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*159159* ALL DI A TAL | MPLEMENTATI ON OF CLOCK SPECTRUM
Sross. R OMBULTNTHE, A7co”APpL! cami o ' {0001y Thi s
application chkabgs priority to U S Provisional Patent
TTASEAIOT IO o e Sy
pr ovi <P bl KDINC)DITHER FICRQW FOMER N AREA

Sept enber 30, 2005, titled "ALL DI G TAL | MPLEMENTATI ON
OF CLOCK SPECTRUM SPREADI NG (DI THER) FOR LOW 10
POVER/ DI E AIREASS- RM@REBEIES’BO&ELAKDED IAFRTIIGA TNONS

11/ 246, 328, .fi.l ed Oct ober 6, d CALL
[08DH; TARis PWL%&@?@AW%%& ‘ééxgw ; F@PECN@H No.
6(5\21") ﬂ%ﬁi}ile’ﬁ%gﬁ@l’ E@M@ﬂt@h EABB@’{GITMM@EMEWA@HON OF CLOCK

arelncorporate y reference herein in their
SEBECTREM) SPREABRSGEROUNBROFORHEO WNRGNHRANIE 0302}, ”th& Provisional

Pl ctmg et Bt Aet bafuta D Ahe MEPRF BipryAr
INPLERENTAHON OFCISPDEKISABUTRUMI SPREADING ¢DITHER | E@m 3low
The spreadi ng _of a clock spectrum gener al I%g i_ncl ud

@&%”aaﬂms Jroteat &Rllcaﬁglll 851 94,3 Qﬁqlggctglpem 2005,

tl{lé t rai nL%m%A gi%ﬁggg spect r um ING
(IDIFI‘&%[BR)]RQR LOvé POW EEQJHEMREAé ahle dipdoturemnofovinclk altemanolrporated by
ectrum pul ses that may be generated

are .spread-s
re%?r%egﬁ?‘%ﬁl&g?rﬁ?fﬁgté’s inthe first clock train 100.

The cl ock edges of the spread-spectrum pul ses nove in
and out as indicated by the arrows in FIG 1. A

spre_ad-spectrym ﬁk@p@D'OSF Tﬁglrﬁi@l\ﬁ BRner at ed for

applications in ter sensi I'S generally
[0002] amtlé presén mVrenﬁdsn gmllymgatﬁeahnmgm&d @fcu!l!; @nk more particularly
pul ses. 25 is sired. [0004] Tradlilonal circuits
re&%?ﬁtpgieﬁl@ay tsrbregfgp% aglock épf‘scﬁzé@tlp GHETBE CIEFYF ock train

often include both digital and analog circuits, which
[@0PB] c b ypreatshgioiea elooli griettaum gowhnalist ineluderdspagadmgethopgower of clock

hase interpolator .t al.
oS gLF et Peiengie® Pt s £ ripRA% Shfnabi pe fry glok wain 100
afid 9 6itedd-gettiurh vk &rattl 05K The palsed mrspre'ﬁhepédmﬁkclbdﬂaﬂrnn 105 are
may be a digital clock train. The d|<g|tal ng_gL%J gp
snfag,d secEyRPeT bat may hpagnericd from the Jesk Rqu%ﬁshn Figf cépek train
166t PR {16& HRUES O Had-spectrum pulses move in and out as indicated by the
arrows in FIG. 1. A spread-spectrum clock train is typically generated for applications in
which jitter sensitivity is generally low and/or in which lowering peak power of clock pulses

1s desired.

[0004] Traditional circuits configured to spread the spectrum of a clock train often include
both digital and analog circuits, which typically include a digital modulator and an analog
phase interpolator. The digital modulator is configured to receive a clock train (e.g., the first
clock train) from a clock generator. The clock train may be a digital clock train. The digital
modulator may be configured to modulate the clock train using a dithering waveform to

generate a dithered waveform. The dithered waveform may then be transferred to the analog-
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generate a dithered waveform The dithered waveform
may then be transferred to the analog 1 *@G00002* phase
interpolator that is configured to phase interpolate

ph&sE?net%BFat ] on O¥ﬁﬁﬁggad’lto§ﬂﬁ$ég éﬁ% ?g?é?nm"%ﬁed waveform. Based on

thegrhaseqgtepiodasion iofitherditherat oraveformothk iagalogghast intgpotatieconfigured
and output a spread-spectr cl ock train. [0005] These

to gengre ?nélrﬁ’éﬂpul:? RIGR ?ee%‘wp. g‘{& dt}%-0 spread the spectrum
of a clock train have a 5 nunber of inherent

[0098br {Thesei tragtionslarshisd ¢cy1ﬁfg@redltwprp@cWém smar@m qf a clock train have a

nu%ggr:co:fg@%eléegx?%‘_\‘hortggréur}%g?g}émaﬂ xf()lo?vrpglw%r Irc%zl % gEﬁca%oBse ?gc%r example,
typ@dal tip@talGhediltators keﬁﬁ@ﬂwtoﬁﬁodtﬂﬁe alck trainatypicaliyhopiatt 8t the clock

ypically the rel ati vel hfrequenc of a free
fregqﬁmﬁy ﬁéthe@}o@é pgral(newglch 1@%@@,&1 y & rsg}tlgeg ngxtfgquency of a free running
[
clof8 f b Spiped 5 S A0 BBRY. LI MoP AL AIAES arc configured
to dpeeate etciree mihnasg chck ifeqienopdhesatdigital medulators w@ndive draw relatively
hi r el atlvely 10 high current. [0006] Not only do the
%‘1 nodul ators included in these traditional

Ci rcui ts typically draw relatively high current, the
[0006h1 ¥t pnb@g th%dléﬂ@idn%dwgrsmlt@pé\s@ theseyraditiena pircuits typically
dn%{r) fe?%%%p@%ﬁ&neh%ﬁgc%gioéﬂa@%ﬂ ?é&&tb?éfi{x ghrelg%ggdlgérﬁgd\;lv %Hg‘gts also
typicatly dasw elativglytiagh cotbnt. aF@'rexabeeeﬁlVﬂtalogaiﬂladeIEMpolator may draw

tradl ti onal uits typically include 15 anal o
as P 228 kgﬁélﬁ’é?fﬁﬂat% Mopebugs. pritets HORPGSHET Pitpliginciude

anfiBg B@w@écs (ﬁaﬁﬁ‘el? R &AM 8 RESdE iHIRtp i8S kth@kﬂ Eof %prteQ@-spectrum

anount ower reduétion of thesé clock pul ses is
clagk pulises aryl the arheusnd OﬁpOWtheduCitan af these dockipdses is generally limited by

R S5l b e lnch 805 BRAS LB BLACHAA Bl
hlg}olncéaﬂ'y gre ralaﬁivdmmsﬂg@d déstgn d@rddn auEachet,ainid \wed I)eldtl&élg'ﬂarge Also,

as th radltlonal circuits often includ
as H@@htradlgmaémrw eﬁm mchidg bath-digital cirpwitsiand an%lﬁ%@éc% these

t I 1
trahftﬁﬂhl dn%ﬂ?é tgxl(f(’é {ogtngJC lé) Ite%| lh/q%xggg.{gxotﬁgts F)rg 1gtsb%’c‘|?e],e w)é/gicﬂ t&fds to make
thcsmcu'cmtssela@vehy cqsélyyo vestfagtuteo nmanuf act ure. [ 0007]

Therefore, new circuits are needed that are configured

[0007] s PTiepedorte neews slestiits ure iebdal thel € borifig@ted, to shredd theapectrum of a
relatively less current than traditional circuits that
clogkdrasy (44t giavaglatiyely hise grgent thandraditinae) Greuityhat 78 aPHﬁgured to

t
8L il AR e 5 R et

Accordi ngly, enbodi nents of the present invention
provide circuits, nethods, apparatus, code for

control l'ing ci rgRIEESSUNMAR YAOHTME ReRsTiENcondi tion

a clock train, and
[0008] Accordingly, embodiments of the present invention provide circuits, methods,
apparatus, code for controlling circuits, code, and/or means to condition a clock train, and

specifically to spread the spectrum of the clock train.

[0009] An exemplary embodiment of the present invention includes means for spreading a
clock spectrum, and more specifically includes means for generating a phase value based on a

frequency modulation waveform; and means for dividing a frequency of the clock train by a
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specifically to spread the spectrum of the clock
train. 30 [0009] An exenplary enbodi nent of the
present invention includes neans for spreading a

. ¢clock spectr apd nore ecifically includes ns
civilf R BREPE L FBrea B0 G5 bR ol 1 Serbita TGS cloo
traifQBatli SpHaemoayiede b[r,rmheqﬂﬁsmﬁ@ Ti exdinpplagly Eib@liment further

frequency of the clock train by a 2 divider val ue that

inclisies gy far aocwmalaiiag the difhersd ciiek prinse sorarye thefrequency

. | .
mcBEBEHE S gt SR A B o PRy oo
gedenatt h@haseimeiuiatios sigearand fgemerate chemphlasd vahg: Hadsed o theghesd

oS L SROES o TS R i

lodRRZWneS the thodBMa5PbMhE QitRerSEABER SN TRD BREnIIRY Wnfoldfent further
signal and generate the phase val ue based on"t he phase

inolsigsmeansoior gngraéing a FpreadRrasiyiar gockrtsiitherteis thef spreadepectrum of the
0 RSP AR 10 S AR g B o

dithsrbdcloctemiinf Thé Feguentyntlodal@somwaforinols pgAOdiEt at i periodic. The
spread-spectrumcl ock train that is the spread _
fregpracy madhiarion yaveformyisia triangls wayefagn o hhe fFequepnygmedyation

waBRtth & 4 @i?itﬂfsigtngﬁ ”Pi’le@i’&:‘k%irﬁs_%ﬁ&égi%ﬂ @ioBk 8. f’ﬂhletdﬁh%leg clock train

~the 10 dithered clock train. requency nodul ation
is avdigidlmlovkiteirp eftieqdiage wluegs awipopemalodities devingion fof dgpufeaqogncy

| at i f ' [ | f Th
iR e B P B Eherterhs e PR A i By The
exdhifia/ edtdodinidt furttier MicHided inddnsGbo@kltiplyddithe FRgudict BefRdithered

clock train is a digital clock train., The phase value
clock trgindpor mpksinber vabre Haie gucrpen freqneagy efithe snreaghensetyum clock train is

th%%ﬁl!eﬁ’é}j Sy t?a{iHthﬁlxﬁJeHeg @9 tﬁeeﬁhﬁigliélf va%?&{/iﬁgﬁwﬁl‘é}ﬁxed value.

at’ion waveform exenplary e
Tht ex¢rhygary enddodohesnt fierthes incbidesmkerisfbryiphiginigttbe phiase umidolation signal

._of e.dithe . clock train by .a nultiplier | ue.

i ek pie Bos Tisashag wH Sy B agiion el s for

terhipcthlly ddlayifidi@e kéREE pRLEYE ntdduldfien lgasikvit REpectidl thé Bl Bhhse
by the nultiplier value divided by the fixed val ue.

morkydation sigprlargd wmeass dortaereatiacelepletingibe diféssentdatvecen dee first phase
mcgtﬁlgdstitgh 'ﬁ%g_alteﬁll .tﬂ@é&d@qﬁaﬁgﬂﬁ&i(ﬁf sg%r%& %)}éfgé&ﬁ%g% Pfé:%s% (\)/rﬁlue. The

ulation SI g a Seco
exsmphst embodanent ffiathe? thehelepmeadd for atilimpythe ghdshealne cothd fixed value

hase dul.atiopn signal with respect to the first
t°gﬂ5§%egﬁﬁﬁﬂggf@gﬁ'signal; and neans for thereafter
calculating the different between the first g?ase
(094 u| Angtiess exeraplary emhediment o themiesphfareentipd inclides means for

i G t . | ; . | .
sppdiIR (o ReARRFDEL ol ril 18RS eI ANG ipc RUEN R or gcneratng
a dithleted clogkttdan, dkmdansdbriacuinolageg tealitheret elodk waihab generate a

val ue. 25 [0010 ot her exenpl ar nmbodi nment, of the
ﬁeﬂP%%cé’ﬁPoqu}RL}’é’HtWa&ﬁénFﬁc H‘Eas&e sen%aglmeglbf\g@af fgludpremeans for
ac&ﬁﬁ@lﬁﬁﬁﬂ%@ffre@uéﬁfk%?l@dﬁl%ﬁbﬁ‘wa@éignﬁ'R)' geneafeGd gHaQ@HoHulation signal; and

I ncl udes neans enerating
means for generating a temporally-varying divider value based on the phase modulation

signal. The exemplary embodiment further includes means for digitally modulating the clock
train based on the temporally-varying divider value. The exemplary embodiment further

include means for tracking the modulation of the dithered clock train and filtering the
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a dithered clock train, and nmeans for accunul ating the
dithered clock train to generate a frequency
nodul ati on waveform The exenpl ary enbodi ment further

i NC ns_f ' e

ol 5 AL e RSSO R O SR o e

mefifighea klock fdin3 Ol anporhlby-vgeim@rdtidedvatue is a fixed-divider value plus a
t enporal | y-varyi ng. di vi der val ue based on the

hase
phasp digiat Thinphase yaue is deicemined Miornthy feqpensy QdplafinR pREporm. The

! : AL g |

ok BB i (LA Bl K psd cn

phakh enodnlatipn signale o dékenepieryfemboldament furtien theludesmsanisdor splitting the
tracking the dulation of the dithered clock train

phash g flop FERtTERE 3% GP0 REPRUPEISG RO SioR SeB e Pihes for

dela @O s6¢dd@phbscAhbdilitah sighal Wih $éhedtto SRR mbHuRtioh Bignal to
first nmentioned clock train. The tenporally-varyin

: rall g
thegriaftercratculase the differandeibeveen ifivstdbpsovapdidation signal anglagsecond phase
: Lye. | t g i t .
ol (D RAREeY B el Sl TR R ot frtr fnudes
meandforladimy the phadeanlvenc thedBeddbdaa viabre. g @hak ivalye idy@roportional

hase val ye base n the 5 phase noduyl atjon _signal . .
o b doGattans SEBotraHERy R T WaCE TR P the igial
fre§itnty HoBGlatifewabdieRe TRIMEREhO MBI Wikeforh i§ 8peAddc or
second phase nodul ation signal’s; and neans for
quakeiperjadagy Theefremienesomphidaionyangform 19 a teangtewavefarm. The exemplary
espect.t0 t.hg first dulation sianal .to thereafter
embEHRERL et BfyiorEiann g bl B ERRk s
nodul ati on signal .and the second phase nopdul ation

[0Qi1hn Arccordingdndronediie rubetimsrt afdheeockripseadingmgans.yhe first clock

BTG IE T Bk, W30 Syt Biin o

freqadna of the piitbgred clook &hin tya fixted-mdeliphern vaitueo fThe kemporally-varying

.digital-frequency. nmodul ati on wavef ormfromthe center
aifgel e i 4 PR PR 48108y FRALOSMSHAE BrRRencY of the
sedoh@ dlé6K EXin/TO €hiél ﬁ\@#ﬁ@ﬁbgﬂﬂﬂﬁf fEtR1bEk Paif eluli@slied bPkhe fixed-multiplier

quasi - peri odi c. e frequency nodul ati on waveformis a
valug japthgivideddy dhofixgd-dinideryadum | Ereyexemplasy erpleqdimeny fumagr includes

. ¢ . . . o
D T AR AR e Lo ARRBERIcef il Rt ohd Bl mbulpion signa
and pisecadd pgrtive afi $he hiase hpdwdation| sigrial, wheedim these@nd ipgrtioalis

clock train. The closed-1l.0 ontrql S IS.
B i FRIPYE B O 6 PRGORT FIEREF S s phase value
T iekERHI8E rhtdimént Frthed YncBudes HR ot adcmh%' ik pHak ¥8lue T fixed
‘temporally-varying divider value is a tixed-divider
diidgryelugtQ gengrasp thedemperaldy-varyn et diuidgs exlugy cThemesgne fg yragiing the
: e trai.n . f ir

il BF B el B 8o HEAR Bk bt ebace o
sesoak uidch mairdls aiptesk- oykddHeorf dircait-{0022] der Abetteramddistanding of the

exenpl ary enbodi ment further includes neans_for .
nafisy %ﬁw@sﬁswg thi PRSP LR iR TRERe e g THGFEeRP G following
detaN8d BEREStidPAHA BE béb@m‘f)!aﬁbﬂﬁ% dradithsa second portion of

t he phase nodul ati on signal, wherein the second

portion is tenporally retarded with respect to the

first portion; and the difference is the phase val ue.
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The exenpl ary enbodi nent further includes neans for
addi ng the phase value to a fixed 25 divider value to
generate the tenporally-varyi ng-divider value. The

CTock train abiEFIBE Tn o SRECRAIFBRS (o (o

[0M@8eFAGE] B a shapldfivd sch@gdtictorai fitsi Sodk tRlRSRE 4 Gekadckpeain clock
circuit. [00121 A better understanding of the nature

traigrihat seRyhe geperated fropyibie fire slogk tawyageprding tewpe smbadimsaof the

WA .erence to the followng detailed description
preﬁ%’gq?‘%gﬁ‘g’{dconpanyi ng drawi ngs. 30 4 BRI EF DESCRI PTI ON

T W NGS. [ 001 FIG, 1.is. a sinplifie
lo‘ﬁghe?E@%afsnapﬁg?dﬂcg%v%wfﬁ%w 5Haulgpoglésgr§3-t%§m%%n
spieh®6pectrith @19tk it adiBiindo 889 8Bb&itheht Sthé PRsdnit friention;

clock train according to one enbodi nent of th

e
€S i : - [
OBSE S0, LIRS of O Sk el L EE R e
clogk trafir ®eashdBigas bhdiembddinbnitof didprasnomdempnt sndone
enbodi nent of the present invention; [0015] FIG 3 is
[ vehpf: Y = 3VA o i by i
(0B 6F F1G5 A 1 el by L AR of iRy cbbBhcits of the
preseiouivembont. of the present invention; and [0016] FI Gs.
A4A-4H il lustrate various inplenentations of exenplary
enbodi ments of the 10 present invention. DETAILED
DESCRI PHESNTICED BHEIERIARIORNBOBKMMPISA R ¥ EMBODIMENTS
resent invention generally provides a digital circujt.
[0 TbarEhepsesgridnangpp generalyioyides,edigiel cirgpil apnaeates ay;digjtal
cirfbhrRit oo I ARk, MRk e I PHEE RRkent invention
prakiidgstaadigical crreniit appetahindnd digitsieieradimghad ot gorkadipmes tibcknspectrum.
[0018] Spreading a clock spectrum such as a digital
[06189C Ksp3RRfTor diTbckl s{il@étﬂﬁ'&,%u@rpzis%&igﬁﬂ cl&ﬁ"é?éctﬁfn, SdcP&des spreading
pul'ses | a clock train over a range of frequencies.
pomep! clogkepudses il aglock fraig overheamge pE requencips. riHG. & line mplified

A 000 R RSS A EAREbok, ME oA o

rarn acco

geheraet frerbihd ifire Riock trainrecqiimgao tin iembeditieanof tRéipre&éht invention. The
edges, of the sprea -%Fectru .clock train are di.ithered .

edges ¢ tRe A SPESTYIH Pl fratp apq redr withyresRect fofhe ALt glgclpfain as

indiPRe®by MSrbWs i BG. 1. ThRRidkk palsest thE EirPElobn Bathihdlbe digitally
k be d 'y d dto te

clock train may i gital condi ti one genera

condigiongst te ganespie dhe sprgad |smp{krupqﬂlgcé<qul$pstim@1e spread-spectrum clock train.
spread-spectrumclock train. [0019] FIG 2 is a

[0819]p! FIG. 2ds s sipiified schefatc of 2 civduit 200Qcardiap tb tige dntbodirRent of the
enbodi ment of th resent invention. Circuit 20 .

Presqe| o Sk Sﬁ%ﬁg@@%@f) BY Sﬁzwsraaor\;l@? i Lyfrigble divider 210, 2

firdd At &RA1abE 915,38 second accumulator 220, a delay circuit 225, and first adder 230, a
second adder 235, and a phase-locked loop (PLL) 240. Delay circuit 225, adder 230, and
adder 235 are sometimes referred to herein as the phase-value calculator. According to one
embodiment, each of the forgoing listed circuits is a digital circuit. According to an
alternative embodiment, the PLL may be a mixed signal circuit. Circuit 200 is configured to
generate the first clock train 100, and condition the first clock train to generate the spread-

spectrum clock train 105. The frequency “f1” of the first clock train may be the oscillation
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25 first accumul ator 215, a second accunul ator 220, a
delay circuit 225, and first adder 230, a second
adder 235, and a phase-|ocked [oop (PLL) 240. Del ay

fre§ ge]néf?it a f% mﬂlgglg %focg,ss%%:}h a0 9 ﬁrggtgfjosg llngrc 2?1% 3 eg%%t flrequgncy “f2” of

the&@fe@d-@pdwuﬁl(blwk&raueﬂhﬂfﬂ 1€@nhan eqed top or pReetef Mag@d N9
l1sted circuits is a digital circuit. According to an

er ' ' t
03] SR8l SR et ARy T BT o
theffirstsfloak|traark 1 A0 siturhirBdy; beamdignalrvdbckitam. t Tre ﬁnstr cdocketiraog ks transferred

t te th - tr [ .
frogi Uil of PR EHS Eetrete 258 4 ARpR Lo Rt RR B e 20 ygrable
divider L@ is@Rffigdrad iodgenerate LdittRAECIStk third 2€Ltha MR aTEquency “f3.”

cl ock, such as a crystal oscillator. The average

Magre é@ﬂqéweuy, thepvarighle dividersp pendigneadede drvida e @r@qufmca fhoftheclock

h
el et soEE Ehohfienin ® GRYGR tHORSY' duhay e 453 hgate
(e.g.3 128)%&1 Ma%etaquﬁ@m;m & &alub (R fdriech 36 h&lefhois alphasdvah2.

whi ¢ digital clock train. The first clock

Gencratupn ¢>f§¥@ plase elpe ediescrinedin detaibbelpwt The pbissokrlugmayee relatively
nerato an_in ut of, v rla Ie
g RIS oIRE Moo Botne aEbheb Bl e os S HRLPE S €t less than N,
or @lhalhse (€8l, 20 B8kKs TekPihBn RYSThdodlud @SN mafyrb@qmm@yclﬁécﬁor may be
Mor e speC|f|caIuy the variable divider is configure
8

specéfied By adfleer cieuitsy @Mélﬁ‘é’y) that a5 coupdedcip grRuit 20 T}heoXﬁllif of N may be
sp?c?lﬁ \(ﬂlléggfgrdm\é% yga%icula? | pPiC O\?/lla u%ﬁlckl%n‘gﬁy?(lio %?ntend&d

t aryin (referred to here n a
lﬂ%is ilvgrqéé}n&k\f@ﬂ& ay L%ﬁﬂ&feﬂteﬂ droph AR eUtpRY Qfhs ariable divider to
an qjtﬁﬁl@ bf Q@thl‘ﬁtog Qtl § bhd Q)%qwaut-g? PLE |’2§§ © AVBUHRaiTRY 1 @@ometlmes

relatively small conpared N. For exanpl e,
refaiyedlohterein ag m@eqﬁen@y mymb@tomlstcpnﬁslrbdawcpmmam the @mhered clock

Uaﬁlan'grll%ﬁl%re%r%mg negzg? 'f%‘aﬁencﬁgnsodgﬂ?s pgf)&w?fl-orxglg Zg(glv%iﬁ%hgéla%e a digital

user ecl
sighbl. CTHetfeeq(étely nﬁdﬁﬁWﬂmbnMwéfoﬂﬁ Enay b Pleftoldit or qmafstpﬁrtode may have
The val ue of N ma speci fi ed according

2 V3BPY; of ghapes. Sph %Séaﬁ%%arf G apivet, teion, sapsigiguf o the like. The
fre'qﬁérﬁ:?‘i’ﬁ&iiulalién WR9&bIm R d28 5? er&hpzd@ th il atéHthe PR dsel%? clock train

transferred from an out put the vari abl e di vi
1080 gensrate b ditheradrologk tIﬂln.Zmﬁlng dithered edges.nPprcifidallp) the frequcncy

2 Accu Iator 2 onet i referr erei.n as
S A e S SR SRR b
acéuigulskof DBy (@dneﬂuﬁé:d(refdrfed itdherdifdhs tHeaihade MaumgRARY. A &usulator 220

frequency nodul ati on waveform 250, which gag be a

is gprisigpend 10 agypwyate fh%éreﬂkl@wéﬁlﬂsiyl%@ WexefoBn ap@iscrahgphlp receive
thdGitReLd (difkctsaﬁg frOMARS Vﬂ'ﬁiblé)d:ﬂ/leela U@ccpﬁﬁlaﬂﬁ'\@o %@ﬁﬁ’tﬁer configured to

variety o as triangu sawto
gen@atedzmhpse macbﬂatmncal@lab% X fiem th(@curﬁh]etedffreqqmwcg{odulatlon
ul ati on waveformis used by circuit 200 to nodul ate
Wa(ﬁonfﬁlhase of clock train 100 to generate the dithered

cl ock trai.n having dithered edges. Specifical l%/o} the
[0072] U srOydingoRRe SMbOARDL RORIHSG ¥alug I Pssnartiongl fortherleyation of

th@fﬂe@iéhc;pf‘noéﬁﬁmé’&e%m?ﬁémtt& ek BPHE fféfquency modulation waveform.

For example, if the frequency modulation waveform is a triangle waveform, the phase value

may be proportional to a value of the triangle waveform above or below a reference line 260.
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accumul ator 220 (sonetines referred to herein as the
phase accunul ator). Accunul ator 220 25 is configured
to accurul ate the frequency nodul ati on waveformand is
f t I § iohsFonf ; i
Mo?eﬁ%e&%%lgg &l dJ ?ﬁﬂh‘é%hﬁ%‘é@#&r g{é%?ﬁ%ig&@?ﬁfohrs%glrlg tBf8ferred via

tweceirdhit gathe d652mndg7.66‘3 t@dden23th a(SlecmmJtH 265 o gl lgrm’noni_?(&ﬂiayed
fromthe accunmul ated frequency no

| ati
path.obyoyit patis 6030 My nsludn delariseihem tgattlﬁ %or[sl'rsa?@ 9 éPlazé theghase
mo@ﬁlgf?(?{a stix 2?’! \/\%‘\%g cg){r?ﬁ] ci?&‘{f rﬁa‘ﬂ}]%@agféf%tt% l;:ilg gglgst% rﬁéouﬂgggﬁggal in the first
cirquitchathatDaday cieonef2d6 mayreiaydhapiuse modﬁlaubtemgm@ gueirmnt path 265b

basf PO A BrS SR ol ARG i BBl bl 7 fetavea
phié8 ¥RHARAbBLI NS fidin (he phikeanddRifioa Rl thites B&Qiela@ed\/bﬂit@ted

speci ficall z to cal cul ate the phase val ue, the phase
altqrpriiyely: pdsler ?'(bﬁézpnﬁ&urfdf {orsateuiaicethe diiference,dn e pesermoduation

s1g%ﬁ3¢ﬂ§1f%@i@“tﬁﬂ9p%ﬁﬁ %e@%@feregcé f4hd RH%% g'bo%ﬁngf}on signal at

e a non rcult

diffepspk tifhe pdiziteiy tied phasy ‘tfahi’e?& Tllim;bhalssw:lw& 1sgtuneﬁrrtad) frdﬁﬂ adider 230 to
the#ahase nodul atj on signal in _the second circu

addsa 250, retieh is genfigiredie agh fxrhasrivalen todhe évfeg‘n‘@ﬂue.hﬁtq $Félerate the
o ARG Py B BeePE PHLLHnd BKBl s 5o

thetﬁ‘hﬁsdrﬁcdiﬂamﬂ mmﬁeuyeﬂ octhe déhy cAdeer 230 is
configured to subtract the delayed phase nodul ation

[O(ﬁb? nals the andeﬁgy ﬂB@lﬁ@tl&P\gWeﬁ;ﬁrp&aﬁ% ﬂﬁth t‘irﬁ@tso%@ d&3lthe phase
ayed. Stated alternatively,

valoenForgxamglet as tha freguency modelatips ﬁv@mfmnm, 1lhh eh@ha@ble similarly
t different . "tine

s P PP e P A et RS deetsoRR i RS ol dfigpory

de@taséd) Thd fhREEMIud mAPdqPtaat omSe pdiRivRRARE 1/ aheitibe vdl heas the
phase value S is transferred from adder 230 to adder

phasgamodition wayelopn hyigee drurthendd thehagsvadue changrs vifh e so to
do£§ t)ﬁg gleC%h' V%Pé\th-pﬁ IR gt Eﬁgxe dg\h rqrgﬁlc ﬁjc)?algl Hat?gesgthe

Ive Oor posi Or ex
vaﬁi‘tﬂe aiviien thv1deh meﬂ’fm}amdyd‘d ol diei ﬂ:rElt cfkbcgnaﬂm bypthdsd tampdrahy changing

t.he delay_circuit 0 As the fre a
g R Bon it axaie, g he fividst valbey ptiggantor Al piths dilpgied clock
traﬁ@ééﬁ@rate’ﬁcﬁy R R4 didided Ji@enfdr(%luﬁl@ Eqiad i bathe Ql'ﬁhered clock train

wavef orm ri ses, the phase value sim!|l arl¥ rises,

deersasehe arid @zjh@fh:@;dem@lwsaiepmseﬂmwﬂmsmf ltimﬁd@loomrétm retract

. phase val ue ecr.ease h

G B0B5 Bl BT B 1R TuB G e
cldch@rairpdlas gesrip dpﬁr&imﬂtely\al‘e difequi¢ncy b&ﬂ@é&quﬁmyhﬂ&&iulauaﬁ waveform

t he phase val ue changes with tine, so to does the
[06124‘]' d&éco}’cﬁﬁéjﬁ) dﬂetﬁodﬁ@hﬁ Qﬁé’fré’cﬁféncﬁ@f thdShadd MiABE of’ﬁla dfhered
or al anges, 20 variable di vi der divid
clctdkeraﬁnr mcruémshefopeltabletdh‘wch‘iwrr mnge:@ﬁ?i& 24 A]ccp;dmghastbe PLL can

Rk e 2P0 B Lol MERIRL gk v

to GeEHte the spread-spectrum clock train. As the edges (i.e., phase) of the dithered clock

train dither, the edges of the clock pulses of the spread-spectrum clock train similarly dither.

[0025] According to one embodiment, the PLL may be configured to multiply the

frequency of the dithered clock train by a multiplier value “M,” such that the average
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train generated by the variable divider extend (i.e.,
the frequency of the dithered clock train decreases),
and as the divider values decrease, the edges of the

freqUeY S B SR SRR i £ B 00 1 e Vi e R e
adj@fed B 8urtH the eQEkndPXib Q%E@%ﬂﬂe@ﬁb’ﬂ%ﬁfés at

approxi mately the frequency of the frequency
[002@83%‘%@3(;? \?@%ﬁele?cgle'ﬁot\?[e %@é%yé%%?épg E&%glteg%lgg fhe ngcthﬁn of clock

pulsbstcogihesing elookc ieainn 80 genitd §pread-dpectone ciabk &aldeltﬂécllﬂ should be

range of PLL 240. cordi ngly PLL can track and
undegsioddhetdhs Hepsal o %tsmh?démgft kéeﬂtf% e &ueTEplaplandthat yarious

stepnby ﬂ)é %sﬁtﬁﬁed%lfh@{eﬁﬁtl% Qels, 'étreﬁé Rxay Bgcml(?écﬁtaﬁd/Bpﬁeps may be

spr ead- spect rum cl ock train.
elnpimasé)wmhbut deyiation iwmetiie cmbgdhn&@t tepmscnt@ﬁ tshibe highHevel flow chart.

ock &s of .th d-s m.c
in G S 08 45 R RENIER S To B g B GR erdlE varying
divealgb oslhereni a sté305Pite variytle dRaddridikidedhd ﬁeqﬁehdy ¢lthe I:lbﬁc train by
frequency of the dithered clock train by a nmultip

the ORI YA P T DB P A7 P e il o Coreby generate
theg?ﬂ‘lﬁ}]%ﬁg@aggﬁ{ h%ltélﬁ r&l(ﬁ}ab%r\{iér%ﬁqhﬁ?f(dﬂdg)mglﬁde iﬁkeﬁfe@ll vafue plus

ust e requency
the\maéeatayleoﬁvhnthempcdal\baVam I ﬁ%ﬁ]% 1G;1tis fralumscyaaccumulator receives

hj. gh-1 eve| flow c art Vi 0 or spr the
the s ok et Bk et OG0 R asnErisS DAty ggduption
wad&iofh Bﬁs%d%ﬂraeélﬂmﬁﬂﬁﬁltdf Yhe cﬁltfé?éﬁ d16cK thhirl 0.2 s't%) ﬁhotﬂe%h&ﬁ

5 understood that the steps of the describ

acqungll}atanetveetIVGFSItb@Afr@mJ@n@w@ﬁ@l@nqn visiefarmalron) &e fsrguenayt aspamulator
ancggéﬁepaﬁ%sstﬂgéﬁds é)ﬁgla%xi Llsx?eh%%e'&ao%' a\éar:ﬁ%gtﬁozlt ef?l eeﬁlg%déﬁ%’y

mod&latxaﬁ waneformni hstepe3dio diephate-vaps mﬁmattﬁobatmlatdsehe difference
hi vel flow chart. .In a nltlal 00
betyiseh dHSTEETa iiecRoi T At plase pinelulagh Rl ot Cfftin & the phase

valu€"RO4 ﬁleﬂ Y23/ APHAS valthevik qg&ed"t@'tﬁ@ﬂxédﬂtaﬁle% &e@ﬂéthettélﬁporally
vari abl e divider divides the frequency o he cl ock

vartynm d1v11d9r vadue. Ho atsmﬁéﬂaa phase-dgokedipod |(K’/Md)epcwwsa1@e dighered clock
traf rg ttﬁ']er eg € d|1 {T ?J\ 9 gtlép %Ef_ﬁltﬂef* ?ﬂﬂ tlla § tﬁ\p Xlog&lnt% (gfeche dithered

clodk Vﬂaﬂﬁind\&l{euiethb ﬂﬂ]lld]tetEﬂoﬂhealﬁ itex gehevad: aml qﬁnltpm thetdp&aﬁh;ﬁﬁcerum
V?Iue, which tenporally varies. In a step 310, the
cloe ncy accunul ator receives the dithered clock
train fromthe variable divider, and generates the
[062r7aaq dlﬁf@yinﬁmdwltaf igores dMadef varioub axaseplars ixaplcmmnﬂaéomf the present
t her clo k trai st.e 315
B s P o PU 0 B A PR afhe il e s BB58ea ina

hattiedi §if @ive 4000 Mk Peeséritenpeation mag @mmeirﬁhmmemd)oﬂﬁﬁ g bR essing
t he phase, nodul atj on signal  based on_ accunulation o

anélﬁécqm@é; GEFHLS, wmsla a#ea&cpﬁfﬁllw\lél\?é?fé?w Fighre 44605 p somge
mgféﬂ%ﬁfa\ﬁ@la 1fg‘ﬁ§i rbese %ar@ér%hﬁ&leﬁrchﬁ Boidd & NG %1rcu1ts (not

et ween poi nts of the phase nodul ation
shswg)rlaIPDD]D H@O dmdyfpewc@sec@ta, petfomn mthsgandmxleu@ypﬂlcm, acomp

caggﬁgpt he }ﬂllpdg?aetp?tx}s OI%gStdto an 01h reecglvc or\r{%lmagnetlc storage
medium 406.

[0028] HDD 400 may communicate with a host device (not shown) such as a computer,

mobile computing devices such as personal digital assistants, cellular phones, media or MP3
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20 varying divider value. In a step 330, a

phase-| ocked | oop (PLL) receives the dithered clock

train fromthe variabl e divider. In a step 335, the
1PLL t(h%glgi % ?‘F tion of the d theréa clloc tra i
Play ey 21t & APHET GRPHETEES LROER Of MoFhWHEd Feir 8?%”3’618‘““’3 ton
lini&W08 U HTIH 806 Ria BE comiREfed tinefmbof 409, Eidhhs rdrdBr dccess memory

Referring now to Fi %ures 4A- 4G, vari ous exenpl ary

(RAM;)J adpwratandyorpsvelpti H@ermrégwh as flash memeny, iread (mlsememory (ROM)
gg 10 4A, the present invention
and% erSﬁr%t}))%délé da@h d| sk drive 400. The present

[OGZB}IeRbfeﬂﬁhng tonmgm& tmlptreh;em iaverhioh Ii’n@Ib@re&ibodled in a digital
prqc ssm ntrol gircuits,

ar e .
verg@ﬂ% 159 (19 Pa@qu 4)1.0 e PIgSERf iRYensiAn aftaymzfemeﬁt gihgpor both signal

o A0 SHO O O SBREADD SRR ok 0 15

maas)@atm?ragcp deafDYBtdaive r&é@ f &gmlqggm:qqgn@nmj/@rcontrol 01rcu1t 412 and/or

encr erfo aI cul at i , d/ or .
ouGE i R iR P R ot B e Sl peporion
perSéred @lRilativRs] iatiVod @mal Q02@ht 164 ﬁiﬁyomtﬁmﬂtt@ﬂﬁofan optical

with a host device (not shown) such as a conp

StOFRRS me@%ﬁ%ﬁnmﬁgms dplepsniations, signy SracsHane %mdéﬁrtcamrol circuit 412
an @SR r%lipcélk e(‘ﬁg g}wﬁ 1@959491 feras 9158 prfoxMD Sthét iﬂh&%ﬁg Such as

and t ot her eV|ces via one or
encuidirgchnd/for deqodingsmd /o amyiotherasi grah procéssing fmﬁ&onﬂ—moﬂ,ﬂeﬂ with a
D\ﬁ}éﬂ.be connected to nmenory 409, such as random access
(RAM, a low |l atency nonvol atile nenory such

[0639] flmsrb dAREMTV/may BSEmARHCXte B IDInYo vic@hdt Sowal) Bieth as a
suitabl e el ectronic data storage. q£00291 Referring

compwier, ¢elevigon er afBer derise iacgie AT Moty wired ehwirplyssiemmunication links

41 inB% Eﬂ) ﬂl{fy cont e%{u&ﬁk w1t\ﬁ§ﬁaighktla %togzig%gllﬁé 'ayl?%topé’s 'd\iﬁ ift 4 Qonvolatile

he "pr esen
mahhgN Mass [detacesaderdd 8 ane)/ 1Q<Eludromhz[rd Idiskidtiws I(HBD) \@ﬂmhcds tieat hown in

.ge aIIy ent| |ed| B,at 412 /or . mass
F‘%%%S st8F 813 W’?ﬁﬁh%%‘ ipglgdesgng HBWOﬁTgE%%%WYQHg a
iR Qhat @soaﬁaru& t}féh ptokintbiely 2188/ OVD i By 6b Esibetted (dbmory

shown) in DVD 410 nay process data, perform coding

418t s RAME RSN olow lmnpsemrwpmlheamemmatsudn@ flagh enesrory, and/or
otﬁe?rﬁﬂttbl %c@roh{&acfata's?o ead fromand/or data witten to
an optica

orage d| um 416. In sone
[0031p] eRetertiag nowso Figugad, the pressis invgntéontthay becentiadidd in a high

ircuit 412 nd/ or_other circuits, (not shown DVD
definijop éﬁ%evaﬁl%(@f%m ot HdresenHaY §iioq naydmp enbﬂ@tsa Phpth
51§1 térBEesSRE Sl B ARET ﬁfcuﬁm(v}ﬁ’é}hﬁé géﬁcgﬂﬁj 1d9.{tﬁﬁ:§~°ﬁ§F re 4C at 422, a

unctions associ ated wt Ddrive. 15 [0 DVD

WHAN/gtedface sraljorauaserdata @m@e\mf ﬂh: I*&IaTmﬁﬁuHDﬂé“o Aé(ére@mcs HDTV
1n1;v.}|? Vﬁg%l&? u&ﬁme?? wired %9?1) & [e§ forth la%w %ﬁe‘%gte?f{DW&{ plﬁ%}r%?‘iﬁ fora

nore wre r wwreless comTunlcatlon
display 426. In some implementations, signal processing circuit and/or control circuit 422

and/or other circuits (not shown) of HDTV 420 may process data, perform coding and/or
encryption, perform calculations, format data and/or perform any other type of HDTV
processing that may be required.

[0032] HDTV 420 may communicate with mass data storage 427 that stores data in a
nonvolatile manner such as optical and/or magnetic storage devices. At least one HDD may

have the configuration shown in Figure 4A and/or at least one DVD may have the
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417. DVD 410 may communi cate with nmass data storage
418 that stores data in a nonvolatile manner. Mass
data storage 418 may include a hard disk drive (HDD)

: t Qat. st 4 :
e R TS e T D B0 cp

plafléls Hivainged diamleteathat & sarubibil than aﬂmmmxamﬂyok BYraHBITYV 4208thay be

o e 85 SOTSSLE L0\ FSI £100 S0 o SO

fladHERRhOty aBOEf &Ber éﬁitﬁ'@lé eREdAOHRa Slogizlr BTV 426 leo may support
storage. [00311 Referring now to Figure 4C, the

corpeean withaW hﬁl\bwamaWLbél retrbordti inigrinee 42%i gh

106351, Rt kBBt U esrByenffRbERER g gonirol system ofe

velRE10 8% S WU ARG dfac€ it/ 6rahass d41@ Widrsge dmmwehaﬂecomrol system. In
generallyldentlfledln Figure 4C at 422, a (Ql
SO eTRRIEALioNg, (BT PicaRsd “H’S‘?t&’nsl?&\leé’é"éltso? POHE TP PORLQ Gystem 432
thaH%Ié{vés%QpJ@ BBV o'r"Ql-BYe se'nEH?‘é‘ Suchl dRéthSerhlireRiehddR, pf?bssure sensors,
or - Wwreless format and generates HDTV out put
rotanogmkadessdm rirflowdiesolsand42 euy dthesmntablespisersemtar that sqnerates one
nal processing circuit .and/or.control circuit
or Bith e B e sieht i e L e Rt S 58 plsp of operating
pafdfn@RfS endlé GtherRBAErAIsiEnaRdi ng and/ or 30 encrypti on,
perform cal cul ations, format data and/or perform an

[003¢th e The prrsens invepion mgy slse be prgodipdin otagr coBITelaysiFme GXO of vehicle
43@0&?’%{;} Yn ﬂZ@ ¥1k8\9{§9}*e!3b1%‘%§n‘[9{‘5y8rﬁ% Bt Al §4Zﬁ A%F output

$ores ta I'n"a non nner suc
contfdl isigahls sm@Hecrrr niag oetphtdeyions dire hiesmrrxeempleﬁctentaeam, cmﬂml system

DD h th [ Fi
T T RN T T .
sys?é}ﬁ%éhlblé:ﬂe%{aﬁcélﬁfsteﬁh Q 1ddeldepRyurk Systenil i ad it elchaée control

i ncl udes one or nore platters having a di ameter that
sy§tem saehicle entﬁmmragmsbstemm@l ag ajstegeo, D%lﬁ?\pomcfrﬁw apd the like.

St]ﬁl nkl)eglcl:ttg? %{ntgr? AlTEAOLY o & ?éi'np?lﬁlt&!l1 as RAM ROM |ow | atency

Menory suc ‘flash nmenory and/ or other
[0635] t Folwertediecdrtal sstaa izl SbpcaghunidhleWithitasldan smig{ge 446 that

ort 5 connections with a W.AN vj N netwo
stqr%&@fafla@éwnz@}atﬂpmir Rdsss ﬂ?‘@ﬁﬁ’f%ﬁ?\ﬁ“gdn%’ 15@}1@6 %wa *wéfor

m%@ﬁ@ﬂ&raﬁ@&@ﬁéés‘f dxaRbRTRM EsifdiGRRHD afd/et BRI A& least one
vehi cl e WLAN i nterface and/ or mass data storage

HIP mayehave Hiesionfiguationothowydn Bigura 44 arndjprat least one DVD may have the

cogfgg%ﬁmmhg&n%] ?%ggf‘e[fB p SQQ?ZHHQ{ ﬁ@% h'l?l[ﬁ H]ﬂﬁltﬁmtl c}e@ one or more

?%Jn con sys recel ves I npu

pldticBy MO NliadiOELthass Smﬁﬁershmfappﬁaxixﬁms@/rlaﬁ’u rPEw&EEﬁﬂﬁm tantrol system
ressure sensors, 10 rotati onal sené 39 | rflo
Vg

433 anaydres OBRRSISH o Emasy A& T suchias RN, R@NG dove latengy apnyalaiile memory
su@l’? efiah e an@br SRESuRAHIPHECER G4 sidtd gé‘ af’§wéﬁ§i!ﬁ c@fitrol

engl ne operati ng paraneters transm ssi o op er at I Ng
syptamai3é tabso snayssugipart cartniaetrons withraoW LaiNyvialasW LAN network interface 448.

The control system 440 may also include mass data storage, memory and/or a WLAN
interface (all not shown).

[0036] Referring now to Figure 4E, the present invention may be embodied in a celtular
phone 450 that may include a cellular antenna 451. The present invention may implement
either or both signal processing and/or control circuits, which are generally identified in

Figure 4E at 452, a WLAN interface and/or mass data storage of the cellular phone 450. In

10
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[ 00341 The present invention may al so be enbodied in
other control systems 440 of vehicle 430. Control
system 440 may |i kewi se receive signals fromi nput

sonts 1%1&30ern§en€’a%1[%n9 '391/ L p%%h@ 350 1njcﬁ1d%9 Rh cqh%}gopg 08 anta%dﬁ)rb%tput 458

EVC

such anh Epﬂak&}a&%ﬁwfﬂcﬂ@ ouamyit jack, patisplaf 468randlot bn irrpokdém:&l«im Guchasa
tem (ABS)., a havi atlo stem a telematic .
keyg@itpemtma d%ﬁff’ dpKee rfher gppt éﬁwcsng @@Eamﬁsglg and/or

cor®b$ LifiHits 850 ALARIINS cﬁEM’tss(ﬁole‘TB%? n ceﬁﬁ(ﬁ%@mne 454 %{Hycﬂr&ess data,

entertal nnent system such as a stereo D, conpact
perttirmccoding andyer enckyptionSpdrfarmaialeatationy femahdais aadier perform other
cel nt gﬁl@t etd. 20 [ 00351 Powertrain control system 432
e with mass data storage 446 t hat
[00317]0r esliglat }iholn@ 480 AP ¢omatunlcate Witi@kss ditisortlgd #64sthay B@res data in

may i nclude optical and/or etic storage
a n@r@«ﬂlaélé%mﬁ@rer 85CA 5 I0ati¢ph Aad/ax R R SRAEEITEY SO Ve hard disk
a9 B0 PR B, SR R A OB i

4Acodbr giieast omrnDSiDamy haveFhgemmdigdfatiofl bieovHOD Higye BB. £he HDD may
m ni,

be & i JHIDdhot SaelicRF DES e e ety g Rt s Sldnan
approXIRiatel @i 97 . Coatul & phot s Hﬁlﬁ'naf%@ cOB¥cee tCRBn6AL 458 subh as RAM,
menory 447 such as RAM | ow | atency nonvol atile
RQM#@W;late@qymna@amlle aramaery swhyasigh men@nha,rrd/ @ Athegisiigable electronic
{
dat% é%?aéreo @eﬁulgﬁglﬁog%tg?? ngg rr]rh g%pﬁggr[ &nﬂ?cﬁ%m {)@hﬁ V%iﬂl@@a a WLAN
net\%ﬂ-{\[nmfawnd’;x interface 448. The control syst em 440

ma o.i nclude_nass _data storage,. nenor an
(OB KB a BB 4 fsregid entlp@m]b%ﬁ@f SRt g set top box

480 %ﬁ%ﬁe@n@ﬁﬁr\/&tfbﬁ méﬁﬁlﬂ%’rﬁ&ﬁ @fthér'?)\‘ ﬁ%'s%aﬂﬁ%cé%ﬁng and/or control

ed in a cel phone 450 that” may include a
cirguts| whigh meembly mnnﬁedrmé? igtre $Ent 4843 ¢ IMLADNntepfpce and/or mass

datggﬁo[r%ggl & s%t Wg(l).gﬁétqoéb(g:ggéeor%ﬁ?\ge%lsékﬂg 1?6@19 %ur{ce such as a

brdadBatidssodice ahd ét&ﬁuts staiaAlN ahdYbehibh defirdtich audidraigiso dighdls suitable for
st or 2%2 of the cel]ul ar phone 450. In 10 sone
2 disminyetve sueh 3sorislevision andier MOREAkangléy ofhek Vidae and{or audio output

deﬂb% QRAAD oé@@ %ﬂd/@i"%lﬁro@ Bl 4‘§I'§?§nd/§ﬂ'&ﬂer%§rcﬁltss@1%@ﬁﬁ(vn) of the

/ or~audi o outgput jack, a display 460 and/or an

setitoppbox 480/neeproesss slat@hpqﬁnm colmgpad/or gwiryptiongpatfevingalculations,

P VoI get acﬁa{uatl n aapld/g{% ot I@gr x@ﬁttodew ce. Signal

orﬁﬂa& vegy ar%eﬁ Ay @ pli’? %52 and/or ot her

[0639] C Set Sop(HORUSS h:am)mmnumkd \uiuafnawumrélﬂé@e %y thpr AGresGata in a
data, 5 perform codi ng and/or encr ptlon rform

nopyglatile ﬁta%‘ﬁs Mgsg, F‘ﬁﬁﬁtoaaﬁeé"ggﬁ%ﬂ‘ydpc B‘if'r 36‘ § fnagnetic storage

deGigkd 44k &fa Qﬂﬁd fd&éﬂ%ﬁb@@ﬁnﬂ QP pst | M Rhst Bﬁﬁﬂﬁﬂ% have the
may conmu

Icate wth nmass dat a storae464t at so
contdgiaation shawnan¥ighmt4A endfemat éeastsmrD\éB negythage l‘heaamdﬁgmratlon

showg ef:l glre 4tBo rﬁ%%{]gﬁvnlxgyel?e e]: Rini ma? inl?:ﬁlrdgs grixescl)(r more platters having

a diameter that is smaller than approximately 1.8”. Set top box 480 may be connected to

memory 494 such as RAM, ROM, low latency nonvolatile memory such as flash memory
and/or other suitable electronic data storage. Set top box 480 also may support connections

with a WLAN via a WLAN network interface 496.
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drives HDD and/or DVDs. At |east one HDD may have the
configuration shown in Figure 10 4A and/or at | east
one DVD may have the configuration shown in Figure 4B.

I ma be a. mnj.HDD that.includes one or,.npre .
10405, ereiRtorh e Biebiiharprent B aitpebe eniehin S media
playBPA T2X I THR ppeds¥nt inventiofRlal i plenAO& e 800 MR YigRA processing and/or

connected to nmenory 466 such as RAM ROM | ow | at ency

copEtvEPuts Whicherossperslly eatified dxiewe 6T 3t 4dhay WILAGY inderface and/or
m3Y AR ot o b e M £p1a (U39 S PL A pidin il s RARELE00 472

SO may support connecti ons w
inclides etdisplaly 476 ned/baxeses Bdut f OS] aRekeypmil nguchpad tad the like. In

Fi 4F, .th esent invention nmay be.epbodjed in
solg ip g etions.ymBLic pHEcHH LR SPRPUA G BHHhge ATBREeUD ta
typibdiRRpNys l?ﬂ%nilsﬁh@f‘@dwﬁﬁx@ﬁ@ss foR@ arte Do Rk IBbk inter£a'ge via

‘circuits,” which are gene(alfy identifi‘ed in Figure
dispiay4ga angfossaNInprt €17 ddedianiayer 4 7dugher dradledes to pudje ootput 475

S 0 Lt OoR: Db 480 recejves signals
suil 3gbalsh Bnd el kB s B SRR oo PR 471
androt phitrsciguan@iat showmglbdmediia Phayded 7uinky process da@/ perfhem coding

ignals suitaple for, .a display 488 such as a )
and/oT SR SIHG: BERAD o lSBifowy Taal GHa BRCHePTiPHE any AEmedia player
ardh 0 output devices. Signal processing and/ or
control circuits 484 and/or other circuits (not shown)
[0G1] t Hdedia playerciy 2 masy co8OnUBGatpWith @sass diats storage A7 @ that stores data

odi na _and/or .encr,yptipn, perf.orm cal.cul ati ons,
sugh s RmeReT el SIS B o iR iRy B GioBFol e TapRety gy some
impléfiehia€ibns, & doRPpeiidedoRbic MBs PRM1dE Bifks AR afcUBRPNaAAY B MP3 format
with mass data storage 490 that stores data in a

or AT BlitableIcempeassrdraudiorsd/og yidgo Semratg el heguasadgta isiosdgearay include

i j: I € ] I
opflEi sEgbr BAEHAL SERAREl oo EARRIC AR REIM L HBEA I BYDs. A
ledstore HIRD mayomive ther aniigurasérostrowinnin Figyue €A 4Ad/anat/ledst aie DVD may
| east opne DVD have the confjguration shown in .
b T P BT PP T EPUIS A, RGHIDEDERY Pot miH Ao 85t nplades one
or Aor&Plaflerd hadih @k idaRYdr fitht 3sndal R BB bEFrokiRAkel} $.88 ™Riifiplayer 472
than approxi mately 1.8". Set top box 480 may be
maydrerroanested te mamarp Y3 904 a3 RkMaBORBNw Ramicy nowvdlatile memory such
0
o P BRI PalF PRI sl Apoh B30I MOHELRYe G 2Rlsg may
support cmppaiohs withpadELAdINEa aWLANaneidil intereface AMAN

interface 6. 11 [00401, Referring now.to._. .
0By itetaeine i el the PRvun B GRS & i over
IntdBEt Protdtof f‘gk_%ne ER® 1Rf B¢ ﬁ‘ﬁclﬁcfévaﬁgxhteﬁﬂa ey THElrﬂr&%ﬁﬂhvention

either or both signal proceSsing and/or contro
mayi implgmaent cifiier ohbeth siggelmspcessing andont dohirelkiicnits; ivduicheard @nerally

Bt s Tt AR Pl TSR T 9 v
phoeel4g8. dhayee irg2mbntatiais e phol 9pBiayludAHingiet, ®microphone 487,
ant’zla?lglré)c)lurflpﬁllfltﬁfS 94s7u7c:hsfalsJ g Igpeaaf(eraanla%¥ IC'c)uall 10 otut%lfllg _]ngka,da d‘rjilsnpcljayt xlglgmtor 491, an
input device 492 such as a keypad, pointing device, voice actuation and/or other input
devices, and a Wireless Fidelity (Wi-Fi) communication module 486. Signal processing

and/or control circuits 482 and/or other circuits (not shown) in VoIP phone 483 may process

data, perform coding and/or encryption, perform calculations, format data and/or perform
other VoIP phone functions.
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15

sonme i npl enentations, nedia player 472 may enploy a
graphi cal user interface (GQUI) that typically enploys
nmenus, drop down nenus, icons and/or a point- and click
|nterface via display 476 and/or user input

[00dBLi ¥ opt plyeme 483 zn&ywpfrmmlqawcwla BRsyintasierage o ﬁbaft storps;data in a
o AHLATefs? BEASTn LA ML 2108 RY B, AR o i
dricesHDID tand/onDV D oW’léasotﬁneerdDanw m;&erthe!lcbﬁﬁgmytlm siosasin Figure

dat erfor din d/ or encr rfo
4a 330t pfis s DYE AT naRie chmiiebracR b ure e The HDD may
be g‘ﬁﬂhﬁﬂﬁb@ﬂﬁﬁnclﬁ&é@ Ght 8Pmode Mt dets Mg Pa E’ilax%)é@f thﬁt7 i sii@Mer than

communi cate wth mass data storage 470 that stores
appfaxismatedt R a¥ obbphsme $82 thay baiconnastdde memeendo mhishtmanbe a

Rﬁ%%@\/lgio&j alteen nglgg\?quaégclz rlrr]lﬁx%ﬁgyg E }ﬁﬂ&{l&@t 8/dr oth%pﬁntable

eleGOsHN da’iﬂﬁtomgéh BB plice 4838 is mﬁgﬁﬂee tto edgatlish b@mmunications link with
conpressed audlo and/or. video formats, The nmass data

2 VIR pehyetkenpt s oi2 WSt sommunifafios modiie 6. csviltftﬂl%{ge

lma%mexl?tsﬁmfs% a&&aw{oeth&%ro@s&mé& acheVa?é cdilhfindd or  DVDs.

east one have the configuration shown in

RN E A X AT S

ilWstrative e dsBabnly Afd tHAE FarlPEmSQ fvati A o cRArEd ﬁlrlﬁghhﬂx‘étdd)@ will be
a diameter that is smaller than apFrOX|nater 1.

suggssted tqeasass skiflpd imihy ap andya he be swgludgd Hithisy the gpigt %rmcwmew of

e
entbb direg£200\MB dllea:qbbdlymf shéWAR asiredndimgya plsaspdpiocked loop circuit, it is to be
S Sy i B S5 e

BYENE1bRA-188Y chiftrof BleQsresiabiedao MabIE shdOWIR: thDhbiY &' fliency of
%rotocol g@?%) ho%e 483 P hat may |ncludé%§% antéﬁﬁa Y

thei@theretiedogsrteain nThqrefO@m the @hovmcnrmﬂnéh@ﬂﬂ nef herderstood as
Si circuits, which

hmlglég thg ﬁgﬁ% qf@ﬁe ﬁlggrﬁ oﬂ% ﬁ%ﬂ‘(eg %EC‘R%E‘%% at 482, a
mnreless |nterface and/ or nass data storage of the
Vol p phone 483. In sone inplenentations, VolP phone
483 includes, in part, a mcrophone 487, an audio
out put 48 9 such as a speaker and/or audi o out put
jack, a display nonitor 49 1, an 30 input device 492
such as a keypad, pointing device, voice actuation
and/ or other input devices, and a Wreless Fidelity
(W-Fi) comunication nodul e 486. Signal processing
and/ or control circuits 482 and/or other circuits (not
shown) in Vol P phone 483 nmay process data, perform
codi ng and/ or encryption, performcal cul ations, format
data and/ or perform other Vol P phone functions. 12
[ 0043] Vol P phone 483 nay communi cate with mass data
storage 502 that stores data in a
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nonvol ati | e manner such as optical and/or nmagnetic
storage devices, for exanple hard disk drives HDD
and/or DVDs. At |east one HDD may have the

configuration shown in Figure 4A and/or at |east one
EEQMEL%EQJHEﬂglﬁﬁe configuration shown in Figure 4B. The

HDD may 5 be a mini HDD that includes one or nore

pl atters; havi Qg gl ﬁF?ﬁr@dfdlﬁé"ﬁﬁE s%e%uﬁﬁadfla%io&hﬁﬁh comprising:

apprOX|nater 1.8". Vol P phone 3 may be connected to

menory 48Jerabing @hvhmyvabe basedFW\A frezorney modulatiasrwayeform;

nonvol at I l bdl x‘)&gc{rﬁ'scﬁ}egg}g 2% cl??ram'be cf%dgrn\ga/h%rtzgé&qﬁdes a fixed

SU|tabIe orage hone
vale® Blus iy dsd nl@stoahdrate aQiiltﬂBﬂéﬂlcR)@k ltlﬁﬁhsthhtl i $hask tdduRated by the
Vol P network (not shown) via W-Fi comunication
pharectalue; 486. Still other 10 inplementations in addition
to those
s to b iaiRE SRRt G S RLALE e SR hbauaion
wasiefoenj bed above are for illustrative purposes onIy
and t hat varl flcatlon or changes .in t
Ther cof - afmupine B furas iy oS HBIooGHG ST BePeHAI ¢ phase

mcutatiof SigAdl@nd %eﬂi&atb el phdgovand bhised érh@e pRaseiniodaRion si C%n
pur vi ew of I's application and scope of the ap ﬁ

claims. Fe¢ @g@nddp@ﬂng«mtp éheaedipatianyof tie dsedichaskirano

is descri

oot PR AT RS R BRI e Rrum ok
tra@iipexdi fREbeadByectam of the clatkenay. | ocked- | oop, del ay

| ocked | oop, or any other closed Ioop contro

circuitr ada ed to track and fi r .t he

Frequency: of - Thnmetiogit el & Shweiny fedvenly @po ion yayefom i
peﬁgﬁggrQQgpﬁéﬁﬁkpn shoul d not be understood as limting

the scope of the invention as deflned by the cl ai ns.

13 WHAT IS CLAIMED IS 1 ., d for spreading.the

spectr um 3of aTbpsskhodoficlpin 8n1¥h?r§mﬁbé fregreney Befpgtion waveform is
atg&@g based on a frequency nodul ati on wavef orm

dlng requency of the clock train by a divider

val ue that includes a fixed val ue plus the phase val ue

to gener eﬂt e a Tk tiethoddbiclapok, wheicim tht fequencymadelation waveform is

%Dg Iat by the phase val ue; accunul ating the

|l ock train to generate the frequency

nndulatlon wavef orm accumul ati ng the frequency

nmodul ati dn waVikE amathddoofgairariavaeinthasieck il atigital clock train.

signal and generate the phase val ue based on the phase

nodul atign s al ; tr i n t.he . . .

Todul at i an of “PRaeRiiE A Srep e At3al gt Raip e disia

clédkaedih ng and | ocki ng steps, generating a
spread- spectrum cl ock

7. The method of claim 1, wherein the phase value is proportional to the
deviation of the frequency modulation waveform from the center of the frequency modulation

waveform.

8. The method of claim 1, further comprising multiplying the frequency

of the dithered clock train by a multiplier value.
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train that is the spread spectrumof the clock train
2. The nethod of claim1, wherein the frequency

nodul ati on waveformis periodic or quasi periodic. 3.
The net hod of claim 2, mherein the frequency

nodul ati on waveformis i angl e waveform 4.
met hod of- cl alig methpshef elﬁlﬁn &h‘@hqr?l@&mw@sﬁgﬁér&a\l@ey eﬁthe spread-

sp%%&j&gdpt}ﬁn frr&{:utlt(aﬁ%y St 80k fai pl tl}F’l.%rbyj[Eé) uﬁip‘ﬁkmalue

erein th rain 1s a di
chﬁﬁamhehﬂﬁkhbdﬂmﬁ claim1l, wherein the dithered clock
trainisadigital clock train. 7. The nethod of claim

1, wherei hase S oparti.onal to the

devi at i o:%é] flﬁéo F&‘gaﬁgﬁ mll 3ﬁf‘%rt°|monr11mv\§§ef ormfrom

the cent Slﬂltﬁ)ﬁg thb ehiseeﬁb@mmn Bipelall indol 20fftst prRAVEmOdURtidh signal and a
The method of claim1, further conprising multiplying

Seqoﬁﬁphﬂsfmﬁbyon%n% he dithered clock train by a
mul ti pl | én\()?:hfé/%elag*{lﬁhﬁh? I&ﬁ JQQngﬁﬁlaﬁbﬁ é?l'w1w}g{g%&t% the

t he averag prea spec
firtrphhse mmlmdmenfsrgamluemrbmemﬁfttrhe clock train nmultiplied

by the nul ti u divid hefl dvalue
SRR T ENCIMES ERLRAR T
se&fﬁh'phﬁde'iﬂo&l‘h@xoﬁ@%ﬁ@l 16Rehtrat k}gbh%éegﬂﬁ‘lﬁe i nt 0 a first

phase nodul ation signal and second phase nodul ati on

signal; tenporally delaying the second phas
nodul ati 8k si ghametodief Fl@%ée{fuﬂberwﬁepnﬁmseﬂdlaage@hase value to

thé‘ﬁ%ﬁ'\%‘ide% She@atne cﬁi&ﬁ#%ﬁfeea”er cal cul ating the

rent etvveen t rst phase nodul ati on si gnal
and the second phase nodul ation signal to generate
t he phasé2val dedigitdl cirdhiecondighred tofpreddathesid@iruiinfiledock train
conpri sing addi ng the phase value to the fixed val ue
co %@ﬁer ate the divider value. 12. A digital circuit

conf i gur @datifhis pivard c&rh%u&ﬁl&ﬁ tdigita 1P noduateB K whdtRbfclock pulses
conpr i a vari abl I vi der configured to digitally

comman&?% cgwé tigirorgensrate) agtithersd clask train;

a first accumulator configured to accumulate the dithered clock train to
generate a frequency modulation waveform;

a second accumulator configured to accumulate the frequency modulation
waveform to generate a phase modulation signal;

a phase-value calculator configured generate a temporally-varying divider
value based on the phase modulation signal, wherein the variable divider is configured to
digitally modulate the width based on the temporally-varying divider value; and

a closed-loop control circuit configured to track and filter the modulation of
the dithered clock train to generate a second clock train that is the spread spectrum of the first

mentioned clock train.

13.  The digital circuit of claim 12, wherein the temporally-varying divider

value is a fixed-divider value plus a phase value.

14, The digital circuit of claim 13, wherein the phase value is determined

from the frequency modulation waveform.
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conposing the clock train to generate a dithered clock
train; a first accunul ator configured to accunul ate
the dithered clock train to generate a frequency
nodul ati on maveforn1 a second accunul ator configured

to accu ate the fre at.i on ef or

gener at mllé phRa%sdigisy 6&8?1F%¢:°1 ﬁ%IWheée“bﬂ‘ﬁgéaﬁ?a‘fal}ee calculator is
fur@t GoH MR ﬁ&ﬁieghhf Biths 90068 BAsLd dn &&rmgeahbd/uwtﬂfnyglg}m

d|V|der va ue based on the phase nodul ation signal,

wherein the variable divider is configured to

di gi t al | yo-nodlhedigital gyt et Hamntsavhsren the phase value calculator is

furtfeP PR, o tX hs t@@;ﬁlﬂ\sé’ {ngﬁ aH@tll yi al %{9 fi t%ﬂ(? ? %gnéé ﬁlgeﬁe modulation

contro C|rc gure tot ck an
signaid uhchﬂelm;nthefsecmh @habe tnivelubdion [sipmkl witlaiespdcotoghe firsatredalation

second clock . train that is.the sp pectrum of t
SR Eher AR PR Do RAERSH b aed Droass Tgrduttica i gnd the
se@hd phate Mckidiativh 81z 1Mo g&eratemeog}@lsé Yatyer yi ng divi der

value is a fixed-divider value plus a phase value. 14.

The di gi taI circuit of claim 13, wherein the phase

val ue i sldet eFhs dighal cirewitpt ¢lain ﬂ@qﬂ@rmyth?mégqea‘fqlwalculator is
ﬁ%g?é@r@ﬁ%d]cﬁe EQ@ %ﬂﬁgfottﬁé écf Giider 9I1¥é:| aim 13,

hase-val ue ca a or 1s urther
confi gured generate the phase val ue based on the phase
nmodul at i 8. si Jhadigitdi@irciinhef dagm 1 3| wiesireic th'etphaie g iproportional

5,. wherei pn. the.phase-val ue alculat urt her
to b eV ginan b AT R SR i it un e e
diital-sreqaey aRafRHoPRasFordul ati on signals and del ay
t he second phase nodul ation signal with respect to the

first nodulation  signal. tgQ thereafter calculate the

di f f erend@ beff\%é‘rgltﬁli Girepit ghelan hidtieseip Si¢ fiqayeray rapdplation
nggﬁ,rmqgeg %@@maﬂ?@g&éﬁl on signal to generate the

hase va igital circuit of claim 16,
mhereln t he phase-val ue cal culator is further
conf i gur @8. addhe Higitplrazsuit phtlaan 18, wiescif thedibqundydeedulation

— é é_éan Lhe digital circuit of claimi3, wherein
atﬁ HBH%\ CEIMIE SRS proportional to the deviation of

the digital-frequency nodul ati on waveform fromthe
center of21t h e Theidpithbdirchit of tlains \ 2 pfaethiérabimprising welazk enerator

13. g{ge di Lcwcwt of claim 18, wherein the
CoOpREY H’CVH afleehTRavef ormis a periodic or
quasi -periodic. 20. The digital circuit of claim19,
wherei n tohe f rmagupmelcirontd el akair@N?2, wherein the first clock train is a digital

clock train.

23.  The digital circuit of claim 12, wherein the closed-loop control circuit

is configured to multiple the frequency of the dithered clock train by a fixed-multiplier value.

24.  The digital circuit of claim 23, wherein the temporally-varying divider
value is a fixed-divider value plus a phase value, and wherein the average frequency of the
second clock train is the frequency of the first clock train multiplied by the fixed-multiplier

value and divided by the fixed-divider value.

25.  The digital circuit of claim 12, wherein:
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waveformis triangle waveform 21. The digital circuit

of claim 12, further conprising a clock generator

configured to generate the clock train. 22. The

?Ir g: tna: S(ﬁgl %Clha ¢-va ue c culggo%?dclu#gs {2? Qg%r]; tfr f’ctgft plagx%léonﬁgured to
trams fee thie tphade mécajlmoh%,lgnahtereeﬁmt 4dder, cl osed- | oop contr ol

circuit s con %lgcured (fethefre uen

the di t hePE¥CHROHERPA *hmBI?}H%? % felayLineit thah C@p%\ggqeséo temporally

de?a%f thel prasél mddtiRtio bigBaliih tHefseedndicifewid patWhE ket totiephase modulation
npor al |l y-varying divider value is a fixed-divider

Sl&f’él ’tf}éh?)fl g"‘é"%‘ﬁ’&é}e 29d| ue, and wherein the average

f requencynOfirst Rter RRGAALUrEL ﬂ)c&lau!a@é fhe Ia&féraecefbre%ﬁ@&e/phase

of the first clock train nultipli by the
méduiasign signel rereived frvaﬂ%ﬁrah@rcmt\na@e@dts geend circuit path, and the
£l - Al e. 25. The digital circuit of claim
dlffé)é&% 1g{h\épg§£el‘>6ﬁ%éﬁe phase-val ue cal cul at or incl udes

first and second circuit paths configured to transfer

t he phas@6nodJhadigite! erqyitaf claim 255 whereindhriphasevalse calculator
fuxi@eﬁ?&%dr%gé%%otnd RALG c'oﬁff%/&fg(gﬁ)l &d QI‘?E} ﬂ%sﬁ%lﬁéjfr% a dﬁ dl{ll?ier value to
gesérgﬂealhe uempbmﬁysemmg}dmdec wilue pmi tnans&lr sha tempbmlltvh&arymg-dmder

Eﬁgs nm 1§t {V%] signal in the first circuit path,
vaditd© flii fi Adder is confi gured to cal cul ate the

difference bet ween t he phase nodul ati on signal

r ecei ved 27r onmThhdigdital gtcugtiof clairh 1pavhereindhe ¢leseddloomcontrol circuit

Lre kgﬁ? ar&dtthe difference is the phase val ue.

is ?8 as?'i]ﬁf Eﬂopafllr Brcuit of claim25, wherein the

phase-val ue cal cul ator further includes a second

adder configured to add the phase value to a fixed

di vider value to generate the

tenporal | y-varyi ng-di vider value and transfer the

tenporal |l y-varyi ng-divider value to the variable

divider. 27. The digital circuit of claim12, wherein

the cl osed-loop control circuit 1is a phase-|ocked

|l oop circuit. 17
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