is
fYES," then in block 526. the Iirst LO mixing frcqucncy
(fio,) is shared. Bnd thc second local oscillator circuitry
(1,02) Is poivered down and turned off If the answer is
"NO,*'hen in block 524, each I,O circuitry opemtes, and
first LO mixing frequency (f&o,) Is not shared. In the
embodiment 540 of FICi. 5G, decision block 522 similarly
detennuies if the two selected LO mixing frequencies will
bc Ilic saiuc (i&or:froi) Alul ilgalll, If tile Bilswci Is NO,"
then in block 524, ench LO circuiuy operates, and Iirst LO
nuxing frequency (fio„) is not shared. If the answer is
"YI'IS," then in block 528. the first tuner output 112A is
shared, and the entire second receiver path circuitry is
powered dov:n and tun)ed off.

FICiS. 6A and 6B arc block diagranw Ihr example imple-
menIations for providuig satellite dish signals to satclhic
set-top box dual receiver architectures In III(i. 6A, there is
a single incoming signal 107 from the satellite dish antemia
This incoming satellite spectruni si nal 107 is received by
LNA 105 and then split into two signals 108A and 108B to
provide inputs to each of thc two r&xciver patlw In FIG. 6B.
thcrc arc two singles 107A and 107B coming thc satelhtc
dish antenna. Thcsc incoming signals 107A and 107B arc
then received by two separate I.NAs I U5A and 105)3. I NA
IU5A 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 v ith respect to the
embodiment 600 oi'FIG. 6A, both the solutions of FIGS. 5B
and 5C are available. How ei er. with the embodiment 650 of
FIG. 6B. )hc solution of FIG. 5C would not available
because the two input satellite transponder chamiel spec-
trums 108A and 10813 may not be the same and. therefore,
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slmnng the lirst tuner output 112A may cause errors with
respect to the output of the second receiver circuitry.

llCi 7A is a block diagrant fi)r an dual receiver imple-
mentation of the receiver architecture of the present inven-
tion using &side-band analog-to-digital converters, such as
discussed &vith respect to FICi. 4A above. In embodiment
750. an utput st~tel 107 is rcceivcd by LNA 105, and LNA
105 prox ides two input clrsruml spectrum signals 108A and
1 0813 &o the two receiver paths A first receiver path includes
niixers 122A and 124A, 90 degree phase shift block 126A, Io

and large-step 1.01 circuitry 106A, which together output
con&plex I/Q signals that are coarsely tuned channel spec-
tmm signals. These complex I/O xi@tais are then processed
by a low pass filter 752A, a wide-band ADC 754A and a
digi&al quadrature mixer &md channel select filter 756A A
sampling clock (I'crx) 760 is pmvided to the wide-band
Al)( 754A and the digital quadnsture mixer and channel
selec& filter 756A i&or fine tuning the desired channel, the
di ital quadrature mixer and channel select filter 756A
utilizes a variable frequency (fr&) 406A generated by zo

numerically controlled oscillator (NCO) 408A that ut turn
rcmcives thc cen&cr I'rcqucncy (f&w, ) 114A Ibr a lira& dcsircd
channel 'I'he hrst receiver path outputs quadrature I/O
baseband signals 758A as the first tuner output. A second
receiver path duphcates the first receiver path and includes
mixers 122B and 124B, 90 degree phase sl»ft block 126B,
lar e-step LO2 circuitry 106B, low pass filter 752B. a
wide-band ADC 754B and a digital quadra&urc mixer and
clrsnnel select lil&cr 756B. As with die tirst receiver path. a
sampling clock (fr&a) 76(l is provided to the wide-band so

Al)( 754I3 and the digital quadnsture mixer and channel
selec& filter 75613 I'or fine tuning the desired channel, the
di ital quadrature mixer and channel select filter 756B
utilizes a variable frequency (fm) 406B generated by NCO
408B tltat ut turn rixmvcs thc center lrequencv (f&m) 114B 3&

for a second dcsircd chnnncl. I& is noted tits t the emboduncut
750 could also have additioiml circuitry for lxutdling over-
laps benveen the first and second I,O mixing frequencies
(f«.u fr&&&). as discussed with respect to lil(JS 5A-C'nd
6A-B above. so

FI(J. 7B is a block

diagram

for a dual receiver

implement-

ationn ol Ihc rccmvcr arclutechirc ol Ihe present invmition
using complex tunable bandpass delta-si ma iuialog-to-&hgi-
tal convcrtcrs. such as dr&cuss&st with respec& to FIG. 4B
abm e In embodiment 700, an input sig&tal 107 is received
by I,NA 105. and I.NA ll)5 provides hvo input channel
spectrum signals 108A and 108B to the two receiver paths.
A first receiver path includes mixers 122A and 124A. 90
degrcm phase sluft block 126A, and large-step LOI circuitry
106A. wluch to ether output complex I/Q signals that are o

coarsely tuned channel spectrum signals '7081 and 708Q.
'I'hese complex I/O signals are then processed by a complex
tunable bandpass filter 702A with outputs 711)l and 710Q, a
con&plex tunable bandpass delta-sigma (Av) ADC'04A v ith
outputs 712A and 712Q, and a digital down-converter and z.

diminuaor 706A A sampluig clock (f&zx) 705 is provided to
complex tunable bmidpass AZ ADC 704A and to thc di ital
down-corn crter und decuna&or 706A. For digital processing
and tuniim of the desired channel, the complex tunable
bandpass tilter 702A and the complex tunable AX Al )C'04A «!
receive the center frequency (f&w,) 114A for a first desired
channel. For further fine tuning of the desired channel. the
digital down-convcrtcr and dccimaior 706A uulizcs a vau-
ablc frequency (fm) 456A gcncrated by numerically con-
trolled oscillator (NCO) 458A the& in uim receives the center ss
frequency (f«n) 114A. The first receiver path outputs
quadranire I/Q baseband signals 7141 and 714Q as the hrst

tuner output. A second rcceivcr path duphcstcs Ihe first
receiver path and includes mixers 12213 and 12413, 90 degree
phase shift block 12613, large-step 1,02 circuitry 10613,

complex tunable bmtdpass filter 702I3. a con&plex tunable
bandpass /&Z AD('04B and a digital down-converter and
decimator 706B. As &vith the first receiver path. a samplin
clock (fczx) 705 is provided &o thc complex tunable bmtd-
pass /&X ADC 704B mid the digital down-converter and
decimator 7U613 i&or digital processing and tuning of the
desired channel. the complex &unable bandpass filter 70213
and the coinplex tunable /&V AD('0413 receive the center
frequency (fc&m) 114B for a second desired chmutel. For
further fine tuning of the desired channel, the digital down-
convcrtcr and decimator '706B utilitms a vanablc frcqumtcy
(fm) 456B generated by NCO 458B that in turn rcccives thc
center frequency (fern) 114I3. It is noted that the embodi-
ment 75(l could also have additional circuitry for handling,
overlaps between the first and second I,O mixing frequen-
cies (fzoo fzoz), as discussed with respect to FICiS. 5A-C
and 6A-B above.

It is noted that w ith rcspcct to mnbo&hments of FIGS. 7A
and 7B. Ihc r&xtuircd bandwidth for ADCs 754A/B and Ihe
tuning range for Al)('s 7U4A/l3 can be limited to positive
frequencies if desired Negative frequencies can be tuned by
applymg the complex conjugate of the Q path signal to the
filters IUZA/B and 752A/B. This ne ative frequency con-
version circuitry. therefore, can be placed after the mixers
124A/B in each of thc cmbodinu:n&s 700 and 750. Tlus
prc-pmccssing advantageously lunits thc rcqutrcd process-
ing mange for the complex analog processing done by the
AD(.'s 704A/l3

lil(i 7C provides an example entbodintent for converting,
ne ative frequencies to reduce the needed tuning range of
the complex tunable bandpass AZ ADC 704A/B to positive
frixpicncics. As depucted. thc I and Q path signals rccctv&xf

by thc complex tiuiablc bandpass AX ADC 704A,'B arc first
processed by Ihc complex coniuga&c convcrtcr 770. In Ihe
embodinient shown. &he I path signaI passes through the
cmnplex cnnjugate converter 770 and is provided to the
complex tunable bandpass /&Z ADC 704A/B. The Q path
signal is connected to the "0" input of the multiplexer
(MUX) 774. The Q pa&h signal is also coiuicctcd Io gain
stage 772 (-I gaui), which ui turn provides au ou&put that is
connimtcd to Ihc '*I" input of tlu: MUX 774. Thc coniugatc
signal (('.ON I 8 l(iNAI ) used to control the MUX 774 is the
center frequency (f&u) 114A&l3 that is also utilized by the
complex tunabie bandpass &3Z ADC 704A/B. As stated
above. by using tins con&plex conlugate converter to process
the I and Q path signals, &hc complex tunable bandpass AZ
ADC 704A,'B cim bc advantageously inn&&cd to a positive
tuning range Ihcrcby rixlucutg Ihc bandwidth rcquirmuent
for the complex tunable bandpass AX Al)('()4A/13 It is
further noted that for a fully ditferential design. the — I gain
for gain stage 772 can be implemented relatively simply by
sv apping the two single-ended positive and negative signals
that would bc received by gain stage 772 in such a fully
diifi:reutml design.

FICi SA and FIG. SB sre a block duigr&un and rcsponsc
diagram, respectively, that describe one intplententation for
cahbrating and handlina tiutina ermrs in a bandpass delta-
sigma corn erter within a receiver, such as tunable bandpass
AZ ADC 704A/B in FIG. 7B. This implementation takes
advantage ol thc result Ilia& an unpropcrly tuned delta-mgma
convcrtcr will typically pro&luce large amounts of noise in
tile fill&&i oil&pl&I of Illa receiver.

l,onking first to lil(iS. SA. a block diagram is depicted of
an embodiment SUU for calibns&ing tuning errors w:ith respect
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&o a bandpass delta-s&gma converter w»hin a rccc&vcr, such
as rhe complex tunable bandpass delta-sigma analog-to-
digital converters in the embodiment of 1&lfi 7B. 1'lus
embodiment 8UII detects energy in the receiver output and
provides a tuning offset signal (a&,cr) that adjusts rhe tunable
bandpass &kv ADC 704 to correct for errors in its center
frequency. Sun&lar &o the embodiment 700 of FIG 7B,
cmbodimcnt 800 also uicludes a &u&table bandpass liltcr 702
and a di ital down-converter and decimator 7(16, which
itself includes a digital quadrature mixer 806 and a channel &»

select low pass filter (I.PI&) 808 The output baseband I/O
signals 714 are sent to an energy detector 810 that deter-
mines noise in the output sip&ai. The ener y detector 810
provides an output to thc mi&o-tune con&rol c&rcu&try 812.
Thc au&o-tune control c&rcu&try 812 in turn provnles thc
tuning offset s&gnal (i»szr) to the tunable bandpass AX ADC
71)4 And the auto-tune control circuitry 812 also sends an
auto-tune contml signal 816 to a nndtiplexer (MUX) 8(I2.
The nudtiplexer 802 chooses between the clmnnel spectrum
I/Q si»gnal 708 and ground and outputs a signal S04 to the z»

tunable bm&dpass tilter 702. In opcrauon, &f 0&e AS ADC 704
is m&s&uned, then the no&sc w&tlun the ou&pu& baseba&xl I/Q
signals 714 will increase. Thus, by adjusting, the tuni&tg
offset signal (&»sa&) 814 to reduce and minimize this noise,
the AX ADC 7U4 can be tuned or cafibmted to compensate
for tuning errors in the /&S ADC 704.

FI(k SB is a diagmm representing the signal correction of
FIG. SA. In the no&sc level represcniation 850. rcsponsc linc
852 rcprcscnts tlm tuiung response of &he /&Z ADC 704 Thc
channel 854 represents a des&red channel located at a chan- &0

nel center frequency (i»») The &Q: AD( 7(14 is ideally tuned
so that its notch falls on the channel center frequency (i»0),
however. the notch for the /&S ADC: 704. as shown. is located
at a first frequency (a&, ). The difference between rhe des&red
noich locanon at thc channel ccn&er lrequencv (»&„) and the &i

dculd1 &io&cll locd&&0&1 il» llo f&rs& lrcqUc&lcv (1»& ) &1 p&i sc&1&s B&1

error amoun& (o&»mr&a) ui thc tuning I'or thc AZ: ADC 704.
As represented by lme 856, the tuning offset signal (»&,B&)

acts to move the notch for the AX Al&C 704 so that it niore
closely aligns v,ith the channel center frequency (c&o). As do

depicted in FICi. SB. the center frequency (m„) for the
dcs&rml cluutnel 854 is offkct fmm the notch for &hc AZ: ADC
704. In opcrauon, thc d&gital quadrature nuxcr 806 would
mul&iply the m&stuncd output of thc AS ADC 704 by
exp( —ji»»n) thereby cm&sing s&gnificant noise in the des&red
output chminel 854, which was selected and tuned by the
channel select LPF 808. Thus. due to the tunin error
(0&z»&») in the /&Z ADC 704. the noise at the ourpur 714
will bc much greater than for c&rcumstance where tlus error
&s d&IIUsa:il so &hat &1 Bpproiiclics zero. 0

As indicated above, the tecluuque of FIG. 8A and FICi SB
takes advanta e of the knowledge that an improperly tuned
delta-sigma converter notch will pn&duce large amounts of
noise in the channel tuned by a channel select filter 808.
During auto-tune in the embodiment depicted. the inpur to &s

the &3K ADC 704 could bc lbrccd to zero by selecting ground
tluough thc MUX 802. Thc ou&pu& energy can &hen bc
m&numzed by adlust&ng &hc tun&n offset s&g&xil (i»sxr) 814
and thereby adjusting the tunuig error (o&dddoa) O&ice a
mininnini is found. the m&to tuning or calibration could be ic
completed and normal opemtion could proceed by clmnging
the selection of MUX SUZ to the input channel spec&nun I/Q
s&gndl 708. I» s &io&cd thai ii ii&00-&U&lc Big&a&thai co&lid

implmncntcd util&zing 30 &o GO d&acrete sct&u&gs fi&r the
tuning ofisc& signal (i»szr) 814. such tha»hc auto-tune si
algorithm could be executed very rapidly ln addition, the
mito-tune algorithm could be executed each ti&ne a ditferent

ch&umcl were selected. And &his auto-tune procedure and
iniplen&entation could also be used to calibrate a bandpass
filter, such as tunable bandpass filter 702, that sits in fn&ot of
the /&8 Al)C 7U4 In this case. a master-slave approach could
be used. if desired, such that the filter is constn&cted usin
similar (or matched) complex intern&or& as used by the
circu&try ol'hc /&2: ADC 704, as d&scussed below w&0&

respect to FIG. SC. It is further &x»cd &bat thc clock provided
to the device that drives the sampling of the &IX ADC 71)4

and the digital quadrature mixer 8U6 can be used as an
accurate time reference ti&r d&e auto-tune in&plenientation

FICi SC is a block din~»a&n fi&r a master-slave tuning
arrangement 870 benveen a tunable bandpass analog-to-
d&g&tal converter (mas&er) and a tunable bandpass Iiltcr
(slave). In general. mas&cr-slave tunu&g ol second circu&t

(slave) based upon a first circuit (master) is typ&cally imple-
mented by building the second circuit out of similar 0&'denticalcircuit buildina blocks as the hrst circu&t One can
then fine tune the building blocks of the first circuit throu/&
a feedback methodology. The contml (or offset) si naia
wh&ch arc denvcd ou& ol'he I'ccdback methodology are
appl&cd not only to &hc lira& circu&t but also to thc a&mond

c&rcuit as well
13ecause the second circuit ives not a part of th&s feedback

opemtion. the second circuit can be tuned by the notion of
similanty (or matchin ). The second circuit. in this case, is
called the slave whereas the first c&rcuit uivolved in the
lccdb&ick opcrdt&on &s cdlkcil &hc &1&i&ster. UBUBIIY, &hc cue&at
sclcctcil ds thc &i&astc& cacti&t w&11 llavo &I topologv &ha»s
reasonably amenable to a feedback methodology where as
the circuit selected as rhe slave circuit is often not mnenable
to a feedback operation. One typical exan&pie of a master-
slave tuning implementation is fine tun&ng of a filter by
slaving it into an oscillator which has the same integmtors.

Lookuig back &o FIG. SC. thc emboihmcnt dcp&c&cxl

uuhzcs thc &unable bandpdss AZ: ADC 704 as thc masier
&Unh&g c&lciu»hd& dllows for Ihlo &U&lu&g of tile &U&&Bblc

bandpass filter 702, which is rhe slave circu&t 1'0 implement
tlus master-slave approach. for example, the tunable band-
pass &kS ADC 704 can be built out of identical or similar
complex integrators as used for the biter 70Z In operation,
some fccdback opernnon is conducted on thc output 712 of
thc tunable bandpass AZ ADC 704, and a master fccdback
signal 876 is producmk Tins master fi:cdback s&gnal 876 is
applied to the tuning contml c&rcuitry 812, wh&ch in turn
pmvides a master tunina signal 814 to the tunable bandpass
&kS ADC 704. This feedback operation, for example. may be
the energy detection implementation discussed above with
respect to FIGS. 8A and SB. In add&t&on. thc master tunu&g
s&gnal 814 may bc &he tumng offket s&gual (0&srr) 814, and
the u&put s&gnal &o the tunable bandpms tilter 702 could be
the input signal b(14. as discussed above with respect to
1&ltig. SA and 613 Once the feedback operation and the
tuning control circuitry has tuned the tunable bandpass /&S

ADC 704, the master tuning signal 814 is the applied by
sim&lanty (or ma&clnng) &o the &ui&able bandpass lilter 702 as
thc matched slave tuning signal 878.

FICiS. 9A-9E arc blocl m&d signal d&agrams tl&at dcscnbc
iniplenientations for the diaital down-converter and deci&na-
tor 706A/13 of Fl(i 7I3 These implen&entat&ons utilize
multiple stages of digital niixing and down conversion to
bring the output 712 of the bandpass AS ADC 704A/B to
bascband I/Q signals. Thc output 712 ol'he bandpass AZ
ADC 704A/B, for example, can bc a complex I-b&t dig&tal
s&gnal sampled a& F, with quent&zat&on no&sc shapu&g
des&Sued to have a minimum centered at the desired channel
center frequency (»1„) The multi-staged implementation
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incremcnlally Iiltcrs and dccimales lius signal lo rcxluce thc
desicn requirements of each stage.

11Ci 9A is a block diagram of the nndti-stage architecture
900 tiir a digital down-converter and decimator 706 usable
in the embodiment 700 of FICi. 7B. The input 712 from a
bandpass AZ ADC 704 is processed by a series of cascaded
stages. winch as shown include STAGEI 910A. STAGE2
910B... STACiE(N] 910G Each sui c provides an output
to the next stage, as indicated by signal 905 from S'IACilil
910A lo SIA(ili2 91013 and by signal 982 that v ould be io

fmm S'I'ACili(N-li to STA(ill(N] 910( It is noted that the
stages 930A, 910B .. 910C: (STAGEI, STACIE2
STAGE(N)) could all be implemented with similar circuitry,
il'csirtxi.

FIG. 9B ts a block diagrmn of cxamplc circuitry for stages
910 tvithin the multi-stage architecture of ill(i 9A In the
stace embodiment depicted, the stage input is received by
mixer 906. which digitally niixes the stage input with a
mixing signai 912. The resulting signal is passed through a
low pass filter (LPF) 902. This LPF 902 can be tunable. if lc
desired, and thc tuning signal 911 can be used to tune the
tunable LPF 902. Thc output of ihe LPF 902 is lien
decimated down by decimator 904 to provide the stage
output. 'I'he decimator 904 can have a fixed decimation rate,
if desired. or can have a variable decimation rate (down-
by-Mi that is controlled by decimation rate selector signal
915. The output signal from the stage 910 is then sent to the
next stage. For cxiunple, whcrc thc stage is lhc STAGEI
910A. the input signal to the stage would bc signal 712 from
the AE Al)( 704, and the output signal would be signal 905 ic
that is received by S'IA(ili2 910i3 It is noted that the values
fiir the dicital mixing signal 912 and the decimation rate for
the decimator 904 in each stage can be selected. as desired,
depending upon the spectrum segmentation strategy
sclcclcd. ii

FIGS. 9C, 9D and 9E described an example implcmcn-
tauon of the mulu-stage archiliwturc of FIG. 9A ulihzuig a
plurality of identical or similar non-final stages followed by
a Iinal stage that brings the signal down to a desired or
optimal signal processing rate. (o

First. lookin to FICi. 9C. a block din ram is depicted for
example unplemmitation 950 of lhearclunmlurc ol'IG. 9A
ulthztug a Iixixl decimation rate ui non-iinal sta es and a
1 ariablc decimation rate in lhe Iinal stage. In this embodi-
ment 950, the fixed deciniation rate stages. or non-tunable
staces. include one or more cascaded stages. 'I here are tv o
example non-final. non-tlulable stages depicted, namely
STAGE I 910A and STACiE2 910B. STAGE I 910A receives
thc input signal 712 processes il with mixer 906A. LPF
902A and down-by-two dimimator 904Abeihrc providuig an o

output signal to thc next stage. STAGE2 910B uses thc same
or similar stnicture and processes the signal from S'I ACil il
910A with mixer 906I3, I.Pli 902I3 and down-by-tv o deci-
mator 904B before providin an output signal to lhe next
stage. In the embodiment depicted, the mixers 906A. 906B s.
digitally mix their rcspcctivc input signals with nuxing
sigruila 912A, 912B, and these mixuig signals 912A,
912B... used by each stage are rcprcscntcd by the fomiula
exp[j(2to'Nin] where N [ I, 2, 4) and where "n" repre-
sents the time sequence index In addition, as shown in 11Ci. (c
9C. each stage can use a difl'erent exponential source as a
mixing signal with each mixing signal using a different N,
such as Nl for mixing signal 912A, N2 for mixuig signal
912B, iilld so oil, vvliere Ni, N2.... =[ I, 2, 4/ As
discussed further below with respect lo FIG. 9D, for each si
non-tunable stage in I'l(i 9(', the digital mixer 906 for the
sta e can be configured to digital mix the input to the stage
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wilh a nuxing signal selccu:d from a plurality ol'redetcr-
nuned mixing sigttals that are chosen to reduce complexity
for calculations used fiir the digital niixing In addition, the
nuxing signal selected for a particular stage (as determined
in this embodiment with Nl for stage 910A, N2 for stage
910B, and so on) can be inade to depend upon the location
of tlic clliiililcl ceiucr l1 equ clice''lhlit l lie i lipu I si gila I lo l lie
stage so thai Ihespcclrum Ior the input signal is rotated such
that the desired chwinel falls withm a desired frequency
I 'liige

ltor the last stage 980. the input signal 982 from the next
to last sta e is first processed by mixer 991 which digitally
mixes the signal 982 with a mixin signai 992 represented
by Ihc fonmila: exp[)ttiill] wilt it wt rcprcscnm Ihe fre-
quency of the dcsircd channel and where "n" represents thc
time sequence index 'I'he resulting mixed signal is then sent
to I,pli 986, tvhich may be a tunable I.PIC if desired If
tunable, the I.pit 986 can be tuned utilizing the tuning signal
994 The output from LPF 986 is then decimated by variable
decimator 988 (divide-by-Ri. A decimation mote selection
signal 990 provides a control signal to thc venable dccima-
tor 988 lo dclcnuuic ils decimation rale. Thc rcsulung output
sigaal 714 provides the output baseband I/() signals fiir the
embodinient 700 of FI(i 7I3.

ltl(i 9D is a diagrwu for determining a factor (Ni used in
the non-final stage implenlentations of FICi. 9C based upon
the frequency location (ci] of the desired channel. Frequency
ranges 952, 954, 956, 958 and 960 rcprcscnt varimis ranges
wilhlil winch a dcsiltxi clliillilt:I iiiav'c locatixi witlun thc
output of the bandpass /tv AD('04 l)epending upon the
frequency range tvithin tvhich the desired channel falls, the
value fit r "N" tvill be set to a particular value for the equation
that describes the mixing signal 912 Region A, represented
by mange 952. spans from —x/4 to x/4 and uses N=l Region
B, represented by range 954. spans Ibom x/4 lo 3 it/4 and uses
N=—4. Region C, rcpresmilcd by range 956, spans from
—3x/4 to —x/4 and uses N=4. Region D, rcprcscntcd by range
958, spans front 31at4 to x and uses N — 2 And region )i,
represented by range 960. spans front —x to -3tt/4 and uses
N=2. Advantageously, for this implementation. the digital
multiplies that must occur in di ital mixer 906 are relatively
triv ltd

.V I exp(/2wtl — I I I I

'e — *2 I I*1m I= I, — I, I, — I,

.V +4 exp(i/t ittl — l,i, — I

'e —3 «i I-i(s 2) el= . I. -t, -I. 1,

In opemtion. the desired channel will lie somev here in the
range of frequencies defined by regions A, B, C. D and E.
Because the location of the clunmel is known, the value for
'*N" can bc sel to thc proper value, as uidicalcd above. such
thai aflcr nnilliplica lion in digital mixer 906, the spiwlrum is
rotated and the desired channel is within region A

FICi. 9E is a response diagmam of an example low pass
Iilter 902 for Ihc non-final stage implemcntauons ol'IG.
9C Thc line 970 rcprcscnls the relevant response for Ihe
LPF 902 dependuig upon lhe frequency location (ie) ol'he
desired channel I'he gap 972 represents a stop band attenu-
ation for the I,PF 902

In operation. the mulu-stage implemcntauon 950
described with rcspccl to FICiS 9C, 9D and 9E uses a

plurahly of non-Iinal cnscadcd stages that each include
digital niixers to multiply the output of the AE AD('04 in
order to center the signal near ci 0 and that each applies the
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mixer output to a low pass tilter tmd a down-by-two dcci-
mator The tinal stage is designed to have variable decima-
tion so that Ihe channel to be tuned is finally decimated to the
baseband rate Advantageously, by breaking up the digital
mixing into multiple sts es, this implementation reduces
power requirements at the highest sample rates. reduces the
ICSOIU11011 ICRUII'cd for tile digltBI nllXCIS, Blld IcdilCCS tllC

complexity oi each stage uicluduig Ihc Iinal st i e.
Further niodihcations and alternative embodiments of tlus

invention ivill be apparent to those skilled in the au in view ta
of this description It will be recognized, therefore. that the
present invention is not limited by these example armnge-
ments. Accordin ly, this description is to be construed as
illustrative only and is Ior Ihe purpose of teaclun those
skilled in Ihc art the manner oi carryuig out Ihe invcn! Ion. II I

is Io be understood that the fonna of the invention herein
shoivn and described are to be taken as the presently
preferred embodiments. Various changes may be made in the
implementations and architectures for database processin .

For example„equivalent elements may be substituted for Io
those illusudtcd and dcscrtbcxt herein, and certam features of
thc invention may be utilized utdcTIcudcntly of Ihc use of
other feature~, all as would be apparent to one skilled in the
art after having the benefit of this description of the inven-
tlol'I

What is claimed is:
1. A receiver for tuning a channel witl»n a si nol spec-

Irillli. ColllpllSlllg.
local oscillator (LOj cirmiitry having d chaiuicl selection

signal as an input and having a coarse-tune analog io
niixina signal as an output, the output mixing signal
being selected from a plmality of predetermined output
mixing signals depending upon a desired channel to be
nmcd„

dllaiog ciidrsc IUnc circUitry haviil Ihe coslrsc-luiie aiiillog is
mo uig signal as an uiput and liavuig a signal spectnun
ds an input, the sigrml spixtrum uicluduig a plurality of
channels within a frequency mnae, and the analog
coarse tune circuitry being configured to use the coarse-
tune analog mixing signal to output a coarsely tuned do

signal spectrum such that the desired channel within the
coarsely tuned signal spectrum is mixed down to a
1 ariable locauon within a frcqucncy rmigc around DC,
thc vanablc location being dcpcndcnt upon thc desired
channel and the selected coarse-tune analog mixing
signai; and

digital fine tune circuitry having the coarsely tuned si rml
spectnim as an input and having as on output digital
bascband signals for the dcmrcd channel:

whcrcin the LO circuitry compnscs phase-lock-loop o

(PLL) circuiuy includuig a phase detector and a con-
trolled oscillator, the phase detector receiving a hrst
signal representative of a reference frequency, receiv-
ing a second signal representative of an output fre-
quency of the controlled oscillator, and eneroting at 11

least onc control signal to adjust thc output frcqucncy
oi'he controlled oscillator, and

wherein the LO circuitry further compnscs control cir-
cuitry configured to receive a chamtel selection signal
and to control divider circuitry tlmt provides the hrst io
and second signals to the phase detector based upon
divided versions of the reference frequency ond the
output oi Ihc controlled oscillator, Ihc control circuiIry
dctuig to sclcct thc coarse-tune analog mixui sigiml
output by thc PLL circuitry. ss

2 The receiver of claim I wherein the signal spectrunt
comprises a channel signal spectnuu from satellite conunu-

nications, Ihe satclliu: channel signal spectrum comprising a
plumslity of transponder channels with each transponder
channel including a plurality of progrant channels

3 The receiver ofclaim 1„wherein the frequency range of
tllC Slglltll SpCC1111111 IS OrgtllilzCd llitii B plilrallty'1 IICqUCIICV

buts and wherein at least one coarse-tune mialog mixuig
signal is associated ivith each frequency bin

4 The receiver of claim 3„wherein the analog mixing
signal selected for output by the LO circuitry is an analog
mixing signai assomatol with thc bin witlun which thc
ilcslrix! channel fBlls.

5 The receiver of claim 4,
whcrcui a dilli:rent analog mixuig signal is sclectcd by thc

LO circuitry if Ihc dcsircd clmnncl overlaps thc analog
mixing signal associated v ith the bin within which the
desired chmuiel fails

6 Thc rcceivcr of claim 3. further comprisuig conligunng
the frcqueimy bills 1101 10 ovcilap.

7 111e receiver of claim 3, farther comprising configuring,
the frequency bins such tlmt one or more of the frequency
bins oi crisp in frequency ranges

g the receiver of claim 7,
further comprising orgonizin the overlapping frequency

bins as tv,o sets of non-overlappin frequency bins. the
Ilrst sct iivcl lappllig Ihc sccolul sct.

9 1'he receiver of claim 1. Ivherem the digital fine tune
circuitry comprises a Vvide-band analog-to-digital converter
having the coarsely tuned signal spectnnn as an input and
having digital si naia as an output. and further comprising a
tunable digital filter coniigured to tune the dcsircd channel.

ill. The receiver of Claim I, wherein the digital fine tune
circuitry comprises a narroxv-bond tunable bandpass analog-
to-digital converter configured to tune the desired channel
and to convert the coarsely tuned signal spectrum to digital
signals, and further composing a tunable digital Iilter to
filltllCI tilllC tile itcsllixi ChdlutCI

11. The receiver of claim 1. wherein the controlled
oscillator utilizes an RC-based resonant stnicture

12. A satellite sct-top box Ihr tuiung a progrtun channel
within a satellite signal spectnuu, contprising:

a receiver conligurmi to rcxcive a satellite signal spectnun
including a plurality of transponder channels and to
tune a transponder channel within the signal spectrum,
each transponder channel including a plurality of pro-
gfBIII CllalltlCIS, CotuprlSltlg:
local oscillator (1.01 circuitry lmving a channel selec-

tion sigttal as an input and having a coarse-tune
aillah)'tixillg siglml als Bll oiltpilh tile UUtpilt nlixillg
signal being selected from o plurality of predeter-
111111Cd iiUtp111 IUIXllig SigllalS ih:pclnllllg Upoll B

dcsircd channel to be tuned,
analog coarse tune circuitry having the coarse-tune

Bllalog IUIXhIg Sigil;11 dS illl ltlpUI Slid havillg 11 Slgllal
spcctrUIU Bs dll llipllt. tile sigtlBI spccnuni lllclUdlllg
a plumslity of channels v ithin a frequency range, and
the analog coarse rune circuitry being configured to
use the coarse-tune analog mixing signal to output a
coarsely tuned signal spectntm such tlmt the desired
chmutei 11 ithin the coarsely fined signal spectnun is
mixed down to a variable locution w itluu a frcqucncy
range around DC, Ihc venable location beuig dcpcn-
dent upoo the desired channel and the selected
Coat'Sc'-tittle;IIIB41g UIIXlilg slplal: Blui

digital fine tune circuitry hamug thc coarsely tuncxt
signal spectrum as an input and having as an output
digital basebmtd sigtmls for the desired channel: and
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a demodulator coupled to receive a digital baseband

output signal fmm the receiver representative of a
nined transponder channel, the demodulator beiag con-
tiaured to tune a pntgram channel within the tuned
transponder channel and to provide the tuned program
channel as an output:

whcrcin the LO circuitry composes phase-lock-loop
(PLL) circuiuy includutg a phase detector and a con-
trolled oscillator, the phase detector receiving a hrst
signal representative of a reference frequency, receiv- ic

ing a second signal representative of an output fre-
quency of the controlled oscillator, and enerating at
least one control signal to adjust the output frequency
ol'he controlled oscillator, and

wllercili the LO circuitry further compnscs control cir-
cuitry configured to receive a chamtel selection signal
and to control divider circuitry tlmt provides the hrst
and second signals to the phase detector based upon
divided versions of the reference frequency and the
output of the controlled oscillator, the control circuitry zo

actuig to sclcct thc coarse-tune analog mixui sigiml
output by thc PLL circuitry.

13. 'the satellite set-top box of claiin 12, wherein the
frequency ran e of the signal spectrum is organized into a
plurality of frequency bins and wherein at least one coarse-
nme analo mixing si nal is associated with each frequency
bin.

14. The satellite sct-top box ol'lmm 13, wherein thc
analog mixuig signal sclectcd for output by thc LO circuitry

is an mialog nuxutg signal assoctatcxt with thc bin within
v hich the desired transponder channel falls

15. Thc satclhte sct-top box ol'lmm 14, whereui a
dilfcrmit analog mixing sigiml is selected by the LO circuitry
if the desired transponder channel overlaps the analog
nuxing signal associated with the bin ivithin which the
desired transponder channel fails.

16. The satellite set-top box of claim 13, hitther compris-
ing contiguring the frequency bins not to overlap.

17. The satellite set-top box of claim 13, hitther compris-
ing conliguruig thc frcqumicy bins such that onc or morc of
thc frcqucncy bins overlap ui frequency ranges.

18. Thc satellite sct-top box of elena 12, wherein thc
digital fine tiuie circuitry coniprises a wide-band analog-to-
digital converter lmvin the coarsely tuned signal spectmm
as an input and having digital signals as an output, and
further comprisin a tunable digital tilter conti ured to tune
tile ilcslluil cllallllcl.

19. Thc satclhte set-top box of claim 12, whcrcin the
digital linc tune circuitry comprises a narrow-bmid tunable
bandpass analog-to-digital converter configured to tune the
desired channel and to convert the coarsely tuned signai
spectnim to digital signals. and further compnsing a tunable
digital filter to further tune the desired channel.

20. The satellite set-top box of claim 12, ~herein the
controlled oscillator utilizes an RC-based resonant stnicture.

x e e x
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