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El ectromagnetic interference (EM) is a neasure of the
amount of interference 15 that an el ectronl c device
(the uni nt enti cBAICKGH ErTHT N it

i ntentional receiver. Not surprl Si ngl y, EM is a

maj or concern in design of devices, such as PCs, flat

panel FmbickausImeigion hat rely on high speed
conponents, because it determ nes whether a system
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for sale by nt o
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{1 Eeed %elﬁ and several clock outputs.
W‘%‘%‘ﬁ Fyysta ¥sting occurs late in the design

process, so failing the test can nean expensive

redesi gn and increased tine to market. In addition to
materi al costs, using shielding as a way to reduce EM

8i gni DiscaasIDN OF RELSTEDEART pr oduct i on conpl i cati ons,
further drivi ng up system cost. 25 There are, however,
vari o and/ or el | nat

such #1968{% 138 gl er. ?‘%’}CF 15 ggn?fﬁlllrgép (H]SF%.‘\P@%TGHCG

ui r.es con roI f the out
[hagan ele&rom evice (816 unmtenttonzﬁ transiitter) disturbs an mtentmnal

receivell. Not surprisingly, EMI is a major concern in design of devices, such as 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 Comumerce. 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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1 WO 03/ 079562 PCT/ US03/ 08066 waveshape in order to
control higher frequency harnonics. However, pul se

WQRHPI%® does not control the spectral energy BETWRE08066

fundanent al but onl¥,changes the shape of the isLn
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Hhdvigahedgd byAbwathel 64f eradormerobidesdusingsomel of ehesttigheir figqiency
that the bal ancing act between too nuch roundi ng and
cBRho SRR hAHA:AY TSGR SM& hbeing @RS HofkdMan control the
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techni ques used for 10 opti mum roundi ng may not give
consi st . I f G b '
For - (LRt EE R obe { SRR Bk kA BRI 4 bOoen
shapi ng val ues,change .from. oductiagn | ot .
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ensure that process variations |eave sufficjent EM
TRASIRIEN &) MAFREOPPIRX s&mq%anm%%@%ﬁ%m&% 1gupt e
reducing EM referred to as slewrate control 15
balaneg eEhis balanding angisctighersonpticaigd binthafact ah tpchriqunstoged for
drive that doesn't overcharge | oad capacitance.
optigiat muediag atayalot givh bensistert hissltnfidm tremtmoe iyanufacturing.
creating a current- controlled output that avoids
HoRkdEpla darsFhlly S 8dpabitivé Sesintiet s‘hﬁﬁﬂ% dalubechiantd Sahl y
be effective. However, with pul se shaping, a major

: JrRud [
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asli s an SS various vol tage an

R AR R o T e

tenperatures and vol tages. These potential variations

31 e T Aol oY B EBR g e BLch ol

o inplement and

p—

rhﬁa%és' tﬁg I1‘ise1'ng-edge slope by maintaining an output drive that doesn't overcharge

load capacitance. Slew-rafe 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 irnplement 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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Finally, the nost popul ar approach to reducing EM,
referred to as spread spectrumtechnol ogy (SST),

WQ YA t he energy of a fundanental frequency PEI/ESAAD8066
03/ 079562 PCT/ US03/ 08066 mi ni m ze any peaking of

- mémimizpangtpealgegof dnereyrad qursii feauerntigss ﬁfiesctmhnefu@ rpgaeiath
both the fundanental -frequency EM and the higher

tierrastaana - faqemey EMIeny dreiigisr freguany hiramnid gompedess.ng
overal|l system EM radiation w thout conprom sing
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r spectrum peak anplitudes, a 5 system neets
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nmot her board nmarket to the point where_ it is bei n‘%. .
efficisat feahrifve adloffprsdhe meskimymantydp mympfar yEag-gracfiss; varations.
support a 100 MHz front side bUﬁmi)FSB) as well as for
ARG rdin€RUthearsd oiBSD has prureasled thei thotherbpasd ipwsalead t Hiepe it where
vendors are designing their parts to work with

itSPp& A nsAas irthally bl exggisighinlchipsés tmefupport arhfo hékiz front

t he frequency conversion of discrete signals is a
sidb Bﬁ&stHj'ag Wefllas B PESPGEind(hiiRry babRWAIDxoth@shoadd chipset
exanple i'n FI'G 1C. The DbS usual [y perforns a

fr .St j Byl i a8dds
V?xhdgégsunﬁg Iﬁ?s 1%%?%%1@9@%(5 W&fg%ﬁn sg LR iinin ad

store Fregister 404 to the
-bit f t.h t put of ph I . :
706, Arpsand Emp &l Adns HhSithed bR RARE St A EHI Bls i drect
d f . Ph I = bi
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back Foos to summation unit 402, thereby generating,
perfenmssofrequensystep-dtwrsbngtion: ynagation ut 0?@3@%’5115&‘?1%%11@
signal 408 with a frequency given by the-forrmula in
SEqtatd orSK R)istee hodvto tAE nfiD&ue B theR@EIUK of phase accumulator

406, The sum is synchronously updated upon each rising edge of SCLK. Phase
accumulator 406 feeds the n-bit DDS frequency Fpps to the output module, and feeds
back Fpps 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 DoS =‘iTF SCLK (2)

| where Fy is the frequency value of SCLK. Output module 410 conveits the DDS

frequency signal Fpp to a destination clock DCLK. Output module 410 could, for

. example, convert the staircase waveform into a binary clock signal with frequency

Fops: It should be noted that the jitter in the period of staircase periodic signal 408 is




where FSCLK is the frequency val ue of SCLK. Qutput
nmodul e 410 converts the DDS frequency signal FDDS to
wa 0ge®be2nat i on cl ock DCLK. Qut put nodul e 410 coBC'MfSGsﬂlso“
exanpl e, convert the staircase waveforminto a
cqroRkih SGRE peviodh T e SRR IORIBRES aVer & WA AR SHes froRsicd
that the jitter in the period of staircase periodic
jiskgtan #@Ryibe difficWI(@3mPTBHES) 1PCHIUSHE HOBOEBod e tretedcs
the SCLK period. If the SCLK period varies over a w de

HAREL effbotifely. has high jitter), then it may be
diffficult (or inpossible) to design the output nodule
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signal . SUMVARY OF THE | NVENTI ON According to the
nisidalptsdiclocksigel on, net hods, apparatus, and systens are
di scl osed for reduci ng EM using spread spectrum
t echnol ogy by proviStiMBARY @B T8 EXVENTEON r equency
nodul at ed cl ock signal are disclosed. In one

embod| ”Erﬁ ngd tg ﬂfel cqq g%fltsﬁ‘l%xﬂﬁﬁ Shodd ﬁé}}é.ir%usa Lh ABRRshst e

prow e e's rea spectr ased out put

ck. si gna |nclude h
}%é%ﬂft% 9%“?‘83 gﬁ%n Elgcﬁ%eéa S%‘?fﬁ%‘ee%‘ﬁgﬂgg@ tp% ngphase
accunul ator circujt = arranpged tg\sgrow de a reference

; 10 splegfalle Siegirapy me f“a@ﬁlﬁ‘lﬂ?&ﬂ%‘% 3¢ disclgSfid coupl ed to the
15 phase accunul ator, a nom nal phase source coupled
to tﬁmom@daumtnwaﬂ@wmhem@rml@uﬂtaﬁalmé te profifericy
5 shifter unit arranged to provide a nom nal phase
ssliegrabll spremtispeatrnmdiased toathup blaclesigwal tiva inpdudsh aghase t he
frequency shifter unit arranged to provide a

ARRbE AFReusl 8RFkrenclteockrsetrde B@.}pl@lﬁb filieephag@hdcumotabircasuit
the nom nal phase signal and

arranged to provide a reference clock signal, a frequency shifter unit coupled to the

15  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 corﬁbines the nominal phase signal and
the modulation signal to form a frequency shift signal as input to the phase

20  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.

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

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

25  aphase accumulator circuit, coupling a reference clock source to the phase




10

15

20

t he nodul ation signal to forma frequency shift signal
as input to the phase 20 accunul ator which uses the

WO pE9cy shift signal to sanple the referencePET/HEM/08066

signal so as to produce the output clock signal having
accupeitoratirchit eraegedylo aravide a refersgoeelogk signadandsayplingpon
t he nodul ati on signal. In another enbodi nent, a nethod
flefuaptPYiidbngirtotid glekahdcematoradhs pettod forthdrasdaies
output clock signal is described. The method i ncl udes

cORELE L 8RS PhadlsBicd td e plize BediiRiRoPSRYIBE @ HRr frequency
cirrcliit, coupling a reference clock source to the

e
R C RN s

nom nal phase source to the phase accunul at or coupl ed
to the frequency shifter unit arranged to provide a
nom nal phase signal and coupling a nodul ated 5 phase
source to t BRIEFRESGBYPEION OFf T PRAWENGSEd to

provi de a nodul ation signal. BRI EF DESCRI PTION OF THE
DRAWTNesEvERGor WHEDY better idetstdad byatfeemce e $dlizodndy
reference to the followng description taken in
d‘éﬁﬁgg&ﬂak&{‘invﬁoﬁﬂhn%ﬁ&l HAE GERAH Ay Hioathwigss. 10 Fig. 1A
sho a representative clock signal and associ at ed
harnmonic based EM. Fig. 1B illustrates a spread
spectrum processing of the representative cl ock

signal of Fig. I A and a"resulting reduct.i,on,i :

nar bt A4 ayeEsentzgve siacl s sng asgouis &y g based

&ovi ding a sel ectabl e nodul ated system cl ock in
lcordance with an enbodi nent of the invention.

Fig. 1B illustrates a spread spectrum processing of the representative clock
signal of Fig. 1A and aresulting 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

synthesizer 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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Fig. 3 shows a representative bipolar signal in
accordance with an enbodi nent of the invention. Figs.

wap@se@hows representative output signals in PCT/US03/08066

accor%a(p%e with an 20 enbodi ment of the invention.
Fig. 5%HoWeWEadonrhakdsiaiding apmeess forpiovidings spresdepectrum
the formof a direct digital synthesizer circuit
(teesd)meditied glagk incgterdansatydth anemibodimdrnih of fheverhiion.

Fig. 6 shows a particular inplenentation of a phase

ac cunifigi8ctustiates wicomptter Byt SometpWvédroampRrRadieeiention,
of the invention. 5 WO 03/079562 PCT/ U803/ 88066 Fig.

7 shows a flowchart detailing a process for providing

a spread spectrum based nodified clock in accordance

with an ebedines tnlgge(;m;lﬁrsftdeiﬁn B &8 gﬁﬁﬁ‘gg%gﬁq%opmm'rs

illustrates a conp
i npl enment the invention. 5 DETAILED DESCRI PTI ON OF
SEL ECRE®r<EMBEIH MINES maRe fred@nit & apreferd® Wnb8diARa LS e
detail to a preferred enbodi nent of the invention.

avenmive Af eldiplPsehe bfe?é?re%@%ﬂw}ilﬁgé?? ;}d’ ifindrabddSh iy €d i n

the acconpanyi ng draw ngs. e ITnvention wll
B&odBasil Ji 11, -C @ ' | t 0 referred . . .
en‘gg%i fryé%%)&q%ﬂbvs\n Wﬁll’){m% S no‘glélatfehdJ ctijed i copignction with a
' - |1 m.t_the 10 invention to one preferred
bR Sehob Bkt prdeysfpod hat is hokivaadd tpamaber
al tet{?njtives, m_)eai fications, and equival ents as may be
1A ERLeREE of Prgfast r?@lbggln?fiﬂi- Tafhe copisp, ibis inteadddrioenvéron
s defined by the agf{)ent_jed clains. In one enbodi nent,
tegnatives, mpdificakipnss grr ¢k vatents asi mayube in¢IDBS) withindingepdrit and
provide a sel ectabl e spread spectrum based out put
soope kf the frvantidrsasdieSioed nethe afnddSclajond, hesi zer 1 ncl udes

.a phase accunulator circuit, a reference clock source

couplindne embodiment, a direct digital synthesizer 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, 2 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 upit 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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t he phase accumul ator circuit arranged to provide a
reference clock signal, a frequency shifter unit

WoBHpI9Ed to t he phase accunul ator, a nomi nal phBEEUS03/08066

source coupled to the phase accunulator coupled to

t he fFhequesntion will newbe degeribed inderpescpitagprepd spactiumgystem and
nom nal phase signal, and a nodul ated phase source
methpdsdt usethietref &(ﬁuableatﬁ beng yncehjofdtet inuaniititeguated sgatohductor
provi de a nodul ation signal. The frequency shifter

didide vEDIROWA S0 tHoSe SIgMEdNalthdpeRd 36 Bldeldeanfoduled clock signal
nodul ation signal to forma frequency shift signal as

b réHlLtC[S oIt{slthenk(P & gna Wraﬁ]gfthé B PSR are é'ora

out put aV|ng a central frequency an

e R L e S e e

described in terns of a spread spectrum system and
infenhefdle BwWeRiioa: t her eof capabl e of being i ncor por at ed
in an integrated sem conductor device well known to

t hos eAekidinglyl Rig 2 fhewartspiesdspectupsysitn @08 imentordanegwith
clock signal to an LCD. It should be noted, however,
drhmbokdieerd eSthe iidvedti@ribidd systetrs2(8riaclfides aDDE birstit 202 ve
pur poses only and should not be construed as limting

RtainB&T tolri@lifaARRréice clobk Sithal LK [ eeckive@ AbinQireference clock
Accordingly, Fig. 2 shows a spread spectrum system 200

é@g@%@({eﬁ%ﬂ%g%é@ u:g:fo [bcﬁ (S‘% %Y(ﬁﬁ&éd a clock

arrang dto

lﬁ;é?u‘éi%%?%é?f GRS 20 3 lci? b ng}f@?&%fgﬁa&gﬁpﬁn @ bl

Sl T b i L
provi ded b a nom nal . signal generator 208.

@é@naléfgnﬂh&eneqat% IZOWPB]@FI%a%?%hﬂnlb%}@raﬁt@mmlﬁnd

the nom nal signal generator 208 is coupled to an -
adpled tainphase a@uhmatong 12n Hoshopidtbe noted that the clock modulation

signal CLK,,,, is a periodic bipolar signal (i.e., has symmetric positive and negative-
going waveform) having an average value of substéntially 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,;, yet 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.




coupled to a phase accunul ator 212. It should be noted
that the clock.nmodulation 1.5 signal CLK,,,,d is a
WQeH478%2c bi pol ar signal (i.e., has symetric peEI/UB0388066
and negative- going waveform having an average_ val ue
of subsimngrmpeatiby, theadsler Gre2 Huadds gie niastulgtion §ienaldelelin.
in Fig. 3 showing both a clock nodul ati on si gnal
toeheaiofinl 3¢Rab0OUK AN thepstSaehatbitl ohodlatew sigh#lt220 provided as
si gnal CLK,,,oa that in this case takes the formof a

t't@ @he gﬂgse%&ﬁﬂﬁﬁﬂo@i 2. V@Y@ﬁlﬁﬁéﬁc\éﬁhﬁlﬁﬁ)r 39% resphds |B|y3
Y, n though an out put cl ock 20 CLKQU, si gnal

s{éﬁﬂ Eﬁ%ﬁ aedul 3?8@3&%&%&%&[&&@‘{1}5&%@{&&0 ﬁo@&lgted signal

n- st gha S cen requency
S unchange In e descr.i odi. Y-
5 BRI rirenufa i o DL RL L PR ﬁ?&ﬁu“ g
circuit 202 is used to provide in some cases,
agerrtanse rodumsreho dimesd Rf thejipyeation dieasCaRulgio Ptlfé’l“t %ﬂal 222
anal og converter (DAC) 216 coupled to a phase | ocked

grevfies 2fequBhdy)spedad difiatoudd 8 certidl rdferonve fraubmyysie dsdeétly ed
inthe art. 7 WD 03/079562 PCT/ US03/ 08066 Duri ng

r@lfﬁ?eﬁ% E&"b&ocﬁ(hﬂocﬁl@ﬂﬁh spbmht CIZI{ aFli§§ 48R8d QCQHKstrate at least one

nodul ation signal CLKTod to fie nom nal signal CLK

SSSHERE ARG R F el s o
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signal 5 220 thereby produ0| ng an accunul at or out put

repgiangmpgedaown in Fig. 4A. In accordance with an
enbodi nent of the invention, the accunul ator out

si gndh opg embedimentRiewa it Figy Gethe gloglomedul aiipn @Lr%lur?gﬁ dakes
central reference frequency frefdirectly related to
thé éorel efaldiveoictlipitd] ispmthasizpn elrcu@ (RDS) 560. ThegentBitandf #e
il'lustrate at | east one advantage of the invention in

duliisilt cRIck tumgg sighel fRdsh Pétrefelen ek cl6dletinal SILENAknd the 3dck

frequency nodul ated by the cl ock nodul ati on si gnal

15 hddbatn $81 CERL T & p A TRAMEREY 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 Qf 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

20  sampled phase to a sinusoidal magnitude is analogous to the projection of the real or
imaginary component in time. Since the number 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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remai ns unchanged. I n one enbodi nent shown in Fig. 5,
the clock nodul ation circuit 202 takes the formof a

W@ P¥Eei62di gi tal synthesizer circuit (DDS) 500. WEEUS03/08066

generation of the output clock CLKQU, signal fromthe
chafot be peeter thao kproginetel CAc fitharederetve clicksignalftlKes the
nmodul ation signal CLKI,od is performed by a phase
o@ﬁi)wé‘ﬂél:}atgl{mréiw dpdd@2updnths pie loekabbopPiLE), citchie 218.
phase accunul ator circuit 502 is coupled to a ROM

| ookyyp ﬁ—% s SlefntaiRinowh fikigNBahd dBerdfdr) @ phidee | N

‘this e ment, the sanpl ed output of the phase

accunul at.or . ] I
P PR Rpet b % BRAEERBe A6 e SPEWP
be noted that in this sityation onversign of.the
Eh G Hldrap ey vard P v B L bl o ol R ofock
anal ogous to the projection of the real or inagi nary .
noashwirsionsignihChK e TIs feauangie werhb & copfinprusly asewplpyd with
t he phase accunul ator 502 determ nes the granul arity
o lakthantbiod pheseosalimdiyumt Nrbiidder 662. Bfe qubt obihe pdder 80k
CLKou, signal, a typical phase accumnul ator size is 24

shdpRd abitfeFefe@nBElock fignal OLKL heoubB 16 € N biyatlder$02.nBhen
the nom nal val ue of the output clock CLKau, signal 8

O QAR S u@é#fﬁ%@a{e@ BRE0 viteRRNREmBALG (@l Ekd b d®r clock

approxinmately % of the reference clock signal CLK "
rhosfar B! ChREp i B A SBERI s ciiease
2courib o bpeadceras 89 BE psrat WHEHPSBTe 15
ot e g S e o BV R
nmodul ation signal CLKU,od. This frequency word F is

Tentrocusobsgins 002 by keedugwidesired firguenayispiraddfe@nptise
value by an N bit adder 602. The output of the -adder

Ao R o e gk oo ot
based upon the selected frequency spread Af at 704. It 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 oufput circuit
suitably arranged to provide a modified output clock signal at 712 having a
substantially unchanged central frequency and the selected frequency spread Af.

Fig. 8 illustrates 2 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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the accunulator circuit 502 reaches the N bit maxi num
value (nodified by the clock 10 nodul ati on si gnal
W@H79E@) t he accunul ator circuit 502 rolls ovePCHHESN3/08066
continues. Fig. 7 shows a flowchart detailing a | :
ipresivasan be implemprted: iCanttes s¥pena 880 inphiles ﬁ%ﬂga@é‘?ﬁmg it
nodi fied clock in accordance with an enbodi nent of the
(GRBrRl0prandornt hecepy memey (BARN)N&20atead 0Rlybyemetyd BOMBZ, one
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For example, analog image data can include video signal data also with a
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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track balls, mce, keyboards, m crophones,

touch-sensitive displays, transducer card readers,
WoBHHa62c or paper tape readers, tablets, styl uBEBUS03/08066

voi ce _or handwiting recognizers, or other well-known

i nput Wadle iisinveniion has beasr deserihed dn tesmmal a prgfepigt émbodiment,

Graphics controll er 860 generates anal og i nrage data

thae st sltratempeedhutgtions] endayuevaleh® thatdulhivithiaribe grope iofiths

both to digital display unit 870. The anal og i nmage

idationan Peudeneanettd thatthey arphay dasedveonayiofel
data received fromCPU 810 or froman external encode
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For exanpl e, analog i mage data can include video
wvenwin. data al so with a corresponding tine reference
signal. Although only a few enbodi nents of the present
i nvention have been described, it should be
understood that the present invention may be enbodi ed
a2 chienyd @t her specific forns wi thout departing from
the 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
limted to the details given herein, but may be

modi fied within the scope of the appended clains al ong
with their full scope of equivalents. 10 WO 03/ 079562
PCT/ QS03/ 08066 While this invention has been
described in terns of a preferred enbodi nent, there
are alterations, pernutations, and equival ents that,
fall within the scope of this invention. It should

al so be noted that there are many alternative ways of
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WO A/&R620n be interpreted as including all

i npl enenting both the process and apparatus of the
present invention. It is therefore 5 intended that the
suc hPCT/US03/08066
alterations, pernutations, and equivalents as fal
Ipithenglpimshe true spirit and scope of the present
invention. Wat is clained is: 10 11 WO 03/ 079562
PCT/ 11S03/ 08066 1In the clains. 1. A clock synthesizer
circuit arranged to provide a sel ectabl e spread
1SPect) uibck BasiedizaldiRult aghaed t6 b@vide a seleblblespregd sipectum
phase accunul ator circuit; a reference clock source

t h&ﬁﬁa =cumul ator circuit arranged to
ﬁﬁ%ﬁﬁéﬁ%ngﬁ?gggpghce éiogﬂ signal; a frequency shifter
unit cqupl ed to the phase accumul ator; a nom nal phase

T8 el Erd!

sour %?ﬁ“%‘&“ hase accunul ator coupled to the
10 frequency shifter uni} .arranged to provide
noni rﬁaqe?eﬁmg élogf ¥isge coapleg Rl aseaﬁglg@ulé{Bﬁ?lﬁ%ﬁ@&i‘Bg%ddm

to the frequency shifter unit arranged to provide a
modde ar¢forenes dorkisisngl, A circuit as recited in claimi,
wherein the frequency shifter unit 15 conbines the
nom nefrequsacysshifteg nait caupded toehapithet atcumnlagirgnal to form
a frequency shift signal. 3. Acircuit as recited in
cl ai My gominkighedesohide chiieiRNEY pldie hécusiuidlcoupled i the

i nput to the phase accumnul at or.
frequency shifter unit arranged to provide a nominal phase signal,

a modulated phase source coupled to the frequency shifter unit arranged to

provide a modulation signal.

2. A circuit as recited in claim 1, wherein the frequency shifter unit
combines the nominal phase signal and the modulation signal to form a frequency

shift signal.

3. A circuit as recited in claim 2, wherein the frequency shift signal is an

input to the phase accumulator.

4, A circuit as recited in claim 3, wherein the phase accumulator uses the
frequency shift signal to sample the reference clock signal so as to produce the output

clock signal. ‘
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20 4. Acircuit as recited in claim3, wherein the
phase accunul ator uses the frequency shift signal to
WQaHEPPE2t he reference clock signal so as to proBUEESW3N&066

output clock signal. 12 WO 03/ 079562 PCTI US03/,08066

5. AXircul tirat aseediteéin ¢laine f.avherein theratit glogk @36%1353&?

cl ock signal has a central frequency and a frequency
EREEFEqhaRe dnd pdRqlidiey spdad bastdupsi thealodulBtionsigial cui t

as recited in claim11, wherein the phase accumnul at or
circuit is 5 coupled to a read only nenory (ROM | ook
up table. 7. Acircuit as recited in claim6, wherein

the ROV 00kirdif 4:30ia i Otk S aFnctlin URANAR adiBlalon dhouit is

val ues. i rcul as recite m 7, wherein

a sanpl ed qutput of t as umul at or provi des an
5 qOHBGEQéﬁgﬁ PO IETREY 8R€H%E@§%Ie in order to

convert the sanpled output signal to a sinusoida

magni t ude signal. 9. A nethod of providing a

sel ectabl e spread spectrum based output 15 cl ock

si gndl., cohprasi asgecited dwcldim §, wheypia s ROMulpak ap dpble

circuit; coupling a reference clock source to the

Rbages aneuiddl Migitudé vauést arranged to provide a

reference clock signal; coupling a frequency shifter
unit to the phase accunul ator; 20 coupling a nom nal
phase source to the phase accumul ator coupled to the

frequency ghLf; Leld e hdrBiny DA Ate BT ihdlphase
10 phasg&si gn%?%rg%géspr#gkg lgﬁﬁ.ﬁﬁﬁ; at é’gmg%ag}g soupjgug to the
a{crctet gﬁ?o%){arosvr%cllgsta% rinpl{lrt] Is.itgna\alrtcr) %{‘e%?SM 18ok up table in order to convert the

sampled output signal to a sinusoidal magnitude signal.

9. A method of providing a selec_ta&::le spread spectrum‘based output
.' 15  clock signal, comprising:
providing a phase accumulator circuit;
coupling a reference clock source to the phase accumulator circuit arranged to
provide a reference clock signal;
coupling a frequency shifter unit to the phase accumulator;
20 coupling a nominal phase source to the phase accumulator coupled to the
frequency shifter unit arranged to provide a nominal phase signal;

coupling a modulated phase source to the frequency shifter unit arranged to

provide a modulation signal.

25 10. A method as recited in claim 9 further comprising:
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provi de a nodul ati on signal. 25 10. A nethod as
recited in claim9 further conprising: 13 WD

WQ 83 re9B62 PCT/ US03/ 08066 conbi ni ng t he noni naPCPHEESE8066
signal and the nodul ation signal to forma.fr quency
shi f tcogibirag theypominal phase sigaeland fig padulpfign signg) 1o 1arm
nmet hod as recited in claim10 further conprising: 5

freqpanty sind sigmal by g dreqopncy Bhifter wiignal to t he phase
accunmul ator. 12. A nethod as recited in claim11,
conpri sing: producing the output clock signal by the
phase accunul ator by. 10 13. A nethod as recited in
clai gy 12, Af I S04 [ ‘Hee:r ef erence
ol ochhs g O e A

t had [ | E , [ t put
S O ocn bR ldiel ofinti el GUIRRE BB B oy

spread based upon the nodul ation signal. 15 15. A
method as recited in claim1, further conprising _
coupling the phase accunul ator circuit to a read only
nmenoid. ( R&Mpethadrs igpitedtinslagm 13 ocorgprisiigiet hod as

recited in claim15, wherein the ROM | ook up table

i ncl udes piodusiog thel outyay niotk dignaldiy the phapy aconmulaiordty- as
recited in claim 16, conprising: converting the
sanpl ed out put signal to a sinusoidal nagnitude signa
based upon the 25 sinusoidal magnitude val ues

10 1 nclyded ipnkigd RIAQOK eRihak! futhdfcomprising:

sampling the reference clock signal by the frequency shift signal.

14. A method as recited in claim 12, wherein the output clock signal has a

central frequency and a frequency spread based upon the modulation signal.

15
15. A method as recited in claim 1, further comprising
coupling the phase accumulator circuit to a read only memory (ROM) look up
table.
20 16. A method as recited in claim 15, wherein the ROM look up table

._includes sinusoidal magnitude values.
17. A method as recited in claim 16, comprising:

converting the sampled output signal to a sinusoidal magnitude signal based upon the

25  sinusoidal magnitude values included in the ROM lookup table.
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