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El ectrormgnetl c interference (EM) is a neasure of the
amount of interference 15 that an el ectroni c device

(the unintenti ongla i GRENS IR THEINYEST
i nt enti onal recé#%é“““Nbf‘§UTpTT§‘ﬁgry“J@%% is a
maj or concern in design of devices, such as PCs, flat
pinel Dnltors etc, that rely on high speed

npon #%g*—gégggggi#¥—detern1nes whet her a system
PC not her board, graphics controller, etc gets approved
for sall8e wentfqﬁvefelasesr:@@ﬁamdmﬂtalémsp@ym@@@é) Nlatesspecifically, the
situation is especially true in designs that 20
f Buenlie dhsgibes parethgdangl appRantsi foniedlidsg klepronesstc sterference
hi gh- speed buses, and several clock outputs.
Typaﬁ@kﬂygmﬁwﬁmph§1ing occurs late in the design
process, so failing the test can nean expensive
redesign and increased tinme to market. In addition to
material costs, using shielding as a way to reduce EM

Shgni fD@ﬂEél&ﬂNb@%ﬁﬁ?ﬁf‘AR{” oduction conplications,

further drirving u ost. 25 There are, hovvever

various techniques to reduce and/or elinmnate EM. One
Electromagnetic interference (EMI) is a measure of the amount of interference

that an electronic device (the unintentional transmitter) disturbs an intentional
receivex;. Not surprisingly, EMI is a major concern in .design of devices, such aé PCs,
flat panel monitors, etc, that rely on high speed components, because it determines
whether a system, PC motherboard, graphics controller, etc gets approved for sale by
the US Department of Commerce. This situation is especially true in designs that
feature high speed (e.g., Pentium-class) processors, high-speed buses, and several
clock outputs. Typically, EMI testing occurs late in the design process, so failing the
test can mean expensive redesign and increased time to market. In addition to
material costs, using shielding as a way to reduce EMI significantly increases

production complications, further driving up system cost.

There are, however, various techniques to reduce and/or eliminate EMI. One

such technique is referred to as pulse shaping which requires control of the output
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such technique is referred to as pul se shapi ng which
requires control of the output 1 WO 03/079562

‘fgg@H§g§/O8066 waveshape in order to control hi gtmmmMG
requency harnmoni cs. However, pul se shaping does %

g%@%srhgke Bﬂ?rdéfqﬁ %Bﬁtﬁgl gtzﬁge? grl‘,ctul%fgc)tf henionndanrRidts, Bifke shaping

anges the s rising edge by roundi ng
ff the co s.and reduyci f '
Ap et S B A S 5 e R OB GHE g e shape of
pul se shapi ng works i.f. one can contr.ol the portio
& Hiee HrBrerIPHIGBE P RCAuTGE aﬁw@qu é%‘ﬂ%Pgﬁhegl}ﬁthef frequency

addi tional problemw th pul se shaping is _that the
baiancintgpredheibersigpnThaviorarnale shepig werkapngsen control the
enough rounding to achieve the desired EM reduction
ipSrtiofesiehewevefomi aea oinpdvachiigneslicédper at ure and

vol tage variations disrupt the balance. This

bal ancing act is further conplicated by the fact that

t echniAquesiitimatipfobien] ®itb ptilseralmpirgLin diat thenajangos agi kagween
consistent results fromrun to run in manufacturing.

ey @@ angingGat ebublongh esundarasatiive: e degsidsEMVeduction is
shapi ng val ues change from production lot to

RERAUGE] ﬁlg%‘el, Qe uinbd fathpRMaIE 88 81120k vhRS Y Supt ki

ensure t process variations |eave sufficient EM

t rol ' ' Yet . i
?’%Q‘Bé‘ig ngl%ggﬂ'xlra{r@g%%%tggﬁ? toYl%La %cﬁ'l ; }é’\%ﬁ%{ig?'gg% gagtﬂr'lﬁgf L%cii%mques used for
manages th

., r'i si ng-edge sl.o b i nt aini :
GPPFR AP BATH 10! Guarent Be rOIUAd b A ieRthring.
Slewrate control achieves this maintena ceé@ ]
&Oéawn@leepa&fméﬁ?t-ca%ﬁw&rP‘%Bhag?’wﬂ& ¥es fPpnagfom
having a fast, high current and should theoretically
lpeoduefite &t itw prodmoleiet reqaisingiovrdpties ef B Sysiag, 0 sy Gt
i ssue is nmaintaining control on a mnmanufacturing
IpbeesOviriticharhse aufficiact Kis cardrol eudriscolitiage and
tenperature ranges. 20 The design nust account for the

wor st - case process and for both high and | ow
Yet another approach to reducing EMI referred to as slew-rate control

manages the rising-edge slope by maintaining an output drive that doesn't overcharge
load capasitance. Slew-rate control achieves this maintenance by creating a current-
controlled output that avoids having a fast, high current and should theoretically be
effective. However, as with pulse shaping, a major issue is maintaining control on a
manufacturing lot-to-lot basis and across various voltage and temperature ranges.
The design must account for the worst-case process and for both high and low
temperatures and voltages. These potential variations are both critical and

unpredictable. As a result, slew-rate control is difficult to implement and unreliable.

Finally, the most popular approach to reducing EMI, referred to as spread

spectrum technology (SST), spreads the energy of a fundamental frequency to
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tenperatures and vol tages. These potential variations
are both critical and wunpredictable. As a result,

v%ﬁy)?% ,e control is difficult to inplement and PCT/US03/08066
unreliable. Finally, the nost popul ar approach to

reducing EM., . r t taqS t 4 both

PR Sy ey el Bl Bedtle BEAEACIos SPRE que roduccs

freguency to 2 WD Q3/079562. PCT/ US03/ 08066 _mi nij

Wy e TR g g G p e B pag aRtoad Sbass,

techni que reduces both the fundanent I-fr%uen.ci){ EM

sigui ficheshhicg heing praal sftsm BAHIRHRROT OO EAgromIsIg clock-
significantly reducing overall systemEM radiation

wdgdehixetand daip iows Eengigs) DERE) el lowvee spastiumaepk appdlydes, a

(see Figs. 1A-1B). Wth | ower spectrum peak _

%‘@énﬁ hd8nd habdyshenminke Eslafprérdspatiren tethegsimpiast, most
M. Spread spectrumis the sinplest, nost efficient
Bl iEnid08 afd 6858 tlehBodMRs fuh M inkiufb@uring-process variations.

FENUT act Ur | ng- process variations. Accordingly, the
se gf SST. ha ¢ e pbiewher

S Fort g TR ARSI R IR ROURRRAY FRUEF o e phTeuhere

usi pg chi psets that support .a 100 ron [

fpshsing SsRy FretB Goplen psiv © AR {%@P@%ﬁéé’?s B ont

not her board chi pset 10 vendors are desi gni,ng their .

e 055 (DSl SHOSPrb AL JRCPRATATY PRHg AL ghGIrgoaA chipset

useful conponent in the frequency conversion of .

diistorese dshignalgshiispatsdp meg withisprepdispesirhidgingsignals.

(DDS), shown by way of exanple in FIG 1C The DDS

usual layuseperdoatprae if edignency soapersiowof flisests ignals is direct
Sunmati on unit 402 adds the n-bit value SF stored in

il e Yl @iz 0B3DEY shdien By Waﬁ oF artauep 1 iORIG.HE. OliteIDS afually
phase "accunul ator 15 406. The sumis synchronously

Q@ﬁt‘?ﬁda To®i € S@hnREel unR@3 @dds the n-bit value
ggcunu a?gﬁfgg%%gggh?ﬁé&%gbit DDS frugquency SFDFD% to

E’%iestt‘%% gnuélt: E@ﬁ%{%&ioﬂg thd £68Sa1P 20K, E%tﬁu@ of H@I@E&c@&ulator

generating, over sone ‘nunber of SCLK
406. The sum is synchronously updated upon each rising edge of SCLK. Phase

accumulator 406 feeds the n1-bit DDS frequency Fpps to the output module, and feeds
back Fppg to summation unit 402, thereby generating, over some number of SCLK
cycles, a staircase periodic signal 408 with a frequency given by the formula in

Equation (2) below:

SF
= F, SCLK 2)

F
o5 =75

where By, is the frequency value of SCLK. Output module 410 converts the DDS
frequency signal Fpps to a destination clock DCLK. Output modute 410 could, for
example, convert the staircase waveform into a binary clock signal with frequency

Fopse It should be noted that the jitter in the period of staircase periodic signal 408 is
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cycles, a staircase periodic signal 408 with a
frequency given by the fornmula in Equation (2) bel ow

wB 5583, SF 2" FscaA (2) where FSCLK is the fwgg&me“

val ue of SCLK. Qutput nodul e 410 converts the
RS TOR SOl R 0L AEE PR, s
SHERLERE S MR ChEie B B bR o e

the period, of staircase periodic signal 408 is 3 WO
dhy roséBcipEly. Uuso3/ 08066  equal to the SCLK period. |f
the SCLK period varies over a wde range (i.e., has
hi gh TFhetefee what ksedesived imay clfisiagt fethod| and @gparatus for reducing
i npossi ble) to design the output nodule to reduce the
JENIT edin@éfreqt speatkym tébhesledwiephialting s saledille deqenen

ef ficient nethod and apparatus for reducing 5 EM

YsdGat&PEIBALsisRact rum t echnol ogy by providing a
sel ectabl e frequency nodul ated cl ock signal. SUWMNARY

OF THE | NVENTI ON Accgg%h‘g%l{?%ﬁ {JﬁEqrﬁ?ggd@venti on,

nmet hods, appar at us, stens are osed for
reduci ng EM using spread spectrum technol ogy by

pr ovi dhaegrding the pregest ableatis, eepilersisy annseRita fedssicgsiare
signal are disclosed. In one enbodinent, a clock
siftdres fxetdingcBMI using amgadispiectrion osihdelogy byeraddiapke
spread spectrum based output clock signal that

| BebUBR T RuaYSRodAaEA Bbiatigal Gid dibilbseda ref erence
cl ock source coupled to the phase accunulator circuit

2 ol BB BNAS 1o Shpiesc ok bl i
selectable spread spectrum based output clock signal that includes a phase
accumulator circuit, a reference clock source coupled to the phase accurnulator circuit
arranged to provide a reference clock signal, a frequency shifter unit coupled to the
phase accumulator, a nominal phase source coupled to the phase accumulator,
coupled to the frequency shifter unit arranged to provide a nominal phase signal, and
a modulated phase source coupled to the frequency shifter unit arranged to provide a
modulation signal. The frequency shifter unit coﬁlbines the nominal phase signal and
the modulation signal to form a frequency shift signal as input to the phase
accumulator which uses the frequency shift signal to sample the reference clock
signal so as to produce the output clock signal having a central frequency and a
frequency spread based upon the moduiation signal.

In another embodiment, a method of providing a selectable spread spectrum

based output clock signal is described. The method includes operations for providing

a phase accumulator circuit, coupling a reference clock source to the phase
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15 phase accunul ator, a nom nal phase source coupl ed
to the phase accunul ator, coupled to the frequency

whilheEeuni t arranged to provide a nom nal phase,crusosinsoss
signal, and a nodul ated phase source coupled to ?%e

f Shi.f LAt ar, Vi ing
AbGRHERAY R kb e R p EEDRRECAR RREIERL Bt coupling o
t.he nom nal phase, signal and. the_ nodul ati.on signal to
FRuay o B BHE R PRear gttt TR BS Ehe® pes 50
accumul at or, whi ch uses the frequency. shift si ?n@g to
sauing aneanipdpbpesronrcel te die phasepsarmuigtog soppled i g disquency
the out put clock signal having a central frequency and
ahifitr eguannges pr padide asethiog phaselseenabaid eupbng 8 indalated

I n anot her enbodi nent, a nmethod of providing a

phiecbakt & SRreadempetliicdmhit basedd cuppuldec iackulstigndgnal.
I's descri bed. The nethod includes operations for
providing 25 a phase accunulator circuit, coupling a
reference clock source to the phase 4 WD 03/ 079562

PCT/ US03/ 080 ﬁcﬁﬁgﬁ@&%(ﬁ 6?‘%%%351&@ k0

provi de a reférence signal, coupl'ing a
frequency shi.fter, unjt,. to th se accunul.at or.
et hod B ERLP S PRt ptae RS SRR p (B, Rl
source to the phase accunul ator coupled tqQ the
flesgipbne {aked i sQRncHAR (Vi ipe pEQRIPEYY IPF BLA%ERES noni nal
phase signal and coupling a nodul ated 5 phase source
to the frequency shifter unit arranged to provide a
nmodul ation signal. BRIEF DESCRI PTI ON OF THE DRAW NGS
The i e drwsid replesediaive etoclsibarsirdadsdeyatehamenteased
to the followng description taken in conjunction
WM the acconpanying drawings. 10 Fig. | A shows a
representative clock signal and associ ated harnonic
basedgig 1B illustrates a spread spectrum processing of the representative clock
signal of Fig. 1A and a resulting reduction in harmonic EMI levels.

Fig. 2 shows a system for providing a selectable modulated system clock in
accordance with an embodiment of the invention.

Fig. 3 shows a representative bipolar signal in accordance with an

embodiment of the invention.

Figs. 4A-4C shows representative output signals in accordance with an
embodiment of the invention.

Fig. 5 shows the clock modulator circuit that takes the form of a direct digital
syathesizer circuit (DDS) in a particular embodiment of the invention.

Fig. 6 shows a particular implementation of a phase accumulator circuit in

accordance with an embodiment of the invention.
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EM. Fig. 1B illustrates a spread spectrum processing
of the representative clock signal of Fig. 1A and a

wE9YhiokHY reduction in harnonic EM levels. 15 Kl G udis0s066
shows a system for providing a sel ectabl e nodul ated

syst emKit otshold a FROGARAARGR I 4 foAls %‘P&Ulﬁﬁﬁ b S?Ieaa t§1§ectmm

invention. Fig. 3 shows a representative b BI

sitgaea nlbcﬂﬁécF@l@cElgﬁ‘xna%@o f%: i oF %Bgéilglt% c?f3é wpx&iﬂn

i nvention. Figs. represe

si gnal dance W|th odi.ment of the

i ngent %‘%’1% E&%a{% SSRGS 85“0%8 HRIEd o HRlpRER| the invention,
t hat takes the formof a direct digital synthesizer
circuit (DDS) in a particul ar enmbodi ment of the

invention. Fig. 6 shows a particular inplenentation of

a phase adBihalBEBDESCRIPTION ORSELRANED BWIBOBIMENTS
enbodi nent of the invention. 5 WO 03/ 079562

PCT/ US S art detajling a
pr ocesg%#eg‘%ggrg%l\llfl 3§ Iga&dpélgg“lﬁf)éé’f‘%ﬁ?ﬁ d galedgmentof the
mod).f |l ock in ? ccor dfance w th an enbodi ment of the
i Bl o praoigol e fue ParCsmbodoapus divssyisd énitg00
| oyed .to i npl enment the invention. 5 DETAILED
PR igs) PPN ENBGDHVENTS be Refcelbehmeconiurction with a

now be made in detail to a preferred enbodi nent of the

i| PReEed srbodimenk dhpilebotinddistopd @bt fsatht THQRBH B il He
illustrated in the acconpanying draw ngs. \Wile the

| mvemtangn ont plefbresddesiwidilest. 1o tROBHHAGH iCR kAdbd0 cover

preferred embodiment, it will be understood that it is

Naiterhanitved) @iﬁﬂlﬁd&nbhiﬁahd EQ€ivalents as may be included within the spirit and
scope of the invention as defined by the appended claims.

Inone embo_diment, a direct digital sy_nthesizer circuit (DDS) arranged to
provide a selectable spread spectrum based output clock signal is described. The
synthesizer includes a phase accumulator circuit, a reference clock source coupled to
the phase accumulator circuit arranged to provide a reference clock signal, a
frequency shifter unit coupled to the phase accumulator, a nominal phase source
coupled to the phase accumulator coupled to the frequency shifter unit arranged to
provide a nominal phase signal, and a modulated phase source coupled to the
frequency shifter unit arranged to provide a modulation signal. The frequency shifter
unit combines the nominal phase signal and the modulation signal to form a

frequency shift signal as input to the phase accumulator that produces the output

clock signal having a central frequency and a frequency spread based upon the

modulation signal,
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10 invention to one preferred enbodi nent. To the
contrary, it is intended to cover alternatives,

vVB‘%i'/B%gﬁi ons, and equivalents as may be includeg.
W t?n nthe spirit and scope of the invention agpLT/USO:’"'OSO“

e e e RSB LT 1 e P SRR v
[ I bl d t b :
T

a,phase accunul ator circuit, a reference clock source
cHirteauelt o ﬂ}ﬂ%%é‘é‘“ﬁg sLHGIaESFd o reVife 2 a"rqd&.lﬁé%d?% signal
provide a reference clock signal, a frequency shifter
i an ldgpltstiould be hetephayesvas dhantheadeseribed endailmagniptrg s
source coupled to the phase accunul ator coupled to

t ilesd-atbg penoyesinisf dreirshunidincabe angaded as lipitingi efi@eathe scope or
nom nal phase signal, and a nodul ated phase source

CiptRlk 86ht Qhvlehigor20 frequency shifter unit arranged to
provi de a nodul ati on signal. The frequency shifter

uni t Cﬂg&irﬁﬁ?lé,tn@g NG s;ﬂ@ﬁfs?g%hglﬂc l stégﬂ??@ Baccordance with

nodul at1on s to forma t signal as

i nput, te the.phase accunmul at or t_pr he ..

Ay tes Eb I O Y 2o ol bneleB o £ uis 20,
frequepcy spread _based upon th dul.atjon signpal. 6

VIS D8 & 6D DO S RGN he KrerirEriY Febiom A P IAGIRe Glock
described in terms of a spread spectrum system and

negired daure 2fsesedheancact cledpuistelaibon ignah § Liknco ppoiidaddy a clock
in an integrated sem conductor device well known to ‘
tinoddatki digred] géneratdne G andussmednine sigralCHE, 4 proddédbednominal

clock signal to an LCD. It should be noted, however,
t digial gherslesosi Bech ethe diobk ntcluRtien bighalgehédates R0a Y the

pur poses only and shoul d not be construed as |imting

ahdrhigh iRl SERRGI08 ik BH®NEd @fantad8ed VENDIHARInG an output
coupled to a phase accumulator 212, It should be noted that the clock modula;c'ion
signal CLK,,,, is a periodic bipolar signal (i.e., has symmetric positive and negative-
going waveform) having an average value of substantially zero. One such signal is
illustrated in Fig. 3 showing both a clock modulation signal waveform 302 and an
associated clock modulation signal CLK,,,, that in this case takes the form of a series
of hexadecimal waveform values 304, In this way, even though an output clock
CLK,, signal is frequency modulated by the variation of the clock modulation signal
CLK,,.,, vet its central frequency remains unchanged.

In the described embodiment, an output circuit 214 included in the clock

modulation circuit 202 is used to provide in some cases, an analog modulated clock

signal using an digital to analog converter (DAC) 216 coupled to a phase locked loop

(PLL) circuit 218 well known to those skilled in the art.
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Accordingly, Fig. 2 shows a spread spectrum system 200
in accordance with an enbodi nent of the invention.

v{l’@g, gd,em 200 includes a DDS circuit 202 arra
nnd??? a reference clock signal CLK, ,, receivedqgfgﬂ$§m&MG

refer . 10, Si I :
1 ook GGt R e OG0 SRE cREE BRI Byl CLIC,
nmodul ati on, Si enerat or 206. and a 1 nal .siagnal .

DR o SR L B THENY Reeretist gt R By 2B vided s
Each of the clock nodul ati on signal generator 206 %nd
tigRut ta &hA Hake ajcymalatejeriér dbePharaceEHyan? ehrespoisls Oy

adder unit 210 having an output coupled to a phase
acophuf dcoefedare clock sizoal CLKe tastdagon Mt retdivedomodidated signal
nmodul ation 15 signal CLIK,,,,d is a periodic bipolar
si2gnatreby p@ducii@sn syoMARiidtbEo e signiE2 Britloradarig dA. In
goi ng waveform having an average val ue of

SibS ARt ikl ¥n &BHQImERE fIHE vehsiialhelaScurhihid$ bh@tedoial 222
Fig. 3 showi ng both a clock nodul ati on signal waveform

h
Sdci)'zvi%gsd e %‘?%Léet%gf ?P%lf:%f SR SLEF %%‘ qaglgy{e té’éi?)g ﬁselqg?r%g fgr éiririecétlg/

IR S Case orm

of hexadeci mal waveform val ues 304. |In this way, even
URIBLRSHO AP YR pUPIHF G B ooy RUHARTS 60 f bt Jeast one
nmodul ated by the variation of the clock nodul ation,
sidynatege @il jnveutionistthittadtheegit tha buthnededncl Ko etainsh &
unchanged. In the described enbodi nent, an out put

chrgqueidy Rddulited by dedclock mbéuleli@ckgnalrGilil, gt therceniraldibqtiency £
202 is used to provide in sone cases, an anal og

megdlmtieehskeck signal using an digital to anal og
converter (%ﬁ() 216 coupled to a phase | ocked |loop 25

(PLL) 1% Yidhodik@nteldw KRane. 4 ond Hasemsadiihti@itdhid 20 takes
art. 7 WO 03/079562 PCT/ US03/ 068066 During operati on,

g AR LRI AP Tl S
go%?pelit%icloﬂ%ﬁiogosyg%aﬁrg% tﬁfi: 196?6%&02820 ) rs?g\gaij&EIf:?and the clock
modulation signal CLK,,, is performed by a phase accumulator circuit 502. In some
embodiments, the phase accumulator circuit 502 is coupled to a ROM lookup table of
sinusoidal magnitude values 506, In this embodiment, the sampled output of the
phase accumulator 502 is then used to address the ROM lookup table of sinusoidal
magnitude values 506. It should be noted that in this situation, the conversion of the
sampled phase to a sinusoidal magnitude is analogous to the projection of the real or
imaginary component in time. Since the nummber of bits used by the phase
accumulator 502 determines the granularity of the frequency adjustment steps of the
output clock CLK,, signal, a typical phase accumulator size is 24 to 32 bits. Since

the use the DDS 500 requires that the nominal value of the output clock CLK,,, signal
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i nput to the phase accunul ator 212. The phase
accunul ator 212 responds by sanpling the reference

‘gbggfbwgézgnal CLK,,, based upon the received mdu%@lt/ﬁgosmsws

signal 5 220 thereby producing an accunul ator o

'ﬁ%} S !b %ateg?l%(?%gpfbx'i:ﬂl ely W of tkﬁ: reffdntt gﬂ%@ﬁ gzﬂﬁltﬁlég}, the

I nven |on accurm at o out pu

naI rovi de d, O
SRR 510%K L &b 0 FetiriO) ?ﬁdworf @f@@r’% offig 218,
the cl ock nodul ati gn si gnal CLK , ,od Fi and 4C
i | | ustinagne irmplemesaiaon FowWihihEGt0 GBiRs R ic?r’m hla% in
that al though the output clock CLKQU, signal is 10
facequelaty cirodus e isdodspd tsmﬂml@uktmfb@l mf@nenchigcplngal CLK
CLK,,od, the central frequency f" remai ns unchanged.

| i &@N&ﬂb@@ﬂu&ﬁ@ weROMWwhidie Niig tyyﬁcally Hd) bhsed kapon the clock
modul ation circuit 202 takes the formof a direct

#18&1&1% onss\f%HaIP ESHZEr Toid ﬁé(gldénc(yap@d BRQontheugpnet@hihiard with

put cl "8} ,,, signal fromthe reference

é{v%:alét ga&%@@d pl % Ealu@ﬁ? E)ntx Ip\]eblF%.] REK6dD T{{ﬁg%ﬂéﬁq: b?ﬁe%ﬁ&? 302 is

s or ne ase accurru tor circuit
0 nts .
c%afn@uﬁdta@&z‘ef%m}?s&ﬁﬁ Mk %ﬂg@ﬁp 145 EAET Pl A so. When
si nusoi dal nmagni tude val ues_506. In th| s, enbodi t
B AU GULHU0 arecDHE b D Ao B BRI 4 GRORGRE Py the clock
then used to address the ROM | ookuFﬁtabI e of

shodigatiaaiignar @M., e asanuelstos gaeuit §0%1dl yerndirgidges.
that in this situation, the conversion of the 20

sanp! e gphaiseys ofl awstianietdithat a prgesst7@8dol sowdé argmuead
to the projection of the real or inmaginary conponent

| et baSldneadifibeclotiihelccollaiiehsituaeanbydideat pithsmvention.
accunul ator 502 determ nes the granularity of the

f’fl‘?e?;ﬂ‘ﬁ@éﬁ bté';%héjétt@ s%fe%ﬁﬁf 9&65{11’2‘3@ freQUdRYtspfda@ Ol @h&@a,

I cal ase ace ator SI zé is 24 ta :
?fl‘f‘fﬁsl%?f C%E%(}ygg[%r?aﬁéxtggf? Bgt}%s ngeB & ?chlltlrgﬁraﬁtgnéﬂs selected
based upon the selected frequency spread Af at 704. 1t should be noted that the
bipolar counter signal is a periodic signal having an average value of substantially
zero. The selected bipolar counter signal is then combined with a nominal phase
signal at 706 to form a modified phase signal which, in turn, is provided to a phase
accumulator circuit at 708. The phase accumulator circuit then samples a reference
clock signal based upon the modified phase signal at 710. The sampled reference
clock signal as output of the phase accumulator is then provided to an output circuit
suitably arranged to provide a modified output clock signal at 712 having a
substantially unchanged central frequency and the selected frequency spread AT,
Fig. 8 illustrates a computer system 800 employed to implement the invention.

Computer system 800 is only an example of a graphics system in which the present
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WD 03/ 079562 PCT/ US03/ 08066 cannot be greater than
approximately Vz of the reference clock signal CLK,, (,

83/0R4LPuUt cl ock CLKou, signal depends upon the
‘?gcﬁé% oop (PLL) circuit 218. In one inplenenta ??@ﬁgﬁm&MG

S Iﬁg@ﬁh ekl i ?Ien‘fgﬁfégbgollﬂgﬁf{eg%g%gl 6B cRABS Eentral pmﬁessmc unit

aCCUYTLI ator circult synchronous to

rence cl.ock signal CL
SRS e aﬁﬁ%ﬂ%ﬂé@?&%@%“@féo ?‘? SRS Ry BN, 25. one
the clock nodul ation sig . This freque
warfraom neslp%rﬁb.&?fgo%@wc%\@@u rai%ﬁé?dpwm' StQIRge fleluges 840 and
| ed phase value by an N bit adder 602. The out put
?hed dugial digglay peit 85dnpP e 8 Hi atetudsorconpled he enepigaRre
S|gnal CLK, CC coupled to the N bit adder 602. When
t hpudeapmdeatons 820 thetimby HRAide dac hesndt Hienitddab davices suptn as,
val ue (nodified by the clock 10 nodul ati on signal
Cilfsls bk, hite, REGUML akiefopBbilidsUiotictbOehsttbkldispdmel trarducer card
continues. Fig. 7 shoms a flowhart detailing a

%%?%?’285%%8& g[ Pﬁ{eggdg e, t%@fe?sagyh&&e GHIH B RasReiting

ance With an enbodi nent of the

i nvent.i on. he ss .begin C

JESSTREA P R (ﬂ}g}éeﬁ g{} Ci%-@gé] 4i gde%n esugf?%%ar tcﬁrgllsg (}tlé}%oﬁputers
frequency spre Af has been sel ect.ed

TGS gl 100 Bearaer B1 o e g Rep0R EHESRE erglrence
frequen spread Mat 704. 1t should be noted that the
bms@aia&n%@emdésf bath gndigitpldispHewnibdi® Tor gRalpe aessiagen be
aver age val ue of substantially zero. The sel ected
bigetaed, Fousrampls bayedlonipixa Hetn recsinsidriedn WPLhS &0 erolem an
phase signal at 706 to forma nodified phase signal
waiteial diotiel(ras shevipr bvindethbodingenptas enalag tuagel deteis provided
circuit at 708. The phase accunul ator circuit then

Smd}gsroanﬁi%a&w&@eraﬁe@l@mn&hame hasadcupe MIeC signals

nodi fi ed phase signal at 710. The sanpl ed reference .

lﬁ@ﬁ lﬁné\k/gnt"i‘ aa‘?t Qi Pier, 9f sl H%hﬁt%i@rs%%l'lﬂé{l AL Bleshi® invention

en provid to an out’put circuit suitably arranged

anpt;eol\r/rll qem@ntg&) thB agﬂog %Qé’g dgtg ?iﬁcl_f/ot?‘fe%}@hceastxgr?a]rgm other formats.

For example, analog image data can include video signal data also witha
corresponding time reference signal.

Although only a few embodiments of the present invention have been
described, it should be understood that the present invention may be embodied in
many other specific forms without departing from the spirit or the scope of the present
invention. The present examples are to be considered as illustrative and not
restrictive, and the invention is not to be limited to the details given herein, but may
be modified within the scope of the appended claims along with their full scope of

equivalents.
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10

substanti ally unchanged central frequency and the
sel ected frequency spread 4f. Fig. 8 illustrates a

W IhEHog, system 800 enpl oyed to inplenent the PCT/USO3/08066
Invention. 25 Conmputer system 800 is only an exanple

of ag ICS : ' | Lae; di ,
o, % QLR RS D S feed o

PR g%l SRS 368 T Telohs S BES RS copnpy i
820, 825,
oG i 4 Soa L Co Gt PRy oAl

storage devices 840 and 850, and digital display unit

IR eICRUENSEDt! e @resesorsappRatis s thermseset inpertion. 1t is therefors
i nput/out put devices 890 that may include, but are not

| intdnided] tHabthe dewentes bs indérpaesed astindodinpall lssch attecaions,
keyboar ds, m crophones, touch-sensitive displays,

t paeEicas, :faktuivileasas sl WRRehd ©uddpiMaRarscbBnel the present
readers, tablets, styluses, voice or handwiting
recegnizers, or other well-known input devices such
as, of course, other conputers. G aphics controller
860 generates anal og i mage data and a correspondi ng
reference 10 signal, and provides both to digital
di.splay,unit 870. The anal og i mage data can be
gﬁ@fﬁféﬂme Br exanpl e, based on pixel data received
from CPU 810 or froman external encode (not shown).
In one enbodi nent, the anal og image data is provided
in R&B format and the reference signal includes the
VSYNC and HSYNC signals well known in the art.
However, it should be understood that the present
i nvention 15 can be inplenented wth anal og i mage,
data and/or reference signals in other formats. For
exanpl e, anal og i mage data can incl ude video signa
data also with a corresponding tine reference signal.
Al t hough only a few enbodi nents of the present
i nvention have been

11



described, it should be understood that the present

i nvention may be enbodied in 20 many other specific
forms without departing fromthe spirit or the scope
of the present invention. The present exanples are to
be considered as illustrative and not restrictive,
and the invention is not to be [imted to the details
gi ven herein, but nmay be nodified within the scope of
t he appended clains along with their full scope of
equi val ents. 10 WD 03/ 079562 PCT/ US03/ 08066 Wil e
this invention has been described in terns of a
preferred enbodi nent, there are alterations,
permut ati ons, and equivaleq%EA%ﬁgt fall within the
scope of this invention. IT should also be noted that
there are many alternative ways of inplenenting both

the processicar @yaﬁﬁ@s’iieatcwajitoérrénﬁgd B 55606 al RERMbIOShredd spectrum
is therefore 5 Intended that the invention be

basaderytpue tiedk signal nadmyadlising: al | such al terati ons,

permut ati ons, and equivalents as fall within the true
spi r refeigtces dopesaprca that gyeidasm refargncersidclsigndthat i s
clained is:, 10 11 CLAIMS 1. A clock synthesizer

ci r cB7 f9% PiFHfed to provide a sel ectabl e spread

S DeCh el AREH B e B B TBPLA e Bt
si gn2lijock HOIAAAES siGldi Gehdrator that provides a selectable periodic bipolar clock
modulation signal to the adder circuit,
wherein the adder circuit adds the nominal phase signal and the clock modulation
signal to produce a modified phase signal;
a phase accumulator arranged to selectively sample the reference clock signal
based on the modified phase signal produced by the adder circuit; and
an output circuit to produce the selectable spread spectrum based output clock

signal based on the sampled reference clock signal.

2. A circuit as recited in claim 1, wherein the output clock signal has a central

frequency and a frequency spread based upon the selectable clock modulation signal.

3. A circuit as recited in claim 1, wherein the phase accumulator is coupled to a

read only memory (ROM) look up table.

4. A circuit as recited in claim 3, wherein the ROM look up table includes

sinusoidal magnitude values.

12



a nom nal phase source that provides a nom nal phase

signal to the adder circuit; a clock nodul ated signha
generator that provides a sel ectable periodic bipolar

clock nodul ation signal to the adder circuit, wherein

the adder circuit adds the nom nal phase signal and

the cl ock nodul ation signal to produce a nodified

phase signal; a phase accumul ator arranged to

sel ectively sanple the reference clock signal based

on the nodi fied phase signal produced by the adder

circuit; and an output circuit to produce the

sel ect abl e spread spectrum based output clock signha

base&. on Aharcshmsl reditadeineciaincé, eheel siggnalied &ferfnce clock signal
circuit as recited in claim1l1, wherein the output

PEQVéstER agiigmhpigRaldo thecRAbrlek ul teblgue ader Emepryett thecpaemigg reference

pread based u t he sel ectabl e cl ock nodul ation

C%P%ﬁ@?@ %?Sﬂuﬁg&gﬂﬁﬁn%yﬁﬁﬁﬂ-ed inclaiml, wherein

t he phase accumul ator is coupled to a read only

menogy (RO, . . i eult C| '

Clai oy 3, anbepd o Robdy o sflecifbif sl sERLECHARH dibut ook
sRhAUsMhsaingmagni tude values. Li 5. Acircuit as

recited in claim4, wherein a sanpled reference clock

si gnatidingaowhties pRasen Eidnabiogn atlettablt e dRAMIdcR OkoduRition signal to
table in order to convert the sanpled reference clock
pridgerad nodified phaseswgrddl nmagni t ude signal. 6. A net hod

of providing a selectable spread spectrum based out put .

cl ocfeledivein semplinghp referange C§9+@| BPiCR ahanftealetgimingd by the modified

i gnal Eo sel ect abl e bi pol ar cl ock nodul ati on si gha

P Q§%sbqng 38@ a nodi fi ed phase signal;

producing the selectable spread spectrum based output clock signal based on the

sampled reference clock signal.

7. A method as recited in claim 6, wherein the output clock signal has a central
frequency and a frequency spread based upon the selectable bipolar clock modulation

signal.

8. A method as recited in claim 6, further comprising:
accessing a read only memory (ROM) look up table with the sampled reference

clock signal.

9. A method as recited in claim 8, wherein the ROM look up table stores

sinusoidal magnitude values.



selectively sanpling a reference clock source at a
rate determ ned by the nodified phase signal; and
produci ng the sel ectabl e spread spectrum based out put
cl ock signal based on the sanpled reference clock
signal. 7. A nethod as recited in claim®6, wherein the
out put clock signal has a central frequency and a
frequency spread based upon the sel ectabl e bipolar

cl ock nmodul ation signal. 8. A nethod as recited in
claim6, further conprising: accessing a read only
menory (ROM) | ook up table with the sanpl ed reference
clock signal. 9. A nethod as recited in claimS8,

wher é0.n t AendRadM dsoekitedpn tlalod 8, bvarrieisg: si nusoi dal

magni tude values. f3 10. A nethod as recited in claim
9, ceMpeItispnge seaweer efafgnoehdockanpiveal te of sinesvidal magnitude signal
cl ock' s si nalgf a sinusoi dal magni tude signal based
R SRRt TR e S0 iR et Sk eHiE. R
| ook up table. Abstract METHCD AND APPARATUS FOR
REDUCI NG EM | N DI G TAL DI SPLAY DEVICES A DDS circuit
arranged to provide a sel ectable spread spectrum based
out put clock signal is described. The synthesizer

i ncl udes a phase accunul ator circuit, a reference

cl ock source coupled to the phase accunulator circuit
arranged to provide a reference clock signal, a
frequency shifter unit coupled to the



phase accunul ator, a nom nal phase source coupled to

t he phase accunul ator coupled to the frequency

shifter unit arranged to provide a nom nal phase

signal, and a nodul ated phase source coupled to the

frequency shifter unit arranged to provide a

nodul ation signal. The frequency shifter unit conbines

the nom nal phase signal and the nodul ation signal to
Abstractf O M @ frequency shift signal as input to the phase

accunul ator whi ch uses the frequency shift signal to
METHOSAND herhRATUSEFEREBERICNO ek S BIBRIALSISASYISERERglUCe t he

out put cl ock signal having a central frequency and a
A DDS cifaui quangey tegpovirich Lesadieypead theetrumdthdeabitpit chtigsiglal is described. The
synthesizBi dgnclu@es a phase accumulator circuit, a reference clock source coupled to the phase
accumutator circuit arranged to provide a reference clock signal, a frequency shifter unit coupled to the
phase accumulator, a nominal phase source coupled to the phase accumulator coupled to the frequency
shifter unit arranged to provide a nominal phase signal, and a modulated phase source coupled to the
frequency shifter unit arranged to provide a modulation signal. The frequency shifter unit combines the
nominal phase signal and the modulation signal to form a frequency shift signal as input to the phase
accumulator which uses the frequency shift signal to sample the reference clock signal so as to produce the
output clock signal having a central frequency and a frequency spread based upon the modulation signal.

Fig. 2
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