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SCALABLK SATELLITE RECEIVER SYSTEM

( ROSS Rl:,FFRFN(TI TO Ri'.I ATFJ)
APPLICATION

[UUU1] I'his application claims the benefit of U.S. Provi-
sional Application No 61/102,377 (SKGI'ef No 2075.
3070000: Client Ref. BP 13509), filed May 29, 2009, titled
"Scalable Satellite Receiver System," which is incorporated
herein by reference iu. its entirely.

BA('K()ROUND

[0002] l. I'ield

[0003] Embodiments of the present uivention genemlly
relate to the fiel of siytal processing in a multi-cliannel
comnnuiication system. More specifically. embodiments of
the present invention refer to processing one or more satellite
cluluucls with a scalable satelhte receiver system.
[0004] 2. Background
[0005] A yowing portion of television progmmming is
broadcast directly to honte receivers via satellite. Satellite
television pmvides u wide array of pmgrammlng und is
broadcmsted using several frequency bonds (e g.. (.-band, Ku-
band. utdKa-bi«Id).wherealraittcularfrequencybandcanbe
divided into smaller bmids of frequencies or channels A
satellite rccciver can decode signals in mich chanlml and pass
fiie decoded signal to a television for vlewmg. Ofienunies,
households desire to view a particular pmgram while rccord-
ulg nnothcr program lvitb a recording device Alternatilmly,
some households desire to view nvo programs simulta-
neously (e.g., with a picturt«in-picture (PIP) function in tele-
vision receivers and similar devices), wlule recordin a third
program with tile rewording dec«ice. In either case, the satellite
receiver processes the channels that correspond to the view-
er's proarams so that users can have fiexlbdity ln their tele-
vision viewing.
[0006] Conventional satellite receivers coat un a tluier to
process each channel within a frequency band (e.g., C-band,
Ku-band. and Ka-bmld). For instmlce. in thc example above
~here a user desires to view two progmms slnudtaneously
wlule recordulg a tlurd program, the conventional satellite
ILccivl'.I''cqulrcs time tuucl s to ploccss L'ich ciutuncl Thc
tluier selects and down-converts each desired channel to an
interntcxfiatc frequency (IF) signal, which is suitable for pro-
cessing and display on II tck:Y«sioil or coulputcl'loullot'

omentional approaclles to the design of tuners employ ana-

log component« such as. for example, lixed-frequency tilters.
mixers, ai«! klcaf oscillators Consequently, corn entioual sat-
ellite receivers require extensive hardware, including at least
one oscillator and one mixer for each tuner. making Ihe
receiver costly for some applications. I'urthermore, as the
clmnnel capacity of a satellite receiver grows, the reeceiver

consumes more polver due to the mcrease in analo compo-
IICII t S.

SUMI«LARY

[0007] An apparatus is needed Ibr implementing a scalable
satellite receiver system tlmt mininuzes circuit area mid
power consumptilm. I;mbodiments of tlm present invention
include a receiver for a muln-channel communication sys-
tem. The receiver can include a dolvn-corn crier device, an
mlalog-to-digital convcrtm (AD(.), and a plurality of digital
channel selection devices. 111e down-converter de~ice cun be

conti Sure«I to down-convert a plurality ofanalog signa is from

the multi-clmnnel communication system to a plurality of
corresponding low intcnncdiatc I'rcqumlcy (IF) slgnnls The
ADC can be coniigured to couvert the plumllty oi corre-
sponding lolv-IF signals to a plurality of digital signals. Fur-

ther, each digital chmmel selection device I'rom the plurality
of digital channel selection devices can be configured to
select n digital signal corresponding to a chnnnel of interest
from the plurality of digitnl signuls for further processing.
[0008] The down-conveiter device can include a nuxer, a

filter.andanamplitier Themixercanreceivealocaloscillator
(LO) input that corresponds to a 1requency substantially ln the
center of a predefined frequency band (e.g.. L-band range of
frequencies). 1 he mixer can be an I-Q mixer according to one
embodiment of the present invention. In lvluch the I-Q mixer
is configured to generate a complex-valued analog low-Ill
signal at the output of the mixer Further. the tilter ui the
dow n-converter device can be configured to tilter an output of
the mixer. The amplifier can be configured to amplify the
liltered output of the mixer.

[0009] The ADC receives a complex I-Q signal (with ml

I-signai component and a Q-signal component) from the
dolvn-convener device according to an cmbodinwnt of thc
present inventlou. The ADC is configured to tile I- and
Q-components of the complex I-Q signal to a digital signal for
Ihrtlmrpmccssin bythcpluralityofdigunlchannlisckction
devices. The digital cliannel selection device can include a

mixer with an input I'rom a direct digitnl frequency synthesis
(DDI'S) device. The DDFS device can have a frequency cor-

responding to the channel of interest according to an embodi-
nwnt of the present invention.

[0010] The receiver win also mclude an ultenna configured
Io receive the plurahty of analog signals and a low-noise
block (I,NB) converter. Tlm I.NB converter can be configured
to down-convert the plurality of analog signals received by
the antenna to an L-band range of frequencies. I'he plurality
ol'analog siglrals residing ul the I,-band range ol'rcxluencies
cmi be subsequently processed by the dolvn-converter device.

[UUI I] Embodunents ofthe present invention also include a

method Io process a plurality of analog signals from a nndti-
chaunel conunuoication system. The method cnn ulcludc the
following steps: down converting the plurality ofanalog sig-
nals to a plurality of corresponding low intcnncdiate fre-

quency (Ill) signals: converting the plurality ofcorrespondln
low-fi'ignals to a plurality of digital signals; and. selecting
a di ital signal corresponding to a channel of interest I'rom thc
plurality of divmtal signals for filrther processing.
[0012] L'mbodlments of the present invention funher
include a svstenl lo process a plurality o I'mialog signals froin
a multi-clmnnel comnuuucation system. The system cut
include an antenna to receive the plurality of analog signals,
a receiver coupled to the antenn i, a pmcessor to control the
opemtion of the receiver. and a memory in commuiucat«ln
with thc processor to store a plurality of processing inst«Ic-
«ons lor the processor. The processing instructions mul

include directing the processor to perfbnn the follow ing func-
lions. down-coiwert thc plumlity of mlalo signals to a plu-
nility of correspondln low lutemiediate frequency (IF) sig-
nals: convert the plurality ofcorresponding low-11'ignals to
a plurality ol'digiial signals, and. sclcct a digital signal cor-
responding to a channel of interest from the plurality of di gita I
signals for further processing
[0013] Funhem features mid advantages of thc invention, as
well as the structure und operation ofvenous embodiments of
the present invention. are described in detail below with ref-
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erence to the accompanying drawings. It is noted that the
invenuon is not limiti d to thc specific embodiments dcwcribcd

herein. Such embodiments are presented herein for illustra-
tive purposes only Additional anbodiments will be apparent
to persons skilled in the relevant art based on the teachings
contained herein.

BRIBF DL'SCRII'TION OF I'Hl', DRAVVINCrS

[0014] The accompanying drawuigs. iiluch are uicorpo-
rated herein and form a part of the speciiication, illustrate
embodiments of the present uivention and. together with the
descnpuon, funher serve to explain Uie pruiciples of tire
invaition nnd to enable a person skilled in thc relevant art to
make and use the invention.
[0015] FIG. I is an illustration of a conventional satellite
l(icclvcl.

[0016] FICI 2 is an illustration of an embodnnent of a
satellite receiver
[0017] Fiii 3 is an illustration ol'mi example comnuuiica-
tion system with two frequency bands.
10018J FICi. 4 is mi illustration of an embodiment of a
down-converter configured to process signals in a commuru-
cation system ivith nvo frequency bands.
[0019] FICi. 5 is an illustration of an anbodimait of a

diytal demodulator.
[0020] FICI. 6 is an illustration of an embodiment of a

digital clrannel selection device.

10021J FICi. 7 is nn illustmtion ofanother embodinwnt of a

satellite recciivr
[0022] Flii 8 is mi illustration ofmioihcrembodiment of a

down-converter.

[0023] I'IG. 9 is un flustration ofanother embodunent of a

diytal demodulator.

[0024] Fiii 10 is an illustuition of another embodiment ol'

digital demodulator.
[0025] I'IG. 11 is an illustration of another embodiment of
a digital channel selection device.

[0026] FIG. 12 is an illustration of an embodiment of a

circuit schematic of a digital channel selection device.
[UUZ7J FICr. 13 is mi illustration of an embodiment of a

nwthod to process a plurality ol'mialog signals I'rom a multi-
Cllallllel Colllillulllcatloll systelll.

[0028] FIC) 14 is an illustration of'n embodiment of a

system to process a plurality of analog signals from a multi-
chmincl con)munication system

Dl'TAl1,k D Dl',SCRIPTION

[0029] The followuig detailed descnption refers to the
accompanying dmwings thar illustrate exemplary embodi-
ments consistent with ilus invert)ion Other anbodnnents ai'i:

possible, and modihcauons can be mude to the embodiments
within the spirit and scope of the invention Therefore. the
detmled description is uoi meant fo lunit ihc invention
Rather, the scope of the invention is defined by the appended
claims

[0030] Itv ouldbeapparcnt to one ol'skill inthi:rclevmit art
that the present invention, as described below, can be imple-
mented in mmiy different embodimaits uf softwnre, Imrd-
ware. tirmware. and)or the entities illustrated in the iigures.
Thus, the operational behavior ofembodiments of the present
invention will be described with thc understanding that niodi-
Iications and vunations of the embodiments are possible.
given the level of detail presentaI herein.

[0031] I'IG. I is an illustration of a conventional satelhte
receiver 100. Satellite receiver 100 includes an antenna 110,
a low-noisc block (I.NB) converter 120. a conversion tuner
130, and a digital demodulator 14U. For satellite broadcasts,
antenna 11U receives analog signals (e.g., RF signals) tlat
correspond to ch uuiels in a particular frequency band such as,
I'or exaniplc. I abend, Ku-band, and Ka-band. I.NB converter
120 receives the analog signals from antenna 110 nnd dov n-

converts the analog signals to reside in a lover frequency
band (e.g.. an intermediate frequency). An example of the
lower I'requency b uid is mi I -bmid ol'requencies (e g, ivith

a frequetlcv range of 950-2150 MHz).

[0032] C'onvcrsion amer 130 includes ampliiicrs 131 and
135. a mixer 132. a phase lock loop (PI.I ) 133, and a filter
134. Amplifie 131 receives and ampliiies a frequency-con-
verted signul 121 from I,NB converter 120 Mixer 132
receives the amphlied siyial from map)ilier 131 md also
receives a local oscillator (I.O) siyial from PI.I 133. The
ibequency of PLL 133 is tuned to the frequency of a desired
channel so that the amplilied signal from amphiier 131 can be
doivn-convenal to a barmband signal liir further processing.
For example, if the desired clmnnel is 100 MHz, then PLL 133

is tuned to 100 MHz, such that mixer 132 down-converts the
frequency ol the amphlied signal fmin amplifier 131 to DC.

[0033] Filter 134 filters the output ofmixer 132 to ramie
muvanted spurious unary that is above bascbaniL Altema-
tively, image rejection ta:hniqucs ni 5 bc implemented to

reduce tmdesired siyials at the output of mixer 132. For
exmnple. a Iiartley circuii architecture or 3Veaver circuit
architecture c m be iucorporatced in the design of'atelhte
receiver 100 to further suppress image signals Image rejem
tion teclmiques are knoivn to persons skilled in the relevant
urt. Amplifier 135 amplifies an output fmm filter 134 for
fiirther processing by digital demodulator 14U.

[0034] Digital demodulator 140 uicludes an analovg-to-

digiml conivrtcr (ADG) 141, a mixer 142, a dircvt digital
frequency synthesis (DDFS) device 143. a tilter 144. and a
forward error correction (FFC ) device 145 ADC 141 samples
an analog output frimi amplifier 135 nnd translates the analog
signal into a digital format. The digital data is then processed
by mixer 142, which receives the digital output from ADC
141 at a particular samplin rate. The I'requency ol'DFS
dew ice 143 is tuned to a frequency that reduces the data rate to
a more useful value for pmcessing by tilter 144 In onc
example. DDFS device 143 can be a phase acciunulator that
genemtes a digitized ivaveform. Altenmtively, other types of
DDI'S devices can be used.

[0035] Filter 144 reccwes an output I'rimi mixer 142. Filter
144 is destgtied for pulse-shaping purposes mid to minuuize
intersyrnbol interference in the digital output of mixer 142.
Fxamples ol filler 144 arc a Nyquist km pass lilter mid a

mised cosuie filter. wluch are both knov, n to persons skilled in
thc relevant art

[0036] Fl.)C device 145 receives a pulse-shaped digital out-

put I'rom tilter 144. FFC: device 145 is designed to remove
error correction code that is associated v;ith the processed
signal I'or instmica sntellite rcveivcr 100 can rixeivc a signnl
with error correction code embedded in the signal, where the
error correction code allows satellite receiver 1UU to detect
and corrccr errors in thc ncceived signal without requesting
additional information from a transmission source of the sig-
nal. Before the processed digital signal can be passed to a
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television or computer monitor for further processing and
subsequent vieiv&ng by a user. I L&G device 145 removes the
error correction code

[0037] The satellite receiver architecture descrtbed above
can bc used to process a single cham&el from a particular
frequency band. That iw if a user has a prcfercncc to process
tluee clmnnels at the same tune (e.g.. a first channel to be
vie&&ed by a user, a second channel to be viev ed by the user
with a PIP-enabled television, mid a third channel to be
recorded with a recording device). then tlu ee conversion tun-
er (e g.. a conversion tuner 130 fiir each channel of interest)
arc required C'.onventional satellite receiver 100 does not
scale well &&hen there are many channels to be processixi,
where as the user's prefi.rance grows with respect to thc
number of cluinnels to bc simultaneously processed by the
satellite receiver, the number of mners usixi to process each
channel increases accordingly Mallv cxtclllal ilIsci'cic colll-
ponents may be necessary for analog sigvnal filterin m each
tuner, which results in an increase in circuit area.

[Ul)38J In addition to circuit area. power consumption also
increnses ms a result of rowth in the conventional satellite
receiver's capamty to acconunodate the youth In number of
chminels. By using digital frcqucncy cimverters and tilters.
which are compact in modem uitegrated circmt teclmology
and consume less pov;er than their analog counterparts, scal-
ablc satellite reccivcr architecture can bc implemmitcd

[t)l)39J FICi. 2 is an illustration of a satellite receiver 200
acvorduig to an embo&hmcnt of the present invention Satel-
lite receiver 200 includes antenna 11U, LNB converter 12U. a
down-converter 210, and a digitnl dmnodulator 220. Antenna
110 and LNB converter 12U opemte in a similar manner as
described above with respect to FIG. 1.

[0040] Sateifite receiver 200 is configured to operate in a
multi-chminel conimunicaiion system. In particular. satellite
receiver 200 employs dou.n-converter 210 to convert an tuia-

log input signal from LNB converter 120 to an analog base-
band siyml Subsequently, digitnl dcmodulauir 220 converts
the analog be seband signal to a digital siyial representative of
a channel of interest and then processes tlm digital informa-
tion into mm or more digital outputs that cum be pro&mssed by
a television or computer monitor (e g., audio/video signal) for
viewing by Ihe user

[UU41] iinlike conventional satellite receiver IUU described
above with respect to FICi 1, satcllitc receiver 200 is a scal-
able architecture that processes analog signals received by
mitenna 110. For instance. as noted above with respect to
satelhte receiver 100. If a user lms a preference to process
three chmuiels at the same time, then tlu ee tuners are required.
In other words, a tiuwr is requircxi to p roc ms Ibc analog s&ym I

corresponding to each channel. As a result. both the number
of min log components and power consumption grow propor-
tionately with the number of ch umels pmcessed by mmven-
tional satellite receiver 100.

[0042] On the other hmid. the number of analog compo-
nents and power consumption does not grow proportionately
with an increase i&1 tlic number ol clmiinels pmccsscd by
satellite receiver 2UU. The number of analog components in
down-convcrtcr 210 remains the same regardless of the nun&-

her ofchannels processed by satellite receiver 200. The num-
ber of digital components in digital demodulator ZZU may
grow as a result of the increase in clrannels proccssixl by
satellite receiver 200. I low ever. the poiver consiunption from
the increase in digital components in satellite receiver ZUU

will be typically far less than the power consumption from an
increase in analog componcnis m convcnti&mal witcllite
receiver 100.

[0043] ln refemng to FIC). 2, LNB converter IZU receives
analog signals (c g, RF signals) fmm mitcnna 110 and dov;n-
converts the analog signal to reside m an i,-band range ol'requencies(e.g.. 950-2150 MHzj according to an embodi-
tlmiit of thc plcscflt IIIvciltlol1 LA1&'xplallat in&1 pit&poses, iwo
frequency bands can be defined witlun the L-band range of
frequencies. where each band of frequency contains one or
more satellite channels. For example. FIG 3 is an Illustration
ofanL-bandoffrequencies300vithtwofrequencvbands a

in&ver sideband 31U and mi upper sideband 321) that each
has a bandkvidth of 500 Milz. In an embodiment, lower side-
band 31U Ims a frequency mange of 950-1450 Ml lz and upper
sideband 320 has a frcxluency range of 1650-2150 MHc,
u.here each 500 Mllz band of frequencies contauis one or
nxire satellite cliannels v;ith a bnndw idth of. for example, 24
Ml Iz each.

[0044] The specilic ranges ol'I'rcequencies and band&i idth of
frequencies mentioned in the description of satellite receiver
200. and throughout this application. are giivn I'or cxmnplc
purposes only aod are not me uit to be lnni&uig. Those persons
skilled in the relevant art will recognize that other ranges of
I'rcquencies and bandwidth of frcqu&.ncics can be used by
embodunents of the present invention based on the discussion
herein. These other ranges of frequencies and bandividth of
frequencies are v;itlun the scope mid spirtt of the present
illvCIlfioil.

[0045J FICi. 4 is an illustration ofan embodiment ofdown-
converter 210 coniigured to process signals residui in both
loii er sideband 310 and upper sidebund 320. Down-converter
210 includes a lower band I'rcquency comvrtcr 410 and mi

upper band frequency converter 420.

[0046] In an embodunent, lower band fre&p&ency converter
410 includes a niixcr 411. a PLL 413. filters 414& arid 414»,
and amplifiers 415, mid 415». Mixer 411 recce i& ca lkcqumtcyc-

converted signal 121 from LNB converter 12U and converts
the mialog signal to a bascband signal ln an cmbodimcnt, a

LO signal ol'PI,I 413 is tuned substantially to the cvnter of
loii er sidebmid 31U. For example, in reference to VIC). 3, the
I.O signal of Pl,l, 413 can be tuned to a frequency 311 (c.g,
1200 Milzj. A complex-valued analog baseband signal cmi
be generated by mixer 411 as a result of tuning PLI. 413 to
lkequency 311, where thc I'rcqucncy spectrum of thc analog
b as eh and signal includes negative as well as positive lkequen-
cies. I'he analog baseband signal is a low-IF signal according
m1 an embodiment of the present invention. In ui embo&h-

ment. mixer 411 is an I-Q mixer configured to output an
I-signal output 412& mid a Q-sig&ral output 412» that corre-

spond to quadmiture components. respectively. Ipront the out-

puts ofnuxer 411. I-Q mixers are known to persons skilled ui
the relevant art

[00471 In rel'erence to FIC). 4. filters 414, uid 414 filter
signal outputs 412, and 4120, respectively. from mixer 411 to
renuwe unwanted spurious~energy that is outside of a pre-
defined passband frequency range. In an emboduuent. Iilters
414& and 414» can be passband filters configure to pass
sign~is rmiding in lower sidcbaml 310

[0048] A&npliiiers 415&and 415»recenetheanalo outputs
of filters 414, and 414», respectively. and amplify the filtered
analog signals Analog outputs 430& and 431)» from amplifiers
415, and 415». respectively. are then processed by digital
denuidulator 220.
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[0049] Upper band frequency converter 420, winch
includes a mixer 421, a PI,I, 423, filters 424, and 424m, and
ampldiers 425, and 4250. operates ui a sunilar mamier as
lower band I'requm&cy converter 410. Mixer 421 receives fre-
quency-converted signal 121 from I,NB comer&sr 120 and
converts the analog signal to a hasebm&d signal. In an embed&-

ment, a LO signal of PI.I 423 is t&mcd substantially to thc
ceotcr of upper sidebm&d 320. For exnmple. in reference to
FICi. 3, the LO signal of PLI 423 cm& be nu&ixI to a frequency
321 (e.g, 1900 MHz) In tuning PI L 423 to frequency 321, a

complex-valued baseband s&gnol is generated by mixer 421,
where the frequency spectrum of the analog baseband signal
&acludes negat&ve as well as positive frequencies. The analo
basebm&d s&y&al is a low-IF signal according to an embed&-

ment of the present invention. In an embodiment, mixer 421
&s an I-Q mixer configured to output an I-s&anal output 422,
and a Q-signal output 422m that correspond to quadmture
componenri. respectively, frpon& the outpuri ol'mixer 421

[0050] Similar to lilter 414, mul 414m in louer band fre-

quency converter 410. filters 424, and 424m filter signal out-
p&its 422& olid 4220 respectively, from mixier 421 to rcmove
urn&anted spuriouis energy tluii &s outside of a predefined
Pas abend frequency range. In an embodimmtt 424& all&1 4240
can be passband filtcrs conf&gurcxf to pnss signals residin in
upper s&deband 320 Amphliers 425& &11&d 425&& operate in a
similar mmmer as amplifiers 415, and 415m describcxf above,
a&id &nltp&lt at&slog si lidls 440& ai&d 440&&, respectively. &o bc
processed by digital demodulator ZZU.

[U051] FIG. 5 is an illustration of on embodiment of d&gital

demodulator 220. In this embodiment, digital dcn&odulator
220 &s configured to output tluee channels 570o-570s ond
includes multiplexer circuits (MUXes) 510&n510 . d&gital

channel select&on devices 520o-520&, a control dev&ce 530.
and ADCs 540 m&d 550. Based on the descnption herein. a

person skilled in the relevant art &vill recognize tlmt d&gitaI

demodulator 220 &s not lim&ted to outputung three channels
and can be configured to output one or more channels.
[0052] Thc example noted above, where a user has o pref-
erence to simultaneously proc&us three channels, v ill be used
to facilitate in the explanation of digital demodulator ZZO. In
this example, thc user has a pre fi rm&ce to view a first channel,
u& view s seicond clmnnel with s television having PIP func-
tionality, and to record a third channel with a recording
device Thcsc three chanimls can reside. for cxmnplc, in
L-band of frequenc&es 300 from FICI. 3.

[0053] In I'lii. 5, ADC 540 samples m&slog outputs 430
tllxl 430&& fn&l&1 d&&wi& co&ivor&et'10 ai&d tlalisl Iles &lie al&aiog

signals into digital signals 541, and 541o according to an
a&i&bc&lit&in&it of the present invention. )3igi &~at

signals 541, and
541„correspond to a respective digital representation of ana-

log outputs 43U&and 430m Like&vise, according to an embodi-
milit el'lm present invention, ADC'50 samples analog out-
puts 44U, and 44UC, from do&vn-converter 2IU and translates
the analog signals into digital signals 551& and 551o. Digital
signals 551, and 551o correspond to a respective di ital rep-
resentanon of analog outputs 440& and 440m In an embod&-

ment, ADC's 540 m&d 550 are I-Q ADC'u iiinu hich each I-Q
ADC includes two analog-to-d& ital converters oneADC to
convert the analog I-signal into a digital format and another
ADC to c&mvert the ai&slog Q-sign~i into a dig&uil format
D&g&tol signals 541n 541c, 551n ond 5510 fmm ADCs 540
and 550 nre passed to lvfiJXes 510o-510&

[0054] In an embodunent, control de~ice 530 receives a

control simml 560 that ind&cates v& hether the first, second. and

tlurd channels correspond to signals in lower sideband 310 or
upper sideband 320 m&d outputs respective signals 531-533
for the first, second. and tlurd ch uu&els h& process&ng each of
thc three clmm&cls, MIJXei 510v-510& direct digital outputs
541&. 541m, 551&, al&d 5510 I'n&&1& ADC's 540 al&d 550 to 'sl&

appropriate digital channel selection device 52U„-5ZU&. For
instance. tlm first channel (to be viewed by the user) mny
correspond lo a s&g&u&l in lou er sideband 3 10. Signal 531 from
control device 530 controls MUX 510v to select digital sig-
nals 541& and 541m to be passixf to digiml channel selection
dev&ce 520, (v&a s&y&al path 511„) for further processin . The
second clmnnel (to be vie&vcxf by the user with a PIP-enabled
te lev&s&on) n&ay correspond to a s &g&mi &n upper s&deband 320.
Sip&oi 532 Ibom control device 530 controls MUX 510, to
select digital signals 551& and 551O to be passiM to digital
channel select&on device 520, (via signal path 511, ) lor fur-

ther processing. Lastly, the third channel (to be recorded with
a recordmg device) may corresp&md to another signal in lower
sideband 310. Ilere. signal 533 from control dev&ce 530 con-
trols MUX 51U& to select digital signals 541, m&d 541„ to be
passed to dig&tal channel selection device 520, (via~a&gmal

path 511c) for further processu&g.

[0055] FIG 6 is m& illustrntion of ui en&lx&diment ol'digitnl
channel selection dev&ce 520. Digital channel select&on

device 520 includes a mixer 610. a DDVS device 6ZO. a

decimat&on filter bank 630. a filter 640, u&d a FIIC device 650.
Di ital si nal 511 &s processed by m&xer 610, where the
Ikequency ol'DFS device 620 is tuned to s chm&ncl of
interest (e.g, Ikequency of the ch un&el that &s sought to be
viewed or recorded by the user). In tuning DDFS device 620
to thc chmuid of interest, digital signal 511 cm& bc synchro-
mzed in frequency to the earner of the desired s&rp&al (e.g.,
dirccr conversion ofdigital signal 511 to the frequency of the
clio&i&&el of interest)

[0056] Decinmtion filter bmd 630 receives the output of
mixer 610, down-samples (or dccunates) thc output ofmixer
610. and filters the mixer's output such that a proper fre-

quency response and signal-to-noise ratio are achie&vd Onc
purpose of decin&ation Iilter bank 630 is to reduce the sam-
plu&vg rate of the digital data ot the outputs ofADCs 54U ond
550. v hich can bc very high (c g.. 1.2 CiHz), to a lower
sampling rate so that a system (e g. television, computer
monitor, satellite set top box, etc.) can pmcess the signal. An
additional bcnetlt of lowering the samplinv rate of the digiml
data is to reduce cost of processu&g by the system receivinvg

the channel of interest (e g., television. computer monitor,
satcllitc ict top box. etc ) tbc mdculation mid!or memon
required to unplement the digital signal processing funct&ons

is generally proportional to the sampling mte. so the use of a
lo&ver samplmg mate h p&cally results in a cheaper implemen-
ta tlol&.

[0057] In rcfi.'rcnce to FKi. 6. filter 640 rivci&vs the digi&ol

output froiu decimation filter bank 63U. In an embodiment,
filter 640 is a Nyquist filte designed for pulse-shaping pur-
poses and to muun&ize u&tersymbol interference &n the d»tal
output decimation filter bank 63U. FL'I'evice 6511 rece&ves

the tillered digital output from filter 640 and removes error
correct&on code associated v ith the diptal s&goal. I L'C dev&ce

650 operates in o similar manner as FFC'evice 145 described
above uith respect to FIG. 1.

[UU50] In reference to I'ICi. 5, digital outputs 57Uo-57U&

from digital channel selection devices 520o-520„respiv.-
t&vely, can be passed to a television, computer monitor, sutel-
lite set top box. or similar device. for f&uther processing. In
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returiung to the example, where the user has a preference to
simultmteously process thr(c clianncls. digital output 570«
c ui be used as a channel to be viev ed by the user. digital
ourput 570& cari be used as a second channel to bc viewed by
Ihc user via a television uith PIP Ihncuonality, and digital
output 57U, can be used as a channel to be recorded lvith a

recording device.

[0059] In view of the discussion abolm &vith respect to
FIGS. 2-6, as a user's preference yows in the number of
channels to be processed simultaneously, the architecture of
satelhte receiver 200 not only occupies a smaller circuit foot-
print than conventional satellite receiver 100, but also con-
sumes less power than receiver I U U. Specifically, as the mnn-
ber of processed channels grows. down-ionverter 210 ui
satellite receiver ZUU does not increase in size or complexity
lor &lm mulog processing, wliereas satellite receiver 100
lvould require an additional analog tuner for each additional
channel to be processed by the receiver. L'ven though the
number ol'digital circuits may grow in mitelhte receiver 200
as a result of an increase in the nmnber ofprocessed clmnnels,
integrated digital circuits typically consume far less circuit
area than analog mnnponents in typical tuner desiyis. I'ur-
ther. since conventional satellite receiver 100 would rcxiuire

mi additional tuner li&r each additional channel «& bc pro-
cessed by the receiver, each additional tuner m satellite
receiver 100 would typically consume far more polver than
Ihc digitul circuits used in the sign~i processing in satellite
receiver 200.

[UU6U] FIG. 7 is an illustnltion of an embodunent of a

satcllitc receiver 700 Satcllitc rcceivcr 700 includes antenna
110, LNB converter 120) a dolvn-converter 710. and a digital
demodulator 720. Antenna 110 and LNB converter IZO oper-
ate ln I& shullal nllulilci'ls describwi above uith respect to
FIG. 1.

[0061] Sinular to satellite receiver 200 in PIC&. 2, satellite
rcccivcr 700 mnploys down-m&nvertir 710 to cmnvrt an m&a-

lo mput signal from LNB converter 120 to an analog siyml.
Subsequently, digital demodulntor 720 converts the analog
signal to a digiml bascbaml signal a&xi then processes the
digital infomiation into one or more digital outputs that can be
proccsscd by a television or computer nionitor [e.g, audio/
video sign&i) fol'icwiiig bv lhc &lier

[0062] FICi 8 is an illustration ofnn embodinwnt of down-
convcrier 710. Do&vu-converter 710 includes a mixer 810, a

PLL 820, filters 830,and 8300 and mnplifiers 840,and 840(z
Down-convcrtcr 710 functions in a similar manner as dow&i-

converter 210 in FICi. 2 Iiouever. unhke the separate pro-
cessing of signals residing in the lower and upper frequency
band~ off,-bando)'I'requencics 300 in FICi 3, do&vn-converter

710 pmcesses sivgnals in both the lower and upper band of
frequencies A pemon skilled in the relevant art will recog-
nize, Irascxl on thc description lmrein, diat do(vn-converter
710 can process signals in conununication systems tlmt
broadcasts cli numls in one or more frequency bands.

[0063] In down-converter 710, niixer 810 receives I're-

quency-converted signal 121 from LNB converter 120 and
convcrts tlm analog sigiml to a bascband signal In an embodi-
ment. a LO signal of PLL 82U is tuned substantially to the
center of I.-band of frequencies 300 For cxmnple, in refbr-
ence to I'IG. 3. the LO signal of PLL 820 can be tuned to a

frequency 330 fe.g.. 1550 MHz). A complex-valued analog
baseband signal cmi bc gencratcd by mixer 810 as a result of
tuning PLL 820 to frequency 330, where the frequency spec-
trum of the mialog baseband signal includes negative as well

as positive frequencies. Zhe analovg baseband siyial is a low-
IF signal according to an mnlx&diment of thc present inven-
tion. In ui embodunent, mixer 810 is an I-Q nuxer configured
to ourput an I-signnl output 811& and a Q-signal output 811 o
that correspond to quadrature componenms, respectively, I'roni

the outputs of mixer 810. I-Q mixers are known to persons
skilled in thc relevant art

[0064] In reference to FIG. 8, filters 83UI and 830 o opemte
in a sinnlar manner as filter. 414I and 4)4o described above
uith respect to FIG. 4. Further, mupldiers 840, and 840o
opernte in a similar manner as amplifiers 415( mid 415(, of
FIC&. 4 Analo mitpums 850, m&d 850o I'rmn amphfiers 840&

and 840m respectively, are processed by digital demodulator
720

[00651 FICi. 9 is mi ilk&st&alien of all i'lnbodiment ofdigital
demodulntor 720 In tins embodiment, di ital demodulator
720 is configured to output tluee channels 930O-930, and
includes ADO 910 and digital channel selection devices 52U„-

520,. Based on (lie descrtption herein, a person skilled in the
relevant art will recogtuze that digital demodulator 720 is not
limited «& outputting tluec chanimls and can be configuri«I to
output one or more ch ulna) s

[0066] In I'IG. 9. ADC 910 samples analog outputs 850,
and 850o from down-conveiter 710 and translates the analog
signals utto digital si nels 920, and 920O accorduig to mi

embodunent of the present invention. Digital sly&ala 92U, and
9 20o correspond to n respective digital representnt ion of ana-
lo i&a&puts 850, and 850m In an embodiment, ADC 910 cmi
include two analog-to-digital converters one AD('o con-
vert thc analog I-signal into a digitnl format mid anotherADC'o

convert the unalog Q-signal uito a digital format. Digital
signals 920, and 9ZUo are passed to digital channel sehx tion
devices 520o-520S for tiuther processuig. Digital channel
selection devices 520O-520S fiinction ui a sunilar mmmer as
described above with respect to FI(iS 5 and 6, wlmrc digital
outputs 930«-930s in I'IC). 9 correspond to user-preferred
channels.
[0067] FI(i 10 is an illustration ofmiother embodiment of
digiml demodulutor 720. In this mnbodimcnt, digital
den«&dulator 720 includes an ADC 1010 and digital channel
sclecrion devices 1030o-1030s.

[0068] AD( 1010 samples analog outputs 850I and 850&,
from dov;n-converter 710 and transhates the analovg signals
into interleaved digital outputs IUZUC-IU2U,. In an embodi-
Iu('ll& of the prcscul &llvi'nt ion, AD( 1010 is a time-inicrlcavcd
ADC confiyired to output four interleaved digital signals
1020o-1020,. in wlfich each interleaved digital signal 1020
uicludes a complex-valued I-component and a Q-component

[which are not shown in FIG. 10 for simplicity purposes). For
insumce..ADC 1OIO can be designed t(»anmpte analog signal~
850,ai«i850oatarateof1.2 Ciiiz. uhereeachdi &tel output
I UZO&oIOZU, is configured to output every fi&urth cycle (e.g.,
300 Mllz) ol'he ADC" s cycle clock (e.g.. I 2 Gliz). Digitnl
outputs 1020o-1020) are passed to diytal channel select«&n

devices 1030C-1030, for further processing

[0069] FICi II is m illustration ofancmbodimcn&ofdigitnl
channel selection device 1030. Diytal channel selecuon
dcwice 1030 inchides a control device 1120, a coarse down-
mixcr 1130, a comic up-mixer )140. decimation filters 1150-
1152 and 119U) a MUX 1160. a fine nuxer 117U) and a DDIIS

device 1180.

[0070] Digital channel selection device 1030 tunes digital
si nels 1020„-1020( to a desired clmnnel of interest in tlvo
stages-a coarse mixing stage and a fine nuxing stage. In an
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embodiment, the coarse nuxing stage includes coarse down-
mixhr 1130, coarse up-mixer 1140, and decimntion lilters
1150-1152. I'urther. (n an embodiment, the tine nrtxing stage
includes tine mixer 1170, PI.I, 1180, mid decinuition filter
1190

[0071] For exp laiuition purpose~, I,-band range of frequen-
cies 300 from FI(i. 3 will be used in the description of digital
channel selection device 1030. As described above with
respect to I(1G. 8, down-converter 710 converts analog signal
121 residing in L-band range offrequencies 300 to 8 has eh and

signal and outputs corresponding uialog siyials 850( Slid

850(,, where the LO signal ofPLL 820 can be tuned to a center
frequency of, for example. 1550 MHz. In turn, in reference to
FICC 10. digital demodulator 720 receives analog si nels 850(
arid 85U0 alld outputs one or more corresponding desired
channelshof interest 10408-10408 To Iacilitnte in the expln-
nation of digital ch uuiel selection device 1030, a desired
channel of interest 8 ill be assumed to have a ha seband signal
at 230 MHS

[0072] In rel'erence to FICi 11, decimation filter 1150
receives interleaved digital signals 1U2Uu-10208, down-
smnplms thc intcrlcaved digital signal~, and liltcrs thc inter-
leaved digital signals such that a proper frequency response
mid signal-to-noise ratio are achieved. The output ofdecima-
tion liltcr 1150 em)tain(. for example, satellite channels in thc
center region of the input frequencv band. For instance. inter-
leaved digital signals 10208-10208 represents mi output of
ADC 1010 from I'IC). 10, in wluch ADC 1010 sampled its
analog inputs at a rate of 1.2 (iHz. Here, decimation filter
1151 cnn r(x)ucc thc overall sanipling rate of interleaved
digital siyials 1020B-1020„ to, for example, 300 Milz.
[OU73] Coarse down-mixer 1130 receives interleaved digi-
tal signals 1020c-1020s and times thc digital sigimls to an
llltcl'irlcdlatc flcq(lcllcv Ill Bll clllb(id(melt(, coi(rsc dowli-
mixer 1130 tunes digital signals 1020„-1020S to a negative
I'reqnency Forinstancc.m»irsed(iwn-mixer1130c uiinclude
a complex mixer with a DDFS device as mi input to Uie mixer
(e.g. similar to tlm mixer!DDFS dcvicc conligumtion
described abo(e with respect to FICi 6). where thc DDFS
device is tuned to -150 MHz. Assuming tltat the channel of
interest has a baseband signal Bt 230 MHz, tlm mixer gener-
ates u frequency slufied version of the input where the chan-
nel of interest is centered at 80 MHz (i.e., 230 MHz+(-150
MHS)=80 MHS), rosphvtivcly.

[0074] In an embodiment, decimation filter 1151 removes
the signal with higher frequency (e g, greater than 150 MHz)
at tlm mitput of mixer 1130 and passes the signal with lower
frequency (e.g., less than 150 MHz) at the output of mixer
1130 Tlm output ofdw. decimation filter 1151 contains, f(ir

exmuple, satellite channels in the upper region of the input
frequency band. Further, in mi embodiment. decimation filter
1151 rhxkuccs the sampluig rate ol'intcrhidvcd digital slglldls
1 020(i 1020 ( Still(1m 'to ice(illa(toll ill'tcl' 150 dccllll I'tloll

tilter 1151 rhxluccs the overall sampling mte of digital signals
1020„-1020, to, for example. 300 Mliz.

10075] Similar to coarse down-mixer 1130, coarse
up-mixer 1140 rcchi((s intcrlcavcd digital signals 10208-
1020, and tunes the digital signals to an intermediate fre-

qiwncy In an cmbodinient, coarse up-mixer 1140 tunes digi-
tal sl'ldls 1020( 1020 to 8 positive frequency. For uistance,
coalsc tip-lrllxcl'14U call lllcludc 8 colllplcx illlxcr wltll 8

DDI'S device as an input to thc mixer (c.g, similar to the
mixer/DDFS device configuration descrtbed above with
respect to FIG. 6), v;here the DDFS device is tuned to +150

MHz. Assuminvg that the channel of interest has a baseband
signal at 230 MHC, the mixer generates 8 I'r(qucncy shifted
version of the uiput ~here the channel of interest is centered
at 380 MHS (i.c.. 230 MHz+150 MHz=380 MHz), respec-
tively

[0076] ln an embodiment, decimation filter 1152 removes
thh siyuil witfi higher frhxkucncy (e g.. greater than 150 Ml id)
at the output ofmixer 1140 aiul passes the signal with lo(ver
frcqucncy (e.g., less than 150 MHS) Bt thc output of mixer
1140 The output of the decimation tilter 1152 contains, liir
ex unple. satellite channels in the lov;er region of the input
I'requcncy band Further, in an mnbodinmnt, decimation filter
1152 rhx)aces the wdmpling rate of utter)eave/ digital si naia
1020O-1020i Similar to decimation filters 1150 and 1151,
dhccimation filter 1152 reduces tlm overall sampling rate of
digital signals 1020O-1020S to, for example. 300 MkIz.

[0077] Inrefi rance to FICi. 1 1, according to an cmbodimcnt
of the present invention, control device 1120 is coniigt(rhx) to
detertnine whether an output of decimation filter 1150, an
(ill(put of decl(lid((oii tilter 1151, or an output of dhvimation
lilter 1152 is passed (via MUX 1160) to tine mixer 1170. As
described above 8 ith respect to decimation fi item 115 U-1152,

thc output of decima)ion liltcr 1150 represents a down-
smnpled baseband digital signal, in wluch the frequency of
the digital signal has not been shifted (c.g., the desired chan-
nel ofuiterest in nntauis a baseband sty(a l at+230 Ml iz). The
output of decimation filter 1151 represents a down-sampled
baseband digital siyial with a shift in frequency (e.g, the
desired clmnnel of interest has a baseband sigiml at SSO

MHz). Similar to tlie output of decimation filter 1151, the
output of decimation lilter 1152 rhepresents a do(mi-sampled
baseband diytal sienal with 8 shift in frequency (e.g., the
dcsirhxk channel of imercst has 8 basvband signal at +380
MHz), In an embodunent, control device 1120 outputs 8

control signal 1121 to MUX 1160 that indicates 8 hich of the
d(l'wli sampled digital baseband signa(( I'rom decuuation fil-

ters 1150-1152 is nearest to DC I'or insuince„ in referrtng to
tlm example above with the desirc'hannel o I'interest having
a basebund signal at 230 MHz the output ol decimation filter
1151 contains the down-sampled digital b as eband signal (i.e.,
+80 MHC) that is ncarcst to 1)C as compared to thc output of
dhximation tilter 1150 (i e.. 8230 MHz) and the output of
decimation filter 1152 (i.e.. +3SO MHz). In response to con-
trol signal 1121, MUX 1160 passes the down-san(pled di gin l
baseband siyial that is nearest to DC (e.vg,, digital siyial
1161) to fine mixer 1170. according to an embodiment of the
prcscnt invention.

[U078] In an embodiment, fine mixer 117U and DDFS
device 1180 tunes tlm down-sampled digital baseband signal
that is nearest to DC to substantially zero frequency (e.g.,
direct conversion of digiml siyial 1 )61 to D('). For instance,
digital sigiml 1161 cmi represent the dmsircdl channel of in(cr-
est with a baseband signal at SSO MHz (e.g.. output of deci-
mation filter 1151) Herc. DDFS device 1180 can be nut(x) to
a frequency of -SO Mk lz such that fine mixer 1170 generates
the frequency shifted version of the input where the desired
channel ol (merest is located at 0 MHS (i.e, 80 Mild+(-80)
Mllz 0 Mkiz). respectively.

[0079] In an embodiment, decimati(m tilter 1190 rci'Iiovhs

the signal with tuvger frequency (e.g.. yester than 75 Mliz)
at the output of fine mixer 1170 and passes the signal with
lower frequency (c g.. less than 75 MHS) at thc output tine
mmer 1170. I'urther, in an embodiment. decunation filter
119U reduces the samplinvc mte of diy'tal signal 1161. Here,
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decunation filter 1190 can reduce the overall sampling mate of
digital signal 1161 to, I'or example, 150 MHz such that a

system (e g.. television, computer monitor, satelhte set top
box, etc.) can process the digital signnl Therefore, dkcima-
tion tiller 1190 generates a digital output 1040 that can be
passed to a television. computer monitor, satellite set top box,
or similar dm ice. for fu (ther processing

[0080] I'IG. 12 is mt illustration ot an embodiment of a
circuit schematic of digital chminel selection device 1030. In
mi cinbodinient, decimation tilter 1150 includes dcciniatimi
filters 1210a-1210( to receive interleaved digital signals
1020v-1020s, respectively The outputs of digital tilters
1210„-1210, are sununed by summation circuits 1211,(-
1211z. as shovvn in VICi. 12. where an output of sumnmtion
circuit 1211a mid n delayed version of the output of sununa-
tion circuit 1211s (via delay element 1212) are passed to
MUX 116U.

[0081] In an enibodiment of the present invention, coarse
down-mixer 1130 and coarse up-mixer 114U include digital
llilxcls 1 221c-1221, mxl a DDFS ilevice 1220 In an embodi-
menb digital nuxers 1221o-1221( intmduce a polanty and
frequency shift in digital signals 1021)a-1020s. where DDVS
device 1220 is tuned to an alternating input frequency. For
instance, in referring to the exmnple above where the desired
channel of interest has a haseband signal at 230 MHz, Dl )VS

device 1220 can generate a stream of alternating umty gain
factors (e.g.. +I, -I, +l. -I, etc.) with a frequency of 300
MHz. Here, digiml mixers 1221c-1221, multiplies respective
di ital signals 1020a-1020, by the alternating unity gain fac-
tors from DDVS device 1220 to generate a sum and difference
of its uiput frequencies (e., the baseband signal at 230 Ml lz
and the alternating unity gain factors at 300 MHz). In an
embodiment, in altemnting thc polarity of digital signals
1020„-1020... digital mixers 1221o-1221( modify the most
sigmticant bit (MSB) of the digital bit stream entering each
rcspectivc mixer 1221v-1221, (c g, modi I'ying a '0'it in thc
MSB position of the bit strewn to a ' 'it or vice versa). The
outputs of digital mixers 1221o-1221s are passed to dccimn-
timi litters 1151 imd 1152.

[UU82] In reference to FICr. 12, decimation filters 1151 and
1152 incluilc dcciinaiion filters 1230o-1230,, amplifiers
1232a-1232,. sununation circuits 1233v-1233,, and delay
clemmits 123to mid 1231, Decimation 'tiltcrs 1230o 123()(
tilter md down-sautpie their respective digital mixer 1221o-
1221„output in accordance with the descnption ahorse of
decimation filter; 1151 and 1152. Aniplitiers 1232c-1232s
unplify the outputs of decimation filters 1230c1230,. Fur-

ther, the outputs of amplihers 1232v-1235, are simmied,
along witt'I tl'Ie (iutpu'I rlf dccini itioli fittl l 1230() by sununa-
tion circuits 1233a-1233,, as illustrated in FICi. 12. An output
of sununation circuit 1233c and a delayed version of the
output ol'sununation circuit 1233„(via delay clement 1231o)
are passed to MLtX 1160. Similarly, an output of sumnmtion
circuit 1233, and a delayed version of the output of sununa-
tion circuit 1233, (via delay element 1231,) are passed to
MUX 1160.

[0083] In mi embodiment of the prcsvnt inicntion. MHX
1160 includes MUXes 1240o and 124U,, wluch are both con-
trolled by contml signnl 1121 MHX 1240o passes a ilowfl-

smnpled digital baseband si nal from decimation lilter 1150,
decimation filter 1151. or decimation filter 1152 that is near-
est to IX to tine mixer 1170. Similarly. MUX 1240, passes a

delayed version of the dovi n-smnp1ed digital ha seband signal
that is nwarest to DG to fine mixer 1170.

[0084] In an embodnnent, fine mixer 1170 includes digital
nuxers 1250c a(lit 1250( Digital mixers 1250, and 1250,
rec(ivc im input I'rom DDFS dmicm 1180. where DDFS
dew ice 118U is tuned to a frequency such that digital mixers
I 25Uc allil 1 230

(
generate a respective digital bosch and signa I

at substantially 0 MHz. In an embodiment. DDFS device
1180 includes n DDFS device 1260 and a delay clement 1261.
DDFS device 1260 can be tuned to a frequency (e v., -80
MI lz) such that digital mixer 1250v generates a dive(tel base-
band signal at substantially 0 MHz. Sinularly, in an embodi-
ment. di ital mixer 1250, receives a delayed version ol'the
output from DDFS device 126U (via delay element 1261)
such tlmt digital mixer 125U( gellerates a digital baseband
signal at substantuilly 0 MHz,

[0085] In reference to FICi. 12. decimation tilter 1190
receives dig(ad mixer outputs from line mixer 1170 a(xi

passvs tlm digital baseband signai at substantially 0 MHz
according to an embodiment of the present invention. In an
embodimenh decunation tilter 1190 includes decunation til-

ters 1270v and 1270, and sunuuation circuit 1271 Decmia-
tion filters 1270o mid 1270, rcccivc digital outputs front mix-
ers 1250o uid 1250„respectively, and passes the digital
baseband signal at substantially 0 MHz to sununation circuit
1271 Further. dhcimatimi lilters 1270, and 1270, down-
samples the digital baseband signal at substantially 0 Ml lz to
a lower sampling frequency (c.g . 150 MHz) such that a

system (e... television. computer momtor. satellite set top
box. etc.) can process the signal. In an embodiment. sununa-
tion circuit 1271 combines the filtcrcd and down-sampled
digital outputs from decimation filters 12711„and 1270, tii

genemte digital output 1U40, vshich can be passed to a tele-
vision. mmiputer momtor. sate)hie set top box. or similar
device, for further processing.

[0086] FIG. 13 is mi illustrauon ot a method 1300 to pro-
cess a plurality of annlog signals from a multi-channel com-
municauon system. Method 1300 can occur using. for
example. satellite receiver 200 or satellite receiver 7UU. In
step 1310, tlm plurality of analog signals is rcccivcd by an
antciuvi. In stcp 1320, the plurahty of signals received by the
antenna (ut step 131U) is down-converted to an L-band range
ol'rcquencics (e g, 950-2150 MHz). I NB convc(tcr 120
from FIG. I can be used, for example, to dov;n-convert the
plurality of mia log sigim Is to the L-band range offrequencies.

[UU87] In step 133 U. the plurality ofdown-converted analog
signals I'rom step 1320 is liirfher dou n-converted to a plluiil-
ity of corresponduig baseband signals. The baseband stytals
correspond to loiv-IF signals according to mt embodiment of
the present invention. The down-conver ion of thc nnalog
si nels in the L-band range of frequencies to the plurality of
corresponding baseband signals can occur using. Iiir

ex uuple. doiwi-coiivert 210 I'rom FIC). 2 or down-converter
710 from FICi. 7 In down-convertinv the plurality of analog
signal from step 1320 to tlm plurality of correspoixlin basc-
band signalw the plurality oi analiig stfnutl~ in the I -baod
mage of frequencies is mixed with a LO inpm that corre-
sponds to a frequency substantially in the ccntcr of a pre-
define frequency bund (e g.. lower sideband 31 U, upper side-
band 321). or I,-bmid mnge of frequencies 300) according to
an enibodnnent of the present invention. In an embodiment,
the result of the nuxing step is a complex-valued analiig
basebnnd signal (e g., complex-valued analog low-IF signal),
where the complex-valued analog baseband sigttal includes a
complex I-Q sigttaf ivith an I-signal component and a C3sig-
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nal component. Iiurther, in an embodiment of the present
invenuon, thc I- mid Q-siyial results from the mixing step can
be filtered and then amplified.

[OUUUJ In step 1340, the plurality ofbaseband signals (e g.,
plurality of low-IF siyials) is converted to n plurality of
digital styials In an einbodinient, tlw fifterisf and amplified I-

and Q-siyials from step 134U is converted to a digital signal
with an ADC'uch as, for example, ADC'10 from Flci 9

[0009] In step 1350, the plumlity of digital signnls is con-
vened to one or more chatuiels of interest decodable by a

receiver. In other words. a digital signal that corresponds to a

channel of interest from the plurahty of digital siyuds (from
step 1340) is selected for further processing accorduig to an
embodiment ol'he present invention Step 1350 can iwcur
usin . for example. digital channel selection devices 520o-
520. from FIO. 5 or digital channel selection device 1030
from Flti. 10.

[0090] FICi. 14 is an illusuation ol'a system1400 xi process
a plurality of analog signals from a nndti-channel communi-
cation a)stern. System 1400 includes an antenna 1401. a

satellite receiver system 1402, a processor 1403. and a

memory 14 U4. 1 he representative signal processing functions
dcscribcd lmrein can bc implemented in hardware, solltware,
or some combination thereof. For instance, the siyial pm-
cessing functions can be implcmcnted using computer pro-
cessors. computer logic. apphcation specific circuits
(ASIC s), digital siyml processors, etc., as will be understood
by those skilled in the relevant art based on the discussion
given herein. Accordingly, any processor that performs the
signal processing huictions described herein is svithin the
scope uid spint of the present invention

[U091] Further. the signal processing functions described
herein can be cmbodicd by computer prograni instructions
that are executed by a computer processor or any one of the
hardware devices listed above. The computer program
uistructions cause the processor to perliinn the siytal pro-
cessing functions descnbed herein. lhe computer program
instructions (e.g.. software) can be stored in a computer
usable mednuu. computer program medium, or any storage
mednun that can be accessed by a computer or processor.
Such mcdui uicludc a memory dmicm such as a RAM or
ROM. or other 1ype of computer s1oms e medium such as a
computer disk or C1D ROM, or the equivalent Accordingly,
:uiy computer storage melium bavuig computer program
code that cause a processor to perform the siyial pmcessin
functions described hcrcin are within tlm scope aod spirit of
thc plcscn1 lllvclltton.

[0092] In reference to FICi. 14, satelhte receiver system
1402 is coupled to antemin 1401 and racer es analog signals
through antenna 1401. Processor 1403 is coupled to satellite
rcccivcr system 1402 and controls tlm opcmtion of satellite
receiver system 1402. Memory 1404 is in communication
with pmcessor 14U3 and stores processing instructions. In an
mnbodimcnt of thc present in~ention, these pnicessing
uistructions direct processor 1403 to perform the fiillou ing.
down-convert thc plumlity of analog signals to a plumlity of
corresponding basebmid sigiuds: convert the plurality ol'cor-
responding baseband signals to a plurality of digital signals:
mid, mmvcrt the plurality of digital signals to one or more
channels of interest decodable by a receiver. The plumlity of
corresponding baseband siyials correspond to corresponding
low-IF signals according to an cmbodinwnt of thc present
invention. In an embodiment of the present invention. the
processing instructions also includes pmcessing instructions

for directing processor 1403 to down-conven the plurality of
analog signals received by anteniui 1401 to mi I -band range
of frequencies pnor to directing processor 1403 to down-
convert the plurality of analog signals to tlm plurality of
basebmxi signals.
[OU93J In an embodiment. the processing uistruction for
directing processor 1403 to down-convert thc plnrality of
analog signals to tlm plurnlity of corresponduig basebnnd
signals (e.g.. corresponding low-IF signals) includes process-
ing instnictions for directing processor 1403 to mix tlm plu-
rality of analog signals with a LO input that corresponds to a

frequency substantially in the center of a predefined fre-

quency band, filter an output of the mixer, and amplify the
filtered output of the mixer. The processuig instruction for
directing processor 1403 to mix the plum 1ity ofanalog signals
u ith the LO input includes pmcessing uistrucuons for direct-
ing processor 1403 to generate a complex-valued analog
baseband signal (e g., conrplex-valucsf analog lou-IF signal)
at the output of the mixer, where the complex-valued analog
baseband siyial includes a complex I-Q siyial with an I-sig-
nal compmient uid a Q-signal mimponeni, accorduig to mi

embodiment of the present invenuon. I'urther, ui an embodt-
ilicilt. the processing instruction I'or directing, processor 1403

to convert the plurality of'baseband signals (e.g, plurality oI'osv-IFsignals) to a plumlity of digital signals includes pro-
cessing instnictiim I'or directing processor1403 to convert thc
I- and Q-componeots of die complex I-Q signal to a digitnl
signal.
[0094] Thc fiiregoing description of thc specific embodi-
ments will so fully reveal the geneml nature of the invention
that others can, by applying knowledge u:ithin the skill of tlm
relevant art. readily modify midior adapt for venous applica-
tions such specific embodiments, without undue experimen-
tation. without departing fmm thc general concept of the
present invention. Therefore. such nthsptations and modifica-
tions are intended to be within the meaning and rmige of
equivalents of the disclosed embodimeiits, based on the
teaching and guidance presented herein. It is to be understood
that thc pluaseology or terminology hercui is for the purpose
ofdescription and not ol 1 i mt tauon. such that the tenuino logy
or plu as en logy of the present specification is to be interpreted
by the skilled artimin ui light of'the teachin 1 mid uidance.
Accordingly. the breadth and scope of the present uivention
should not be limitixf by nny of the above-dcscribixf exem-

plary embodiments. but should be defined only in accordance
with the fiillou ing claims and their equivalents.

What is claimed is
1. A receiver for a nnilti-ch umel conuuumcation system,

Colllpl'IS ill g:
a down-mmverter device configured to dou n-convert a plu-

rality ofmialo siyials from the multi-channel commu-
nication system to a plum lity ofcorresponding low inter-
mediate frequency (IF) signals;

mi analog-to-digital converter (ADO) configmed to con-
vert the plurality of corresponduig lou-II'iyials to a
plurality ofdigital signals: and

a plurahty of digital ch uuiel selection devices, u.heraus
each divital chmmel selection device is confiyircd to
select a digit~i signal corresponding to a chmuicl of
interest from the plurality of digital signals for funher
processing.

2. The receiver of claim I, further comprising.
an antenna configured to receive the plurality of analog

siyials: alltl
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a low-noise block (LNI3) converter configured to down-
convcrt the plurality ol'uilog si naia rcccivcd by thc
antenna to an L-bmid range of frequencies. ~herein the
plumlity of analog signals residing in the I.-band ranee
ol''requencies are subsequently process by the down-
converter device.

3. Tlm receiver ofclaim 2. wherein thc antenna rccmives thc
plurality ol'ialog signnls fmm at least one of a C-bmul. a
Ku-band, and a Ka-band of frequencies.

4 Tlm reccivcr ol'lifim 1. wherein the down-converter
comprises;

a mixer with a local oscillator (LO) input tlmt corresponds
to a frequency substantially la the center of a predefined
frequency band;

a tilter configured to tilter an output of the mixer; mid
an unpll tier conti ured to amplrti the tittered output of the

1111XCr.

5 The receiver o I'claim 4, wherein the mixer comprtses an
I-Q nuxer contigured to genente a complex-valued mialog
low-IF s igrm1 at the output of the mixer. wherein the complex-
valued analog low-IF si nnl includes a complex I-Q signal
with an I-stgttat and a Q-signal component.

6 Tlm receiver of claim 5. v;lmrein the ADC is cimfigurcd
to converl the I- and Q-componeiits o I'the complex I-Q signal
to a digital signal.

7 The rcccivcr of claim l. wherein each digital clmnnel
selection. device is cont iigired to down-convert a digital siyta1
from thc plurality of digital signals to a basvband sigtmt for
I'urther processin .

8. The receiver of claim I, wherein each digital clmnnel
selection device comprises a mixer. a direct digital frequency
synthesis (DDFS) device, a decunation biter bank. mid a

fonvard error correction (FBC) device.
9 The receiver ofclaim 8, is herein tlm DDFS device com-

prises an input to the mixer, the uiput lmving a frequency tlmt
corresponds to the cliannel of interest.

10. The receiver ot'claim 8, wherem the decunauon tilter
bmik is configured to filter an output of the mmer based on a

prcdcfincd 1'rcquency response and to down-santptc the fil-

tered output of the mixer
11. Ck method to process a plunlity ofanalog signals from

a lilif ill"ChdnnCI ComlnunlCatlofl SVSlCnl. CilllipllSing
down-converting the plunlity of uialog sl naia to a plural-

ity of corrcspimding low internwdiate frequency (IF)

Sl gird la,
ciillvertinv the plumlity ofcorresponding low-Il'ignals to

a plurality of digital signals. and
selecting, a digital signal corresponding to a channel of

interest from the plurality of digital signals for further
prilccsslng

12. The method of claim 11, further compnsing:
receiving the plurality of analog signals with an mitenna;

allrl

down-converting the plumllty of analog signals received

by the antenna to an I,-bmxt rmlge of frcqucnci as prior to
doivn-converting the plurahty of analog si naia to the
plumlity of corresponding Ioiv-IF signals.

13. The method of clmm 11, wherein doivn-converting
comprises;

mixing the plurality of annlog signals withe LO input that
corresponds to a frequency substantially ui the center of
a predefined frequency liand:

filtering an output of the mixer; and

mnptifying tlm filtered output of tlm mixer.

14 llm nwthod of claim 13, wherein mixing comprises
generatmg a complex-valued mial&ig lou -IF signal at tlm out-

put of the mixer. 11 herein the complex-valued analoglow-Il'ignal

includes a complex I-Q signal with an I-signal compo-
nent mid a Q-signal component.

15. The method of claim 14, wherein convertin the plu-
mlity ofcorresponding loii-IF signals to the plurality ofdigi-
tal slgnails colnprlscs converting the I- and Q-components of
the complex I-Q signal to a digital signal.

16. Ck system to process a plurality of amifog sigiml from a

multi-channel cimimunimition sysicm. conlprising
iul aillcnnm

a receiver coupled to the mitmmm ~herein the receiver
receives the phuality of analog signals through the
iilitCnllil,

a pmcessor coupled lo lhe receiver. whereui the processor
controls the opemtlon of the receiver: and

a memory ln conununication with the processor, the
menuiry I'or storing a plurality ofprocessing instructions
for tbrectutg the processor to.

down-convert the plurahty of analog stytals to a plural-
ity of corresponding low intermediate I'rcqucncy (IF)
signals:

convert the plurality ol corresponding kiw-IF signals to
a plumlity of digital signals; and

select a digital signal corresponding to a chantml of
interest from the plurality of di ital signals fiir further
processing.

17. 'I he system of claim 16. hirther comprising a memory
ui communication v ith the processor, the memory fiir stonng
a plurality ofprocessing instructions for dirac tuiv the proces-
sor to down-convert thc plurality of uldlog signals rccviivd
by the antenlltl to 'ul I.-band rtsnge of frequencies prior to
directing the processor to doii n-convert the plurality of ana-
log signals to tlm plurality of'con esponding low-IF signals.

18. The system of claim 16, ivhereln the instrtictlons for
directing the processor to down-convert the plurality of ana-

log stgdtals to the plurality of corresponding low-II'ignals
comprise instnictlons for directing the pmcessor to:

mix tlm plurality of analog signals with a I.O input that
corresponds to a frequency substantially in the center of
a predefined frequency band,

filter an output of the mixer: and

antptify tlm filtered output of tlm mixer.

19. The system of claini 18, wherein the instructions for
directing the processor to mix the plurality of analog sif naia
comprise instructions I'or directing the processor to generate
a complex-valued mialog low-IF signal at the output of the
niixcr. wherein tho complex-valued analog low-IF signal
includes a complex I-Q signal w 1 th an I-signal co mpiment and

a Q-st@tat colnponcnt.

20. The system of claim 19, whereui the instructions for
directin the pmcessor to convert the plurality o1 correspond-
ing low-lp sigvnals to the plurality ofdigital sivgnafs comprise
instrtictions for direetmg the processor to convert ihe I- alxl

Q-components of the complex I-Q stf nal to a digital signal.
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