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Technical Field of the Invention [0001] The present
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Background [0002] RNDIASSOGIQUERMETHID receivers are
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tel evision, cellular teét ephones, pagers, gl obal
posi:“ti oni n% system ( GPS) rgceit\éersEJI cabl e {nﬁd?rrs, _
cqr e r os and ot her devices at receive
T 'E?ﬁﬁ?@?%ﬁ%’r“é%"g%ers all require frequency
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[108Hei v&he pegent naension rekatesrasnediriAadiq fequerey ighgl Tefeivar, and more
- DoV b Rte@Birch il 6 B Hird i fuORYRBEYerH 44 Mz,
p%g%ﬂa&\nﬁtuﬁ%n “the Uniet ea St atles, rFI\I/I rac%lli og Wil |
ty&{cal ly translate FM audi o signals, which are
BoekarqeBdt in 200 KHz channels in the frequency band
from88.1 MHz to 107.9 MHz, to an internedi ate
[6o0Bque maytioofeqidcy (NPizrece@B083 usedein majvide ivesetp fof eprdigattons such as
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a sine wave having a frequency of fLO R/Ixer

bl frrink$s! VHe tori07.p AYFia togh ipteanedipis froqyengeef [PddMEpect r al
content at fNwith the local oscillator signal to form

[(Ua3PUt Pt YA 8L to8dy3NREF rdcaib@t pétfor@dTnecestay iffd@hency translation or
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Th g%r+opucatnd[”°r-?fd at the output of the m xer can be
n&ez%r SedOL8¢ O HH04/ 079924 PCT/ US2004/ 005213 VOUT =

[AIN (cos (INt)][ALO (cos cLO)]
[0004] Mathematically, the RF input signal can be expressed as:

RF = AN (cos oNt) [1]
where Ay is the amplitude of the RF input signal, and o[\ is the radian frequency. Similarly the
local oscillator signal can be expressed as:

LO = A1 o (cos @1,0t) [2]
where Ay, is the amplitude of the local oscillator signal, and O is the radian frequency. The

product formed at the output of the mixer can be expressed as:



AIN ALO [COS(OIN - WALOt + cos(WN + OLOt] [3] 2
One of these conponents fornms the channel spectrum

wo cansiated to the desired frequency and the BCH®E62004/005213
conponent can be filtered out. Oscillator 62 can be
I mpl emrenvgdy for ekanite omyilAad @eeoot)]
i nductor-capacitor (LC) oscillator, a charge
rel axation oscillator, or a ring oscillator. [0005] An
alternative is shomma FI ich illustrates in
partial block di &gram al[ﬁﬂS(BB?’c‘PIe@V%g??ﬁ’ENat‘?I@)?or m [3]
anot her local oscillator and m xer circuit 80 kn
Qoi f iepeogonmpprents| farms; the glapnelgpecirunyyiragrlatad fq the Wﬁ%@?%&y and the
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circuitry and rel ated nmet hods are provi ded by t
fsresmesnhas panfpelirpifed s usehlewereeeatsiaPplcaligsd char act eri sti cs
wi || becone apparent fromthe subsequent detailed
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taken in_caonjunction with the acconpanyin
et HPSCHEN QOLAE Y T VGHERORE PSUTAPS o P mvention,
WHavERAtedand QD eridite will B3&d appitei@ MiloinGhe duBseuedidegiil@l description of

uner arc ecture that m xes an anal a F i nput . .
ot aHon GBS SHRPIGEd ROl DS OT PR RO D g dravings and
tge bRk@gbndaf helinpettiosi gnal at a desired | F frequency,
including lowIlF and zero-IF solutions. The uni que
élg_n Oéftﬁgﬁv%ﬁ&?m i nvention has a nunber of

ages over previous inplenmentations, such as

I npr oved performance for lowI|F and zero-IF . '

(8907 hi t eBrepresent Inxpiion s & UgiaPe sk Archijeatyigdihat Bt 3 analog RF input signal
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including a m xer having a f| rst input termnal for
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integrated circuit. And the m xer can include a
transconduct ance anplifier having an input term nal

wo ovo4nemed vi ng the radi o frequency signal and POT/O81004005213
term nal for providing at |east one current signal

I REdigon(Mthé | divget Higliat &bqubmyasmhasgercamd\xm tméxer beviiengidined in a single

1%%&[1%%]601?€ En s Cdgth%nﬁ%t%%ﬁg ?nl’clz eig }r%ngcongllcgllcge eagng 1%erthav1rtﬁ an nllput terminal
fbrai‘edi‘ﬂlvr‘l@l th@ mdml Ee:dluehmy kilgenl ami puduiue ;temnnal foxo]ﬁrowthhg atdl!ea*se otie current

% aBr & )81 % g{t —)e{o-%r}éptﬁﬂ ﬁc’vlel%e? rha‘fxﬁgng ﬁgﬂmgﬁ{ Q'Hl:inragg{ugﬂe@ﬁ)l the output
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| jfie€ r .

Ry s 3.5l B ok s A S s
degier dre@iencyr | $til fwsheghihe etansqméuctaumnmﬁv cap |bg gnafnep efgie plurality of
cﬁ&edt s, tan@ m@se%qgélﬁ l:éh@ %n ge %ﬁa%c\@ﬁzm& Beifbikdn®y »%élgwéde The tuner may

I nt egra clrcult he one or nore |ntegrae
afsq insfude @émstroe% @dv@aal aecva? pagh gp thyrsingfe infpggpfed citsaih gnd the one or more

1ht9§f!xtwjthﬁkgs LB Fde89ddd vatiet) 6 18V ghiRAnd 0@ ErSestri@iNBlevidbn broadcasts
radi o broadcasts. As descri bed bel ow, other features

anh BV Bopdsers. cherlepsabidhslonethier depturgstand yrsiationg gan byrigplemented, if

&&leal88eRY ARAS ICANbDRIMA dsiwegd, as wel . [0009] In
anot her enbodi ment, the present invention is a method

fortum cqnprising .the st of . . .
(DR r aclh AEpEr GG Piont Bl s 6 FieGb o funig gl gomprising
the skl &ﬁ‘géyerﬂiﬁgaﬁfgltﬁltilodﬁd OSc1Hat61h;£gﬁﬂ éhvitiga fr@queles tlosd to mix a channel to

aHegeg:ng %hcylt g:geel\g\r{l A aého ﬁeg9en§¥ L %nea eliln .1 %mg I{l‘% (iéo geq(u Sfey signal with
theo Gigltal ds@l biciltator s@gnalprctvmdepmlowqdm sgnalmutﬂwtlesmdgfnaiuelay More
palﬁllgtxladrFS h{egg%ngr%%gn%gg %Xxuggt'\@%g carp Qer %erféHrée?;\ln}ﬁ’m si V\%l% I;]n‘cer%rated circuit.
@dn@d 1eixing ey rat iedudeicrmvaiting themiw ﬂrdqeenny sigmbtostt st eaereurrent signal
?15] %Iuﬁg% rt]ﬂeéoé:][\ljlr%%% Ir(])?g Sc’:{ngeﬁé si@‘gdl dfh{ﬂﬁg :'bﬁgﬁty ﬁ% ghéa ldlé‘%:g d%’ital frequency
spwthasigert  Still fagiter, \ihet anemﬂg@w e infludmgengrating; arléwhtm ofy Pttnant signals

u§1'h§9 Ufali¥ of BYRENRS:E s, Jtill lfdrthfex“ Ecidhf%ﬁal t!Inh‘% paROVAIE bRFide, and 2
step can include generating a pluralit current

ven@n af BF sigagl pgndg cpt be Bneds jnclyfing feaeda) ﬁ@mseczﬁrbr@épqﬁé and FM radio

brbalidabts.f WE HEvEHibed BEtE ! dueid datitdd Rhd ehriB@nd SarCRNmBRmBMQY ifRsired, and
and a variety of RF signal bands can be tuned,

?Iﬁé‘i‘ %Xéf?lﬁfgfatléﬂ“é’%?dc psafelly el evi si on broadcasts and FM

radi o broadcasts. As described bel ow, other features

[6010] VadcriptionsTsheawigs | npl enented, if desired, and

rel at ed systerrs can be utilized, as vveII [0010]
011
mﬁcrl HE | gl%zc:f lraz%l Vh\h%nagg%\%cr %%\{v&g tlé‘l %:t)rﬁ{e on} g exel%gl etmbocslments of the

igvehted |amdaa1r¢ ghegeffore, met to bqoesidearaiiinatirg 0értesconeh@>r e mvmtlommay admit to
I ting of its scope, for the

ogh%r%ﬁalﬁ’%ﬁ%#g% d!n%eq'!tso ot her equally effective

enbodi nents. [0012] FIG 1 (Prior Art) illustrates in

[QURe matHle: ¥ @rivn A1t ibstErtesdaechrmatie Hrmadeealpssilitorand mixprcircuit known

iKMOWr 2N the prior art. [0013] FIG 2 (Prior Art)

illustrates in partial block diagramand parti al

LT AR A—

1dRalTdstFRGAAd £BB2dBuit known in the prior art.



[0014] FIG 3 is a block diagramfor a tuner for a
radi o frequency receiver according to the present
wo0 peogntdsen. [ 0015] FIG 4A illustrates in partpel/ubtooehos213

di agram and partial schematic form one enbodi nent of

[aol4pcal FIoS8iid 4 alock diagiaim forxetund i forcufatlio fi@nuencyt t¢bver according to the

according to the present invention. [0016] FIG 4B

HrTSFlﬂé“tVFlﬁ‘g%’s in schematic forma circuit inplenentation

of one cell of the mxer ~circuit of FIG 4A [0017]

0018 5 FIG| s tlustrates i prripd blodkadiagiinoeK peitislgelematintyrm one embodiment

dt %ﬁc;c!ﬂ%lscﬂﬁ‘t‘d?gﬁ@ﬁﬂx& Cﬁrgl(l{@macpmllfl] Lc%&{lﬁg ﬁ)qhe ﬁr% 1%\{111%%;1 tuner
advant ageously uses the circuitry o 4A and
[0018] FIG 6A.is a blaock diagramof an

[Q‘I’lﬂar &5 AHEEET  Fbtrbie Tomm oAt BRAPIepE QY of gpgicel of the mixer

JexEsfFIGiapcui t for a tuner according to the present

i nventi on. [0019] FIG 6B is a block di agr am f or one

0GP, TS s i, SEE e gt St STk G ol heated

telepidienenrt tihi advantapedusly bgegthe tikmitdy 0NBIGSOFA 4rlddBpr esent

invention and an external filter. [0021] FIG 7B is a

bdRFK cdhagsAmaffo 8 b A& RE Bmbdainidlt £0L ALA

B8PS ISR O Rk Bablol dy et Bpbdakl SR RER ity and miver
Cﬂrhletfslr@é’@?ntwcpli@i@ém ppreggpidnvgpiionnt egr at ed anal og filter.

[0022] FIG 7Cis a block diagramfor a lowIF or

[661_9{3_- | FrIGndees b 8logieldifdMch 86 b ifnB1EREnvARbn of tRhiREENERY. 6AN
utilizing the tuner of the present invention and an

PAEE BT bl o 96T Bh Pk  8nB e uiing
thentahet oitbe predetitiiplestionmadaieyems] fiitmat utilize a tuner

according to the present invention. [0024] FIG 8B is

[@0291 OCkFlgl agriam l;l&rk &4 Al %gg &I e%‘lf 1n{e {d FM radl receiver
I ncl udes tuners mi ti ra nd each of
implementatign viilizing the tineeef the rmrré rnvatéle@mﬂu ap gltqgrﬁtqdmalcmfé@e nt

i nvention. Detailed Description of the Invention

[b&QES] FIGEe 7018 9hbcki MYRHH N RO §legerAIFURGHR tRMD @:{dm receiver
architecture that m xes an anal og RF i nput si naI
plgRgHAHan vilEEg Redurr o oo i”é?f’é‘g e?FgP&fi Jﬁtﬁrput
signal at a desired |IF frequency, i ncI uding lowIF

[e02d] zerldG] FA $04 bloblodlsgrarﬁ' e ajmhlq'mmet mregmtedfclrtdnethﬂnmﬂmlast multiple
r!acre]i\éerrs] hlato r‘glhheaas tur‘?er Qc toofL rg er\lltz_ilrp ten %es Over previous

|on ntations. cnﬁ TPe%e "destri bed in nore

det ai I bel ow. 4 WO 2004/ 079924 PCT/ US2004/ 005213

[p34ab6] HG $hés alblodudisiran fyah dyiegratediregit habipclydes tupers for muitiple
rgﬁ@%@ ardle@Gor He QU R Res RruhdtA&EraHI% thAGHERRThVAGHidO

t he present invention that utilizes a mXer circuit

105 to m x an anal og RE i nput signal and a digital LO
Detajled Desggption gbthela¥edtigR anal og | F out put si gnal 304

at a desired IF frequency. FIGS. 4A and 4B provi de an
[e02ap| eThe pleexsit infsatiod @ovides b ufigue tiddaretiteletife HAT miges M dhdlog RF input
B R e SRS B R0 S0P e AR e ey

inohslpg dbvw-Uednd . zero-IF solutions. The unique tuner of the present invention has a number of

advantages over previous implementations, which will be described in more detail below.



Each enbodi nent utilizes a mxer circuit 105 that

recei ves an anal og RF input signal 302 and a digital
whoogiograd 306 froma DDFS 130 to generate an BOL/PE1004/005213

anal og signal 304 that can be further processed as

[628] I edyn tid @scuﬁsumr eNove FIGAR peovalePh qehiedd] @dcRidigram for a tuner 100

recei ver. t hat dvant age of the mbodi men
SFIoCES e e BV R TR e 05 BYBP S0 300G nput s
aBX A lite IFVkigpel ado/® r@n@aﬁd an #AalogilF bupﬁrmgnmloe aentatreOIFSfrequency.

N e e

6Afand 68 pﬂ®1de&ncfthdr skanqbﬂesemmélexdm félﬁhﬂeﬁ\l\mnbynuabr diraig U983 irespectively.
B STSROR PURGT P iy P PRhr B o s 1R agnp a0z an o
difiitslciu3 sigch] 3@aﬁrdnom/®@FBy3Q toegefdidte amaitput mplog wignetl 404 tat can be further
pf%esggll P é&? Ite\c}z:‘l?@éti %{A\AZ& g%gmwﬁle%ev 1Ah %CCH\S’JI‘ E}tla.:t ?ak&oédgg'ltage of the
efnhedimentesf FOFS. thandp 4R sHES. TACand FISS. %Aaﬁ prayile Gxampiezl"éﬁ receivers and
%ﬁtbw@!;r ung{e g&:lonf 1!11&%lL ta]é a{d\?’an%ﬁp l)iotﬁg elgll)o%%eﬁ@o? ffc dga 65%%8 %B In the

requency recel ver accor
dishussipn beden tthe empedimpinof TAGS d@p@ét‘@ds firgt dijcnssed, éqllpvc'eﬂ hy a dlscusswn

o} 91\53 eﬁ1§&ﬁhéﬁ%sbf PIGSPA Ialg%Bqﬁ\Iéxp Rid kel 4O @tlnex(lfnmemel?tg%n @%ple of FIG.

ital local oscillator (L

53@@scu$h<b fqﬁowecrbydh?El\éuﬂtnell%leweé@@nﬁm s ofiPaﬁS s7|A97%‘F’§ FIGS. 8A-B.
I{ RASENh: dtiRr pz[rﬁf—i&ﬁ %n@ﬂnp?éﬂﬁht@@on@ iR 16 ERabf B0 fretdiPdnvention can
resents a multiplication of the two input
&éfﬁ‘éﬁ%?"%lé (f fLO and may be at any desired
i nternedi ate frequency (IF), including a lowlF
[002€}l]ueFRI§& Dis a&loZE tidgrhibr f(frraeﬁ.neerm‘.))for aasdid i:”rsqnems e((RF') RrRcdi@F eccording

bel ow. si gpal
s Bt i o By et P S oo aney e Bl Binal @
39y EltdhﬁS‘{T zie lilg(cdDDEﬁ)osdiMor (E@Bl@ﬁﬂ&@)m@ (he dmesrcai_t 105 mixes these
t\g}i‘ éltfgrltm to eghmrr (tao( ro@gl L i)mo i 0 g oﬁatput %Sl Hh :a]at %?r@se% %tnllugt?'_f)éi?a}tion of the
Wi 1n$utd'teguet1aés (1Q o1 ghald nB Be aian]y d;lsgd 1ltj@rmadjgtt@| ﬁtcgdncy (IF), including a

degﬁﬁﬁ%&ﬁ&ﬁgﬁ fr%@éﬁcm SAS glﬂa%ssedlnggl%%?ig%ﬁ Ibﬂg\{vt %;ﬁo ljlg dgalcted, the
dt&taleIpChSIglal 3Q6agigeperated bsqmélrﬁewdigltalr frqqpensy gynthpsizepdHySyA30. The DDFS
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| ng a quency from abou hert z )t
waﬁ@mgfamgn@f This giahd LOsigna§ canradeg é@ atblé@é d@ﬂremilweupﬁ@m igpt signal
riﬂ?ésamg ﬂ\{@bﬁﬁmﬁbc@}{m@m 'b§ t&%@&‘VQV %dnotemﬁaﬁ ANis&F herein, a “radio
be transmtted throu air, free space
A pignal meppsranofieciricalcHemw coné@tyelg efobformptan agd having a
ffelqt HSI frh Sout 3 RildhaA (kBik) & hlﬁﬁéﬁnd&"o@% ﬁ{é’ft@({ﬁ{z@ @Eéahﬂéss of the medium
schematic form a tuner_ 10 accorg gr esent

thrpngB i insuchrgignst is19nveystk | Uﬂ‘één %%ﬂsl&%yrhﬁ}tap% g through air, free

%g'%'cbzfxiaeéab%;@oer@)tl@'d:fﬂle?&&. mul tiplying DAC 120, and a
S 130. Transconductance anplifier 110 has an |nput

1N f e|V|n di..o fre enc nal . 30
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reeiving ratradrcefntqaereyi sighal 40% ledpdeREY; ahd & ouut texmial for providing a current
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anpl ifier 110, a second I nput term naI and an




out put termnal for providing an output signal | abeled
"I OQUT" DDFS 130 has an input termnal for receiving a
WO 2004009934 gnal correspondi ng to a DESI RED CHANNEL/pSZm#005213
an output termnal connected to the second i nput
cctrmnmcmdredoat zﬁemm/ firal tGupeyti mgtighA DAC £20r hap raofitisidinggg terminal

| inal, and an
conne te%t %1&: ou gﬁg&?ﬁiﬁk?&%ﬁl%gg gﬁbhf%p 610 Qg%rﬁiqnpuk-gm 1, and

represe O si
omtsutaerdurgl ibatrovmle@we@mtit sigriablabedsd * i@ill’l‘ ‘adBySdpo0 S§P ﬁ’@ut tefmmal for
re\’\@ haadeng s?g;fﬁl; gcgi"négﬁﬁéﬁng k22 DRSRED ¢1AKREI. Cand an output terminal

tion, ctance anplifier 110 converts the
CCFlaﬁeosfﬁthn de sﬁqoo@nnautmmtnalgcé cm@qngmlrlplwﬁs DAL 120 for @ppviding a digital local

osthi@Rak; gnep@& ki<t a&l&%ﬁr@s@ﬁtem&] N 'bﬁ’sj YiB QiglEd fidtal 306 is a digital

recel v current signal at ~ the_ output of
rapreaprintion el ietizgaeel 24P FRYIPBYNE ALK BO i t bi t-by-bit
with the N-bit m xing signal from DDFS 130, and sums
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receivin as. volta VBI.AS d a sourc .
RGNSV ORISR A BB TS LB oo v
VB”I @g,Sdns b @crurébS Grandst@e 6 &hds @ drair @oerted mgheaomgwfaﬂandmftnéﬁﬁa @ gate for
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has a drain connected to the drain of transistor 166,
a gate for receiving signal D, and a source connected
WO e00loe99ds ai n of transistor 156. [0032] | nterfRCEUS2004/005213
circuit 170 is shared between all current cells in DAC
héh?adeamobohmteamo ihapitin oft temsistoral 66f o gate dgakaeiving signel N-agidta source
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escribed further bel ow, and interface circu
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regﬁe@ﬁ“&é'l}t ef a difita1 Big®l Baifl dofr&shorddBio i dbathin GAIRE the N-BiOLO Kgnal as will be
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deseriber! Hatberksiometnddrierfase (TRt U 8‘1%\‘)(3? e%%ﬁﬁ‘ﬁ?“%?l tage
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{3t 1 B BT BoREE T Cerore A K P Raifer Frs ens e
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on of I
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by rensidsring the a@ést@we epajei i thendatinge shanadls. ¢ s Arentézatiosy I?Pésé will be
ngk’é'ﬁnl;}) #H LB A% SBeMidtd HCesif¥l 685 NYnd o Bﬁlﬁx‘élnﬁl%ii A terrestrial
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LOsignal in a 6 Mz band for a 10-bit DAC cl ocked at
2 gigahertz (2 GHz) is -84 dBc (decibel level with

respect to carrier frequency fLO. This quantization
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every 6 Mz band fromDC to (CLOCK/ 2 (1 GHz) and is
wooed799g4 t he - 15 dBm undesired channel into P&EUS2004/005213

desired channel's band at a -99 dBmlevel (-15 dBm +
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believed to be particularly suited for a television

tuner application. Such a television tuner 8 WO
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described with respect to FIG 5 below. It is further

a@pitoewhn hmmmeasd, wttln aetspetch it FI(E rsblodlevire it 1snmthebeloteﬂ| howzed, that this

i n iL.te es i tations
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al ternative enbodi nent for the tuner 100 is depicted.
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PSS Ayt S 5, B84 S 0 e ot v
fr@ut b 40 ntethe fesimetl [Fivsuénay-bamel sitetieewhans the wpdesirggl channel is much

!exnﬂ'fem &hé€ gééir&?ﬂﬁﬂ{el k?l%scﬁlgﬂtz{iﬂgﬂ n9i% Hﬁldl?egél foet% rﬁtﬂ:ﬁﬁ&% than the LO

m Xi n tdantt zation noise into the &
Stgm plmrd?rpto Plvt@q d@nv@gded Figral topispirasio ophed thegeesivgh alfnegy Auigide of the
t he out put of the nodul ator 610

10



contai ns signal and quantization noise. The LO signal

604 will mx the desired channel to the desired IF.
wa\ona®si r ed channel Af away from the desiredpchanme 005213

will mx quantization noise Af anay fromthe LOinto

btobdi:aﬂd&hd e pleferablyegfteauatad. byl the difegttdncbatdslmnsa/\bfeﬁle thfalput amplifier.

’lJé ) 1%' %u%gt%z%tl?o%nnﬁgﬁ {hlafz 15 ?%I{%Ee %tf)tﬁe brga%ca[s}lg c? {4 b é‘j v?edqg ﬁée to ﬁome extent.

Theveler ¢ﬂ11@a1mbdu®tdr©10 shoywefficients of dheunotiuiatotbﬁlaland thhelumber of bits the

111.:0?11%9’[%9 6 l%lot%an%aes i fﬂzagf%;]lstg %taﬁl{/\%p%g% if? %%%gg Lffo%g g{lt}ﬁﬁr ‘The digital M-bit
RETEUBROOUNOOGRIEST GH] foes et Delsting sohyars & aofighe signal 604 can be

agtl\gl%ﬂuﬁhagg \pe\i, hteg uftﬂ’u?qﬂ%n%eflte&ﬂﬂﬁsﬁ {BE swamgl: nét@;&'ﬂt 602 is the

fier. re, quantization noise
lmlutpbpaden of the h@alcmlé%dv@mgnblawé ﬂpesdlaraﬂlb\g@ﬁrateé Irq @@at and, therefore,
BN The order of the nodul ator 610, the

efficlen s of the nodul ator 610 and the nunber of
blts the nmodul at or 610 quantizes i s chosen to th
[94Pr oprie greamBlERpritiop, éh%ﬁagg welghfrd tignsgedagt Wﬁﬁ 1?5@ up the
tr8hs@iRhctd MocR Ut 0. 0OThekd1@arReltlcksOdan Bd¥edt @RATE inpiit Gokdpe into M binary

sw tchin twor k 602. d the nal 64can
PR ST PRI G G Bl e COTF O PO URBHIRe ot dsial M-
bit rs%navaou Ehinnge AREM6K61602Th Switdhes ofniie twiphing abtwork €92 can then be

1rttagﬁgﬂa &qg% Efc Wﬁtj’ﬁﬁe ? a& 60%réd %}gsﬁ 1\&}%' %.\t al l ?c? % %1’(‘?\9 1 of the

L[OOsﬁ)thl] 604 pwitthes ih nmuemctoaﬂuc@n M-I kter dn alaxthebmerrbntatmnythe M-bit LO
ed transe n LOFs Lhat .maker M.

S B ot PSR i R P Bl ompepprtingly e are 2

1eqmivaent trmseanﬂu?-:tqrsrﬁputram@htﬂta@e 1100t Soill Muddien a pyrtionved thhMeldt LO signal

cgHrrents. The currents are weighted, if desired, to

match the bit wei ghting of the di gltal M bit signal

tigOthnfcpwivrtody sambdiy bataver@d (o thimemsig talings Ipfoothse implementation the

ﬂ%ﬁﬁ&&éﬂa’r %déﬁeﬁm(%%d&g)?s ﬁ)@r}rakggﬁhupcgr lfﬂatéﬁhﬁed sctnbisC G’lﬂl respect to
bit e LOsig swtches in or ou

thertzangereaiet geded LOMits B4t Hypug_mg)q;crqmbéng, Ll‘@trgzpsgqupct(ggdpat could show up as

n&Wlﬁe@ﬂ% cduli Rmadtto af)lge%na%%?ﬁ%ﬁ&gy M1, etc. In another

I mpl emsnt ation, the Mbit LO signal 604 can be

convert into a %]her nonet er code of 2M 1 t%l ts and

140481 esE ﬁ?ff’lﬁfjftk}ret" op Breﬁi“%‘n‘?i\wonfr‘éfﬁﬁ? b of advantages. For example,

utih @ AECARE UEt e prebadt idve@ideCHB dbtﬁltraﬁenﬂsl& osSilllatbd phdsé hbigd and spur

portion of th nal and,. . the .

PR AEREED AT Qe ORRRe L SREPREE % B Hap uspeapes such as

FK&BJI |1 nad 2,|afe gypicdin aghtlenqnigﬁ PeErad A itierusd hie;c-bdaermrmmer Unfortunately,

g,‘ osd %r%%g \?\}I%?“%ggee éo 18%%11et%c ang f:l%crt]g(f 1% e?f%r%nce vsg}}c}l cgrt\j raateL%Burs (tones in
tﬂal stpsctxﬁﬁ@l IByhit snmgnmtananblhd hgC @2hes tiodad @oadnghbxoras than the LO
ﬁfe(glenca gﬁ? glla%e l}o\égﬁ (ﬁ%l%%%%)eing QU4 llfel gl%gcfi Ibgfl heess%lC ouro? lﬁ Ir;[qglo%]gtween the
highest pOefemency nue tiei dorkprie i d& DaCnédbelfr tbis ratm/arﬂmag @Bough, the
sl?%%{/ﬁgaﬁ{é?sgg% Ith '0 Célﬂl?dé @%1' bregtﬁ%xtﬁ{lj O\Iéhse%:egﬁt‘axg{tgl?%&ﬁg gsglllators can be used.
Faretaigpe fone gmnfaf@ ﬂ)fpanf:@maater i ehw(@dllat@mt lideqid dnrabthai%@dd number of
cgggid%ié_in ng rﬁﬁ?&hﬁatbx@ abe! &a‘il& ﬁ&?el efﬁt,rl mhgu?ﬁé %ES%§ oscﬁf'c{&)?b and less

2, are typica enough to
sqni¢jve tpeouph@ ayé élt%ﬁeren‘@- based oscil | at or S.

Unfortunately, LC oscillators are susceptible to

magneti c and electric interference, which can create

spurs (tones in

and
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the spectrum. In this inplenentation, the DAC 620 is
cl ocked at a higher rate than the LO frequency. The
wW@b@age79ed se requi renments can be rel axed by theCHUSEN€005213
root of the ratio between the highest LO frequency
[eoag] t heamthec kivamige offthd hrehifdft@e6FQhe brlesethingentiant isothptsthe reference
OLC(%[?%E gﬁug’% drtlsgeﬁd o? ro%ﬁléfpéb&%l : ?8 Soscoliatori 0 egégc{) Lre Slthﬂﬁng range that
casspdnisoarvariabiity bfehajsiegkoducmfmp exE0¥p| Bhe pmgetmaiablbb'rﬂa@ gariability of
the)ﬂ%,e%géutcto a %areag% nmge as %on[aéageq é(g [Zlg ggédg“xt : 15163561@&61}1%&%%)[ fan be utilized
mmelatcattwmse ditle nreyfmt ma¢11t1yn nore efficient than LC based
oscillators and |l ess sensitive to coupling and

[60@%}er faf %&ﬁtﬁm A1 %Qﬁééﬂ&gl%ﬂeﬁﬁ{rwé%&x%fm&o @ﬂ 13?’zero) is possible

49] "Anot her advantage of the architecture of

wpfbélyetrfﬂntwﬁ%@ftthedﬁeswg IRvRR{ton{ Héherceflerl@wel@rché%,ceﬁr@r5|°£€l&s 1and 2, the

kAR Rarfehueeh JeRsh %fa%nefy &ffi@m B Rbiemidide @96 1Ld 8kl $ie., the LO
often require a tunin %e that corresponds to

sigpd! capieR inltcythe)llnplft Kating Bwelf whgpe tB?JL(P sigepd ggts mxed w1tha1tself creating
2R Q0@ BRRY ok infelto B AO\sRRAIakHidtihg Yut Of the &m&, Cefpétg UfFlof an object and

adds area and noi se ared to th ed fre
bEE e SRR H A AT Y PIFEEA" MR 0 PRI BR L egnent KT
sighalt Eﬁls Bﬂ’cﬁl&eﬂﬁie df Elié@fﬁsd:rﬂ) ahvel{tieﬁ) Sdies khis }ﬁﬁiﬁidnt bediyse &8 LONDMME signal
In the exa e el ow, irect .c nve Sl on
o BOS P  FFA FLMERTL BTGP B TG obt SUBHPR of gt i
Beéh‘d@niellfam;nng s hh&ncmv emingoamalF ayud hb tzeot (dires cmfvel’s—ibﬁ&s possible.
Séfl?smtﬁe%t usf%ml &)lrjoeceSFmg at g 1JIS')of zero can Blef m?rtﬁ gfﬁﬁ%rxt(%han I;;rolcesEmg g{ea ndn-zero IF.
Colyging G the icipriadscitianploeiss 1n1p11t a}s 110he diffimoly usswrkeeauﬁertge ¢dvpling appears as

mulltg)&J 3 D{' %}%K\ghﬁlr ﬁletsﬁ%aék(??s? ?lj thJS, (?J gﬂ)‘t Ifé? : IIWa tr%lééptlése(lfffc]‘_l{

radi ati ng out of t he ant enna, reflectlng off of an

[W5flect Zuther aguqniage plibis iatrBiECHEGk TBYLQ frakegnissriimizephefustyy there is

16 GEEE hBGa@in BRERTIO 68 donpRlth BRIRE paBIPADSBitcbtire bP@ie bRt invention,
RF signal. This architecture of the present invention

thegs] ity Basdifep racchanism fentheefd iuadiate ohs thequelib iAY- si gnal

never exists as a physical signal on any circuit node,

[dusp] r atihesr ﬁiﬁr@tlﬁay&ﬁsoaoeQﬁlhkeﬁﬁvtfﬂlﬂﬂe ﬁl@hlﬁi:tgﬂetoﬁlthehjréssm invention. In
Because sel f-m x I S t an.issue, . usin n |IE ual
ORI T S SR URTLPLPah PR o RGP0 et R stves as
sﬁirgﬁhahe fEQERS Spedguna bt rautiplés cﬁ‘ftheZ@ﬁI‘bat@&‘ftqi%cynUT l@se non-linearities can

nB}f eqei;%/ 11& ?hstcl{% sgeécg}up ?18 lrllpﬁ %%x},(]:g n %sexllt Sl vrer(l)t*on aﬁ:owsqjor hrgar mixing
wdixerfeftlnecndnthnemesearbmudlmlltrhmnoo Lti]@l domgnténpgeahecage. In fact, the non-

AR B A 0 SLICH Lo Rl 1o

advantage of this arch|tecture is that LO | eakage is _
19853l mi A, nopd ghat dle ephedigentsfor pdungy F@cas depletrdiift EXASF 64 and 6B is

bEl%%ec#Q bOpr@RHS shirkatBea Fiv Pﬁtohaﬁpncaﬁ&e 8iah Fﬁclta&iﬁ @p@ication is

resent invention there is no direct mechani sm

dFSé’f*beEl FrethrespechtoFAEs- dheC Bqlﬂw tThis Sirthpr nofed: Howpse thef Hgppodiment may
bb LB inBt NehitBRWesHh® Onpghnekialidnk Z8&sid! h t he
architecture of the present invention. In
vent naJ ers oscillator tends to have
[&ggb ni fest thensel ves as
spurs in the frequency spectrumat nultiples of the
oscillator frequency. These non-linearities can mXx
energy in the RF spectrumto the IF frequency. The
present invention allows for |inear m xing
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where the non-linearities are nuch snmaller than in the
conventional architecture. In fact, the non-

wo 2ovgarised es can be made arbitrarily small threoDbSt00€005213
use of scranbling or calibration. [0053] It is noted
[odsar t hﬂleaﬂﬁ;ﬁrdy roéngleviitn @ndruned 0GP aas ddepe ctogld qonversion tuners,

6 t | '
'J_Jf:ygﬁ telﬁylwcing&rfe %gxbe 1P]?ug éfui rgcrgzl gr§ ﬁcp 10 rnclg(gﬂila %{gna)fs f?olllle %ea%tenna or
caﬂqad;duncaha\mrg dhsnneld stbe iatged! W nbgaheg (EEL) tb 87FMES. ATuek@g bandpass
tj?t rrx;ols \éf'ten uset'cf to recelvebtne fUE' fhﬂ;[?gs &nm%}q@%%&enugt %de{nl«l,h §hannel enellg%/ in order

In other arc ectures
to providere fidtertd s)gpgl} toj ah igpesdfraday npigOBelifigrgL ). sApRF synthesizer is often

|
BT B HATD e A NGB0 18828 s 55 1
eilke wsent digdbiy cambingdi wighy te @m@ml’ﬂj‘”@ ENAe g gpiggy, which mixes the
d%éﬁrég ﬁannelﬁx%(iﬂgmieé}lht@\ﬂeédeﬁ (P(g;lar@rzﬁ Mﬁyeﬂl@ gl%]ﬁ o% @ mixer is then

receiving a radi o frequency nals from an

agplifiednia acrogrenapible &ﬁ@umélﬁhra Q) %érfﬂ@eé ip po {H, Elter Jayjae a center

ﬁ%ﬁ A8 mﬁa@&%cénaorfai\dﬁzaf 41087 thailin @psst;@ﬁéf bg MEBN Gtrﬁasst%e IF filter
llter is often used to receive t%] RF | NPUT si gn

pmwie% an geipe rrigpleconipiing itheedpsisadhrmap! whdevye freaueicy éPntertt @rimarily

RLPMINE: B 4FMiered signal to an input of a | ow noise
anplifier (LNA). An RF synthesizer is often used to

trol_a varjable |ocal osc:| | at or oVi
i8] g RFerarnin onESPRNgEs oo h! STl e Tuners requic
lz{fge)(hrﬂcgmﬁl dfratuit ‘rsmﬁo;pm: rdedtovshd harge hembettab discreil cblhﬁ)nbﬂ‘tﬂ They also
r?cpﬂr% I}%]E%(P a{{lsewfp laeyqalg] r%eycn(cinbt_. oaréj Zﬂvroﬁgghm%eﬂrﬁ ne 51§1t1a? 0{oss ?ouphng and
ifitbr@erencx eTraklsng bradpassafilpks dfiee ceddnmanug rc@lgqrambctr@mggg production cost.
1 fi 1 filter having

A%m{‘l fe rma¥1 Gﬂhe?qu'lel‘s%axﬁeﬁ mg% %ﬁa\%tel n(?/egtﬁrg%e': :Ttﬁe of 44 Mz

and haV| ng a passband of 6 MHz. Thus the IF filter

(90581 ddé hasnlondbesn tthoyplyibat acdispbasedhigleripian dwey gaald be manufactured

cﬁéaﬁé}rh%h vRdnda kng é&&ﬁaﬁa B¥n G UMRRL tufdF lafiPhbd Hlicoh bR television
VHz D screte single conversion

t‘t“lﬁﬁe‘f"@ﬂ% H]I“ff’éﬁys"éﬂlé‘ieacilscﬁ%es‘ﬁﬁvlélﬁ‘? ayes. Egatetyisiing silicon-based

t4186Kskn Bnerd & AR pHRMNE Svelfas Qisdréiél kinerd @R BhvS R&WRcRHesidnFicant in the

the |arge nunber of discrete conponents. They also

magstilace RF expertise to lay out the circuit board to

avoi d undesirabl e signal cross coupling and

[00$s]erf axmnﬁg siliddnatakddnglefigiord pags hbvel ised @ sofchitd ‘mﬁ/edvn or double
ratlon |ncr asin 0

PR PSR o AP LSS 20 AP 148 TG AP At Sonverson

n@ivees ant Wﬂ%mr e. loc[a[)%fﬂ]atoﬂ t sinfse hongic veen(IAVO Ui, atHiEy, a down

b ISi t d f .
cglhvelslon (%nourger ea? ﬁscﬁfa Iagmé 2 &F A€ r"%’h% q‘wAntgglgatllﬁg%suaél%%uy b Qecewmg
tlaki R’E:nlemtesxgn@lrfm @urvaitetimatr cahild socn@n Blswdotvetsemingkep fypically has a first

I
1ﬁplcl{‘ ?Jnﬁec‘ﬁéa%#) (éheu(lu#u[r&it BlX ahER A5 H{F\ﬁl b oltﬁgeé\lugé £Y1s518Mnixing signal

tuners ortunately, existing s
geweragad usingrihet Rih esmthegieer pwst thp escfllotomn Bke WV | filigwsis dypsqglhe%emal to the
iﬁté'gx] 5c§c1 [ﬁg aﬁ]ﬁ}ﬁ? anl! Ql%utt}%ﬁfa&&l l%'t u(ﬂuf:@fr}fns 'ufJ c&R@rsxon mixer. The down

et p ace Exi st ng sili'con-based television
coRion niigey sl inua rSoRUE eqTasHd % Ay QNG OL tayextgesb A Hlier, which has

b@é?ﬂ)‘é%ﬁ@fhﬁbﬂgl@ﬁl@ bEhemb %lﬂaaveb‘a §e@(ﬁﬁ ﬁnp'uf‘fo%éélibn%rh second LO mixing signal.
architecture can |nc U e an LNA, an up conver si on
The output of the down conversion mixer is often passed through an IF filter.
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m xer, an RF synthesizer, a local oscillator, a

surface acoustic wave (SAW filter, a PGA, a down
w@ornereeon mxer, a local oscillator, and an PE/US2004/005213

filter. The LNA typically has an input for receiving

[0039] RF Ih Bitios iogthaldofbleosmmarsion moemerathe up calykgios oliNec @ceives a first

The u version mnixer t a firs
A B BEBE S 5 by R e g comors
afo@fi 1 MD N\GHa TI‘her sdtenbaDSAWﬁlmg seprigathe dgeneé chened, estereg around 1100
e RF nthe r _and.th i WV
S o, BT S A PSPl DB F M v
dbsrsd H?rfraquqnust ofcld Midrtsimg tlte(aecpllrdeLQ)mvcplgtSlgoil at W& Midg.

conversion m xer. The down conversion mxer will have
[ﬁ)lg by Sth‘uﬂ:QhEt up%@/ﬁ %P&oﬁﬁe toviligh a‘?&ﬁt@dﬂ&re 8des B&@eqﬁ?ﬁé ﬁﬁxﬁﬁ‘ll calibration
[ter, whi been passed through the

daireg Wiamqfacﬁm@ aad S%é@ﬂéi UefpigmPEHYrer BABF VIHY dﬁﬁ%}%’aﬁ dhof @yake its

pRiotn e BEGHIR Lo the diflBotOMAR UTheeS Me%s@%héh%\zj%&j &Billators Because
m xer_ i s often passed through an IF fllter

thyey 32 T o Gommeysy iy 18k @Gglglixgent [tlg%)g]m icop E)Sﬂ@r %&chﬁ cappeitor )

oEchlfathQ u bllo@e\f‘e@ NYEb&ED Bscﬂﬁﬁﬁl Bé@df maﬁ}h ErawbthsD {hMtefeSicd Mheir desirability.
m xer recelvgi a first
Bee

e e oteHORE R A6 e PSS Bt BiTeh g s o ones) nd
nbk@sHdaney obantlp&Rhate dSecahid Ot d)scll]aﬂﬁs Whizh ar?hl‘éseemtﬁ(eqmﬁdy tend to

. SAW il d d
YL Sl FERG AR B IS5k, S SERSL B

whih Vedificalntontii@de. Mhixd the fﬁhs&oﬁillgﬁﬁd mg‘é@sm:aﬂ;olao%e)f its frequency which

des! thag %ILglné{?&g{J neu?_ ggaéy E}{_éb ut{vb%]Gﬁfm &%u%cgs%{'\%lgg ?\éfr 815 range (since

fxéqluahéw,ls @oopuiiogal onthasgiatet regtofioes ohee the A6t prodgi iHewmntlm range of

v, ﬁes 1s d1 fttlcuR Mo a&#e(zl?] ﬂ%llwgrqugtgﬁ %1:11 rg%cﬁ%tg?@&ﬂ{l ﬁg?ﬁ}ﬁ‘%{(i%plg%{qgﬂted as many

spieqta‘b@rmnx;élatorsfm thawr appl@aqhhequmssackoé@%mmﬂieci circithgrse  Fourth, having
Uz Y oS GbdrddBl R SrmaREC AY 1 televisi

r%ﬁ%%{gFe&%¥%ﬁgfggggg%g§g#§@%sC%gsg%% é%tJM?np | emen tal television

apflisetionnn si | i con using inductor-capacitor (LC)

oscillators. However, LC-based oscillators have many

[6Usab acﬂﬁl%thtem&d{?ﬁﬁg'&%lafeb RickteAATAWBIr trie SAWIftELis rebpliRY because
are susceptibl e to el ectric and gnetlc i nterference,

wpfien BamCls Pesstie be pitreied by arlgapaoudivnd oplyiSodV Gliers Paygdie desired
QN @hdracR@ikcOf BRAGRh (BQeAIE, HoWeve)SAMW HilddrOdrs expbisth. @hed need to

close in fre ncy tend .t | ock to e another.. To

BT MBS CHREPRIoh W e B P Pehor SOraiEy SAW fiers

aREIbE.E Alsh Rhilk \SQV\Dﬁlﬂ:drd ﬂlaae @aodl atterinktion fihely Shawhi fobi feguéncy eelectivity and
achi ev Thir g % t oscillator's range is nearly

PIS GG Pan gt the %ﬁﬁ |ch means that the LC product

nmust vary by about a 4 1 ratio to successfully tune

[6062) t Musthen Aigalvintign cdatesf toghpumixdng }brscep:r i@pbﬁfetreim igighal tegvironments.

GopF TR ol Py RSV G i RERME ey M Foguiroments

bscpahsecqfrthe Sififetenceninenerey lestlo betmwddqglgqglathlywb@d undesired channels at

bR SRS, R clbfNead. én%'dﬁGJs afp L,lﬁmkeﬁ; G A& 1414 and therefore a
thi s approach requires a | ot of integrated circuit

calrleépleverr egiveh e desited japd éndferewgmlatab signilgg gawer levels. A

t&ﬁ@tﬁ@l 1RIBYiSi6h feb@i@er Call BB @UGosRah fuRldIRACBatnal EHngthiti@h than to the

television applications. [0061] Another dlsadvanta9

desled hagnel s trangpigtien dpdingip fieundegifed chagelSaying ppoglpor gignal energy than

requi red because undesired channels need to be

attenuated by a | arge anount and only SAWTfilters have

t he desired
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transfer characteristic at such high frequencies.
However, SAWTfilters are expensive. They need to be
walcomemd t h a mat ched i npedance, which i ncr eaB€BFURDIME005213
di ssi pation substantially. SAWfilters are |ossy.
tlA desiradhdhhigelSATH 'trhokmgsﬁliaaan daele atree helpst filtan thdm;deslﬁa& @hannels.
PR nety R ohan derre Hisnd  RnsleREN S U IR i Hoce e saw
filter ks mbio thdnehmdemadg:hqﬂmdcﬁs sixers selé ff dargendnergy gnfﬂirence between the
I
SEPH RF IR GRRLP, ARl BLLRLHBLG TR R o o
nmeqml theeowmtsr or e Burgsty G the Iméxigh frcesseac mix the ka@mggemred channel or
{1%11‘1 eI‘s 1‘?‘1‘[02&‘% %@1?3& gﬁangglsélﬁ § %ﬂﬁ@ﬂ%& t1oq1rl)itﬂéra%$1%h I%Qndel Tlg result is that
tietrdoviels ceriversion émanlehas switickntgierfprimance fonesme| cable ftedevisivg applications, in
fild én r ﬁre%th &R gh echglgxlelgvé ‘?‘daa Jnif&ﬁ{ Hf (%r \ﬁgﬁ‘ormaﬁce as a terrestrial
esire undesired channel's at sim power
tdleyipednguners terrestrial tel evision recei ver coul d be
much cl oser to undesired channels' transmtters than
[ms t he Fralesiineghthianagial slodk ARG th® partidl &3kHRAGe F@mt zhlelntegrated

esi red _channel.s haV|n much nor nal energy fha
tei%‘% t?‘tibﬁ&b?@f@ ingpseth ’647“66@21%“ %d%@taéé%@?/ &iges the C‘r"“ltfy of

FObRBAGKd 45 hﬁ)vbﬂcaﬁé(plﬁ@elﬁd wittetfad@ibnad sdhitad. Eludert 200 afcmhﬁlgaﬁerauy an

Na 308 4 i g i S0 R P 507 afton oor Hea “prsz

268 amite@ 2015 eav@)mé fisterrm26, atHGat\ BA,W l_ni‘xeﬂ 3era lpﬁmﬁﬂteﬂm@a PGA 238, an
uR, ﬁgnrlfértsgg ng)feeg rZEel hé eﬁgg ?\%@l ahd ﬁT i X%%ZS 2&)9 %ﬁsl al %gut terminal for
rageidhieg i wput cigaad tebkled ﬁRdeI\leI[F’S amh@rog;pudmfrrﬁm eﬁa@angsbandpasy filter 204

hg)sr e%bljnﬁuqqern?nalsc n%ecte%qgf thepol‘{l{'p)l(l? %rml 128'0% ?NA 262he on%rg:glt %%u%ttgn%lnal for

DI OCESS Cah
rdcamgg therRfEERER @We*lgr@h and trammmit $ermninblo PPES eeshas @dl input for

re%%gilﬂﬁ gﬁe D%%ﬁ{e}é#; eS i gﬁgn %gae&ﬁéuptglalg sltijélepégﬁé lé% & 1tal local oscillator
Siguﬂlﬁelabeﬂﬁdé LOUT 4nd ¢ L@ht 99°é’ r DOFFaptlss peputdaminals 4yl peovldlng digital local

ﬁia%\li a‘i)snllaﬂa%?il dr @8t LANG 021 Nogeihi; mm%édqmlthestucﬁﬁgmer% may be

nnel's is nearly uniform but poor performance
elipgingfed, af dasiedy | by additien.eyy issiotpd thay e extemeloG@ablepan agplifier could be

lilized Rt &iNﬁ[]Z(ﬁ%Ffﬁésﬁ'Ld blaeiid 9110@195 %aﬁ&ﬁl Qﬁ'ﬁﬁtég@é for example, with
schematic forman integrated television tuner 200,

regge@bfod‘pq@gletgdelquglabpr@gcgﬁs |Ihiﬁefﬁltﬂﬁeé ﬁoteq that the second local oscillator 208

cAAVRNLBEROHST Y 2 URQSIidiR osGll G Uik bdsi¥ed0f  FIGS. 4A and 4B
to overcone probl errB VVI t h tradl tional solutions. Tuner

“@g/ﬁd i\/bgegﬁ ener T’St P llila Bérgléﬁeda B%%ﬁ{pg%%efmlaal of tracking
bﬂH’Ea‘Bs Fiadredogch seE)DESﬁput te0ial for fMtekdig sZQﬁI, Lal |aﬁd\’l\lphﬁ$ﬁput terminal for

plé)élglng Zelm %@%hsfg)gse%ﬁ 51gnd1 lagcal%ﬂ/ gf ;1}/11%(3 OZI%O )1(necru8Wp rsa%%cl:gﬁ 6ance amplifier
ZM,d addC 284 ITFanﬁdohdIEtam@&ﬁ’lphﬁeh\mmﬁ arhmsutaemmrlamhnected to the output

teln ar Enhq??' ter ﬁaarl%ﬁ grlli?lllt{lytl{t Qe?ng rn’?}] Wiz%ﬁlg% n? rst mglg g%‘mlnal connected to the
olﬁtplltttmnmzl()ﬁ traﬂwdmmmgmﬂlﬁtréﬂmamedomtmm eemnmdl ibnretehmlg signal LOI,

al? &uD Hﬁpu& ?erxg}naatl% ﬁ%viggl\lgls%g%’l. s IaH Qr#) t Ieﬁ%mg %almected to the

recei vi ng si gna
Ompm farmingleef miixe 220, BBFS @8t feagnahnP@Eh Bl has en inppigemiingl egnected to

htelg Qge%g RER rGHANDEL . $1 Iut’t 1?;{1]‘91.0Ut put termnals for
‘ E%/’ I ng 51521 g??a?gl OCEII SC? ator signals | abeled

and "LOL - DDFS 208 has output termnals
for provi di ng digi taI | ocal
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oscillator signals |abeled "L0O2" and "L02 - 90". It is
noted that the tracking filter 204 may be elim nated,
wo toodesztseed. In addition, it is noted that an pxI/@sIak005213
variable gain anplifier could be wutilized in front of
[OokBY 202 fixdrf 23ddﬁlis raeﬂr;st aﬂﬁi ©emihad cpﬁrﬁﬂédi&) dnpemamt Cﬂmainal of tracking
van .r.es in
SRR IR asrioad R el ot Bepiift RER 107 5807 Rl ot ermina
fc&em@;ﬁﬂing mqwdrmebdsétand) slgx&n)&belemub d Mixer 239l iochadet edraagomluctance
i 14 at or f des 4 220
alﬁlglﬁeeé 2& %éi tae}#j}](g % 4. tllere}%rsrcfolg%% clafice arngil e% 23% Lagglﬁ él%gme%m?al connected to
titeequiduh &rminhl ¢fr EAEK i26dy an@amcbpiaststerﬁfrmhaﬂ elDFQI)ZM basseGohihput terminal
c?nngc%d t%etﬁ%mﬁﬁlt tgr&fna{j?fﬁﬁingéﬁgc?lﬁéﬁ é)h ase azp c&{(]i 19@.{1 Qélqmnal for
rdceiligp eigndl LO] I\9I0% and Qfmltpun tehidd §ora>rqvncm3§1nlc@+c Flétm:@t? has an input
tem 1I cf hr?e'éte Qﬁ&t%rgﬁgi c?f%%xer-%@ @prgxﬂﬁjt al. P A 238 has an
Prer D55, t

as an I nput term nal connected to
umutttp;mnal @oenqﬁeﬁ & thepguirfup 1etnenal ol)zjter 23 chnd An eiryp terminal.
termnal. DAC 224 has a first input term nal connected

do@sgt he Up%h\amontr@ﬁamm@incmes tah SEEA6HIEEL ARGt rmbcf mr a lowpass
second gg)ut term nal _for_receivi

n
T B 21 EPRi A3 2 PERasHEly P AGUST 5#3?114 2 Sumnrui}geqevwe 254,
A4 a§s aR nput Pratinal eonfidcRako tﬁ@dﬂi&ﬁl@ {eBindl of PR 2280 HdRM butput terminal.

term f m xer 220, .and an, oyt put term nal,. 228
LS AL PR AR DR SR 0 e DY GG ADC 2, 4o an cutpu
ten@ingl Miker QA6 Hds la tigst ing@Germinalkoatctoditopht! outpat tintiadl of lﬂaﬁpa\ﬂﬂilter 244,

< FRPE PR TP R o6 SRR PR 8% OREU SRt Lot b o ot

teﬂﬁmhlrcamiema@to thﬁmdmm&&nﬁlal!of 86A208, and ais @tom tbnnmﬁiu tLowpass filter 250
h%searn rﬁlpu? Ierml ﬁarl ccr)nen%% %d ta r}%go%%%&g lé%l agl'fuz?% ga S ; up tlémﬁrlila Mixer
2520lpe la diist 1@t tetMm@é ron2@Eedito the wdtpg tmﬁmhaféwa&#ddtemﬁﬂea second input
i . .

teggn%%li f{)zjl rg{en%%% égalg‘@én @ﬁﬁaﬁi}%togt}ﬁtq gg%ﬁ%@% 1ce 254 s a positive
inputt tprtinal egnndctedlto & oftput @eetmna_’l@ﬂ nu@na%amnqngp dnput temmlah ennnected to
tﬂ-e)’%g:c gt%%nﬁﬁ?ofqm ér r2§1 ahcpagl%tophﬁ nﬁiil DAE %H‘Iﬁ Eﬁﬁilp&tq) 5&1?&1 connected
out Sut term na transc t ance anp I I er

tosthe owiplutiterpinal efesuppoing devigy 254 @@eﬁnwurpgt igingpr] Iﬁ_ﬁjter%@ bas an input
te@r?ﬁial%n&létte@% the %{lﬁhﬂ'@ﬁnnﬁa@ bbf BA@V%@' 24 cﬂ%i tefehindT 'ﬂnt ftbviding an

has an in term nal connected to the output
O‘E@tﬁigﬁaépf‘élﬁef %#162§@0W@Tan output terminal. PGA 238

has an input term nal connected to the output

[087]M Na&h offatibh bin€r208 Justraddd %xlaaga@lplewﬂbn REfd¥kinglin whidd @é] circuitry

OB INEES, S0 5oL, A4 A A0S, 20 ARl Ol 0L Bl o

affhf@b2dcabléel Ebuﬂc@@m? élﬁwn)?anli QVp@SdRd fd thd @put Zbflinalaof MINAE02. INA 202

252, . 54,
i AR Eitn MRG0 P RO it 0 g b e hose cener
fraqueincgnis toniblebsed eu the DESIREDICHMNGE. ifipuk $ignal @B4dechagiedrad channels.

I nput term nal connected to the output term nal of ADC

[(%6%’ arﬂ:le ﬁﬂe@?{&ﬁég %]ll%léag l'géhr}ﬂélu%leé %Esn%é" @haﬁﬁﬁ mpﬁls faﬁgnga{ted undesired

ut term na e out nal

chagugiraisgnitqdite basebpadias follpvg.e Erprratoiigd lflﬂtelt ?@ﬁ ifi Oﬁa\rert¢cblnto a current signal
%ﬁ&ﬁl‘yvﬂngﬁ t2hRRucth{de améiﬁiir agh. OfflePtbbredt %fgﬂll Nakhen A28 DAC 224,

as an input termnal connected to the output
whish finptigns @fa gt aeBirlyig P AnusglS s ¢ eivngFignal, ogygyeds she in-phase
filter 250 has an input term nal connected to the

out put termnal of ADC 248, and an output term nal.

M xer
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252 has a first input term nal connected to the output
termnal of |lowpass filter 250, a second i nput

wo esodionabk4 f or receiving signal LO2 - 90, and aprCDUS0#/005213
termnal. Summ ng device 254 has a positive i nput

bdseiand Kighal comaemteethle dudput hfileu E(Mlits cdirﬁermid Md@d a Ofirrent si@nl by a separate

hléﬁg Ll)lmaar Fgg%{nal.\g: ance a {lf;l(eé ?gizn 1s m1x§ n ﬁ&%@ﬁ ?34l}]tsm¥ eP ase-shffted version
oA, Zlﬁiﬁelh a1 anoi, qumlmgrsrmaiarb d@dnm&cqwraniﬁbaﬁéb@mm DDFS
f su 1
éée I[TFHSCOHFUC alnf_e %m QQZ%%%& %%é %glﬁ)AC?]s%gétl 91{21 29}1' 1pe 1n§lflemented as described
atpeawil tefgentoto FHES. e ewidAB. t er m nal of DAC 260 and an
output termnal for providing an output signal of

[dobsier 25 enhﬁ? 6h Gich dandeME Rhdken as [tlgsqggIR]iEIﬁ‘ CARKINEL! BBFS 206 creates

tuner 20 ustrates one exanple an RF receiver in
amAPERTIRR BO VVE () Ry deaitd chagae] dpyin Mb&bmzm caRED- 418" Friggpple if the

d&ﬁe@&\{ﬁﬁf B oGRSl 2y 500989, DDFS 266 crtNRWE0S MIRAne wave for LO1 as well as
recei ved from_ an antenna or cabl e iource ( not

shown)

a 0ophified HpGHHELY LOS e Toap atterpats sbadimey Ol Nk 79 o"-@uld prissed as the
I shiffbASediol a{( i@ibh th@ﬁl tdde thI]Eﬁllghblltvﬁb‘dH @ fn 1aNAted OctsibiBof the Q signal

|nput to tracki ass 1t ose cent.er
2§ fhafle ety tek acserﬁlg% 3"‘] %%jth?ﬂﬁew ﬁ@ﬂ%@%ﬁ ‘géﬁ‘“tﬂ%mr{léﬂymg DACs 224
andT3Y tneﬁil 16 Badlodked dt @feqter thahtGHe:s Itlfefhit(l;éish ﬁéljiledcg sine ﬁv%ﬁ 8hus g ock >

cl udes e e
2 WS 1 B o ) O o PO o PR s g g speeds

p&s&bbaﬁﬁh@rkﬁirraﬁlyfaedﬂlalﬁlh!\BCMﬂSe o6 Uthifaldr-CMOS | (BIE@VIORV Ante@ated  circuit
g grte o o a current signal by highly |inear
$E8h mtoaﬁ%e anplifier 222. The current signal is
then m xed in DAC 224, which functions as a current
(09701t i ppé w@m@m@@ﬂﬁéo g3 inckydgth desigedshapnel [infonmation spectrum and
alEE%}é &8“? ﬁ'ltarecp{??1 ers 296 i %%041‘13%9%4@ are then furir:]her processed at

005213 aseband signa kew se t
baseapdit Filiprs 226 ek 23900 an-aighnipepase fltirnhaying acqfoffefiigquency of about 3

Mit0RBE ol BRA/ER! B4 23Y Q@&ﬁbhhbcﬂ%@@&s&@@éﬁ%ﬂhh%&@&‘?ncrease the
anplifier 232, and is mxed in usin

argplgads-of ppglt Bepaly apdte gjnimigp thedynanigrrpgeyrequisd of A5 AJefey, 244 gnd248 in up
cm&glelgm%lgp,@_l to devel op the quadrature baseband
signal Q DDFS 206, transconductance anplifiers 222

Bl B e e 7 F BF e ol o APFY e AREi bl beow

frbdpef Jof Ei@rpeaedrlemg gah(iwhiTHHeha nighniz snteReserasd filom the switching
DES| R 206 t .Si
oL o B0 e P BB R 0 PBOEBL AR B

ﬁw 226Fod %&aﬁpﬂ we iirf a teleeision] wewedlamhmmﬂﬁl center ft@n¢ney eti44 MHz, a
clﬁcai[r %Sof i Hz s ch(‘)?‘sglg £& ?iS%ﬁte§|2%g al\1Na o pfogf?ig Eﬁt\_{oenglga?t&?uﬁtion for
wialasiget tckamnels mdeanbmdqlmmed irChe dizitd) domeihd pen alEedtigsenibodiment, up

&B0ass &mef g)dqgm%% e ergémehgk he qnlwgg g-?%gs 1&(5&4& e e ADCs 242 and

S|gna e an | verpe vers
2efswetibugt be NmeesaWh ADESAB rislpmfyrably chigked 26 £O0SMEln o iy the Nyquist

| DACs 224 d 234
neegf&%@% %mj{ghm Sl v 00 o

at greater than tW| ce the hi ghest
frequency SI ne wave. Thus FCLOCK > * 870 =1.74
(0878 "angvistheseB pérehing diiteh genatmie by B%P by Mgt tefevisione wvalae today

wmﬁﬁr@lésndaifrc@twng $un§xt 2ob Ii_m&abmﬁaﬁi@es 7o) an@@ﬂmdamuqsat P@andard IF of
curren y-ava
4 W’égﬂ@?@& a2y ?t{% P?Slfa &f‘%l’cﬂs &? Rﬁ& R %6@3761 us it is necessary
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[0070] The outputs of m xers 220 and 230 incl ude the
desired channel information spectrumand all other
wepeagyes filtered by filters 226 and 236. ThPSEUS2004/005213
outputs are then further processed at baseband.
folriinke208 t@ 2Ecombigle 18 Gasabapd &mid Q sigadsio hrpwpasd theifill @ M1z spectrum in

A AT L NG M e N o

di238 dbuain nd@"AID@s 148 endcAbe Cbm\ersmampthﬁieurzealemtosthmdlgltal domain avoids

nd e
g%lﬁ%gngziyzq ‘il%ﬂrS 51F11Aaf£' i %a%n(\:/rg%fegl rl]rg K xe&g %{%q'y %%?fon of the
sperificepions0nf @rbE dilteryi 226 ranQ4@6 tahé nekock easir do eﬂrmwzw@als Up

coalggrmglf' §1 dlels zﬂ)r x@sr fﬁp L)Q/tptmabto&bé{'fﬂ ernﬁ Q%J ﬁ.lﬂ‘:cglglﬁi 1 Qilﬂin signals) to IF

ualm céglfaéloezﬁ @ecﬂ@toe alg@éﬁ EQ2omd 08 —SARF beWP ﬁ@nblmmﬂlelg & ymming device
2%@ f'%% %Et%g P ﬁ%?lhgaeq/wte ey Q0RO ShANE Lmalogtﬂlgmé F BAS @60aa§1d filtered

possi e to mnimze the order ters
indfi @1@:%2 chérmae@ff PlFp. n pbprespbedippnty waigh iperfacy gxfplﬁwgm%m ai haseband

ﬁgﬂ(fﬁﬁon{ hEGUARIYA®I604thd MEiter 862 15y bmitRle of 40 Mz
s chosen. Lowpass filters 244 and 250 prOV|de

addi tignal _attenuation for d ch nne and are. )
(PR erahead] t5et Rt gy St 7S, eV CRsrae] gprshitectur
tHanhRabEthe protllemsCAAddViakS vt cdﬂvé(ﬁbna?.tﬁﬂercm.hiod uddey oscﬂlators to generate

Léggrll(g@] atnggglr\?%%%] g ﬁ gal % tsh @@gé 9%63 rOVl(%gEtélqgt (r:ea sslnee wave w1th very

1oy gifager Me)&n«t lo@Cép&d B digik&edk/kize WmvesaMcEIWuﬁahle aNj/ t;'fusaslly generated.

CI‘ | ]g]]re 1%{1}% lr(t\uht l?g?]{h og‘%'le &Ctaal os(t‘ a%n t%ere V%)UId be with a
cmaﬂhohry LEostilldie] e s Mecamﬂ &b the 1¢caldaylﬂatvm Sllgnals kanjedkeor radiate

1néchot ecrl c?r?lys,&rﬁs&%lu%vn & locg(%ﬁ cf)a %ﬁ{ F/?tlo}lhep%%m %g%f E%}%hDACShZM and

23hiy thot th@yrallde &ir dadsk éo“hﬁowrsbn a&sDG & the-tarstraiyrerh Dirent é@jﬁl'a@nv ersion is

N i heLwilrS ) Ybecane € illator si ()
e T
D¥RIERtrasrd asitatieh et thnlabad osedlarop mies witly é&elftambprﬁdms ae epgippous DC
offRF %tﬁ lIjégbécﬂto tLJ‘?esilreEl gn atliener%ncag@\ﬂ?er ﬁ' aocﬂglm &S o%‘ﬁgtor signal as

converts't tere gai n-adjusted | and

reqpiresl by HACs gy pda234 elewa% thisgirowprma s figsh Jigiigh &9%49 gﬂator signal, LO1,

RO VRr fhBNorQhe IR SnINBIISC Inthe cilRt rqmg}blflﬁé DA@HR ddntrolling the
avoi ds gener ating local oscillator signals that can

oneipeet s THip s 20G:is pigkle fpr iniqepdon o Hele sHigon chip.
specifications of analog filters 226 and 236, and
[ovakes it shea@nseeippatrm et iheel6dal auldhter aSlH gmaf arcuiUﬁEscribed in FIGS. 4A and
onver si on.m xer. 240 m the 42. and
o8 50 st i 5% [t ob 9 ear D) PR YR gy ool
telldpﬁ(aies Pageisl él&iab}fosﬁblgﬁ@ystemUEP%mdelt@sZ cableQfiodees, ooréless phones, audio
&g Ao D842 Soitolf oo 3 pACIRPHIPHL o wnsisor
telc]ﬁm[ag(és B6{deaCMOS.i Alsethetype ofiendoding jof thedlgIZaBQSCill@ﬁor S@Hnahusqrdgwnhm the
Q r [ [ hpterface to
D% qf seu\??gslqjé% a?éhbegse an g}n&g%e&lgog% 1enrgl oh m xer 240, DAC
260, and IF filter 262 may be omtted. [0073] Tuner
[08081 us &3/ Radio Imiplepgntation F¥anaple j ped in FI GS. 4A and 4B to
i mpl ement an architecture that overcomes the problens

[(WI60CI ah Qb Vhited KARY BN hlﬁlﬁ)ahgﬁalénﬁé $rda¥cafiGh 206K channels in the
oscillators to ener bg 02 an tlhel &
figppeacy-tapd frera g8y Ii'fZa‘icrt 9 %gs eI A Stheg Fopitigs ave frequency

pure sine wave wth very

=+
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| ow phase noise and | ow spur. The digitized sine wave
is wdely tunable and is easily generated. Since
WO b@r@794934 no circuit node that contains an actpel/Uus2004/005213

oscillator signal, as there would be with a
ptaﬁsrmmm 'tcx:thealljmteﬂlsm&ei N ekcgivers bhleoaelcésSauﬂm comet én isxgml feogived at the
ant%nﬁ% %n(gg:%%,dloﬂﬁ?é:n s th(?a rvlef:illgs eﬂ nwar'{i‘lese %&fg e|1vre]:rg°, céa)ﬁr:l aI ﬁlly be r&}vxoded into a
RRmuHmctmadmantIﬁga:tlaf s nypgalmnez Bleraond unde8rkd plsmlle&saalnd amplifies

I ow,f.or v | '
th]gtiﬁ‘y r’gnru)r%le at the egilred cﬁ%’m r@g(?j r\]xgtlﬂlsn e %:tdr?%f %Eﬁgryammable or
tynatdsiotdl escWatOh (Izm c@@emnhll Vdnqbrls PdE degendy ewkaiyan bf destied channel.
' e OndififieMogethdR

gﬁo;“eg}éetdi on l\%’% zo ?égg%gécta%n osglﬁlleﬁe Fo 4>Jmlp;i(;gs(;?%\&/!’(/?t E]Cﬁcreat(fs sum and
dléﬁq@nmf@d.maswam@n@ trershis tr@@latn@ﬁtfl&s@lslrw chdnnel deopieltt totllp The typical
i A%am%%éﬁtglﬁ jq.naF @H@r'wmcﬁ%‘ﬂ@ﬂé @ﬁt'cﬁa@m@@geaytﬁgdeglfred%hgﬁlg i&@sle channels are

| ocal osci tor si na as required
oftpoppdesriaiedit f@ltered by ﬂwﬂ%ﬁv@m Tirhy SF@twgﬁIS@ngp%ﬂalcont@@s@an IF amplifier

aﬁ}ﬁa@ 111lrdte§tt9 Fen®hd E}%htudb @Hformamﬂ( &S FRNBo b BRE & coffert tEeFM modulated IF
desi red channel DC i he current nultiplying DAC

siggal L erde Fienth a@dr@ augse ?l%n%lﬁa'tfproqﬁwels 26pékgwi t ches. Thus
tuner 200 is suitable for integration onto a single
[(miﬂ]i COIFIGHI7R, 7B @ﬁhﬁl@ plotids Baibe Hveraappapentntdtiomt thithevantageously

utzll}ge all?fdcg%ﬁ%gfl gﬁ?(%%% g]6§et(r) é)%éxngdg %If éeges 1{,1'01%;'9];e dﬁg@uner g?fhe present

invegteh \netudegdp hii@at melwg, for gmémﬂﬁgﬁ@ Le Inéixihg biga] irC@lidgul difect digital

tcgulelg«gl sgrﬂﬁesizexp %ﬁertsfcbd gscglatmé %@gséludeg A Iﬁ.lggue rXxxer CI d:c1$1t n u)smg a mixing

DA€Ge mbensnalag BF irfpat shgnm@ixd Tieitd T Brsizngn Yoot rariicelarly, FIG. 7A provides

TR fe e%{boﬁﬂl %@r Wa&%é% A ‘i’({ %%ﬁt forﬁQﬁ %;P(r:l\/(l) g s wtilized

Fl'sif 7Bh:e0\ddeg Iall a*arrmbcqmbb@mgﬁ véieg rrapw-lils éedual\ntq m hwlowrvé’out B&S; channel
C o .

V ar @?regéreﬁ])fy e'Y:l %&6‘9 a@oﬂfjon'é QM Wﬁﬁl or z%ﬁ) 2 qfvglg%@y%nﬁ with an

|oln'p ement ati on anmpl e
altalpe filyef. t And BIGa {76 provides a efiappks| aphadingery éietg radaeldia §aqual rfo or below

ax?oQPth}ét'%ham@ mﬁﬂs addrbmtfé}@oly &fuﬁ%ﬂ &n&aev%&ﬁ ohd &Mﬁwﬁ Ve Zzero-TF is

uro Japan and ot her countries have

u‘Feré‘ilq al@ﬁg: ymhlaé B o A T g S ngi¢cafhat for FM

odhd¥hdiAitdiPht DBitddBkaked the Shaah& $v1dtIESMIrJ HERIVIEKE, f’pffus for the purposes of
broadcast audi o convert the signal received

t he
thisrflegsrintion e w15 wanle be iﬂgﬁaﬁeﬁu@elﬁ‘/a%qwa ¢ Feelavapes é@rKHzrwégoéeferably

e@MtBep&uoWbsthmdﬁpl cally be divided into a RF tuner
section and an | F section. The typical RF tuner

T30 TR T PR S i o e

utitizedd MXEMCIRFIGS UNBDFS B0pndgr armmabiiler 002. TlheIREbipet signaleBl02 and the

BP0k L Oh B SBEEE0 BN el AR kPl bgrmmp cranner
Fre fro asrted channeP esire

s1g1hlb)nn @IcelmddnthliB mlxgmnicul‘at(é tThe iF ncmbttt sighal 80K i @gzetldseerd IFrfrequency
(I%Qﬁ%m&%ﬁ bé’"ﬁ eﬁ’ie? S Y angd, eﬁ(gelrl%{e EAFSE: ﬁg;&gﬁﬁ% then be

onents t ere tran at1 ng
péspedriprRightap IF Fmpl‘fhs stop gk toal noisp Emsle;“@t (1oH\) G8htead mEmian 70§ Finally,

thfeI 8 s QQ%%(ﬁ&rofukﬂ eV d?l'ﬂ)tdulgtlapm(% ofiR&An gﬁag&@l ﬁlgal 710 that can

nnel ese channe are often not a
bﬂpph@rf@@l%‘ghotﬂﬁ@hf%altd&mkqfs The | F section al so
typically contains an IF anplifier and a limter to
renove anplitude information, an FM nodul ator to
convert the FM nodul ated IF signal to an audio
signal, and an audio anplifier for driving a speaker.
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[0077] FIGS. 7A, 7B and 7C provi de exanple FMradio

i npl ement ati ons that advantageously wutilize the
wa@ooaordoey of FIGS. 6A and 6B to provide effi CP€NUS2004/005213

solutions. The tuner of the present invention

[oa7ejl udeﬁne advamagmef theeFMadthiteyturey ettibaizgt 4 rwgert1@ of i preseiigvention is

tt eyI% er u{]hzlélg' acﬁioqglra?cgutecgﬁglc%gloe refn‘[og eﬂct%/) ntlonal FM tuners, the
% eslzer” ShdPa' Y ed osci | at&r: and i nc ﬂg .

utqﬁe(tymcxllyr 10c7 Mila) ts fedvintpsdongxtesnahpordmmig or HAE filter td segye adjacent
ﬁal Os%?gi? LiOPH %&g%hulﬁef# 3‘hg'f§ﬂef aly 0, @brgn,@' BeMageethe present
b APV R

provi an exanpl e enbodi nent
nwhlmoe afovest @ndapld/eﬂSiﬁn (Ecirgio) erdowibdeanvergory(Iivegar fepn) achgectures, it is

p{)%fg 3& re'nﬁwy% Iaél}) anﬁélg}lgnaZQVﬂﬁ{ IQQ’H q8s a@ﬂbg’%ﬁ( ﬁfgﬁ!ﬂ ilters. The desired

I nent to or bel ow about
chdwned @altﬁahbpeztmermmﬁlge andﬁgjorph%ﬂaled%}ryo égutandardlFoA1GS. 7B and 7C

tb%la@\%aﬁmtanbgme&mpmamdi BYzefIF &@hiRketfe. | S Utilized
Pl ong with an anal og fllter And FIG 7C provides an

@é@ﬂ?' Tifiads charok Gresender 5y 57 Arat) YoEReaIN el ociver

EAMNtRBO IO 104 emniaan Rifdler witcdlit In()s DIDFE @ B®andhan fifegratddi shalaefilter 722.

B8 G kB o S0 (4 Bt

phid By 4B DESTRED! GJHEHNED sigainredivedibg tha snist eiraba0. THIAF output signal

Pt R OTE SO L SPREES R E ot B3 e AR By Poter 722, such
ag o lhtega®q akdiie Hlted ﬂ)‘hceﬁlg’rah@hyhenég lpwsed tbroogh 4ndF ewpbfiEo,duch as low

TR0 0 5. 5 S AL B o s

tcm dsiratid® fizquengyefFrap) respected H0ibs Fid dDBbdBlal® 0% fihally the signal is passed

&% an ?*Jl\/t%ﬂ!l()dﬁlat%7 9(% 8-£¥br%oc§l:t I'?gz@%@ug %l%l; \Aﬁzﬂ ﬂr}gn Btbzﬁ)phed to an

acdmampiiﬂee@dlswalwt by the DESI RED CHANNEL signal) is
received by the mxer circuit 105. The |F out put

6usgnal B847¢ Ss @tbl&kd(ﬁa%’r&r?@or'f IM@%%QMF fole M Fﬁ/ﬂéadlo receiver
can be filtered a filter 702, such as an externa

iplpnertation 20 ﬁ"hte”t’éli“@ iR hER, bQDFﬁlaé%Oea&d% ?&&tﬁdéhgﬂal filter
766; anPRiEfibRE s1g1%.llJQbB Al th@wgﬁwmes@ﬂptoaffr@{ a(fde@)onciso (which is

andallm er 70 Fi nal | pass
comoBeiLR pa e BENRR Ot ibietguey B PaRE i 105, The e
oﬁﬂéﬁtﬁlghal&b@ Rat a debbedBRLF 6AlBw-1D Ge@pRrl i o ixAIFa and dgh 12 converted to a

FIraETR L A TR ———

784 EdtitheB Gk WsedSo filkdr hhezlhg’t@l s@nﬁluﬁcedenﬁﬁlﬁlat@fhetsigﬁl pif@setidn. Next, digital

i.nv s. the lized.in tra nal .
R G e Boe i b s RO 6 Sl SRR o the sigal
ahdin éigal-td- halog Od)ttvﬁltﬁi‘ (IDR)(%& p)in(ba huseyd td@rodhcdvidzanalbg orftieatisignal 710 that
cgalgbea (}:)8 il d%( % eagun ﬁ)eafnpﬁﬁer an sgeakers 1{ ﬁ‘ﬂlﬁf/}:‘(g‘g(&h{} %fy) %!c%nd local oscillator
7Mhumkﬂmmhﬂmn@aﬂabeﬁgﬁpemdwvéhkﬁebkusé the present

invention allows direct conversion (IF = zero) or
(0dR%f | F \ianMeTSlePMldEnBSATABAQ) architectures, it is

pOSSIb|e to renove the adjacent channel S|gnals with

h order analo or dlgltal filters. qg desi r%
f?,‘}? nel The &pet KA IS‘% PiFPeREvYion Ao afievspiiny s b jrplpmented on

ek QamE fhtetgﬂteﬁ laﬁcuiﬂ an@avedtidnf. tufetsGocepildh ARMIPLE radis BagudRy bands (e.g.,
odi nent s

f uch | E | E .
Fepih Setiereapgnentons et e gubaag iy eny = sinel

low1F or zero-1F integrated FM radi o receiver
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i npl enmentation 720 that utilizes a mxer circuit 105,
DDFS 130 and an integrated analog filter 722. The RF
wo ppun7®egnal 302 and the digital LO signal 30BCT/U81m04/005213
the DDFS 130 (which is controlled in part by the .
oREBIREDre@HANINE tece v gmaltinle ratior fergugngie By bachise nli)ll %@rfrequencies can be
e &
d%ét%lg“ %éﬁe%%él 5&\-,[\%3[ E,)lr fc?rgfglgfeéﬁ% ;ﬂeﬁgﬁgﬁxg%lﬂr §1fﬁntult% gbstbvf) Q6hers that
réceive the sainddyandorf the same dip apd hakg ihpm Slwlt%lﬁoqslmﬁ@g ﬁoathéfalels that are near to

emadﬂ%g st @fieuith NS dRl 19 MR terciy LHER o RYCiRARS ﬁtﬂlo&l@fo%@ Bnother (i.e.,
arrpllfler such as low noise anplifier

ovczllete ehetsameirsapncyabihern g iersas alsglﬁfg)ﬁéPtW?%h% n’l( bg @rchitegiyre of the

phRenlinvestRnt 36 8dtA0M: frdnP i SteSih ®ekalids the Gﬁﬁﬁm fot ElcMtuner are
expect ed by the FM denpdul ator 708. Finally

sgreEal ors e dociligy otgHsarP g g dtpralt B PO RACS, thereore,
aR6WROMEIEpI8 fuRRab OF iRUidplién Hi GRad m?e%ﬁteﬁ RatuitCRitholtecausing interference

pr_qb%lmls %%s%cgb ok auma@g g%h}ielpggst at WB ?)%K[ gtjémgt eotulileﬁJ were included

oh At s@@letih@rafed/bi@al uing BE phivtedit ardhifdh@esol tFEGS. Arend 30 FIGRABA and 8B

ut lc%l zes an?rpO er C}. rgul t 105, a %DFSl 130 and an

PIOYE G¥ARPLe é}fnf”éff of {2} tgper mllgmentaionS e ho e si gnal

302 and the digital LO signal 306 froma first DDFS1

[AB3] ( WHIGhSA & a bipok tlingyirh & ai mnqtmmtltamyl 800 encIDgigy REDiti-tuner integrated
X . .

c%ﬁlﬁl\%ﬂglt‘ha’?h gsjt r)ngilllﬁe f ﬁ&se%f\iﬁed%‘pséntgxgr% e{E‘gl ?’é%xcﬁlzeg&féh IEIII':CL%?OZ includes

thowe msreﬁccgqu ey I(l ItFLe@bpdimg)t demdeds e tsesiveanthe pe skbving n the first

r&}'g%%}, %lnm? 3 gngﬁgﬁg glldodgdl%l& Ql'gﬁa%oéﬁof%ﬁ?!l Gat DbﬁQ%OA (which is

egrate ter and processor
comtrollediesna BRSTSESIRED € L siea)ciapiepaated &y giver it produce a irst

e ] S t la signa
1f @EFEQQJ;Q&%OM € $e30Rhd &Jix}af Q@kF Sut SNEX 3021551&1&[)%@@1 LO signal 3068

n1X|ng froma second
s eond IRF L 30 G Hak GPrPIEd i A RGO GNENIRED SRARRED signal) ar

rgdeg'le& @i; hiQer 1388 QY prsandees t&bnd| PAG u?@.%n@iaﬂ)d;e IlﬂSi%ﬂrea Oboth digital
produce an anal og out put Ssi %nal 10 that can

sanﬁllgﬂnga 13 e 130RlicE ISYPPE] agfjr rdl%tﬁlocl%é@% 398 al}dta §e§ond digital clock
sfg’dﬁltmﬁ rreﬂ)@&tﬁ'lglyt e tlfg Recs e6@00cikc0ie @dlLK)S?OB | |A§&El (ﬂ’fe cloe@@ontrol circuit
coul enent e a

fixed digital osc
(s ?%can [“efos 5CTRAGE SR ¥ Oijpa Ieiﬁ‘ﬁ‘T%%‘rﬂéﬂP*’é?r C)z&f?rﬁ&gggerate the
di QBB ck Tiagald 308 @kd 10016 aldomBte hAISRORF inpv@ighdl030241a8dD302B can share

o 0t e i RetsD e im0 Sl pp UF SRR aifrent
26dl thatiht bgilRtor 38l @ukire qme}ﬁp,yf teaingds I(ie figther noAl|thaF-dher variations and

Lres It| SCI|| Ut | h .
BBk cRTae GimPemri et ARG Mbbir Shinefirgsh Mo sas
tPfEorv iS00y 80h23Boplcosci | | ator is required to receive
mul ti ple radio frequency bands because all LO

[668@62%]?1 gi? ?Satpbl&:ﬁ du@%aﬂx fmaérj éfnbgﬁﬂ'eﬁt%ﬁg}clu@n Qn 1nfté§fated circuit 802

con tuners I't I's extrene lcult to p
thapinciudesdunsrstferanultinleredio hands, sl egehrad ﬂiﬁwetfﬂ‘tltlﬁéhestalﬂ?é cighjuiry of the

p@éggnt tﬂf"’\‘rglﬁmh hﬁépeﬂnﬂg Inﬁ%%gg §1lr<§(utt8Wﬁclﬁ&s Qxhﬁm%{é 8§2hI'3M t#Hef854, and

near to each other ficu due to

apyp pilerrrieyiref gadiq lwed @Ssre@rFSPlafdol?ySm%eé 8-?%{6 shefi His Ad\ﬁ&tnﬁe%& receives an

KH inftt signe® 86 laht@ind 88 anti RG2Sk WBGUGDL Yakcokding th Bl Bresht invention,
I nadequat e isol ati on between them The architecture of

te Beerajsriaed MM pigRpten ThoM dBessstceiveapdit’ ippubigahfrgm antenna 862 and

uBlish lnﬁﬁhhﬁﬁﬁmg debdifll 16 ltﬁe@keséngﬁvefnﬂbn QﬁgéheritélfhﬁédManals And the
generated fromthe sanme oscillator. The use of digital

LO signals and m xi ng DACs, therefore,
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allows multiple tuners to be included on the sane
integrated circuit w thout causing interference
w@e@idloesys4 caused by different anal og LO frequepCT/@S2004/005213

that would exist if nultiple tuners were included on
ogher bang|tepet Biberggeireeth RY g isteni] ffopypnterea §6Pjapt utiizes in part tuner 100C,

aBdordihd t@@ﬁe%t%@nt Bveri ln% geher8 %gd si a@n tlf%’%t}@l%su%@ band. The different

provi de exarrp e errbo iments for ual

7S Shetitand §#E canabo g dlsiraé;closiwwlsa?()w 8&% rendoﬁ 14dfoung flgk control

c@buid (@E g@ﬂ% 3ldeAR 1R 0ed g%llé‘g(b Bignads. Mdvith FIGIRA the clock control circuit
i ntegra Circuit 802 that utilizes nultiple tun

(GFK} $16 cpp é@@ﬁ theifebereIRiRL oY Heomerpéng e deriab fle&ﬂawls@z the on-chip

thildfs| U6l S&ed ﬁlmwﬁmapm Sfﬂcaﬁﬂ ¥85 mtdhﬁe thb @axﬁMteﬁmJ ﬁdie:ﬁﬁﬂ'tAnd it is
depi cte recei ve paths are

fw@%w@r thatai‘l‘? wpillptprdsp qlfbh%?n-%w&dam ihg dbﬁﬂ@h CEeoak Sl@@l 808, 810 and
ssu €105 be’S%Asafneamcaffa‘rént Sds 43l 1360 Aufttwh inetad i Itl&t other variations and

cPar e By Sl SOR g e o P prefodriopt S in IO 531

tSprgiadd mdddPas dnrRxdnkpe. Second recei ver, an RF input
signal 302B and a digital LO signal 306B froma

S.
PR R R ARG i 18.pgn SR Rl i, Becfh b epted o ne
apy d@uc;ieRlémsr@b oifrdl ex@pt@umplmple givgmeeks @zhBiplel FM thoers meyl be included on
l?eostaﬁlle z&c%l rmﬁ?/ E lof & %%n@grgﬂgi:%lg@r &)gﬁé;e %ﬁlld%/deothe same
I rst |g|ta S|gna a secon
intpgyetkd c1§p1g n@qllergag@blnﬂ@gsp@@}_d,b@etmg)ememteém welbutdizive p(he tuner architecture
cggggﬁggmgwéﬁgit (CLK) 806. And the clock contro
circuit (CLK) 806 can use a ref erence signal 804 from
an_ext er nal OSC|IIato é 350 to generate the
[RASE t ol FuEhg arodiicgiont i glyenafig RGeS of BisiEaigRgYil ge appareat t
thdd@ kkilldaan Re aﬁnlpul%wssf ﬂlﬁ&ieﬁ:ﬁMA ﬁﬁ@ig bBQ&Bglﬁz'@l Fn, tBIAEHIS, thdt :ﬂ% present
sane input_sjgnal pat at the digjtal.clo I ghal s,
BEBIRNY %&H“E%Ydth g FHY %5%%?“81 fAErdingly: &’ﬁn‘%s“t%ﬁ%\?“ is to be
chid@udiss illuktedtios 013)5£hd650fdf the bt&p@l of Biching thHosetb@idled Rdhe aktithd Banner of
C&‘g’a‘%‘%h‘gl{ﬁ Ithg? tlvggtéonc g’ful[s go ba Lg%er dqﬁaé gslfgr?ﬂg é)a thg ﬁla'entlon herein shown and
dbshﬂbeelf abd 18 be tdhat asttﬁb@r@ﬂ’bl@d)tdﬁﬂ&ﬂ eldbrpllrﬁﬂhed Viatiouk blGngéB Alay $e made in
mg:i m&ntglt?oq]s qne<¥ 1¥1tae(|;] SrgsﬁEF%Xcéne iple 8%%)‘ Qen?}elelalen% be subatltuted for
tlnqat &lgrsaatabl agl desoiitted 3@R2in, tahditcertaic faathes dfuthe msrelﬁtwn may be utilized
ilﬁéetnh&llﬂg of ﬁlg uSe Qfacﬂlgé l:g, F4% r1’vo?lfd ﬁe@?ﬁa@en‘i Han&ré Séklﬁ'éci Jnl thart after
tuner crrcuitry e present vent or
hevdagithé benefitrof @ngrdaaceptloo of ‘d}minvenaom i ncl udes an AM t uner
852, FMtuner 854, and any other desired radi o band
as represented by tuner 856. As shown, the AM tuner
852 receives an RF input signal from antenna 858 and
utilizes in part tuner 100A, according to the present
invention, to generate tuned AM signals. The FM tuner
854 receives an RF input signal from antenna 862 and
utilizes in part tuner 100B, according to the present
i nvention, to generate tuned FM signals. And the 21
WO 2004/ 079924 PCT/ US2004/ 005213 ot her band tuner 856
receives an RF input signal from antenna 860 and
utilizes in part tuner 100C, according to the present
i nvention, to generate tuned signals in the other
desired band. The different - tuners 852, 854 and 856
can al so use digital clock signals 808, 810 and 814
froma clock control circuit (CLK) 806 to generate
their respective LOsignals. As with FIG 8A the
clock control circuit

aur
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(CLK) 806 can utilize the fixed oscillator 350 in
generating the digital clock signals for the on-chip
WO 2002039924 s noted that the tuners 852, 854 andp@B6S2004/005213
coul d use the sane antenna, if desired. And it is
clamgher noted that the oscillator 350 could be on-chip
and that the digital clock signal 808, 810 and 814
Whal/s HRER S same or different, as desired. It is
further noted that other variations and
fonflg%%atiors coul d al so be inplenented and,
her 8FSFEO"PHIRE  he enbodi ment depicted in FIG 8B is
to paévkﬂmgmh&am&yyamm&mweMEWBWGNMPﬁeﬁﬁFﬂﬂMPWWﬁ@Spégmﬂkmﬂ
to FIGS. :
be inple rrcg n tggl 7 haw;ég d fg‘eﬂn& e‘gllo%egg)t r&‘r%%ﬁag’%% Wecl[g%rreﬁ #quency;
exanpl e, m@ltlple TV tuners or multiple FMtuners nmay

be i Qﬁllﬂ%‘émgg first Mt mal 'f&tr&gﬂ'vﬁk @ ehdfol ffeﬁ&é'n&y signfY, a second input
addi t1 on tuner and tuner coul d "be i ncl uded

on the sapmingl pruglgd *é’tﬂ@cf’“&)i“rtérm“tal Of@eﬁ@FCté‘lgﬁﬁ|ﬁi€i§tepcé’ﬁ¥“"hemer
coul d be jngRh &HEE teRfinA For PRIVIdind bih it Bighal 8@ dbsit8@frequency.
architecture of the present invention. [0087] Further
nodi fications and alternative enbodi nents of this
21 NV emtd tefer ¥ didim hewirpiahedtsirddGreqieheysE ths loitbht @ignal 15 at tsaeeband
art in view of this description. It will be
recogni zed, therefore, that the present inventionis
3not [Thenutep@f biyint hedercaxbaalie fanwearygugrelntogiprises a pluraltity of channels
£8 tRE or LU RS thdE Rl width
a&ﬁ\'her T t'ﬂ %ié\éiéed:)ﬂlq&ng%gﬁe OB‘%){(#&[“%]IZS psgg pogre&loa;P teach |ang WIS
t hose skllled in the art the manner of carrying out

gthe irVeRLio@Bai |, \ifh%retnothebﬁdﬂd Qﬁ:@ﬁeﬁ&;ﬂsgg‘alt Rabrideb e pfu@h!hfﬁsof channels

of the invention herein shown and escri ed a
aphiwksreimde fosaediregusnt vihesrenistenel & wesd HRHbHE Sha Wfdt}tﬁs

changes may be made in the |nplenentat|ons and

h t F
SRR RN T L e o)

herein, and certain features of the invention nay be

Gai 1 BE sl 8 S Sha bA R A el AR kL

after having the beneflt of this description of the

I nv N Q“B t%]eir og&alpépi \31%9 %4 tgg 89&:%1@%%%#?% Igsossﬁrﬁtg Egljagld ‘Fhegnﬁ)ic elEre
Cdn@nﬁbmaﬁnéqmwgﬁwdgymﬁhe5|zer havi ng an out put

termnal for providing a digital local oscillator

signal having a frequency chosen to m x a channel to a
8desi dbeltunereafiglai y; wheseid the MirQtQompEseshg a first i nput
second i o= fApaceAinTict RS of LEHEREN B s 1R radio

of the direct fHIBinensignpk @ﬁ@é AUt sapinpl deippquiding aplgagt oq current
out put term nadigphiofngpr ovi di ng an output S|gnal at a
desired frequency. 2. The tuner

the desi reBinedigiahiegrane PNEsS b afjgﬁt gwgqterpaglagctoupled to the

baseband. output terminal of the transconductance amplifier, a second input terminal

coupled to the output terminal of the direct digital frequency synthesizer, and

an output terminal for providing the output signal at the desired frequency.
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3. The tuner of claim1, wherein the radi o frequency
signal conprises a plurality of channels and wherein

wo b@4demps ed frequency of the output signal i sPCEES2004/005213
than or equal to three channel widths. 4. The tuner of
¢l ai Mnd unwhg ERinS, Wh&eih @@ irdlid fFeq Gy ighals the BdttenCsQRRIL And & output
a plurality. of hannels and wherein the desired
*?EH@@WE?d %“?Hésﬁﬁ%but signal is greater than three
channel widths. 5. The tuner of claim4, wherein the
@adl ofh Eugln :or% nlg g Vgﬂre]zr%&n,atﬁe t\%&l%?xgﬁ%é cg a @%&9 cog'%g%a gﬂ%ﬁtla/iof current
wﬂsan FM radi o S|gnal 7. The tuner of claim1,
wherein the direct digital frequency synthesizer and
the m xer are conbined in a single integrated
i r c Jihe tungy of Tigian 10, wareipthe pleglipnof curighfepltsiinchpiaeterired abeing binarily
wQIRdi ses: a transconductance anplifier having an
Input termnal for receiving the radio frequency
signal, and an output termnal for providing at |east
pne ce bRetof cﬁingfba|whe@ﬂﬂ%efpllﬂﬂl%§ df@utﬁﬁnﬂ&etlﬁihclﬁ&-a&ﬂﬁ bRty of

conver hav.i first m nal coupl ed to the

G GT sl o Pt s RIS O R CL PSR of P

cheaaatked maing b@alty weghtedcoupl ed to the out put term nal

of the direct digital frequency synthesizer, and an

output termnal for providing the output signal at the

hesi i tunered cleincly wherpi8 tha@irgD digited fto@euby synthesizer further comprises an
I [

Iﬁﬁ( 4eu§§ yfr?cgglﬁxé% éli})grglsébﬁ f:cgr}égkﬁ)ﬁdlﬁ’% ?r% gﬁs'lrga &arla]na b gs r§:[C‘jnﬁgured to

prnadeghg igital loedl gssiiatorsignglat 8 Ereqiproy deterrtine pt legstgn pdrkby theguning

g tuner of claim8, wherein the transconductance

anplifier conprises a plurality of current cells. 11.

The tuner of claim 10, wherein the plurality of

ourr ﬁll'hte 3@1@1 dé‘SlainSlO@Wﬂefrélﬁéa@? éenledm@;&eggei ng bi nari |h y

wei ght e 12. The t aim10,. rein the : .

P ural § ¢y SRl PP P g b ol inal e s tayie asee

of current cepilogortidnartaei @ddrpitle &l abdganegratingrnavutpuy current

wei ghted and a_sec I f

characteri zed 8s %rg?n(r%l B3 %lfaH a)?ghe(a it tﬁ‘?gea" %ie?%%alh e tuner

of claimz moam&troelcmcmthenﬁguneéwtquulgnetiabltagfr  thading ferminal of the

synt hesi zer fugther GO Fésﬁb?@b 168 recélﬁaql%lta §£1%]lﬂa[1 g for

receiving a tuning sign correspon desired

channel amldel¢csiopeiepit epnfiged: e selgstivi C@‘@“ﬁh?é’“@}l@utr g1t between the first

| ocal oscillat Qﬁt W kBBl afdd a Rodnll SRME RENinsl et REJThRES @ of a digital
| east in part the tunin gnal . 14. The tuner of

clai m 10, wher &“H ogellatpr E‘S‘}a?har‘,"éﬁﬁ‘f prdsg gorrespantlipg tggp order of the cell.
source having first and second ternminals, the current

1559 ur Cﬁe Igu%\e/rl oq gla 154 vgherem the first output terminal comprises a single-ended output

signal and the second output terminal comprises a reference voltage terminal.

16. The tuner of claim 14 wherein the first and second output terminals together form a

differential output signal of the mixer.

17. The tuner of claim 14, further comprising:
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proportional to an order of the cell and generating an
output current proportional to a voltage applied at

wo b@4semond term nal ; a nodul ation circuit conPCDUSBU4/005213
to nodul ate a voltage at the first term nal of the
current sosecedicmranespoaiseing 6rsband sendrethinats| thageond current source
signal; and a . [: L ECUi onf.i ed.to .
sel ectively di \%/1 glflﬁ % %%%60%% %ﬁ%”&ﬂ}%rog%f gfllo{{le SRi &' geppgating an output
first output tcsrent prportionel teya vtegeraplizd tighe setamd tarmiabl; | n

response tQeds R hoflatifs S dtidedt the g@ﬁ%11ﬁ§gftﬂlel B gé cuérfent source in

si gnal having an order  corresponding to an or
the cell. 15. Teeonseie@second igqeiiedyoltacamiemplesnd the first

out put t erfiafdfor REMCIyRR iRy SirletbrmeREkQIAl Bitbut terminal and the
signal and the second output term nal conprises a

ref erence vol t 45 OB HrRIgRL respastivePHa respangs to gre bit pag agomplement of
wherei n the finrsdbitand second out put term nals together
forma differential output signal of the mxer. 17.

The tuner of claim 14, further conprising: 24 WO

2904/ Theaod oPATUST0E! OOPpRdite & lssicor ddditisnaleRteiviqathc® the single
hay £k . rmi ., the second current
soé#a%gc (lﬁlais;t?i %g@glog?qgeggger%glg%ﬁ%#gl to the order of the

cel | @epngdinest digitah §equancy snthesizer bavingen butpit tpoinalifopadviding a digital
a vol t age 1gi3pstRgtoRkenhiGyi BenbPETAR mix TRRARel kP desi

nodul at i ngf a vsoll ts@%?egnat tlhe [ rsnt>etlererri nal o?ﬁ%}e&{demmd
second curlf8¥cx ce in response to a second

r ecei ¥R6ebnd AiteR BRinGla g inputdddlinAEa 1 Scelvify a 3&iEedqhdnBY Ygnal, a second
di verting .current between the second output term nal
and the frRUstergpy! 69}{{3}@5&,% Ppiput teraunabefithe segopd figpct digital frequency
response tspnthddzerDirkl an Bidlpu te IR I PRMdin@ b secbitBoubput signdiGit a desired
The tuner fpefue%kai m 7, further conprising at | east one
addi ti onal" Hecel ve path on the single integrated
circuit, the additional receive path conprising: a

co [ | g ; hesi zer havin n
B puep b 9 o s ARG B Ol JE R e RN ) requency
ggne| vithin e samiedieavengyshainhg a frequency chosen to nmix a
channel to a desired frequency; and a second m xer
having a first i ngaut termnal for receiving a radio
£} equEryresigisim 18, yherelp redirst mixsiand theseopdinixergengive aragig frequency
§isal iﬁld{fﬁk&tﬁ-eelﬁéﬂcﬁ@dnde the second direct digital
frequency synthesizer, and an output term nal for
provi ding a second output signal at a desired
21 equUEHB @yher ok Dlaind Nevhkrdinalic ratfio ©dqadndy sighal repreves MteleRBion signal.
first mxer and the second m xer receive a radio
frequency signal within the sane frequency band.
22. The tuner of claim 21, further comprising a second mixer having a first input terminal for

receiving the radio frequency signal, a second input terminal, and an output terminal for providing a
quadrature signal, wherein the direct digital frequency synthesizer further has a second output
terminal coupled to the second input terminal of the second mixer for providing for providing a

phase-shifted digital local oscillator signal.

23. The tuner of claim 22, further comprising an converter circuit configured to convert the

output signals from the first and second mixers to a predetermined center frequency.
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20. The tuner of claim 18, wherein the first m xer and
the second m xer receive a radio frequency signal in
waolpdoterenps frequency bands. 21. The tuner of cPei/BE2004/005213

wherein the radi o frequency signal represents a
2e| evihs vmer S iclgined3, furtk2 corfiising & sreendaliret Higitahfizquendy uyrtitresizer
BOE bab Ao R FEAN it redlavi ng @ first i nput

0 receiving the radio frequency signal, a
second input termnal, and an output termnal for

B OVithi Rhefot AURE rf@ittﬂéf &)nﬁphﬂﬁg’a{m osMﬁ&r@aﬂné I‘@ocﬁysfgﬁﬁtas an output, the
digital frequency synthesjzer furth has a seco

%trdtﬁtng corieticth i bl ﬁteétfclf 8%%@@&%6 Ctl%ﬁtﬁ’tﬁeqt‘f‘é‘FBfﬁyﬁ'&FS‘zer being
Rhfiguba 16 Rehd bR kighaDihrqupiovdididerg for providing a
phase-shifted digital |ocal oscillator signal. 23. The
tuner of claim 22, further conprising an converter

L r cUliht teenbf guimezdb, twerein e mixet Retherauoinprides s Gitedpotatibit Gitter and a

IPocﬁlla{or Ic‘:g’u;pleagqgths Sft I%ggfiﬁ%aééét%hgtl@(%ﬂ%g%et %%sggg]gt?? %en%%£= aec[igital M-bit

sTHmel tp @eitchifz nefwaiknan® $ie nfixpr furdber compyives sinsgynduckaE@irchitry configured
r

SN b bl ROERSHCRARR. SELowi M) Al S Uinsigured o
Qitryf e Jutpyt signahalithecdesijsd frequargy-an OSC|IIator having a
clock signal as an output, the m xer being configured
to receive the clock signal and the djrect digital
Fr eqUids 8iperf Al Maerpin H’élrﬂrﬁ*g) fregusney Signrlrapressnts %@@P pandgsjgaal.
clock signal through a d|V|der 26. The tuner of claim

5, ere|n the xer  f er conpr.i.se
fiot e BB RETSHR T Spersile B PG R LTRS¢ he

output of t he dlrect dlgltal frequency synt hesi zer to

te & a swtching
15t b b phpdiatlept B 2o

t r a n @snrmadmg B digitad logil ognillator gigmblmving a freghendy ehasert tp utix ddhannel to a
current sijgnal C&Qh he swi tching network, the
swi tching netmor €ing configured to output the
outpUﬁmemgﬁa%Wa@“W$%W%@§iW@d frequency. 27. The tuner

of clifiki H% the réMbeeﬁlheﬂc} stg%aﬂvﬂ@llute cﬁé’ﬂ%ﬂ&%ﬂé‘s}ﬁllib&%lﬂ to provide an output
represents. a radi o band signal. . The tuner o?

clai m 27, SigpAAhsesifed tPRERY- band S|gnal is an FMradio
S|gnal 29. A nethod for tuning a signal conprising

e ol RSP T 7 S o s b be S sl Ofi gosgbane

desired frequency, recelving a radio frequency signal;
flggalnf‘ olél{gaﬁllo«]g 0 clarmq % whe Iei%%%yc?% t{; gﬁgglgn% pt’i&gg Elg%g{y%k‘ channels
at! whereindigsiesied fr&queqzu eﬁtbgloutmmgnﬁhle lensthinox eqﬂal to thederghad@el widths.
wherein the desired frequency of the output signal is

at baseband. 31. The nethod of claim 29, wherein the

FYadi o'he methad picojein 2 dipreip dheprdiaieguency signah¢ompyjisep o plurality of channels
&G She cﬁﬁﬂ:d Y}@cﬁnl%&'y Br hb SR ShiaPd gfe&t@x%h%‘%l%e éPtfmnElhﬁdths

output signal is leSs than or equal to three channe

wi dt hs.

33. The method of claim 29, wherein the generating and mixing steps are performed within a

single integrated circuit.

34. The method of claim 29, wherein the mixing step comprises:
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32. The nethod of claim 29, wherein the radio

frequency signal conprises a plurality of channels
wapah4whmweei n t he desired frequency of the out ppcT/SED0&H05213

is greater than three channel wi dths. 33. The nethod

of cl ai m 2@nvetting theiradict fheguegesnsignal tb Aigeastrrale erirpentrsgnalt aps

are perfor | r

are perf or iRl il dle ol ol AR a@a@mﬁi tﬁ&we& dighdt

conpri ses: 6fmew@nm1@719@24 PCT/ us2004/ 005213

converting the radio frequency signal to at |east one

current signal; and mxing the at |east one current

& gnalheethyd ohrkaig it rYYE‘F“W%rf?‘PﬁEWH‘F’Pé gignajithgicprggnt signal, and the

burgt KigmC Yongyitd diggtntiglisignd®. The net hod of cl ai m 34,

wherein the radi o frequency signal, the current

signal, and the output signal conprise differentia

. gnalte.me86d ofldtém Bt Wikiothe cdnadrting3tep cor@is@iganetaiag a plurality of

SO AR ERRAESGGHRUAL 10 8 plurallly of

curre raltTty of transconductor

cells. 37 The nethod of claim?29, further conprising

#ppl YTr{é%eith Bfk?alﬂ hé ?&{helddogl:phﬁﬁ %ﬁlgﬂ%{%ﬂﬁéfdl &36% tméh&ﬁé

a tuning signal correspon % esi red annel 16

pyathesigepdtunisgsigupheorppemiing ot de@lr%du charpg to beapreder

conprising generating a second digital |oca

oscillator signal having a _frequency chosen to m x

Thannke nteBw%ofgc&ém P U PRmeNEss soasriing ety dsgltﬁléeﬁaboscﬂlator signal

f]d’vﬁlg uﬁﬁﬁ@y:ncy&h@;&ﬁio nW( 4 thahilREtoS REMBAfrhuglicy,ahd Ilnﬁlﬁr@ b radlo frequency

or SI

l Vi de second out put si
el wiChPieetm e esmh i Tborteedl st s @ aeod ST st o o desied
~ friguemcy addit@nl @naatmb s@l mieing cepsat abb bérformddathii thadingle integrated

%ﬂ%@grated circuit. 39. The nethod of claim 38,

erein the first m xer and the second m xer receive a
radio frequency signal within the same frequency
_}Slﬁnd Th%QnetﬁI(-JIaeof r@f’iﬂﬁ %@ Qfﬁer&h %en%xgﬁmlx%zﬁlrdet ngca'? &ix[érsltecelve a radio
m xer and second m xer receive reque
Ggayensy signql ﬂlthlm@ﬁwfwﬁ@qwéﬁ@ bands. 41 The net hod of
claim33, wherein the radio frequency si gna
represent tel evision si 42. The net hod, of
% aj rﬁh&fneﬂwﬁeo.f &1 B VaREdR ?*@dﬁrﬁtr ‘é&ﬁfe’ﬁ‘éfhf‘oFec?’ﬁ‘em’éﬁft I5eRive a radio
Séquady sipml aldifkasehanecy Banes. f urt her conpri si ng
converting the output signal from baseband to a
predeterm ned center frequency utilizing a second
Hi. gi tThk methoddf ctadia B3, whtrein tieirgtafrequehBy sigiakrepreseftogltetdision signal.
claim 33, further conprising providing a reference
clock signal and utilizing the reference clock signa

427t Hihe gysihed effclaing 4 b mtierpin dienlgsirsd &giencyt df theTdwepuhsignialaiel athseband

£l AR ARSI Bhartinb he Bhtzsﬁt@gna% b G20 {osajo%ed&&ﬁ,\f&mn@eg
the radi o freguency current signals
franeryuvtlizige aﬁpcmdcﬂlﬁltablp@?@sallllatsﬁ sgral fromthe digital
| ocal oscillator signal,

43. The method of claim 33, further comprising providing a reference clock signal and utilizing

the reference clock signal in the generating and mixing steps.

44, The method of claim 43, wherein the mixing step comprises converting the radio frequency

signal to M current signals, generating an M-bit digital signal from the digital local oscillator signal,
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27 WD 2004/ 079924 PCT/ US2004/ 005213 and mxing the M
current signals with the Mbit digital signal to

w@ramiod®24 he out put signal at the desired frepOEUS3004/005213
45. The nethod of claim 33, wherein the radio

dndenjniap ey Micgialt sigedby estetht 3/1-bit digiil Qigh#lnd poivige &le. outpdBsignal at the
J;Qi?edqﬁt h%g of claim45, wherein the radi o band signal

1S an BM Padi o si gnal . 28

45. The method of claim 33, wherein the radio frequency signal represents a radio band signal.

46. The method of claim 45, wherein the radio band signal is an FM radio signal.
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