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SPREAD SPECTRUM CLOCK GENERATOR BACKGROUND OF THE
INVENTION 5 1. Field of the Invention The invention
relates to reducing el ectromagnetic interference (EM)
of clock generating circuits, and nore particularly

to architectures L g r [

nmodul ators with @%3@@@%§§E§ﬁﬁi§#gﬁgﬂégﬁﬁﬁﬂﬁngQﬁ: 10

2. Description of the Related Art Fig. 1 is a

sinmplified block diagramof the related art U. S

Patent 5,488,627 (Hardin et al.) Fig. 6, which is a

conventi onal type pPRASKGROQWND ObAHE PIVENTHDNH

nodul ates the divider. Gscillator (OSC) 33 feeds

Counter 1 block 35 which feeds Phase Detector (PD) 37

followed by Filter 38 and Vol tage-Controlled

Gsci |l Block 39 is coupled to 15 an

CUtp%t?%f d¥§558§§MAth out put Cock Qut) and Cbunter

2 bl ck 42.  Counter block 42 in turn is cou

back [ ESiTPHign gitesy se@uegms slecygmaggptic Jyerfeggace %Réclock

up the PLL. Gscillator 33 also feeds Counter 3 bl ock
getBratiGg gptets, amd merd mstihddriyateardhitectures ot digital sGead spectrBm

bl ock 45 and a second input to Counter 2 block 42 are
mbi BRI WAR fidftencd alid plvfildmbligado! ock 47. Look-up

Table 1 block 46 is coupl ed between bl ocks 45 and 35

and 20 provides a second input to block 35. The

architecture of U S. Patent 5,488,627 (Hardin et al.)

as.the t ech ical  inplementation difficulty of
a co &ﬂ??ﬂﬂgi‘gvﬁ% @E@dﬁﬁﬁulatlng the divider that a
ver 1
yFlg 1 is a simplified block diagram of the related art U.S. Patent 5,488,627 (Hardin

et al.) Fig. 6, which is a conventional type phase-locked loop (PLL) which modulates the

divider. Oscillator (OSC) 33 feeds Counter 1 block 35 which feeds Phase Detector (PD) 37

followed by Filter 38 and Voltage-Controlled Oscillator (VCO) 39. Block 39 is coupled to
an Output Divider 40 (with output Clock Qut) and Counter 2 block 42. Counter 2 block 42
in turn is coupled back to block 37. Blocks 35, 37, 38, 39, and 42 make up the PLL.
Oscillator 33 also feeds Counter 3 block 45. Coupled in series between the output of
Counter 3 block 45 and a second input to Counter 2 block 42 are Up/Down 49 and Look-up
Table 2 block 47. Look-up Table I block 46 is coupled between blocks 45 and 35 and

provides a second input to block 35.

The architecture of U.S. Patent.5,488,627 {Hardin et al.) Fig. 6 has the technical

implementation difficulty of a conventional type PLL modulating the divider that a very
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| arge i nput reference divider (Counter 1) and feedback
divider (Counter 2) is required in order to inplenent
the N-step "Hershey Kiss" or Step triangular profile.

This results in the reference input frequency to the
phase frequency

cy, detector_to be very smal] and thus a. ..
largesinput 1eggEnce éw%ﬁéwua%l)i@d 3%‘5?91%%“53% JC&%F ?ﬂ@&?qwed n
However, a very |ow | oop bandwi dth neans a 5 very, i
ordentagignpderniend theelNrstdp “IHpoghey KlissE or Swpatdan@hripsoﬁleq@ﬁlﬁ aepults in the
also the PLL will be too slowto track the nodul ation-
refSrefEPiput@R\IUERIYLD it pHage frBduentie détectorste ba veryesbialiamalthud a very
PLL, but this approach also has technical
| | ole] ' | ' idth means a
oot FRHARAN AU R B - HARSR, s phabog budditat:
sinplified block diagram.of .the related a ..
verp g e gme B9 PR s hiulred: BlsS tafBLg, Miltbg fopstow to
the loop filter output voltage wth a DAC output )
travlotheanedulativarsignal. Hendmditiuy te this ds toruse p Feactippahhh PREput this
The PLL of Fig. 2 is like the PLL of Fig. 1 except

approath &1id hredBical Beplémentatien Fobleimgvilicidrests iabdving & overcome
there is no second input to block 35. Coupled in

I.es . r,Counter 3 block 85 and Sunm ng Node 21
al_‘zg{eélﬁlg‘}t%?v@nﬁ%ybounter 23, ROM 82, and
Di gital -to-Anal og Converter 83. The output of Sunm ng
Node 21 goes to VCO 51 and fromthere to CQutput

Buffer 40 and out put Cl ock Qut. Regarding the s ' .
| oofFig.i2 is esimplifiedddock d#@gr@@cqfﬁh%@ia%?w U Rtent $AB8.627 (Hardin
problemis having to add the |loop filter output

et WI0) Figg® whitthsuans/ibe Jooprfilter oupit ugjagomiitia DAE digpuiyoltage, where
small 20 as 1 % of the loop filter output voltage. For

s it oRFAC kb3l RUM. UEhOBLL BEFieOD R kel th€PLL @OFUT except
th%?ﬁlﬂ:\ esfspl V, to sumthis IV w thgloml (19 requires

3P o 2ot R R0RL oot o ks

nodul ation, Ste

Coupled in series betweerlJl Counter 3 block 85 and Summing Node 21 are Up/Down
Counter 23, ROM 82, and Digital-to-Analog Converter 83. The output of Summing Node

21 goes to VCO 51 and from there to Qutput Buffer 40 and output Clock Out.

Regarding the summing loop filter voltage, the technical implementation proialem is
having to add the loop filter output voltage with a very small voltage which can be as small
as 1% of the loop filter output voltage. For example, a practical value of the loop filter
output voltage is 1V, to sum this 1V with 10mV (1%) requires a low offset opamp. But

since this 10mV signal contains 2" steps to implement the “Hershey Kiss” modulation, Step
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2 triangular, or any other nodulation profiles, this
adder becones inpossible to design to such a degree of

accuracy. Since the spread spectrum cl ock generator
desi gns as di scussed above have various

I
B R AL RO S B OB R0 %ﬂd%ﬁ%@ﬁ# design to
here are three types of spread spectrum cl ock
Swé%ﬁ@@&ﬁd?é“@%%@ES) inthe literature. The first type
nodul ates the vol tage-controlled oscillator (VCO
directly; refer to: 10 HS. Li, Y.C Cheng, and D.

Puar, "Dual -Loop Spread Spectrum C ock Cenerator, in
| EEBirtethe %@édd%p&tﬁh@cl@bk getickator@uRigns andiscusbal abbeehave various
Papers, 9, pp. 184-185; and H H Chang, |. Hua,

lmﬁﬂﬁlgrﬁﬂgabﬁ probisiy BrPR spPRAELL ) St RRRLR feagihercby n
CerUItS Vol . 38, No.4, April 15 2003, pp 673-676.
thisyeatiothng type conbi nes t he mul ti phase outputs of the
cl ock source and the special digital processing
circuits to achieve the spread spectrum function
refer to: Y. Mon, D.K Jeong. and G Kim "d ock
Di t Iektange ftece drbexdfispreadspdciram dockddnarators (890 Gp) Bpthedderature.
Spectrum Phase Mdul ation,” in IEEE Int. Solid State

Tlié’%& i’é@yh{gﬁuﬁ%@ftﬁé L e@b&roli@%%cﬂlﬁ’t%@ﬁ?@@% 499y, Rifer to:

Mair and Xi u Architecture of
Hig til-I E e][l Ce%g,l: dnd D epu%}/ %ual Logﬁ §pread Spectrum Clock Generator,”

in IEEE Int. Solid State Circuits Conference Dig. Tech. Papers, 1999, pp. 184-185;

and
H.H. Chang, I. Hua, and S. Liu, “4 Spread Spectrum Clock Generator With
Triangular Modulation,” TEEE Journal of Solid-State Circuits, Vol. 38, No.4, April
2003, pp 673-676.
The second type combines the multiphase outputs of the clock source and the special digital
processing circuits to. achieve the spread spectrum function; refer to:
Y. Moon, D.K. Jeong. and G. Kim, “Clock Dithering for Electromagnetic
Compliance Using Spread Spectrum Phase Modulation,” in IEEE Int. Solid State
Circuits Conference Dig. Tech. Papers, 1999, pp. 186-187;
H. Mair and L. Xiu, “An Architecture .of High-Performance Frequency and Phase
Synthesis,” IEEE Journal of Solid-State Circuits, Vol.35, No.6, June 2000; and
H.W. Chen and J.C. Wu, “A Spread Spectrum Clock Generator for EMI Reduction,”

3
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Synt hesis,"” | EEE Journal of Solid-State Crcuits,
Vol . 35, No. 6, June 2000; and H W Chen and J.C Wi,
"A Spread Spectrum C ock Generator for EM Reduction,”
3 IEICE Trans. Electron., Vol. E84-C, No. 12 Decenber

200 t hi e I di vjd in a

ph ai@-@gg@ﬁ' #%S%X’FPEEf ,%%?"?f’ﬁo' :lgi)ej?l? ergog bTe | and C.

Neron, "A Frequency Mdul ated PLL for EM Reduction in
Thehied dane megilatesithe divideriip a phese-lpeiee loor (PPA) refestoc

Conf., 1999, pp 362-365; and 5 M Sugawara et al .,

" 1. S35/ BlidiES BadpG N Spne'atl FEgaerayidobdad SLPW M Reduction in

0.3nW1.5G0/s Level Detector for Serial ATA " in Synp.

VLSI Efbsdeddll 9 plk&ion, T8 Pro S B, &ﬂ@%@@@%nf.}oggﬁgpﬁ%z-ass; and

This type of “architecture is also shown in at ent

h
5, 488, r.dine .. ig. 8. T ame. U, S .
Pt oot SERE R F5 OB A Tl Wred e GRPes PR B it
t he Ioo%,filtgr outﬁut 10_val t_alge. See referenceg to .

U. S. 0-patleh? §bisdiese DatediersouSeialptdninsS yipn- SH-B&drcugh Dig. Tech
the present invention are: U S. Patent 5,488, 627

( Har Briperse fursl 2002 des@d-bbes a cl ock circuit which

i ncludes an oscillator for generating a reference

Thik e T adchib@iilis al8d Shvib .30 PHRACT, 4880827 (Plakdin et al.) Fig. 6. The
generator. The 15 spread spectrum cl ock generator

sapfyf [&% %t%@tl s:ljlggls grlrjff&lu% ah chh}t?ct%gqx?rﬁa{ &o%l%%éﬁngeﬂ?%q filter output

spectrum signa ving -a

frequency _and re d anmplitude el ectromagnetic
valige, @‘éf%@ce@ﬁgsg?ﬁgﬂ%lo“éonponems at harnoni cs of

the fundanmental frequency. U S. Patent 5,631, 920

(Hardin) is related to and an enhancenent to USP
5, 488t182V.S. Patents which bear on the present invention are:

U. S. Patent 5,488,627 (Hardin et al.) describes a clock circuit which includes an oscillator
for generating a reference frequency signal, and a spread spectrum clock generator. The
spread spectrum clock generator works with the oscillator to generate a spread spectfum
clock output signal having a fundamental frequency and reduced amplitude electromagnetic

interference, EMI, spectral components at harmonics of the fundamental frequency.

U.S. Pateﬁt 5,631,920 (Hardin ) is related to and an enhancement to USP 5,488,627
described above. It also describes a clock circuit which includes an oscillator for generating
a reference frequency signal, and a spread spectrum clock generator. The spread spectrum
clock generator works with the oscillator to generate a spread spectrum clock output signal

having a fundamental frequency and reduced amplitude electromagnetic interference, EMI,
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20 descri bed above. It also describes a clock circuit
whi ch includes an oscillator for generating a
reference frequency signal, and a spread spectrum
cl ock generator. The spread spectrum clock generator
works with the oscil.l at 0 .generate a spread
spérER EotihPanIAE haTRGeS & P REUR b danent a
frequency and reduced anplitude el ectromagnetic
UiSnPelenicy, 8624 (Bopth &jsbh 0 nstelateshioond purelinamnte HHSP S4881627
the fundanental frequency. U. S. Patent 5, 867,524
desBitatimbete.al .) .) is related to and a refinenent of
USP 5, 488, 627 descri bed above. 5 U S. Patent
5,872,807 (Booth et al.) is related to, and an
enhancenent to USP 5, 488, 627 described above. It also

escrib k,.cireuit i,ch includes an Cci
U RS PAREER s (Rt i reli il R g R RG pe Bs 27
spread spectrum cl ock generator. The_ spread spectrum )
deserihad aharerihelse daxsriRes awwlopk eiraiiGekich ingdusdes ppogralipborfopeenerating
a spread spectrum cl ock output signal having a
a fefbrelamdrdqaendyrsemak nod a apread spbotrenl cdovlrl geherdier. The spread spectrum
el ectromagnetic interference, EM, 10 spectra

16&4;@%&% Swétks ah IRbseRla®r tb Boncatd 43R Hechri@PURRGtput signal
C_U. . Pat ernt 6? 167, 103 (I?Iarrd'i %) is si?ni%l afﬂietco U S fput sign

Pat e 488, , !
nas e R Rgp el Biats R it tted Al ftic ¥RERGRANR R Ritho, EM
Patent 6,292,507 Bl (Hardin et al i] descri bes an
SPeRiEH SOBRORGH A hag LT Rfhe cHahRPRIEBEY- ci r cui t
whi ch automatically conpensates for variations in
. passi ve conponent values and system gain and charge
punp current in a Phase Locked Loop circuit. U S

URnparht 6188601 Tar&h) {SBerhilyr t61U.3. Pitel8 S488129 add 5,631,920 but uses
i mpr oved cl ock generation circuit 20 which operates

M indiefd g@%@h&osggym&ew&ﬁeﬁﬁg%m%n@nd i ncludes a

ase Loc

U.S. Patent 6,292,507 B1 (Hardin et al.) describes an improved spread spectrum clock
generator circuit which automatically compensates for variations in passive component

values and system gain and charge pump current in a Phase Locked Loop circuit.

U.S. Patent 6,366,174 B1 (Berry et al.) describes an improved clock generation circuit
which operates with a siﬁgle input clock frequency, and includes a Phase Locked Loop

éiréuit (PLL) with a digital accumulator in the feedback loop, in which either the most

 significant bit or the carry bit of the binary adder is used as the modulated feedback clock to

the phase/frequency detector of the PLL.
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circuit (PLL) with a digital accumulator in the

f eedback | oop, in which either the nost significant
bit or the carry bit of the binary adder is used as
t he nodul at ed feedback clock to the phase/frequency

e f PLL. U.S.. Patent 6. 404,834 (Hardin
Uy Pk ety RS R Pt Ry gflator
whi ch exhibits a frequency response having nultiple
whigh gpibids a frpqueseyiespAnse haviag le seemnamtsg diissagrppnted spectrum
out put signal is generated by a frequency synthesi zer
cladkr geueatonfointpint sipmad ud genestedisy ofrequency syathesizencianitavhich
predeterm ned rate between upper and | ower bounds. 5

mbdulstes Mdlo8Put ﬁe@.@%cf@tsa frdlistaRfheDRROEHPES 1BpEeaRANEwer bounds.

order PLL having a loop filter including a first
capacitor and a first resistor. In this circuit, a
reduction in a conparison frequency is avoided by

using a_clock nmodulating.circuit to r rain
UK bl 6353608 (Db deprtites aspisig oGism Sk mecaper e
to EM. 10 U. S. Patent 6,597,226 (Eade et al.) i
indudingialfirst capachier @cha Gt reststarr dn thsciraustes redugpmeiac comparison
Spectrum Cl ock CGenerator, SSCG nodul e and that uses

bhicyais hvGASERE isin®s blodk abdalabif) cirGiigdatstattcy@ledrdcle jitter in a
~clock signal, where both clock signals are -

clﬁ]éf(:#‘e%ﬁmré =1a M e the ASIC architecture

m zes € nunber of pins and silicon area needed
to provide the dual 15 clock signals. U S. Patent
6, 647,052 (Hailey) describes a nethod and an appar at us
for reducin emi ssion_in a multi source

EM
U Rotamnohise7 936 (st ofH dsmerihss an ANIG arabalap areatiabuseest Spiend
is
Spectrum Clock Generator, SSCG module and that uses both a frequency modulated clock
signal and a pure clock signal, where both clock signals are synchronized and where the

ASIC architecture minimizes the number of pins and silicon area needed to provide the dual

clock signals.

U.S. Patent 6,647,052 (Hailey) describes a method and an apparatus for reducing EMI
emission in a multi source electronic system. The phase of the modulated waveform is
varied to minimize the number of clocks within the EMI measurement bandwidth. The
j)hasc of the modulated waveform is varied in proportion to the number of EMI generating

sources in the electronic system.
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varied to mnimze the nunber of clocks within the EM
nmeasur enent bandwi dth. The 20 phase of the nodul ated

waveformis varied in proportion to the nunber of EM

generating sources in the electronic system 6 It

sho b ot ed. that no of the.above-cit ex e

o thehoRi B adiea il byt Ehe the e SiER A Nes GincPSRR dfoffers the

vol tage-control l ed oscillator conprising a V-to-|I
adyaitegastod p voliegs-emiroBedoscilipteraemprisingraoy fted conyerter epupled to a

thereby elimnating the need of providing a very
cupfettdirolipd osuiliatdig thegdbrelingnatidigtibgised o pidVidgd védly pfddise op

INVENTION It is an object of at |east one enbodi nent
mﬁBﬁﬁ@&mﬁﬁﬁ?ﬁ%ﬁakﬁventi0” to provide a nore robust

architecture gr a spread spectrum cl ock generator by

using current instead of voltage 10 in the

vol tage-controll ed oscillators. The architecture is

thus | ess susceptible to noise than in the voltage

node, elininating t heVMVARY OFHEE SRVEREION or art

for a very precise op anp for voltage summng. It is

anot her object of the present invention to provide an

architecture which can 15 easily generate a spread

Spect SR dtidck 8 Mb£hohd @RKRIMBA ofPhd AEEnERREARIN 18 rovide a more

oscil l.ator “out put frequency w thout” adding data in

e L L R R o e S
ener ate spread net hods sucgras center and d

in ]bq ‘é@%?'%‘{ﬂ&ﬁtos‘é@aﬁoﬁ@ "Theragchifecture is thus less susc%pmﬁble to noise than

" in the voltage mode, eliminating thereby the need of the prior art for a very precise op amp

for voltage summing.

It is another object of the present invention to provide an architecture which can
easily generate a spread spectrum ratio which tracks the voltage-controlled oscillator output

frequency without adding data in memory.

It is yet another object of the present invention to provide an architecture which can
easily generate spread methods, such as center and down spreads, without adding data in

memory.
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20 nmenory. It is still another object of the present
invention to provide an architecture which can easily
i mpl enment various spread ratios and nodul ati ng net hods
with one normalized data profile in nenory (thus

provi ding good flexihility). 5 These and,pany aqther .
obj isstil ahaiheahioe Fl“e?\}g%ge%mﬁ@?t}?& t PReVids. 47 el {pEapeyhich can

foll owed by a current-controlled oscillator for both

- easifiginedementiviavined spraidiraties-admodiilating mabalsiwith are novaaljzed data

call ed cl osed-l1oop VCO, and a second VCO, called
profi’in npiory (s prokidedl goodSRREiRgyRd fromthe

phase-| ocked | oop (PLL%. Both VCOs are identical in

design thereby reducing circuit parameter variations

to an absolute m ninmum Both VCOs are 10 driven by the

sa signal of the PLL. The . closed-| VCO gener at es
2 s BHF SRRy afer oRiFcss RevE g pctieygd BY ASIREa o converter
ﬂgnerator whi | e the open-1oop VCO receives the
folpwed by p enrreniwenispliediascijlaies farthoth the copyeasigna yeliegerspntrolled
cl ock signal. The open-loop ICOis part of the spread
ossiRar (VD) ptticd closedvdp NVOG) atde deeaditviCR, calfed@ptn-loop VCO,
signals representing the nodul ation nmethod and

g | i r i i t t - .
] PR B R PG (D), Y Ve icehal in design

frequency and .. s unigue to. the present inventi I
e Pt e B R oot ot 351t ity VR0s are
generated by current sources controlled by nmenories )
drasres byrtbysaammsigiad of thePd At Wiewlekeddogpr VU Odienerates e signahix which
contrpl over the nodul ation selection. 20 In a second
_ p 0 ‘ i
SRS E0Y I LA TNEORLED V0L BSAE IRFlain

CIJII‘I’ee?lg E)agcell(ler%yerthg rs]lgregd %%gtlruﬂlec oc Ss?grﬁtai n&etog%n-rfgo%%(ﬁ {s%rz]a,rt of the

spread spectrum generator and receives feedback current signals representing the

modulation method and modulation ratio. This arrangement ensures that the modulated
clock output tracks the PLL.output frequency and is unique to the present invention. The
modulation method and modulation ratio signals are generated by current sources controlled
by memorics and programmable current dividers providing excellent control over the

modulation selection.

In a second embodiment of the present invention the closed-loop VCO receives
from the spread spectrum generator the feedback current signal representing the modulation

method (center/down spread), while the open-loop VCO receives the feedback current
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nmet hod (center/down spread), while the open-loop VCO
recei ves the feedback current 8 signal representing
the nodulation ratio. Two identical current sources
are used in the second preferred enbodi nent. This

.architecture als rovi des, t he ans to nchroni ze, .
SigPErepieR B DRGSR 5 20 ARG B YT os e in the
and advantages of the present invention will be ]
seeanddr¢forreppmbedimenty Thikarshiteciurel alsp prayides the meangpie sypchronize the
the invention pertains froma perusal of the clains,
twbPELappensled drawi ngs, and the follow ng detailed
description of the preferred enbodinents. 10 BRI EF
DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a bl ock diagram
of the prior art. Fig. 2 is a block diagram of the

pri art.. 15 Fiq. ,3 1S | ock di agram of. .the [

o 1 e e gpdpythek obleet e ol ifesh OF e Ry b0 igf be

diagramof a first preferred_enbodi ment of the present
regdilyampitent. to ppe skifjed m the ag toywhidh the ByeRikangrerigng foghgperusal of

preferred enbodi nent of the present invention. Fig. 6
thelelpingd, thet dppemded dratings) apd dfei bBowingtdetilbé Heseriptiad of the preferred

simul ation of the preferred enbodinment of the present
entMEREdeN 9 Use of the sanme reference nunber in

different figures indicates simlar or |like elenents.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a block diagram of the prior .art.
Fig. 2 .is a block diagram of the prior art.
Fig.. 3 is a block diagram of the basic principle of the present invention.
Fig. 4 is a block diagram of a first preferred embodiment of the present invention.
F1g 5 is. a block diagram of a second preferred embodimenf of the present invention.

Fig. 6 depicts the modulation profile of the behavioral simulation of the preferred

embodiment of the present invention
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DESCRI PTI ON OF THE PREFERRED EMBODI MENT 5 Referring
now to Fig. 3, we begin a description of the invented
Spread Spectrum C ock Generator (SSCG 30. The SSCG
conpri ses a phase-locked loop (PLL) 3 1, a Pre-
Progranmmabl ¢ Current Divjder 301, a rrent . .

Usraf ity sappe e tresnog 3t ereard.lfgﬁ?n %Séns%ﬁﬁs siggdjar Qi ik chespgnts-
701, and a Post-Programabl e Current Divider 11602,
which will be discussed in nore detail below The PLL
receives, via a Pre-divider (M 201, input signal 10
~FI'N and conprDESERIFEIGN OFOrHP §REFFRRED EMB@DIMENT
Phase- Frequency Detector 202, a Charge Punp (CP) 203,
a CLOSED- LOOP VCO 204 with V-to-1 converter 205 and
current- controlled osci [lator (1CO 206, a Feedback

D| Vi Fl I nd._an EN-
@%ﬁ“ﬁﬁﬁ‘ﬁw\i"g"égl ’l’“tae es%éé“’&r?é ed&"% Bfft Spectrum
out put of | CO 206 vi des out put signal Non-SSC, and
ChOhleG@mrpt@r (BICERH. 4’8@ PHOG icgmprissstanheseslogked logs@®LI31, a Pre-
The Current Mrror/ D vider 32 conprises Progranmabl e
PropmafreidbldVCurrent DHi0iler RS b-CurfeagMaiorblvideCoD - 4 €ndreriDiSvarce Array
1402 and Register 501. Still referring to Fig. 3, the

6@%&}91{@1\}1 ‘791 %ﬁ aqfost PR ot RRNIE @kt hiveier fi 600 %ﬁﬂﬁv&;ﬂ be

Current (V-to-1) converter 405 nodulates the clock

n usi n t ut current.
oo R ﬂe%@éaoxvo BRI Sy &, s pro PR AR 2oh Yot signal
PLL, current mrror/dividers, Current Source Array
Fi§@aq comgrisns iy fpllg®ing chimpompits fralthase-EoquensyiRetedtor 202, a Charge
architecture but what is different i s that there are

P %i‘lg ((F'lg)' é@v%gﬁg TRLORSh 08¢ A0 R0 V-6 Yerfd? 205‘ ah& current-

a conventional PLL whi ch 1s cal

co%gﬁe&sc%or (%%906, a%re]:edback Divider (N) 101, a Loop Filter 102, and an

-

OPEN-LOOP VCO 404 with V-to-I converter 405 and ICO 406. The output of ICO 206
provides output signal Non-SSC, and the output of ICO 406 provides output signal SSC.
The Current Mirror/Divider 32 comprises Programmable Current Mirror 401, Post-

Programmable Current Diver I 402 and Register 501.

Still referring to Fig, 3, the basic principle of the invention is that a Voltage-t;)-
Current (V-to-I) converter 405 modulates the clock signal using not voltage but current.
Basically, the invented SSCG §onsists of four blocks which are: PLL, current
mirror/dividérs, Current Source Array 601, and memory 701. The PLL has a conventional

architecture but what is different is that there are two voltage-controtled oscillators (VCOs)

10
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the other VCO is separate fromthe conventional PLL
and is called OPEN-LOOP VCO 404. Both are exactly
identical and driven by the signal VFILTER

si mul t aneously. Not shown in Fig. 3 is that the

currents_| METHOD and .| the
in dle {Ontegs 2 31(O 5f b eemisation rris et GEPSED-HIPP Y0 204, and

nodul ated (there are no II\/ETHO) and | MOD currents
thé bther WG intseparaty fro@uthe eonvensionsl PLAendiOsied OBEN-/00P VCO 404.
feeds Pre-Programmable Current D vider 301, while

B@l éﬁ%&f &%tl&ﬁ%n@ﬁ%ﬂ-%e\! a1 Bk si@Ehnedidy. Not shown in

VCO and OPEN-LOOP "VCO géner at e the nor nal
clock and 10 spread spectrum cl ock, respectively

Fiy-3 is-that 2g5cusfenGLIGSEDN DOAMUBOS G CkQSER-LOQP MGQ ﬁ@rﬁ@b’fo zero
current (IUNIT) for the current source array 601 after

bebalfe el OREBRETOPAI Qe Ao ) Mherb e i glAd oo

nodul ate the clock signal. I METHOD and | MOD are
cupighg flosving inRoit}. - Cuogtt dnuhihke CLQSERMIOAR Vilfefeeds Pr¢daogrammable
and Post - Programabl e Current Divider 11602, to sel ect

t he g)DYIHVZ:f(i} éﬂ? t’;}&g‘é,&ﬁg?@éﬁe -']?(5)4)8 Q/h(i:eO?l bs 15t used.

Pre- Programmabl e Current Divider 301 is divided by 2A
“for I'N, and 2E for IM The Progranmable Current Mrror
401 is controlled by Register 501 in which the val ue

( A- bitta CLésEELE@bW@o hag SPENLL 0P $o0Rse RS the domtt Block and

as center-spread 20 and down-spread and puts out the

o SRR U Bl Lo EBERLOER Yo s e

The ROM contains the rmdul ation 11 profile such as
referenos ivasredi (haliy) fox tp correntisgurce prray 6Gingftes thed?LL is locked and V-to-I
nodul ation profile and is based

405 of OPEN-LOOQOP VCO receives the modulation currents Injeryop and Imop to modulate

the clock signal. IyetHop and Iyop are outputs of Post-Programmable Current Divider 1

402 and Post-Programmable Current Divider II 602, to select the modulation method and

modulation ratio, respectively.

.. e A
Output current Iynyr of the Pre-Programmable Current Divider 301 1s divided by 2

for I, and 2° for Ip. The Programmable Current Mirror 401 is controlled by Register 501
in which the value (A-bit) is selectable based on the spread method such as center-spread
and down-spread and puts out the corresponding current ky. The Current Source Array 601

(B-bit) is controlled by read-only memory (ROM) 701. The ROM contains the modulation

11
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on ROM data. The Current Source Array puts out the
corresponding current IM This ensures that the
nodul ati on signal tracks the PLL output frequency;
note that 5 this feature is not available in any of

profile soch ag “Hiershey Kies?, Stepedapular be adysotheranghiaing profilPasd is based
Programuabl e Current Dividers 402, 602 to scale them

d m
ort RO bt i YRt SRR EA L SRS Corm b RS AR 7
are passed to the OPEN LOOP VCO for current sunmm ng
or current subtracting with the full scale current
that generates the PLL output frequency. 10 Advant ages

of tTiss prisasanhatitiy@otulanomsignal tiatksshe PRE outpait freqizheynnote that
of having to design very precise opanps when doi ng the

thié%&tﬁﬂﬁs n&iiVailabl&HSany!dPitife S SfHeh! edd! duf¥fts tafbepagéeﬁ% Post-

|rrp errent ation of the Hershey Ki ss' Step triangul ar

Prﬁ eﬂait HI&'GW Iﬁ%’ g@tgﬁgﬁs Ithen}_ﬁ%wn zlggveegtslle'jrlea(f t&ethods

Spread Spectrum Cl ock Generator Wth Tri angul ar
angisgtRad spestrum fapers desired 6-8-of Yobolpaesipnkouriongs frg gassed to the

Vol . 38, No.4, April 2003, pp 673-676 can only
OPBENHEDORVED éorSttmmnt gurranmgloa cumed ghisitacting withhhesfull scale current
arch|tecture can easily generate a spread spectrum

an@ratéa@ﬁepmsts@utﬂequ\c’@ output 20 frequency without
addi ng data in nenory his architecture can easily

generate spread net hods (down/center spread) w thout
addi ng data in nenory.

Advantages of the present invention are:
o It solves the problem of having to design very precise opamps when doing the voltage
sums. Thus, this arehitecture allows the fine implementation of the “Hershey Kiss”,
Step triangular or any other modulation profiles. Other architectures like the.one‘in
HH Chang, 1. Hua, and S. Liu, “4 Spread Spectrum Clock Generator With
Triangular Modulation,” IEEE Journal of Solid-State Circuits, Vol. 38, No.4, April
2003, pp 673-676
can only implement the Step triangular modulation.
¢ This architecture can easily generate a spread spectrum ratio that tracks the VCO output
frequency without adding data in memory.
* This architecture can easily generate sﬁread methods (down/center spread) without

adding data in memory.

12




12 Le., this architecture can easily inplenent

various spread spectrumratios and nodul ati on nmet hods
with one normalized data profile in nmenory, providing
very good flexibility. A nore robust architecture is .
created since it uti]izes voltage-to current \

* chhv it arkiteshue o easily BRRleRER FRBPPREPTeRd PRF I FALOfARE h
are |l ess susceptible to noise than voltage-controlled
oswiirlation methodé withwndinosoalized datatprefile inmemorkiprpviding very good

which illustrates the architectural details 40 of the
f Aegibiligy.ef erred enbodi ment of the present invention.
Al'l conponents of Fig. 3 are 10 repeated in Fig. 4.

A I h . Divider .
" ConBbretafiud AEnT R Qe Bhe i bt A R Bt RBGpnverters and
whi ch receiyes signal Fvco from|CO.206. Als added
5 aPeTeisapiralisgos Aopeuhshare IR Aaept e P fap #egagwmﬂed
Feedback Divider (N) 101; |Input Frequency Sel ection
( bfedlatows. Pre- Di vider (M 201; 15 Qutput Frequency
Selection (OFS) to Qutput Divider 207; Modul ation
Met hod Sel ection (MVS) to Post-Progranmabl e Current
Divider | 402; Mdulation Ratio Selection (MRS) to
Postylr. 2l d tre; DI V] . . ;
W@ n%gf Clﬂfgff i Qﬁreattggl?rfrﬁ% Ffl gﬂy \%Vﬂigfl Iﬂzﬂrg%% gfeTag tef:tgraé details 40 of

preferred 1 npl ementati on

ri.ng oscil]ator..and for the Current Source Aryay.60
tnf 57 pitGed Rt oS Pectsripal P acyT Sogporionts 3 FIE. 3
10  repeated in Fig. 4. Added are the Qutput Divider 207, the ROM Address Generator 702,

and the Modulation Divider (Q) 703 which receives signal Fyco from ICO 206. Also

added are input signals:
Feedback Divider Selection (FDS) to Feedback Divider (N) 101;
Input Frequency Selection (IFS) to Pre-Divider (M) 201;

15 (jutput Frequency Selection (OFS) to Output Divider 207; ]
Modulation Method Selection (MMS) to Post-Programmable Current Divider 1 402,
Modulation Ratio Selection (MRS) to Post-Programmable Current Divider II 602.

The preferred implementation for the ICOs 206, 406 is a ring oscillator and for the Current
Soufce Array 601 is a digital-to-analog converter (DAC).
20

Fig. 5 depicts a second preferred embodiment of the present invention with a

somewhat different architecture 50 from that of Figs. 3 and 4. Following are the

13



10

15

20

Fig. 5 depicts a second preferred enbodi ment of the
present invention with a sonewhat different
architecture 50 fromthat of Figs. 3 and 4. Foll ow ng
are the 13 conponents which are different fromFig. 4:

Current Souyrce/ wi th Current Arr
CORPEIERE e S EreT AaTERggh Sesre/PRaHer PRt ligent
different is that a) Post-Programabl e Current
Saired Awsey 41 Y Reatstes §31,sad Pregragmnablivider7 VoGA B0 different is that a)
thereby establishing a second feedback | oop, and b)

Pd3ePtoghiaubleCiblett Dliidee MY0Difaeds Bickl tb CRUSERHLOGIS VO 304 thereby
OPEN- LOOP VCO 404. In this second preferred enbodi ment

es{a%ﬁ?lﬁgé thécg}H T aBickAbop 2h8 géﬁ’&& @f@%r‘ a%fégi é}%ﬁnﬁ@&)ﬂ 602

rrent Divi d | Vi
curre current TUNIT input to the
dri¥fzs OB Q%@@Eé@:(g?b&ays 411 and 601. The first
Current Source Array 10 411 is controlled by Register
511 in which the value is sel ectable based on the
spread nethod (center- or down-spread). The second

Cur rlanhis Sedond @refetral/erhbdklimsntahabutpll csrehyof YREM dbhiveiter 205
which the initial value is set to be equal to the

i at|
RIS R CRBIep 188 R SAIMIAT DoAY s curen
“nmodul ation pr of| | es) and, based on the ROM data, the

Iyradoput tﬁhertsmtcuﬁtﬂmrsoarc.érarmys $Lit andciftl . {Tihe fitd Current Source Array
corresponding current. This ensures that the

41%% %xﬂi ? bSr @%?slter%trl ?%’i( hfcﬂ%ﬂ'xég %rrhué) #,tsgl%table ﬁ)g&ld%ﬁct“e spread

aval

masegf%ﬁ%z&ra Bt i’?a%%‘p'zgeciﬁé%%ﬂéomcedﬁ?ﬁﬁ i atrolled by

desired spectrumratio (e.g., 1% . The resultant

ROW 7@&hin WhisDie ingiapvalee stidotbheqss® thetRegistardil grluer The ROM

405 to effect
contains the modulation profile (“Hershey Kiss”, Step triangular or any other modulation

profiles) and, based on the ROM data, the second Current Source Array puts out the
conesponding current. This ensures that the modﬁlation signal tracks the PLL output
frequency (this feature is not available in the prior art referenced above). Then this current
is passed to Programmable Divider II 602 to scale it down to the desired spectrum ratio

(e.g., 1%). The resultant current (Inop) is passed to the SSC V-to-I converter 405 to effect

current summing/current subtracting with the full scale current which generates the PLL

output frequency.

14
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current summ ng/ current subtracting with the full

scal e current which generates the PLL 20 out put
frequency. 14 Note that both Register 511 and ROM 701
of Fig. 5in this second preferred enbodinent are

and 107 it Bodfitedictd o1 AR ROM LB SRSy ELETYSIATH
RS 85 e BB B2 0 Yob Bol o

_is that only the register value (and 5 ROMiniti al

idgnficakin wded sTheqpdyantagrapidesingtien iddanbingiongeripourgd arrays and V-to-1
nmet hods fromcenter spread to down spread and vice

coneersas 28 g0 dar, ICOBI 206] 406] rdspectively), Btteat onbl thie rdgistdreraluedand
center of the B-bit data (digital domain) will ensure

RONBIitid? %al‘fa@ﬂﬁe%ﬁs RS nES WiRYchah 88 E spreadPebhodd'om center spread

reason is that since the two current 'source arrays are
identical, they will he.gatched. ver [l in, the
tofientiil b g Votse B2siTR SlEab 3R romil valbEig BEhe comterof the
digitally by the register. 10 Wereas in the first
B-hitehagay Gd&ataba%an}rw? eipsyee halihe penigspreafl igvary clashtoaiPéy The
by offsetting the programmable current mrror to 50%
readontihithaf sihte the ave cafeitt keurceiamraystarsdantoon] they swll bd masched very
the accuracy of the center spread depends on the

wERCHRAE RAnRREMWEAB phdt@sARAGhASIRR Serdiel %!Eitall{ﬂa%r EHR re@Bter,
the current source array, which is difficul 0

i ey ' ' : [ ' : .

AR50 R S B O pao LA o pipine e

enbodi nent of the 15 esent invention by changing th
prp%@wﬁwr@ntwwﬁp K4 oighe ahscale ofitl cureptpsqyEce array. Thus, the

identical with the Current Source Array 601 (i.e., B~
achinasy of the rentFhspréadsicp rds gndherebicbing@erweentthd progragmmable current

402 wi |l then also be identical with the
miestanPrieodurRBueccGifaly eWhich is difficult to achieve since they are not identical.
Therefore, a further improvement can be made to the first preferred embodiment of the
present invention by changing the Programmable Current Mirror 401 of Fig. 4 to be
identical with the Current Source Array 601 (i.e., B bits wide). The Post-Programmable
Current Divider I 402 will then also be identical with the Post-Programmable Current

Divider I 602. Therefore, the accuracy of the center spread depends on the matching of

identical blocks. This ensures that center spread will be very close to 50%.

This architecture also provides the means to synchronize the two PLL outputs by
calibrating or sensing the two outputs over a modulation period and, accordingly, adjusting
the register value to be slightly different from the ROM initial value.

15
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Di vider 11602. Therefore, the accuracy of the center
spread depends on the matching of identical bl ocks.
This ensures that center spread will be very close to
50% 20 This archltecture al so provides the neans to

e the. two libratin
Sundikd ilﬁsﬁ%tsﬁoths Ryt ar B8 bRy Toralmedel g ichrtd shdapgposed
accordingly, adjusting the register value to be
SSGG grehitgetarer Carend shewsnihersamploidate afithg S8 VEL clpek md,Carve B
6 illustrates the results of the behavioral nodel
shevetleataimpiedafatd dfthpnap8SEdV COSEka Cunve &S SIC Ehas @unadlaion
shows the sanpled data of the SSC VCO cl ock and Curve
frddueRV B OIG7 SAAR $petad @i a1 0 fohe RN Canke y@Qﬂ@@G I_ga.s a

rve A (SSC) has a nodul ation frequency of 39

fré;&u% cfyraoeq OenCY Gt T}%&Oaép mzmc% \F%s/ ] to_ 4l )?\fz O% éarﬁln%k S%I:reIIﬁ‘g negative

total of 1024 l es, where the negative_ maxi nu

ARSI r?ﬁ?fegaél.@ie. Sl ircgRssovaar of QRIVERA\ARS BOCaH aéabout sample
occurs at about sanple 261 and 781. The y-axis

26ifand J8&ndh yhas (frequangy) Has amuigedran 158 00\H4 621 62. WMHz.
We describe now a nmethod according to the a first
preferred enbodi nent of the 10 present invention
which is for generating a clock output signal wth

red [ t ‘
e L L T T
I k I
prg%%ﬁ@gfeﬁprwlgglg Fﬁ ﬁgggfé eCt . 9 0 llégll%pglg\?l‘[h reduced amplitude

vol tage-control | ed osci l I at or vvlth a V-to-1 converter
eléatrogmgnelss inferfereace bamosios-vdueh ingludesithe steps P&t or ;

a) generating a series of non-spread spectrum clock pulses in a closed-loop oscillator
comprising a first voltage-controlled oscillator with a V-to-I converter in series with a
current-controlled oscillator;

b) coupling to the closed-loop oscillator a second voltage-controlled oscillator identical to
the first voltage-controlled oscillator; and

c) spread spectrum modulating the series of non-spread spectrum clock pulses to flatten
and widen the spectrum of the electromagnetic interference harmonics by frequency
modulating the second voltage-controlled oscillator utilizing digital memory circuits with

stored spread method and moedulation ratio data.

In a second preferred embodiment of the present invention step ¢) is changed to:

¢) spread spectrum modulating the series of non-spread spectrum clock pulses to flatten

16
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15 b) coupling to the cl osed-1oop oscillator a second

vol tage-controlled oscillator identical to the first

vol tage-controll ed oscillator; and c) spread spectrum

nodul ati ng the series of non-spread spectrum cl ock

ulses,to flatte and wi den_ .th ect rum of. the
YR disagrattng of toe Slopuupeiein Itpdtptes gy hoRig R regpency

nodul ati ng the second vol tage-controlled oscill ator
moduylpting the ligt yplizge-qpntroled escillatorrudiligingiligity] sipeits with stored spread

spread nethod and nodul ation ratio data. In a second
mpthefl prafdes awthydiraypeaticyafhoduidingrtbs swbnd relageicontraliedmsa)lator

is changed to: c¢) spread spectrum nodul ating the
utHRAA LS gRd] cReMtSRIE ¥drIRREdu1BnGhA6 HatRUl ses to flatten

16 and wi den the spectrum of the el ectromagnetic

interference harnonics by frequency nodulating the

first voltage-controlled oscillator utilizing digital

circuits with stored _spread _netho rofil es and. by

f r eqtieRgthas don beth prgfaried @@88%%&‘(’55@%{3%?*?‘@&8 center-spread

oscillator wutilizing digital circuits wth stored
andotbonragprend prafiles irdthe apread ¥hethod phafde,fand stoving Hershicp-Krssd Step-

enbodi nents further conprises storing center-spread
T o0 WP asPotatneditidrastofiRs e SRvdRAStidEFtivchrefilef | | e,

and storing Hershey-Kiss, Step- Triangular or any

ot her nodul ation profiles in the nodulation ratio

profile. 10 Wiile the invention has been particularly

sho nd descrjbed with reference to the preferre
enbod! rﬁ]il%mf’ﬂg‘r“é‘j]@? Begn Rfarﬁlqu?ﬁ wargd 58%’“'59‘? Wﬁégggrence to the
skilled in the art that various changes in form and

preeril lembodinantnthdirsofaitt widl e whdprstaod by thoseskidllad insibic artithat various
and scope of the

changes in form and details may be made without departing from the spirit and scope of the

invention,
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invention. 15 20 17 Clainms 1. An architecture for a
spread spectrum cl ock generator with reduced anplitude
el ectromagneti c interference harnonics, said
architecture conprising: 5 clock pul se generating
means including cl osed-1 oopcygltage-controlled
oscillator neans for generating a series of clock
pul ses, said closed-|oop voltage-controlled oscillator
means further conprising a first V-to-1 converter
means converting voltage to current, said )

Lv s axgutesiaing fos fa[spreag specte deckgenamtqs v th efiwrgd amplitude
non- spread spectrum vol tage-controlled 10

eledwin dgatticinterfeeamnce pamdni@psavdirchgestae obmprisingt
oscillator neans coupled to said clock pul se
generating neans, said open-loop voltage-controlled
oscil |l ator means conprising a second V-to-1 converter

S T L A .

vol tage-controll ed oscillations with reduced anplitude
georwiing 8 sedsaclockiprisey. said cised-eapivlireecontiolled oscaliatarymeans

spectrum nodul ati ng means coupled to said clock pul se
fugbersroatprisipgreetnst Vitord comomtish ateamocomaerting petagedo purrent, said

vol tage-control |l ed oscill ator npbans, said first spread
volR@ELsMBlled oscillator means producing non-spread spectrum voltage-controlled

oscillations;

an open-loop voltage-controlied oscillator means coupled to said clock pulse generating
means, said open-loop voltage-controlied oscillator means comprising a second V-to-1
converter means converting voltage to current, said open-loop oscillator means producing
spread spectrum voltage-controlled oscillations with reduced amplitude electromagnetic

interference harmonics;

first spread spectrum modulating means coupled to said clock pulse generating means for
modulating said open-loop voltage-controlled oscillator means, said first spread spectrum
modulating means comprising spread method means for generating a center and down

spread selection - for modulating said open-loop voltage-controlled oscillator means; and
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20 nodul ati ng neans conprising spread nethod neans for
generating a center and down spread selection - for
nodul ati ng sai d open-1oop voltage-controll ed
oscill ator neans; and 18 second spread spectrum
upl ed to sai
s BRSPS Rk 2o B 25 g B onerating means
vol t age-control |l ed oscill ator_neans, said second
fosmpdulating ssid oparnlonn yoltageroogiraliadascH igtas mreans gaidseennd spspad
nodul ati ng neans for frequency nodulating said
speqiam hodplatiog treges connirisalg fesjuesay hoditlatingmeeans fordeiquency
frequency nodul ating 5 nmeans conprising profile

m&ﬁﬂdtﬂr@ salibp¥RAGSH ff(ﬂfagénégﬁﬁ'(ﬂkklrb@cﬂﬁﬂognﬁw 54i@ ﬁ@guency modulating
vol tage- control'led oOscillator neans and sprea

mEREELLBALLE LG 05 ﬁﬁﬁhgglgﬁsaf%?qoﬁﬁla%@?&i@%é?ﬁloop voltage-

vol t age- controlled SC|IIator nmeans.
COQFEW?qg esetllsfar mprang png $hread spREtFER Fﬁt@aﬂeaefﬂ"f*%’fﬂe%ﬁﬁof%%ﬁ“&ratmg

second V-to-1 converter neans 10 are coupled to a
mbdulatiommaties oes0d dpauioop Foltagentontrbllediossd itdrinadans.,

respectively. 3. The architecture of claim1, wherein

sai d cl osed-| oop vol tage-controlled oscill ator neans

and sai d open-|oop vol tage-controlled oscillator neans
2.97fe %ﬁﬁéd lofEfﬁnﬁqu'h?Jeme{ald ﬂ'l%t e s-ﬁﬂfse@&‘fd"vttggtcpﬁferﬁf‘ means

clharml, erein sar rs sprea spectrum modul ati ng

n co rlses firs rammbl e current mirr
oot Tt kR sopet o BreBEr aTeH SSElPB oot 6 er

nmeans to provide a current to produce said spread

nmet hod for said open-loop voltage-controlled

oscillator nmeans. 20 5. The architecture of claim4,
3.WThE aichitbdiGredifélahar, ivberehndaid Eloscitlopp ogltaperoahirelled oscillator

current mirror means is controlled by a first nmenory

mb%R"Ad said open-loop voltage-controlled oscillator means are identical to each other.

4. The architecture of claim 1, wherein said first spread spectrum modulating means
comprises first programmable current mirror means and a first post-programmable current
divider means to provide a current to produce said spread method for said open-loop

voltage-controlled oscillator means.

5. The architecture of claim 4, wherein the divisor for said first programmable current

mirror means is controlled by a first memory means.
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19 6. The architecture of claim5, wherein said first
menory neans contains the spread nethod data
conprising data for center-spread and down-spread
profiles. 7. The architecture of claim1l1l, wherein said

second read .spectrum nodul af | nmeans 5 conpri.ses

6.5 B0 AN IROGP SEARIT o MAPPER ! DETRBAREa R A d rs SRy ead
post - progranmabl e current divider neans to provide a

methodgata qopmsistgidate on renterrditadiand dowatspeead profdes d
open- | oop voltage-controlled oscillator neans. 8. The
architecture of claim?7, wherein the divisor for said
second programmabl e current 10 mrror neans is

7.C ARk bRhitEduior 81a8R A0 VAR R o sedBAd Spreat spdétfum modulating means
architecture of claim8, wherein said second nenory

co 3% S50t PSR 0od b IR e gt
for a spread spectrum clock generator, conprising: a .

CUSKFRE Y IASE RN to G0 it SutiEnt I prodycssail npdyiation ratio for said open-
vol tage-controll ed oscillator neans for | ocking onto

loap voltqpetcosnirghial osapplatarekans sai d phase-| ocked | oop
nmeans, said closed-1oop voltage-controlled oscillator
means conprising a first V-to-I converter neans to

- convert voltage to current and a first _
CYsr v rolle [ re: i

8. s %}té%ﬂlteenogﬁia%ah’?g Who S?gr?%l divIEtIor stoagdps%%hdeﬁrb efatinf B current
vol tage-control |l ed oscill ator nmeans provides a non-

TyE RGNS o gHed o kecond PISMOsY i8IS 20 an open- | oop
vol tage-control |l ed oscill ator neans coupled to said
phase-| ocked | oop neans

9. The architecture of claim 8, wherein said second memory means contains the

modulation ratio data comprising data for modulation profiles.

10. An architecture for a spread spectrum clock generator, comprising:
a phase-locked loop means with a closed-loop voltage-controlled oscillator means for

locking onto an input signal applied to said phase-locked loop means, said closed-loop

voltage-controlled oscillator means comprising a first V-to-I converter means to convert

voltage to current and a first current-controlled oscillator means to convert current to
frequency, where said closed-loop voltage-controlled oscillator means provides a non-

spread spectrum clock output signal;
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to provide a spread spectrum clock signal, said
open-1 oop voltage-controlled oscillator neans
conprising a second V-to-lI converter nmeans to convert
voltage to current and a second current-controlled
L] at

R 0 B8 S PSRNt uBHIBbiek Ry i BHER e oop means
ne d d t k out put ,

to BNt SRR REC e CLock KieAal gﬂlgf%”ﬁgioﬁg N Bhscrsbntrofle s el ator
comuni cation with an output of said closed- |oop

meapk camerisiog & iseddnd V-gsEeduvattarmenna s corwait doltagedo copend add a
spectrum nodul ati ng means 10 nodul ati ng sai d open-| oop

se¥éld ReRnteitotkd 86LilRA6H b6 coBRATuMhto TGRS, vibre said
spread rret hod, where the input current to said first

opRflllG pr : %c\%{é‘g%géﬁ&ﬂopﬁ mﬁgsﬁgrﬁm s 4L \ﬂeegf ?tm{n Block output

. st spread spectrum nodul ating maans is coupled to

Sl%“i’l rst input of said open-loop voltage-controlled

~oscillator neans; and 15 a second spread spectrum
nodul ati ng neans in conmuni cation with said output of
said closed-1oop voltage-controlled oscillator neans,

a Rt shrémicpocingp hedd]ating alcabhinieith@ii¢dtion withednSoutput of said closed-
modul ating said open-loop voltage-controlled

10% %lltelgt%Ic%fltrQﬁ&f‘c?sdﬁaH? nikans; lsgiﬁttg'gt sgc Hd gb o ie?ﬂ'g[)@hht% g means

ere the 1 nput current to sai spectrum

mORHHTE LIRS BUGHCoBFoLEd Hie L RE AP O ERd Sgaried sbread

spect rum nodul ati ng neans is coupled to a second i nput
methodavbers sesinpuioprizot noa;gvétﬁrébmml speqiruss pioflplgtieg means is divided
means. 21 11. The architecture of claim10, wherein
bysafitht profgpinimatile saluel Wheirs thesnadf sfid fitst spread spectrum modulating

means is coupled to a first input of said open-loop voltage-controlled oscillator means; and

a second spread spectrum modulating means in communication with said output of said
closed-loop voltage-controlled oscillator means, said second spread spectrum modulating
means modulating said open-loop voltage-controlled oscillator means with a selected
modulation ratio, where the input current to said second spread spectrum modulating
means is divided by a éecond programmable value, where the output of said second spread
spectrum modulating means is coupled to a second input of said open-loop voltage-

controlled oscillator means. -
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nodul ati ng neans provides a summing current to said
open-1 oop voltage-controlled oscillator neans. 5 12.
The architecture of claim 10, wherein said output of
said second spread spectrum nodul ati ng nmeans provides

a btractin urre to said. n-.| 0o
115 o e iRl el T0s bR i Rl g firsggread spectrum
architecture of claim 10, wherein said first :
megulgingneass gravidase sUBIRIBE CRIBFIL &)Saig open-lpop Voltage-ceptplisd
nmeans used for storing the spread nethod data
oscidlirfor insiangy data for center- spread and down-spread
profiles. 14. The architecture of claim 10, wherein
said second programmabl e value is controlled by a
second nmenory mnmeans used for storing the nodul ation
AL - N ) Lati
12,7 g e B R B RS, BB g ol R ST sprend spectrum
cl ock generator,, conprisjng: a phase-locked | gop nean
moguHng e @BQVP%& S\rl}gmcé’&é-"%ﬁ‘i‘trtﬁ FHEQPHY °PIV8&6£3‘?P§EH§C‘1
for locking onto an input signal to said phase-|ocked
ostidefor means, sai d cl osed-1 oop voltage- 20 controll ed
oscillator means conprising a first V-to-1 converter
means to convert voltage to current and a first
.current-controlled oscillator neans to convert current
, . C - .
13, 3t A EHERES o PRER 10, B R RPASE rBAmmable valye i controlled by 2
non- spread spectrum cl ock output sigpal; 22. an
ﬁrabt@ﬁmpa'dﬁe%wﬁ%&g * SioFine i el mieftiog e crudiistigslsta by conter-
to sai d phase-| ocked | oop neans
spread and down-spread profiles.

14. The architecture of claim 10, wherein said second programmable value is controlled
by a second memory means used for storing the modulation ratie data comprising data for

modulation profiles.

15. An architecture for a spread spectrum clock generator, comprising:

a phase-locked loop means with a closed-loop voltage-controlled oscillator means for

" locking onto an input signal to said phase-locked loop means, said closed-loop voltage-

controlled oscillator means comprising a first V-to-I converter means to convert voltage to
current and a first current-controlled oscillator means to convert current to frequency, where
said closed-loop voltage-controlled oscillator means provides a noﬁ-spread spectrum clock
output signal;
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to provide a spread spectrum cl ock output signal, said

open-1 oop voltage-controlled oscillator neans

conprising a second V-to-lI converter nmeans to convert

voltage to current and a second current-controlled

oscl| C :
ar{Ehtb ) 8B 30RO g SN Eo} e Etbicti 48 B esed oop means

nean rovi des a spread spectrym ¢l ock output signal;
toProyide Swafg%m%w&@@m@ﬁwga? vIAEPPSRASAR Volfpge-coniro léa

conmuni cation with the output of said first V-to-I
oscilatarmigans aeuprisingvn sgcend ¥i--I donsertey nugnaitommbi et veltage e current

di vi der neans divides the 10 input current to said

add o torll QgFANTRINNeE U§diRAbr Miatisde CoRATBITBY t8 flehligicy, where said
val ue supplied by a first storage neans, said first

op}%ﬁ&%_@olf&%@-@ﬁn@%}%& dsGilidto¥ GL?FBSS ]@%@ﬁgs Qﬁbglfaﬁl?sdﬁ’&lﬁﬂglock output

a-second programma urrent vider neans in
.é@ﬂsunication with the output of said first V-to-I
s erter neans, where said first progranmmuabl e current
di vi der neans divides 15 the input current to said
second progranmabl e current divider neans by a second
val ue supplied by a second storage neans, said second

a Risopageanimabis cafrait idivider nvaahs i doRsahicaionveth e dutpat ofaid first
ratio; a first post-programuabl e divider neans coupl ed

ijt_Q—I RBnePHea whidleSald first gr?éﬁﬁﬁlﬂﬂi@mrfent %Qicféi"igil'egﬁht divides the

I vi der neans, where said st post-progranma
. divider nmeans.divides said oscjllations of sai .
ing P GoR P ESSeRBICRG et Rty b hE vaiye spopticd by a
first programmabl e value, where an output of said
firs} ylaragp Boans sod dashtosnge raeans goringaaabieibgsedamhe spxegd aethod;
first input of said open-loop voltage-controlled
oscillator neans to determ ne the spread 23
a second programmable current divider means in communication with the output of said
first V-to-I converter means, where said first programmable current divider means divides
the input current to said second programmable current divider means by a second value

supplied by a second storage means, said second storage means storing a value based on the

modulation ratio;

a first post-programmable divider means coupled to an output of said first programmable
current divider means, where said first post-programmable divider means divides said
oscillations of said closed-loop voltage-controlled oscillator means by a first programmable
value, where an output of said first post-programmable divider means is coupled to a first

input of said open-loop voltage-controlled oscillator means to determine the spread
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nmet hod of the spread spectrum cl ock output signal; and .
a second post-programmabl e di vi der neans coupled to an
out put of said second progranmable current divider
nmeans, where said second post-programrabl e divider

B e e D A A

programmabl e val ue, where an output of said second

post - progranmabl e di vider nmeans is coupled to a

second i nput of said open-loop voltage-controlled
a sgsond pest-prognanamsble dividistasans eeuplddetorap dutpat phsaid secord of

the spread spectrum cl ock output signal. 10 16. The
progratiniadld direnodividepinghdsd whekeh Rl Rcdldndsnpiobraninstaé divider means

first and said second programmable divider neans is a

e ' _ ‘ . ¢ : .
i ookt SURIH05) D Ol B by scond
P RIS 4 S RO R LG ROBR BGT EEBablc dIvdef meansis
modul ation ratio ?rgfile. 18. The architecture of
cogpled e a seconi énpait At sd opdnrlogp vpltage-qontigtedheraidiator gicansiter
stores the spread nethod data conprising data for
deteiiigy the picida tioicr didvwT{Bdéeedd speafunh Eck dkplSsignbine
architecture of claim 15, wherein said. second
post - progr anmmabl e di vi der stores the nodul ation ratio
data conprising data for nodul ation profiles. 24 20.

' rchi,tect ur or spread,spectrum.cl.ock gener ato

16,7 (e B i 3. SBFERE 15 REGH I i€ FRY e BREH 0%
harmoni cs, said architecture conprising: 0 .

programmable divider means is a divided-down frequency from the output of said first V-

el

to-1 converter.

17. * The architecture of claim 15, wherein said second storage means comprises a random

access memory containing the programmable modulation ratio profile.

18, The architecture of claim 15, wherein said first post-programmable divider stores the

spread method data comprising data for center-spread and down-spread profiles.

19. The architecture of claim 15, wherein said. second post-programmable divider stores

the modulation ratio data comprising data for modulation profiles.
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.clock pul se generating neans including cl osed-Ioop

vol tage-controll ed oscillator neans for 5 generating a
series of clock pul ses, said closed-Ioop

vol tage-control l ed oscillator neans further

conpr.i si. a first V=to-| converter ans converti
2000 P {EE B o abrend s oGO BT S G ahplfhae
osci |l |l at or neans producjng non-spread spectrum
cleggprageeticdntergienechargepics. said asphitectite eRRIFER: | oop
vol tage-control l ed oscillator neans coupled to said
cl ock pul se generating neans, said open-I|oop
vol tage-control |l ed oscill atgr neans conprising a

clseRGRNd g\{nérﬂtixgg mERARMAEh@hg BRAAEIRPRORELI-AStréNbd 8@Alaté? means for
current, said open-loop oscillator means producing

read ect - I ' i i
sof e SRS L Bub B2 g SBSHBloc Yo icp b AN GeoMlaldt mens
har moni cs; 15 first _spread spectrum nodul atin
fughnsradrisBesdiret VAo ROPIFIEEMGEREORY T HES KIAsE i
nodul ating sai d cl osed-1oop voltage-controlled
voltsgd-tdrdtobled vealiator medrd piodusinggpnespread ppestiugnyoltage-controlled
nodul ati ng neans conpri sing spread nmethod neans for
osEi@ags@t i ng a center spread and down spread sel ection
for nodul ating-said cl osed-|oop voltage-controlled
oscillator nmeans; 20 and second spread spectrum
nodul ati ng neans coupled to said clock pul se

generati ng neans r dul ati ng saj q open-] 0o .
anRRER-leRp %%%F'&Pl?té(&{egﬁ?qﬁﬁtaf H’Fa’ilﬁe%?ﬂgi,egé%?%g 5{5’816 Rifse generating
spread 25 spectrum nodul ati ng neans conpri si ng
méame cpashenendioop veltdgagoniseltes dseillator spgenegmprising a second V-to-1

neans .
gyrrent, said

converter means converting voltage to current, said open-loop oscillator means producing
spread spectrum voltage-controlled oscillations with reduced amplitude electromagnetic

interference harmonics;

first spread spectrum modulating means coupled to said clock pulse generating means for
modulating said closed-loop voltage-controlled oscillator means, said first spread spectrum
modulating means comprising spread method means for generating a center spread and
dm&n spread selection for modulating said closed-loop voltage-controlled oscillator means;

and

second spread spectrum modulating means coupled to said clock pulse generating means

for modulating said open-loop voltage-controlled oscillator means, said second spread
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nodul ati ng sai d open-1oop vol tage-controll ed
oscillator neans, said frequency nodul ati ng neans
conprising profile nodul ating neans for nodul ati ng
sai d open-|oop voltage- controlled oscillator neans

and spr .spectrumratio generating neans for
PEQHE %Pﬁﬁ@“%g RGeS cerrapsinefseenoRodualipedReRS s dppauency
vol tage-controlled oscillator neans. 21. The )
megudatingseidapsndeorcydiage-2ontralledos¢iatonmgans, said fraguengpmgdulating
second V-to-1 converter neans are coupled to a first
meand compa€ing grofils medilatinnineald foflmadaliatih@iadd open-loop voltage-
respectively. 10 22. The architecture of clai m 20,

conh6tiéd dhciiBtd _ngéaﬁ§§[gd élp%a s}SQtllthﬁﬂ Fa_ti“o%hétgilil:l%e%%!l‘ %éﬂcﬂl’ﬁng

means and said open-loop voltage-controll&d oscilTator

ns are.identi.cal to each other...23.
miF A RoREfiigsdo0aE Pesrk{boB Yo lpdredPlroLaT et Flaemespt ca
spectrum nodul ati ng means conprises first
programmabl e current source neans and a first
post - progranmmabl e current 15 divider neans to provide
21la Al ashitettoreprfethind 0s whereapsagbfirstmidwait feoonds¥itd-1 converter
cl osed-1 oop voltage-controlled oscillator neans. 24.
mddh8 aft @hiple@ b ¥ HiBst @hd §ls@oi €drretti@h@blled iRilRIOL! Rechidly.
said first progranmable current source neans 1s
controlled by a first menory neans. 20 25. The
architecture of claim24, wherein said first nenory
means contains the spread nmethod data conprising data .
2% orlhg pphitectursof slanm 70, whasInssidelasedrigep veltagesgnipglledpsgillator
architecture of claim 20, wherein said second spread
meme ahd sail ppehilompiveliagreamtrolledogpillat@snems areddentical to each other.
progranmmabl e current source neans and a second
post - pr ogr ammabl e

23. The architecture of claim 20, wherein said first spread spectrum modulating means
comprises first programmable current source means and a first post-programmable current
divider means to provide a current to produce said spread method for said closed-loop

voltage—cdntrolled oscillator means.

24. The architecture of claim 23, wherein the divisor for said first programmable current

source means is controlled by a first memory means.

25. The architecture of claim 24, wherein said first memory means contains the spread

method data comprising data for center-spread and down-spread profiles.
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current divider neans to provide a current to produce
sai d-nodul ation ratios for said open- |oop

vol tage-control |l ed oscillator neans. 5 27. The
architecture of claim 26, wherein the divisor for said

26:° Gr%% %&Et@%ﬁﬁﬁﬁ%ﬁ 20, ﬁ@%&%&?&%&&&%ﬁ@{dggﬁ otfill %r;o% afiflg means

second nenor
clajn12 erein said second nenory geans cont ai ns
COfMpELISgs PIRETaGHNE ?P‘BT%F%{H%WSW}S@ ¢ & Po§irprogrammable

modul ation profiles. 29. An architecture for a spread
cusigetdivider siearkio gpemadad arrent tnproilsdersgid modilation ralddscidr said open-
| oop neans with a cl osed-1oop voltage-controlled

Io@ﬁ%lltdgaidéhtrﬂﬁ’@lﬁscﬂﬁforrﬁéaﬁkl ng onto an input signal
applied to said phase-locked | oop neans, said

cl osed-1 oop 15 voltage-controll ed osci I | at or neans
conprising a first V-to-I converter rreans to convert

age .to cur f|r Curr troll ed
27 o AR R oo B U Tot e v eemable
where said closed-1oop voltage-controlled oscillator
cumsahsoupreoneang s contioted by a senynd pemaryimeshssck out put
signal; 20 an open-|oop voltage-controlled oscillator
nmeans coupled to said phase-locked | oop neans to
provrde a spread spectrum clock signal, said open-|oop

28/0l ’ltl% Btfufé)oi} AUnPBE WHeAliPEaid TRING nfe bt oftains the

secon convertér neans to convert Voltage to
Nt a d a secand r roII osci |l | ator
midilpEop 5306 dotePretr redria s AR N Sier o sai d 27
open-| oop vol tage-controll ed oscill at or means provi des
a spread spectrum cl ock out put

29. An architecture for a spread spectrum clock generator, comprising:

a phase-locked loop means with a closed-loop voltage-controlled oscillator means for
locking onto an input signal applied to said phase-locked loop means, said closed-loop
voltage-controlled oscillator means comprising a first V-to-1 converter means to convert
voltage to current and a first currcnt-controlleri oscillator means to convert current to
frequency, where said closed-loop voltage-controlled oscillator means provides a non-

spread spectrum clock output signal;

an open-loop voltage-controlled oscillator means coupled to said phase-locked loop means
to provide a spread spectrum clock signal, said open-loop voltage-controlled oscillator
means comprising a second V-to-I converter means to convert voltage to current and a

second current-controlled oscillator means to convert current to frequency, where said

27



10

15

20

signal; a first spread spectrum nodul ati ng neans in
comrmuni cation with an output of said closed- 5 |oop
vol tage-control l ed oscillator nmeans, said first spread
spectrum nodul ati ng nmeans nodul ati ng sai d open- Ioop
I
P FARIGAPRERI A oSl Bells fFEO0S Lo BE AN LE0, putput
gfiead spectrum nodul ati ng nmeans is divided by a
'st programmabl e val ue, where the output of said
first spread spectrum nodul ating neans is coupled to
an i nput of said closed-Ioop voltage-controlled
oscill ator means; and 10 a second spread spectrum
a fimtispredd spectrmp i dulatiag meund Sabhmiuniddion Sdihthnautul bf sdid closed-
said closed-1oop voltage-controlled oscillator neans,
r I :
oSt ?ﬁﬁ“%‘iﬂ?‘ &2%"3%‘-’ o %F‘?‘*é} Phcal Bt Rodulating means
0 ns. W S ted. nodul ati
mifdine il onfhipon thtgroRto e fsadvaa St mmspe
nodul ati ng 15 neans |s di vi ded by a second
methedy wherabheinpe auerentinenid firstesporad shectyin wadwatingmaans is divided
spread spectrum nodul ating neans is coupled to an
byl arfitst pobrad@hsbleopslae, witpe thelougae of suid fitsk kgrelad Pectinirh atodinlating
means. 30. The architecture of claim29, wherein said

- mbdnk §4 cRORATB ARG oF B Elobct- 067 b RAdeSBnBYIGH oselaldriidans; and

mam)ry ans used for storing the spread nethod
conprising data for center- spread and down- spread
profiles. 28 31. The architecture of claim29, wherein

sai d, second programmable value is controlled
a second spread spectrum modulating means in communication with said output of said

closed-loop voltage-controlled oscillator means, said second spread spectrum modulating
means modulating said open-loop voltage-controlled oscillator means with a selected

modulation ratio, where the input current to said second spread spectrum modulating

~means is divided by a second programmable value, where the output of said second spread

speétrum modulating means is coupled to an input of said open-loop voltage-controlled

oscillator means.
30. The architecture of claim 29, wherein said first programmable value is controlled by a

first memory means used for storing the spread method data comprising data for center-

spread and down-spread profiles.
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by a second nenory nmeans used for storing the _

nmodul ation ratio data conprising data for nodul ation
profiles. 5 32. An architecture for a spread spectrum
cl ock generator, conprising: a phase-locked | oop neans

'31W' t'[*?le%r&k BSGH rURmVR), WAL § ﬁ&ﬂrogﬁg;hh%b@é QJI}IéTE%ggh‘Oﬂed

ock

ans, said cl osed voIt con
byoas%ﬁ%m%@ﬁ@saswﬁﬁr SHoRgR e mopd ol 8i0 dhyn Sampising data for
means to convert voltage to current and a first
medplpteanpredlesr ol | ed oscillator means to convert current
to frequency, where 10 said cl osed-| oop
vol tage-control |l ed oscillator means provides a
non-spread spectrum cl ock output signal; an open-I|oop

KAY |&?&@h1@é&ﬂ$r5 %r a%ré&ﬁ%bédtﬁhpﬂoﬂg Sdert&y %Iﬁﬂ’l S ai d

phase-locked | oop neans to prow de a spread spectrum

ut _si gnal. I t trol
+ SR B el R S ol G BAGRA Rebhor
converter nmeans to convert volta e to current and a
logldnp patocnrirK sigaakiosaid phgscoloeked la% megpsa fyd closedloppvpltage-
current to frequency, where said open-Ioop
contrbiladjescdabdrrméane domprsihg affiest Vireaheonpeneri mleas o apvedicroltage to
spectrum cl ock output signal; 20 a first programmabl e

c&;téhf A 2 Sisv b @ nt-DBRRH]cl DsG AREH PomRk! th @Bnvrt &ﬂeﬁﬁo%ﬂqﬁéﬁcy, where
said first V-to-l converter neans, where sa

safdh%lfﬁed }?gﬁi {aa 30 loﬁtgt]%lged; Cfes?@]tag FS P?)%ﬁg H’ﬁg@{gga ng—SgI%éd gﬂ%@tmm clock

di vider_ nmeans by a first value supplied by a first
oupysigdlineans, said first storage means storing a
val ue based on the spread nethod; 29

I ng onto an |nput Si gn ase-

q—

an open-loop voltage-controlled oscillator means coupled to said phase-locked loop means
to provide a spread spectrum clock output signal, said open-loop voltage-controlled
oscillator means comprising a second V-to-I converter means to convert voltage to current
and a second current-controlled oscillator means to convert current to frequency, where said
open-loop voltage-controlled oscillator means provides a spread spectrum clock output

signal;

a first programmable current divider means in communication with the output of said first
V-to-I converter means, where said first programmable current divider means divides the
input current to said first programmable current divider means by a first value supplied by a

first storage means, said first storage means storing a value based on the spread method;
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a second programmabl e current divider nmeans in
communi cation with the output, of said first V-to-I
converter means, where said first programmabl e current
di vi der neans divides the input current to said
L I ger
a 5%9 n%gg'Ogu fﬁta glgléd(r:eg ﬁ‘l alggtﬁﬁ cg U@ R5n Réftglqlaé &&gﬁ‘tdoé said

orage Ireans,

age means storing a v ue based t he
T @ﬁ?'gf'?raﬁ“%@%}& whee said ﬁﬁrogﬁ@&agﬂwmegt Grigerppens divides
means coupled to an output of said first progranmabl e
the inpreeitrrent tof @it sepeadprogratamableeureent divater means by a second value
post - progr anmabl e di vi der neans divides oscillations
supplicicdyth fekOsPeotafO ey, b4 Secoai blobdde@hlkals Stotih@h @klue based on the
nmeans by a first programmabl e 10 val ue, where an
1n&ﬂhQHBn?£n aid first post-programabl e di vi der neans
I'S coupled’to an input of said closed-Ioop
vol tage-control l ed oscillator nmeans to determ ne the
spread nethod of the spread spectrum cl ock out put
signal; and a second post-progranmabl e divi der neans
a fstptsetiragmenamala dptderaeans Fenplesdtior outpup pbspic firshprogrammable
current divider neans, where said second
cupefif dlpirdegmamm{&here@m\di fitsrpodBprdgrantihabléel ¢ivides aichhadividles
~of said closed-1oop voltage-controlled oscillator

osgﬁl@sal sﬂldsc? @‘fo gic ogr %ﬁd%@élﬂﬁ r H@Eﬂ’s%ﬁ‘ﬁﬁ%lﬁgfmnable

secon pos e dIVI er

va Bl bR oP B 68 pPRToRSRBE 0 Py i o n o

nodul ation ratio of the spread spectrum cl ock outp
ofshigredosed 2gppeenitagereoniraller weatiatormepnsdp dietergine thmmré% method of
the input to said first and said second programmable
thelbprestbspeor@anslock oatpiit wigtsigatbwn frequency from the
out put of said first V-

0-1

a second post-programmable divider means coupled to an output of said second
programmable current divider means, where said second post-programmable divider means
divides oscillations of said closed-loop voltage-controlled oscillator means by a second
pfogramfnable value, where an output of said second post-programmable divider means is
coupled to an input of said open-loop voltage-controlled oscillator means to determine the

modulation ratio of the spread spectrum clock output signal.

33. The architecture of claim 32, wherein the input to said first and said second
programmable divider means is a divided-down frequency from the output of said first V-

to-1 converter,
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to-1 converter. 30 34. The architecture of claim 32,
wherein said second storage neans conprises a random
access nenory containing the programuabl e nodul ati on
ratio profile. 35. The architecture of claim 32,

wherein.said first st: prograymabl e di vider stores
34, e b8 atkREcsire ATy davRbieBigid Sean ke fagpns cottiprdes a random
center-spread and down-spread profiles. 36. The
ace@sg Moy ceiaisingdhepiegenmeite modylatignyratiepeefie.
post - progranmabl e di vider stores the nodul ation ratio
data conprising data for nodul ation profiles. 10 37. A.
nmet hod for generating a clock output signal with

35 e GebhABRlid H 0B BCIhORRONE fifst pON-BEJePARMERte divider stores the
harmoni cs conprising the steps of: a) generating a

serjes,,of n- spread ectrumcl oc l.ses in

soRFAsL BRSO Re PR b RiTEoeR gt B P i spFeal profies.
vol tage-controlled oscillator with a V-to-1 converter
in series with a 15 current-controlled oscillator; b)
coupling to the closed-1oop oscillator a second

36v ol Thagechitecttireadflcidm@2¢ whbw@irosaid. desont past-frogramenable divider stores
vol tage-control |l ed oscillator; and 20 c) spread

thé RAiHiOn M| @id dthpriitheSREd R nRlluRAbn pRIR&I spectrum
clock pulses to flatten and w den the spectrum of the
el ectromagnetic interference harnonics by frequency
nodul ating the second voltage-controlled oscillator

utilizing digital, nmenpry circuits with staored, spyead
3metBwtheddondrmerating 8 slackioutpul sighal vath reduced amplitude

electromagnetic interference harmonics comprising the steps of:

a) generating a series of non-spread spectrum clock pulses in a closed-loop oscillator
comprising a first voltage-controlled oscillator with a V-to-I converter in series with a

current-controlled oscillator;

b) coupling to the closed-loop oscillator a second voltage-controlled oscillator identical to

the first voltage-controlled oscillator; and

c) spread spectrum modulating the series of non-spread spectrum clock pulses to flatten and
widen the spectrum of the electromagnetic interference harmonics by frequency modulating
the second voltage-controlled oscillator utilizing digital memory circuits with stored spread

method and modulation ratio data.
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38. The nethod of claim 37, wherein said stored spread
nmet hod profile conprises center spread and down-spread
profiles. 39. The nethod of claim 37, wherein said

stored nodul ation ratio profile conprises 5 nodul ation

3gPr %‘ule }'neevﬁv‘llotdﬁoc}rcl et Q/ﬁgrefno ai@&gﬁpgé{egg nﬁﬁ%lél?l?%ﬁlg %Bﬂﬁses center-

Si gna educed anplitude e I omag

i nterference har ics conprising the steps of: 10 a)
SP@@&@?%&@%@*EW§ nggmof non-spread spectrum cl ock

pul ses in a closed-loop oscillator conprising a first

vol tage-controlled oscillator with a V-to-I converter
in series with a current-controlled oscillator; b)

39¢ OURE nitghddo ficEmA 70 Shereirnaid seidinhedulition ratcmofile comprises
vol tage-control |l ed oscillator identical to 15 the

mdddistionRbiRge- control l ed oscillator; and c) spread
spectrum nodul ati ng the series of non-spread spectrum

clock pulses to flatten and w den the spectrum of the
el ectromagnetic interference harnonics by frequency
nodulatin% the first voltage-controlled oscillator
40ut iA gibag Ter gpnemting p clogk vutpif signal rathagdugsd agwplifidehod
20 profiles and by frequency nodul ati ng the second
elecploimgeetivdnterfoteneshafonlcs abmprising tezstepg of:di gi t al
circuits with stored nodulation. ratio data. 32 41. The
nmet hod of claim40, wherein said stored spread net hod
profile conprises center spread and down-spread

OB PR iy HOEAR R i
comprising a first voltage-controlled oscillator with a V-to-I converter in series with a

current-controlled oscillator;

b) coupling to the closed-loop oscillator a second voltage-controlled oscillator identical to

the first voltage-controlled. oscillator; and

¢) spread spectrum modulating the series of non-spread spectrum clock pulses to flatten and
widen the spectrum of the electromagnetic interference harmonics by frequency modulating
the first voltage-controlled oscillator utilizing digital circuits with stored spread method
profiles and by frequency modulating the second voltage-controlled oscillator utilizing

digital circuits with stored modulation ratio data.
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5 nodul ation profiles. 33

41. The method of claim 40, wherein said stored spread method profile comprises center-

spread and down-spread profiles.

42, The method of claim 40, wherein said stored modulation ratio profile comprises

modulation profiles.
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