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in a liquid crystal display.

2. DISCUSSION OF RELATED ART

Electromagnetic interference (EMI) is 2 measure of the amount of interference

15 that an electronic device (the unintentional transmitter) disturbs an intentional
receivef, 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 Commerce. This situation is especially true in designs that

20 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.

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

such technique 1s referred to as pulse shaping which requires control of the output
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the energy of a fundanental frequency to 2

For example, carefully set capacitive or résistive shaping values change from
production lot to production lot requiring overdesign of the system to ensure that

_process variations leave sufficient EMI control and rise time.

Yet another approach to reducing EMI referred to as slew-rate control

15  manages the rising-edge slope by maintaining an output drive that doesn't overcharge
load capacitance. Slew-rate control achieves this maintenance by creating a cutrent-
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.

20  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 funadamental frequency to
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10 vendors are désigning their parts to work with spread-spectrum timing signals.
A useful component in the frequency conversion of discrete signals is a direct
digital synthesizer (DDS), shown by way of example in FIG. 1C. The DDS usually
performs a frequency step-down function. Summation unit 402 adds the n-bit value
SF stored in SF register 404 to the n-bit value from the output of phase accumulator
15  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 Fpp 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

?‘_Fsax | (2)

20 Fops =

where Fg « is the frequency value of SCLK. Output module 410 converts the DDS
frequency signal F s to a destination elock DCLK. Output module 410 could, for
example, convert the staircase waveform into a binary clock signal with frequency

Fpps. It should be noted that the jitter in the period of staircase periodic signal 408 is
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provi de a nodutailingno shegnadent iHvention qudinelg, sivafaies, auhiystavhdienes t he
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10 selectable frequency modulated clock signal are disclosed.

In one embodiment, a clock synthesizer circuit arranged to provide a
selectable spread spectrum based output clock signal that 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

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 sﬁifter 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  a phase accumulator circuit, coupling a reference clock source to the phase
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arrange aichetipraneeachoakt® andlmetRIncOEPIHcdea frequency
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coupling a ,nom nal S to the
frequengﬁ 1§hq%?%P“ﬁﬂ?@ﬁggHﬁﬁ%gd£?8h%§§€ éﬁgéﬁgﬁﬂﬁéﬁ&ﬂﬁaggag%g and
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deschi piphese soatcerio e Tenjenecshifer witawanged Warewidaaynedpleionfiggd. 10 Fig. 1A
shows a representative clock signal and associ ated harnonic based EM.

Fig. 1B illustrates a spread spectrum processing of the representative
clock signal of Fig. 1A and a resulting reduction in harnonic EM | evels.

15 Fig. 2 shows a SyspREF DESEROVIONORTHE A sa@edul ated system cl ock
in accordance with an enbodi nent of the invention. Fig. 3 shows a

representati I nt of the
oent on Fige Thi didFect b AEARIIAAE b 1Bihe SUBRHITEN. O dance

wi th an
description taken in conjunction with the accompanying drawings.

10
Fig. 1A shows a representative clock signal and associated harmonic based
EML
Fig. 1B illustrates a spread spectrum processing of the representative clock
signal of Fig. 1A and a resulting reduction in harmonic EMI levels.
15 Fig. 2 shows a system for providing a selectable modulated syetem 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

20 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 accurnulator circuit in

accordance with an embodiment of the invention.
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DETAI LED DESCRI.PTI C@I OF SELECTED EMBODI MENTS Reference will now be made in
detail to a préffesrditEiBddommtersysiensS00 emplayaddn. impieresta s isvettionhe
preferred enbodinent is illustrated in the acconpanying drawi ngs. Wile
the invention will be described in conjunction with a preferred

enbodi nent, it will be understood that it is not intended to limt the 10
i nvents on to one DETAILED BRSCRIFFION OF SEEECTHD BMBODIMENTRE ended to
cover alternatives, nodifications, and equivalents as may be i ncl uded

wi thin the spi r| and scope of the i nvention as defined by the appended
claims. In oneRelfEddr %Hpowéecma%f‘cm detayl to & prefpried embedimarit pEthiet  ( DDS)
arranged to provide a selectable spread spectrum based output clock signal
i s descr i W@antionheAn exasyie hEdie peefeirad kmbledinenpisabestmealimihat or circuit, a
reference clock source coupled to the phase accunulator circuit arranged

to provi descampedyéngedae igdsookhie giahyer@ionfwilMeeReN LRI tokjubRidn wRNRl ed to
t he phase accunul ator, a nom nal phase source coupled to the phase

accumul atgefeeuRhddist:, h@whrsauﬁaﬁytoéﬁ‘ﬂi‘amﬁs HllibuoRELPR0GH 19, Provide a

nom nal phase signal, and a nodul at ed ase source couple to the
10 invention to one preferred embodiment. To the contrary, it is intended to cover

20 enbodi nent of the i*enti on. Fig. 5 shows the clock nodulator circuit

alternatives, modifications, and equivalents as may be included within the spirit and
scope of the invention as defined by the appended claims.
In one embodiment, a direct digital synthesizer circuit (DDS) arranged to

provide a selectable spread spectrum based output clock signal is described. The

15 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 accumtﬂator, 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

20 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 accumnulator that produces the output
clock signal having a central frequency and a frequency spread based upon the

modulation signal.
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spectrum system 200 in accordance with an enbodi nent of the invention. The
syst ém 200stiativE pumeses dbpaerd shawild ngide coastruedge dimitngedhdrihesqopt 6F ence cl ock
signal CLK received froma reference clock 10 signal source 204 based upon
a cl ock inmdubfahe anecatignal CLK, "od provided by a clock nodul ation signal
generator 206 and a nom nal signal CLK'o,,, provided by a nom nal signal

generat or 208 depdilgi9f Flohe skbwek spreslubRiciram SheRa0a8NeEGMceaPi6) and t he,
nom nal signal generator 208 is coupled to an adder unit 210 havi ng an

out put aéaﬁ%gc{o%ﬂnE@g’i*g%gﬁgﬁat%ﬁ_&;%‘ﬂégg&% fob%nclhﬁﬁisigﬁgbbdci{éﬁit%&ed that the

cl ock no Ion s 'S a perio i'polar signal (i.e., has

symmetric posjtive,and negative- goi vef or havi ng. an aver.age val ue of
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a clock nodul ation signal waveform 302 and an _associ ated cl ock nodul atii on

si g8l  cigaal seyges 2 based npaisa elgele mogkiabion gignplfe i od: Rro¥ided By a dack

hexadeci mal waveform values 304. In this way, even though an output cl ock
modulation signal generator 206 and a nominal signal CLK,, provided by a nominal

signal generator 208. Each of the clock modulation signal generator 206 and the
nominal signal generator 208 1s coupled to an adder unit 210 having an output
coupled to a phase accumulator 212. It should be noted that the clock modula%ion

15 signal CLK,, is a periodic bipolar signal (1.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 ocutput clock

20  CLK,, signal is frequency modulated by the variation of the clock modulation signal
CLK,,4, 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

25  (PLL) circuit 218 well known to those skilled in the art.
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signal is 10 frequency nodul ated by the cI ocknodul ati on sign CLK ,,,dl

t he cent madvifleseaylieqiepcy spread ¢%*ﬁﬁi“?fga CoTERRAFRIRNCY ﬁﬁe‘b‘ﬁé"ﬁé%@ﬂqc nt shown in
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gggm ﬂ]i gg\rf%{tgé'@f thé-fhvention inl tRatREHEQIHRE obipubcBBRER KAC GipHd] igt or Circuit
10  frequency modulated by the clock modulation signal CLK,, the central frequency £
remains unchanged.

In one embodiment shown in Fig. 5, the clock modulation circuit 202 takes
the form of a direct digital synthesizer circuit (DDS) 500. The generation of the
output clock CLK,,, signal from the reference clock signal CLK,; and the clock

15  modulation signal CLK,,, is performed by a phase accumulator circuit 502. In some
embodiments, the phase accumulator circuit 502 is coupled to 2a 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

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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signal CLK,,,ld. This frequency word F is continuously accunmul ated with

t he laSttgg%%%%ﬂplg@?ﬁ%e\@%dé%yb% 1@BiNdREL 6RAERE 083t ofThE a@ibr BOL i0f the adder
npl ed at

602 is e referénce clock signal CLKr,r coupled to the N bit

adder 602. t he. accunul,at.or_,cireui r b Xi mum

val ue (nﬁf‘&?‘ﬁ\i\%{% - %?'}g“%el coc%l&Iign arirt?é‘tﬁﬁtc %)%Dﬁgcgtlogtﬁgﬂ%ffé&%% 1t%{lhéﬁgccurrul at or
circuit 502 rolls over .a continues. . Fig. 7 sho a,.tl art, detailing a
process ﬁ"e@C?LBF“[BFOBW‘EWhgf%reg‘g}eégﬁeﬁ%‘é@?’gwrb‘é{l'é%ﬁ%%h?‘?ﬁg Hﬁ A% i n
accordance with an enbodi ment of the invention. The process begins at 702
by sl ecmpeigationisignal KK .odhe peojmtrtaneirquéh 302 refig pvey and continues.

Fig. 7 shows a flowchart detailing a process 700 for providing a spread
spectrum based modified clock in accordance with an embodiment of the invention.
The process begins at 702 by selecting a desired frequency spread Af. Once a
particular frequency spread Af has been selected, a bipolar counter signal is selected
15  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
20 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 Af.
Fig. 8 illustrates a computer system 800 employed to implement the invention.

25  Computer system 800 is only an example of a graphics system in which the present



particul ar frequency spgead Af has been sel ected, bi pol ar counter signal
is selected 15 based u;‘ the sel ected frequency s ad OF at 704. It

shoul d %Hﬁﬁﬁgﬁzt hat the bipolar counter signal is a perljcq.glilsgmﬁj“ﬁpal
3 e a

havi ng an average val ue of substantially =zero. The sel ect i polar

counter signal is t i negh i icAal: ' o to form
a nodi fied 5‘%5’%%3 i%ﬁgﬁp%\?ﬁ }:% @:Fir[%\4p H}g %yﬂﬁggg?é‘%n e %F gt%!gq%ﬁé;ssgha ggi?;urml at or

[ it 708, Th h | it t | f 20
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reference clock signal as output of the phase accumulator s then provided
to an out@umorsipespheralssidit srBpiicapendiodensed PHmMArY seragesyices %%0 @Jrﬂﬁeput cl ock
signal at 712 having a substantially unchanged central frequency and the
sel ect ed £3E®qguediitabpselad uMt SF).gCPBIsISIE D ast alst emipdedciommetaamagst em 800
enployed to inplenent the invention. 25 Conputer system 800 is only an

exanplse ofnpayaliaRiiesfes 350 0Rt indy Whilede, biearp heslanite®0/\@eidéNsBh GE, s
PCT/ U503/ 05066 I nvention can be inplenmented. Conputer system 800 includes

central p{rgﬁc(e%g%n&éc%gfcéybo&@g%icﬁ%ﬁmnés‘?Rﬂl@ﬂls@ﬁ&@%sdigﬁq%)&aﬁ@m&r &2, read

only menory one or re peripherals 830, graphics controller
860, primary stora devi ces 840 and 0, | @it i - unit 870.
CPUs 810 ERNCTEBRSRGE SF B Brg e Fra%’feg& SF@%&?’WS&%@‘{M l‘é‘?/ﬁ%‘gé 890 that may
i nclude, but are not limted to, devjces such as t racg balls, mce,
keyboar dstecRsBzapEpdisr el ydigB e%‘e%l?‘s‘& agyQf CouFse, SHSEEYMRUPY: 1 eaderss,
magnetic or paper tape readers, tablets, styluses, voice or handwiting
r ecogni zeGsaphas contrellen§6D lzekaratsn anaipgimapedabreandsueHTespondng EYECEE ot her
conputers. Gaphics controller 860 generates anal og i mage data and a
cor r egponglind, dref moeidechoti G Sightabdisplayndnip B30I Tresinbltghintage degicaabedi spl ay
unit 870. The anal og i nage data can be generated, for exanple, based on
pi xel dat gefeRh&d, W8k, 6hddBhGiRd! dafad@d@ved from CPU 810 or from an

external encode (not shown). In one embodiment, the analog image data is provided

in RGB format and the reference signal includes the VSYNC and HSYNC signals

well known in the art. However, it should be understood that the present invention

15  can be implemented with analog image, data and/or reference signals in other formats.
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
20  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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external encode (not own). |In one enbodinent, e anal og image data is
provided in RGB for and the reference signal Wncl udes the VSYNC and
HSYNC sygosth®seel |l known in the art. However, it shoul dedeusdeiat ood t hat
the present invention 15 can be inplenented with anal og i nage, data and/or
reference si gwahise ihis iatdreionfhas bedrsdescifond iexanplod a paefatrod) einbadienadit a can

i nclude video signal data also with a corresponding tine reference signal

Al t houghyan! MearbeWoRTBeShIBMS, Hd ddieyadés eat flinvienh itesdapy ef Been
describeéﬁﬁ%feshoulg bé under st ood fﬂat t he present invent?on may be

enbodi ed. i n_20 n AR j fromthe spirit
or the ngSEU%}nﬁﬁgoﬁéggéﬁgggﬁﬁJgﬁ?ﬁgﬁgﬁ eﬁgggégﬂﬁggi ﬁg?es are to be
considered as il.lustrative and not restrjctive, .and.the.jnvention i s not
Lo be |1 Rigaeping Redes BIPPSS gnd arpKee ph S Roo N e ndti GG t hi n t he
scope of the appended clainms along with their full scope of equivalents.
10 WG 03in7984 2h Ty wsosicmdrastewrried as Hicduding ahsidrhlisidiopgen described in
terms of a preferred enbodinment, there are alterations, pernutations, and
equi val epérmuitdtiinsf ald equivtahints dstfel] s the theftrietspsrit and weope iihe presgtioul d al so
be noted that there are many alternative ways of inplenmenting both the
process grdnp@pparatus of the present invention, It is therefore 5 intended
that the invention be interpreted as including all such alterations,
permut ati ons, and equivalents as fall within the true spirit and scope of
the present invention. What is claimed is. 10 11

What is claimed is:

10
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WD 03/ 079562 In the clains. PCT/U S03/08066 1. A clock synthesizer circuit
arranged to provide a ect abl e spread spectrum ed out put cl ock
signal, conprising: 5 a phase accunulator circuit; reference cl ock source
coupl ed™M¥MEBhase accunul ator circuit arranged to pr8GTEE'¥%8¢ er ence
cl ock si naé; a frequency shifter unit coupled to the phase accumul ator; a
noni nal gﬁ &la@§r ce coupled to the phase accumul ator coupled to the 10
frequency shifter unit arranged to provide a nom nal phase signal; a
nodul at ed phase source coupled to the frequency shifter unit arranged to
provide a nodul ation signal. 2. Acircuit as recited in claim11, wherein
the frequency Astiotk eynthesizer citGritamigaéto prsidsarrelsalablsiRs@d SPEHEIM and t he
nodul ation signal to forma frequency shift signal. 3. Acircuit as

recited ipRscll kgt 2lockiaingl, Bopdsingequency shift signal is an input to the
phase accumnul ator. 20 4. A circuit as recited in claim3, wherein the phase
accunul at or us‘igﬁag@%w k neyitshi ft signal to sanple the reference clock
signal so as to produce the output clock signal. 12 WD 03/ 079562

PCT/ US03/ 08066 5. A SIfGHbuds cb&ikd £k PrfeAtiiulaldP E&liParkdife@wd PUt Clock

signal has a

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

10 frequency shifter unit arranged to provide 2 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

15 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.

20

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.

12



©. Acircuit as reci in claim1, wherein the ase accumul ator circuit

is 5 coupbsehobsr a read only memory (ROM) |ook up table. per/ésilokéddi t as
recited in claim®6, wherein the ROM | ook up table includes sinusoidal

nmagni t ude val gles. AQm%mté’s&bft@dJintclﬂm 4 echdreid thewowpatiolack, sigdwthes a a sanpl ed
out put of the phase accunul ator provi des an i nput signal to the ROM | ook

up tabl e | lsidrfdl.@ Si nusoi dal
g udgSr GRefent s LR e b o 48l 2ad Spect rum
based output = 15 clock signal, conprising: providing a phase accumnul at or
circuit; coupling a reference clock source to the phase accunul ator circuit
arranged to rovide a reference clock sjgnal: cou fregue cy shifter
unit to the pgase éd@@ﬁ%ﬁ%ﬁ%ﬁedQUﬂ@BUdeh%eﬁih%ﬂmﬁ Pmﬂﬁ§§@°§8ﬁ98g to the
phase accumnul ator coupled to the frequenc¥ shifter unit arranged to
provisde mupteditoalreghade rehyma(RO¥DUptk B tabitrodul at ed phase source to the
frequency shifter unit arranged to provide a nodulation signal. 25 10. A
method as recited in claim9 further conprising: 13 WO 03/ 079562

PCT/ US03/ 08066 conbi ni ng the nom nal phase signal and the nodul ati on signal

to forma fr?quengyméphfaé res DA ol ENOLEERAHEROM SbUK ietableni t . 11, A
met hod as recited in claim10 further conprising: 5 |nputt|ng t he frequency

ShITE ST g0Rke! Snldifad MBS RRCHTHG AL O

central frequency angma frequency spread based n the nodul ati on signal.
@

0 8. A circuit as recited in claim 7, wherein a sampled output of the phase
accumulator provides an input signal to the ROM look up table in order to convert the

sampled output signal to a sinusoidal magnitude signal.

9. A method of providing a selectable 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:

13



12. A method as recited_in claim11, conprising: producing the output clock
signal by the phase ac | ator by. 10 13. A neth s recited in claim:12,
further conprising: sanpling the reference clock sirgnal by the frequency

shift sWEHE7*52. "A nethod as recited in claim12, wher ePRT{REHbDut ci ock

signal has a centr.al frequency and a.fr on the
modul ation si GRAPLINIRE e %ﬂn?r']ré‘)l{]ﬂﬁflds%r?l ?%agﬁ# gﬁg%/uéﬁgﬂqlg@%a?@%&?%ﬁer

conpri sing coupling the phase accurrul_fator, circuit to a read only nenory
(ROM) | dotquepcy shiftesigmebby ghe freauargycd i "Alci ted in claim 15, wherein the
ROM | ook up table includes sinusoidal magnitude values. 17. A nethod as
recited in claim 16, conprising: converting the sanpled output signal to a
si nusoi dal magni tude signal based upon the 25 sinusoidal nagnitude val ues
included in the ROM heekdps teaht®in cldim 10 further comprising:

5 inputting the frequency shift signal to the phase accumulator.

12 A method as recited in claim 11, comprising:

producing the output clock signal by the phase accumulator by.

10 13. A method as recited in claim 12, further comprising:

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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