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WD 2004/ 099955 PCT/ US2004/ 012486 DESKEW SYSTEM IN A
CLOCK DI STRI BUTI ON NETWORK 5 USI NG A PLL AND ADLL 10
WORPHME present disclosure relates to the fiPATUEP4/012486
phase | ocked | oop systens. More specifically, the
present disclosure relates to the technol ogy of clock
signal distribution using a phase | ocked | oop system
15 BACKGROUND The need and application for clock
generation is ubiquitous. Cock generation nmay be
acconpl i shed usi ng phase-|ocked | oop (PLL) circuitry.
PLL circuitry generally takes a reference signal,
such as a systemcl ock, conpares it to a feedback
signal, and generates an error signal in response

t heret o. TRESHEWr §¥FSTEHgHLIR HR¢KeBIHRFBY TR NBIIVORK
controlled oscillato ) : ces an out put
c?ock signal. The outrtjﬁélty&g 8%’2%\%%%2 is also scal ed
(typically with a divider) to generate the feedback
signal for conparison with the reference signal. The
di visor setting of the divider sets the frequency

rati o between the reference and output clock signals.
For exanple, if the divisor is set to three, the

out put clock signal will have a frequency 3 tines the
2 frequency of the referencepgignal . PLL circuitry
may elimnate or substantially reduce tenporal skew
bet ween Thdysresait aiseloage sigeat tirTidlddi phaatigited & rsglstems.
wi th proper phase conparator design. | W 2004/099955
PCTINUSR 80=hifRalR 8% prédenhdiscisingelaice W the tethndiogedf ciotk signal
appl i cations such as, but not limted to, I1/0O

i nt edfigtédidion vsimg & ghasedadked ap systesn.of a nodem

m croprocessor. In recent years, the clock
distribution delay (and thus the PLL feedback delay)

15 BACKGROUND

The need and application for clock generation is ubiquitous. Clock generation
may be accomplished using phase-locked loop (PLL) circuitry. PLL circuitry generally
takes a reference signal, such as a system clock, cempares it to a feedback signal,
and generates an error signal in response theréio. The error signal drives a voltage

20  controlled osciliator (VCO) that produces an output clock signal. The output clock
signal is also scaled (typically with a divider) to generate the feedback signal for
comparison with the reference signal. The divisor setting of the divider sets the
frequency ratio between the reference and output clock signals. For example, if the
divisor is set to three, the output clock signal will have a frequency 3 times the

25 frequency of the reference signal.

PLL circuitry may eliminate or substantially reduce temporal skew between

the reference signal and the output signat with proper phase comparator design.




) ' has increased while the PLL reference frequency is
‘ W i2kg/ooat h of these factors may 5 result in
degr aded PgLL performance. Additionally, the cl o &I T/US2004/012436
di stribution may exceed a few output clock cycles. in
del ay. Other structures nmay be added in series with -
the <clock distribution to contribute to a |onger
feedback | oop del ay. These may include clock
stretch/shrink DFT, nodul ation of clock sensitivity to
powekimingtipt pkevPisicrifitehimeapplicatiorfsrsaeiiiey) BMt e hiakddo, U iisHace
filtering ("chopping"), etc. 10 One nethod to
al | eifiag epeciiieations bf @modém nigoprocssgsed cl ock
distribution delay is to |lower the reference :
f r equencl regent ireargiine @pekadrtthutiviotwate(bnd thik theFis Uebback delay)
hi g synthesis ratios, which may necessitate a |arge-
fi | 7S veEgpsed while thaRbt referenest fraydenemys risilg. Butf ofthésefactors may
stination internal clock to be msaligned fromthe
ekt dFTa ?@f@?@r@é peripgganger Additionallyriig cleck distriatitisrheay exceed
expense o {i hter timng margins across clock 15
dondi g %8P ‘é%‘d‘. Peles ey Sl structuiesgay baaddedrin s@RIsERth the
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di scl osi ng exanple e he T nv

shoid id Idver tHeaafelahcy ﬂé@f&n&f@ﬂhe bl adirclih elﬂ&@é@ﬁ gﬁs RO&uMEN high

of illustration and exanple only and that t _
| nveynthesis ratosnahich Afay netdskietle & Rfjediter capaifor 2ARANAIRARSd may
PCT/ US2004/ 012486 The followi ng represents brief ‘
des ekdvior hr slestinatitreintraahtiogiSta iba midaligded! ok Ethe eRRFl Seference,
represent |ike elenents and wherein:

However, this may occur at the expense of tighter timing margins across clock

15 domains or require asynchronous timing transfer.

BRIEF DESCRIPTION OF THE DRAWINGS

A better understanding of the present invention will become appareh_t from the
20  following detailed description of example embadiments and the claims when read in
connection with the accompanying drawings, all forming a part of the disclosure of
this invention. While the following written and illustrated disclosure focuses on
disclosing example embodiments of the invention, it should be clearly understood

that the same is by way of illustration and example only and that the invention is not

25  limiled thereto.
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FIG | is a circuit diagramof an exanple cl ocking

Sﬁtem according to one 5 arrangenent; FIG 2A ls a

YO 2001499¢iSagr am of an exanpl e cl ocki ng syst em PCT/US2004/012486
according to one arrangenent; FIG 2B is a timng
diagramfor the FIG 2A circuit diagram FIG 3 is a

graph show ng a danping factor degradati on of a phase

lock loop 10 circuit as Its feedback del ay increases;

FIG 4A is a circuit diagramof an exanpl e clocking

system agcardi ng to an nhqdi nent of . the present
hvent | ot it asieSEhis Biel i aless PLine AamRGR v wieh e
circui | .agr am.  Fl S5A is . a circuit diagramof an
exaqn%h‘tgragﬁrggﬁ(ef é"%%‘%?@ﬁéﬁ@%%‘?fﬁ'& to an 15 enbodi nent
of the present invention; FIG 5B is .a timng diagram
for the FIG 5A circuit diagram. FIG 6 is a circuit

di agr am g, Ak LARIPLEGERAGEh Barie LERAGTAEA dortiRg Bone

enbodi nent of the preSent invention,

& I Grbhigdhicagr am of an exanpl e cl ocki ng system
according to an 20 enbodi nent of the present

i nventi an@, #A ga oiBuit §ia aﬁniﬁbﬁ@xﬁﬁﬁ@&@dﬁng@&st&h%cgdr@ng done
circuit diagram and G 8 is a block diagramof an

examrhsyemest:em i ncor por ati ng enbodi nents of the
present invéntion. 25 3 WO 2004/ 099955
PCT/ US2(0@&/ ZH B48tnind idgxatn D tREQCRRA Erddit dlagrame
followi ng detailed description, like reference
nuner al Fi@ndliscgaepihcthewing a damping factor degradatior of a phase lock loop
10 circuit as its feedback delay increases:
FIG. 4A is a circuit diagram of an example clocking system according to an
embodiment of the present invention;
FIG. 4B is a timing diagram for the FIG. 4A circuit diagram;
FIG. bA is a circuit diagram of an example clocking system according to an
15 embodiment of the present invention;
FIG. 5B is.a timing diagram for the FIG. 5A circuit diagram; .
FIG, 6 is a circuit diagram of an example clocking system according to an
embodiment of the present invention;
FIG. 7A is a circult diagram of an example clocking system according 10 an
20 embodiment of the present invention;
FIG. 7B is a timing diagram for the FIG. 7A circuit diagram; and

FIG. 8 is a block diagram of an example system incorporating embodiments of

the present invention,

25
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may be used to designate identical, corresponding or
AL onents in different 5 figure draw ngs.

&ﬁ?%gagﬁﬁganents of the present invention nay‘%%”USﬂm*m1*$6
described with respect to exanple circuits, the

| mpl enent ati on of these circuits may be. acconpli shed

In any one of several ways, including but not limted -

to logic circuits, circuit elenents provided within a

m crochip or integrated circuit as well as software

i mpl ementation of the rs*mﬁ%%L#§¥gﬁQ pns. Each of

t hese i npl enent ati ons bETR A éﬁéhgcope of the

present invention. Enbodi nents of the present

invention may al so be described with respect to

- signals iﬂ%@ﬁ:ﬂ&vﬂﬁé’&et@ﬁed%&&@ﬁgr&g@%ﬁé%@bﬁ@gﬁg Jn‘a%ihgigﬁters

conponents. It is understoo SCUsSSI

| demtdyficased iGhditmate iddHlca] @RaLnon ?%Eﬁ%ﬁ?@l’nﬁ&%n different

over a signal line or simlar type
Bur tigene drdwiggs. WHIlEeRBbAMENS 0ORE bredBit iﬂeﬁﬁbn?ﬂ%{ 5B bed with
to a signal line as shown in the drawings. 1 '

Addirespeciab byample tircuits) N mpRARN 86 PSNReR e A M o
connections to conponents may not be shown wthin the

Fi garesndiisedsin apy o df wewralialys) Sichalinigdut AR dmileS BUSSE QRits,
and so as not to obscure the invention. FIG | shows .

a cPiyerisimenjsprevidadwithirca mitirguhipton intereatad tieal) @swell as software
O her. arrangenents are al so possi ble. The cl ocki ng

sysiTieentation qf hegespegtvadenclions: Feepuafithage itepleroertationBRDYithin

0, ,a char u CP) 30, a voltage controlled -
- 1§s c e s5R% gﬁ’('%g’)e'ﬁ #venfiop; Erpkodients ofiite prepent inventisp may also

h ft | Il ed. | ock .distributi t k
S BeGberLe B roRPect b Rushp o Eer q B s e otsuk
o AR, 1l ey b RleThe BET a8 Eredied et e sinal
20. | .S . i-ded b
g, S Y R
T e o S BL sl RSB BEyinge
1% heAdditumiily) /el K6dvarmpolidrigrduh @ BitRRkesS leBiSTecid 8@ borRigorBR may

al so be applied to an i nput
not be shown within the Figures for simplicity of illustration and discussion, and so as

not to obscure the invention,
FIG. 1 shows a clocking system 10 according to one atrangement. Other
arrangements are also possible. Thé clocking syétem 10includes a phase |
20 frequency detector (PFD) 20, a charge pump (CP) 30, a voltage controlled oscillator
(VCO) 40, a clock distribution tree 50 (hereafter also called a clock distribution ‘
network) and a divide-by-N counter 60 {hereafter also called a dividenby;N circuit). A
reference clock signal 12 is applied to an input of the phase frequency detector 20,

The reference clack signal 12 may be provided by an external clocking source: That

25 s, the clocking source may be external to a microchip or integrated circuit containing
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of the phase frequency detector 20. The phase

frequency detector 20 generates a signal 79 and a
wiognad/0s8dsbased on the reference cl ock signal pdTatERoos/012486
t he feedback clock signal 62. The signal 79 is

applied to an input of an inverter circuit 22 that 5
provi des an up signal 26. The signal 83 is applied to

an input of an inverter circuit 24 that provides a

down signal 28. The up signal 26 and the down signha

28 are applied to input termnals of the charge punp

30. Mrhelpcking systesn 19h AdesdbaeorienhcignaddRaedyciscli: appheiiaaasnput
the phase of the reference clock signal 12 and the

f eedBdEipheraltquengrdsitect@20alin: phesyiretpent)istactor 0 gesdrates a
26 and the down signal 28 to input termnals of the 10
chargnah{fad30signphs3 basedivd towferanic nlatlssigty 128nd the feedback

“indicate respective positive and negative charge

di r &2qck lgaalibgr Thedonsha} igepplisg o @mlnputroéantruer@@ clseHif22310at
%nvertds the digital inputs (i. produces a voltage
ntArRfdssiag yig siggsl 45, Saysigipl ﬁ%@ atEBfledri@i an il §n ivartss cirepit 24

‘ ) which h
e éﬁ%&f"é’lﬁ’eﬁﬁ dOQ{ﬁF'Kéﬁﬁ%ﬁr f'lfeevp Teal2 n%b%d%%sa%é%greea%pned
T 32
oS Bttt o fae i %Tﬁ% he mip eg&cyoﬁﬁ?m 20
VCO
di st rBllln ut | E’ﬁ%rgéeeégaé Eﬁ{%ﬁ‘%lcgg %t'?ﬁ ﬁeg%edﬁﬁ%cl%cb signal

ro I
8 i v I%g gﬁgﬁ%ﬁﬁgggﬁt"‘é r@@%ﬁ% dd%tlxé‘&’t%%lf rsﬁ&p r'odu I(}g) ut %eﬁmmafs of the
feeedhaek EGrh@ 8. THe@Pdnd @dwn }:Bﬁa@ 2@ Balindicée @E&@H@eeﬁ%swi and

the clock distribution tree 50 al so becones the ¢l

si gmagativhaliaryé HirecBbhsifoqité chifdgd fénSi@rRe BRGHE A@fp $®Eonverts
ot her el enents/conponents) on the m crochip or

i nt dgrdigiatinpits §18i, tprodisesh witags ewhiralyiprel 32 thwef ee theapkand

clock signal 62 is applied to an 1input of the phase

f r e §OWR Eignae 2R anb?s) 2pan Andidd quent (ensignal svhichsebemintegrated by

order filter, may also be provided between the charge

punp e f%f?detQﬁ@Ef@f&&\@5@9%@%@@!9"@'&20@1@ vqltagwonzrgl signak32 is
econ ncl ude a resistor and

B C aPRlieR e Y Har weivios g esiiney ek e N CRyRes sgnal 45 hat s
fi l n%ﬁ?to'ﬁ%yclocé distribution tree 50.

The clock distribution tree 50 produces a signal 52 that is applied to the
divide-by-N counter 80 that in turn produces the feedback clock signal 62. The signal
52 produced by the clock distribution tree 50 also becomes the clack signal that will

20 input to the state machines (or other elements/components) on the microchip or

integrated circuit, As discussed abové. the feedback clock signal 62 is applied to an
input of the phase frequency detector 20.

Afilter, such as a second order filter, may also be provided between the
charge pump 30 and the voltage controlled oscillator 40, The second order filter may

25 include a resistor 34 and a capacitor 36 coupled to ground. Other types of filters may
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WD 2004/ 099955 PCT/ US2004/ 012486 al so be used. The' up

L 8" nd the down signal 28 charge or discharge
t%hg aiéhg%%g?tor 36. This, in turn, decreases or PCTUS2004/012486

increases the voltage of the voltage control signa
32 applied to the VCO 40. The VCO 40 determ nes the
frequency output of the VCO cl ock signal 45. Stated
differently, the up signal 26 and the down signal 28
5 are used to determ ne the frequency output of the

Phase, & det ect es the
E/E\%zégoq?{%sénc?ﬁ%%§'%ggﬁg'§%tge i %‘g'éﬁr\ gg r%?%%ﬁ%ﬁaft::zha
i 11 eierso i, B106, JURSERTbRirideef BiEdout s, ArtenBgR ponrol

the &gRebRglIEd RAke YCINA T!?@vcb%%efé%@esg% ﬁ:’ggué&? Qutgut of

phase di fference of the reference clocC

t he theedbaddek sfbﬁa!sﬂiﬁgsﬁs}ted%ér&tf?.o@é tﬁﬁsé@rabg 2% % g'né\;\%ﬁwﬁ)éigna! 28

the difference’in the duration o

s§ grek Bsedtio ABdrmife tNRRLERS OE&)EF%WV&) agk signal 62

is slower than the reference ck signal 12 (i.e.,

t he feedpacphask aeluercgdbetbind RBBIM e SHAED dfbRnce ﬁetween the
duration of the up signal 26 may be larger than the

dur atpistgmatiz6 arfehel dovn Sigignad todfe subbaftidip 64 RAGARe &f’i&e difference
fregyency of the VCO cl ock signal 45. On the other
etwiienthe iefera/©e click signali1gmad thkFeatbatkscldoR Sight! 820 RN

the reference clock signal 12 (i.e., the feedback '

cl odRIisHiIgn die phase piffagnenyf the lefamench elodkisignal 62 aod thieHeedback
own signal 28 may be |arger than the duration of the

T SRR o aoplertnd rgaipe Be s difieeenee e skugtion oT R0 down

cl ock signal 45. s a circuit diagram of an

o8 2P B R e e dbirkcaiaoh g G2 e v @ron the reference
1 GOBREER 12 0" e BRUSER SR kol s e dbing 1 the rpliopyas the up
| o SRR e oetalol FaE RE SR bt AL AR b MR neregses te
17 R 14990 54 00 s VGO ek s

1G0T e HIASEr thiah thelrbRrent€ 888AGHNEI DEK., e $Ubad@2cidcdk!sfanal is

1). The refclk signal may be obtained froma bus
leading), then the duration of the down signal 28 may be larger than the duration of

the up signal 26. This decreases the frequency of the VCO clock signal 45.
FiG. 2Ais a circuit diagram of an exampile clocking system 100 according to
one arrangement. Other érrangements are also possible. FIG. 2A shows a phase
20  lock loop (PLL) circuit 110 that receives a reference clock signal (shown as refclk)
and a feedback clock signal (shown as fbdk)- The refclk signal may corrésponcl with
the reference clock signal 12 (FIG. 1) and the fbclk signal may correspond with the
feedback clock signal 62 (FIG. 1). The refclk signal may be obtained from a bus

clack signal (shown as belk) that is inpui to a logical AND gate 105. The bus clock

25 signal may also be called a system clock signal. The other input of the logical AND
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clock signal (shown as bclk) that is input to a

| ogi cal AND gate 105. The bus clock 25 signal may al so

BO wahedssa system cl ock signal. The ot her i npueCTis2004/012486
the logical AND 6 WD 2004/099955 PCT/ US2004/ 012486

gate 105 may be coupled to a H GH vol tage source.

Simlar to the arrangenent discussed above with

respect to FIG 1, the PLL circuit 110 outputs a

signal (shown as earlyclk) along signal line 115

nd SN PdT ciq%aﬁﬁﬁc‘?a e e eaukcs b trtop apangerment

i npu | Vi N circuit 130, .5 which in turn

or beliessed Bp sl ot e Bt bl gt 10574 2 21 Ghowr

Ot Bl sBneRe 126 (mestmndies 12 ot At bassden e ool signal

gon g8l tefofhe XEush St o é’ﬁa&tﬁé%magw 130,
h

o oA L Bobocky o el P s Bt AP A beei b s

|t Shraing o0 TR SRR G e#FfE = SRe 5 15 e A

us agfayde indificd &5&1( disti e Bgﬂ?llkgﬁg Eene;mly ese(l:egﬁegnt 120). The

signal at node B may the

cl olgnal(sy prddué ABcIC@SEAsLY lyi
to a?gt EgP |gpﬁwg?ethg Iotgllgjéla% nékﬁl‘ggégbe eg th ﬁor&gl%ck

| ogisigadl @it ieput 40thp %teft@fn%t@s|(&Gitr%ﬁblelﬁms%ﬁnb§ﬁén9;‘? on the
on the input signals and outputs a feedback signal

10s hevrockip drivttedrpteti @irtite NRide Babpresdnts ohtQoind 5 (dage¥Bhe clock
the clock distribution delay may be Ignored during the

PLL Sioag)jon theedie.gThis Thikssige! alynotlh Bredydhen texdies backmst thé tore
the PLL feedback | oop and nay be corrected by exanple
enbBaFENEL (shewn A corpekleatengisigpaliing 328 torNGihePBpitsf te logical
oo SISy G e B e
o gEPehals 2p SlipRisH etk atmt (e it Pekntoghe Rrlcresit 310,
1?: z(r)]als? 50 5@ e!he %!ogf? @llstngptio%%%ﬁay g\as/ be Zgnbrep ”‘&%ﬁ"@ﬁﬂ( foop
design. This delay therefore exists within the PLL feedback loap and may be
cotracted by_example embodiments of the present invention.
FIG. 2B is a timing diagram showing the various signals of FIG. 2A over a
period of time. For example, FIG. 2B shows the bus clack {bclk) signal and the
20 feedback (fbelk) signal that are input to the PLL circuit 1190. -FIG. 2B alsg shows the
signal at node A (i.e., the earlyclk signal) and the signal at node B {i.e., the coreclk
signal). The difference in the signals at node A and node B represents the feedback

delay (caused by the clock distribution network 120, for example). I'n this example,

- the feedback is represented as Tag, which is less than 1 core periad.




signal). The difference in the signals at node A and
esents the feedback delay (caused by the
gﬁg?ﬁﬁgfdgﬁi buti on network 120, for exanple). IﬁCTWiS%OO‘”Ol“sG
exanple, the feedback is represented as TAB, which is
| ess than | core period. 7 WD 2004/ 099955 -
PCTI US2004/ 012486 FIG 3 is a graph showi ng a danpi ng
factor degradation of a PLL as its feedback del ay gets
| onger and | onger. That is, the danping factor may go

| ower asFlG. Bés aetapl sBelifig h @BABHg fatRP dSHSIA
nor e under danped. An un%lerdar%pgeoT| PLLé%fysaﬁlganﬁyhﬁp‘gégﬁge

mor deesibett daleygats wngertana iger. erhens,ahd ddrhSihy fabidr may go lower as
respondi ng to input phase or supply noise.” As

di sdizdeday gaielpegeri The spsterh meydkcomd MereWn@6famped. An
distribution delay (and thus the PLL feedbacﬂ del ay)

has YdereaapediPinsystent nay B moreedsedlstoy@nt HRGei8RGNork Sittery in
rising. That is, the phase alignment is increasiiig

Pe c dBPENYIRG todnpsd Rhatiestrisiufmiy naise. net wor k i s getting
I_onger.a&% the delay increases, the PLL needs to

deskew &'y 4pgyeEred aheye. in rdcentiyearBLthe clock distribuign delag (4nd thus the

des aJga eater than half a reference period,

t he ﬁp{ﬁ? déﬁ%&%&% Se??%ﬂ‘?f gasegfwhile theFILL refergnoeiequency is rising. That
Enbodi f the present invention nay provide a

et ﬁ%@%ﬁég%%wgwswg INCegsige Reqaysethg mlgckdistibytionmetwork is getting
i nt I il e acc at i a lLong clock

o s OB R GafblyoBaf BROTE Rencbllo fasienriermarangs. iftre PLL

- : .de the PLL 15 feedpack | oop.  AS of
e PRl Ko S e Ry B R A iy e

| nckhbigeierishes SMRBL Qlgrgll ay from a VCO out put,
t hrough any buffers ar? clock dfts, through a phase

det ect OEnAindMCII e SR INTS B Ay iR d HE cg?rg{: Er?rplgl%tus

present . i invention nay deskew the interna

usi lgieacratd and desicdeesh intoqal chabad @Bé&rﬁn@éatin% Bfong clack
present, invention may provide a short PLL eedgack

t hefighutionsieltynghe dogk ASribulinh alai bé ingorpdRfedikside hePked
Loop may align an internal point (or node) to an

18xt qup‘gck toop.” As one example, the PLL loop delay (to be deskewed) may include
the amount of delay from a VCO output , through any buffers and clock dfts, through
a phase detector and through a charge pump. Embodiments of the bresent
invention may deskew the internal clocklusing a delay locked loop. Embodiments of
the present-invention may provide a short PLL feedback thereby avoiding loop

20  instability. The delay I;:cked loop may align an internal point (or node) to an external
reference. Embodiments of the present invention may also have a tofal DLL range
of 1 core clock period. The delay line control may be slaved from the VCO analog

control in order to achieve maximum dynamic range (i.e., operationai over the

frequency range of the VCO).
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ref erence. Enbodi nents of the present invention nmay

al so have a total DLL range of 1 core clock period.

Woe20eb20953 i ne control may be slaved fromthe @&X/US2004/012486

analog control in order to achi eve maxi num dynam c

range (i.e., operational over the frequency range of

the VCO . 8 WD 2004/099955 PCT/ US2004/ 012486 FI G 4A

is a circuit diagramof a clocking system 200

according to an exanpl e enbodi nent of the present

i nvention. O her enbodi nents and configurations are

al so w t Fitn4A frea droip diagifant dfe gucking systenm2&hadcomiing Then example

FI G 4A cl ocking system 200 includes both a PLL

c onpssehedimenhef the piebery invertioad Oltheo pmp&libgnts engcontighratidisrare

5 exanple, the PLL conponent may perform frequency

nod @lsptwiBy the 86c0Pe eaE presgpilioventicns Theff@dufetiaoking system 200

multiplier) while the DLL conponent may perform phase

al i dnfksigs botha il camparerik and Aglay Ipiedmeap (Bbhyromponeniafor

include the PLL circuit 110 while the DLL conponent '
y SARPedhe Bl Rerarongat ey Rarforpfspausney rmedplatiopmadifisation (such

S ol g oo e e en
(sh i.abl.e . del ' [ oy |NE_ -
o AL, PR ST L e

01 o 2B U 3PY rRod R deRRF (P 0K enl b oy ot

may obg aligned with the external clock (i.e., the
bcl k signal). This change may be affected by the DLL

1@oNponen tHe'Fa Ui Becidny %%mV@b' AP FRabRk F¥1ag iirfcRMjastr a .3%%ble

and the phase detector (conparing the ctore cloc

si gdalay ghewh be thelvariattd es@naruELmyK TR @fiablh detafayinble a
be descri bed bel ow, the phase detector 210 conpares

t he range of urplot2 @irgcladipefinde . By dhbagiapthe variabikdedyginglcomndock
the PLL reference clock signal) and provides an

out puipuisf fieatlock Wistrivatiarenetuidrk 62& mby belaligned will fhesixiepmd clock
signal) along signal line 215 to the variabl e del ay

ci r 86 theilk signgh- g flisghange may be affected by the DLL componerit including

15 the variable delay circuit 220 and the phase detector 210 (comparing the core clock
signal and the PLL reference clock signal).. As wili be described below, the phase
detector 210 compares the two'input signals (i.e., the core clock signal and the PLL
reference clock signal) and provides an output signal (hereafter also called the
adjusiment signal} along signal line 215 to the variable delay circuit 220, The output

20  of the variable delay circuit 220 may thereby be varied based on the aqjustment
signal received from the phase detector 210. Stated differently, the phase detector
210 changes the variable delay until the inputs of the phase detector 210 are
aligned.

In FIG. 4A, the PLL circuit 110 receives the reference clock signal {shown as

25  refclk) and the feedback clock signal (shown as fbelk) in a similar manner as
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20 of the variable delay circuit 220 may thereby be
van b@dobssed on the adjustnent signal received
t he phase detector 210. Stated differently, the
detector 210 changes the variable delay until the

i nputs of the phase detector 210 are aligned. In FIG
4A, the PLL circuit 110 receives the reference clock
signal (shown as 25 refclk) and the feedback cl ock
signal (shown as fbclk) in a simlar manner as 9 WO
20023 8SBEHOROTIHLISRRDH COARABE, ThH! 516 Bad c@&@é’@wé“’réhﬁwn as
respect to FIG 2A. That is, the bus clock signa '

(s Hesiis) may b dripke) tortipe logiealiANTligate 008 MEhel dtrgr bt AN B8 AND
105. The other input of the |ogical AND gate 105 nmay

be aféifiSemal ke coupleGit @ blGld galtago sowres, BBaSE6h B8 réfBR signal and
refclk signal and the fbclk signal, the PLL circuit

116" belssigsatathsiFghalcut 19Aputputs aysigral dlbmea digial fne 117

E(tcorrespondi ng to the node A) to a clock design for

edEortaspeisiing e ¥ie nore Akt elogk designtior tesp Gituit Taveslazk attkeircuit)
dft..circuit 230 represents circuit elenents that add
del®s g gk it gyl R3Q represeniscispiigiamants thatmidalothys mythe
may, bE in addition to those of the clock distribution
netWSF K993 hropeagiiop; Hisse delayemay be in addiiorpietthesesof theediock

eard y.cl.ock  .si sho as earlyclk signal) along
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10 i ; Vi the si rQduced by the ‘
ol S S UL KB raoRerTng 23 Bl ook itunten nework 120,

ot her el ement s/ conpone

10Si %@ %ks%u:lidéatabWel the %g;;nialg ﬁ&%u&egdn&{}ﬁ% %lgrnﬁg%ﬁ%tgﬁﬁljéh ?}g wogko',’ 20
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may be input to the divide-Dby-Ncircuit _ _
di eledentsjcolponents)ioh ihk3RicreHib RHIntegtdd diggt! Fid\rs FlgéA]ﬁ'!gnal

along signal line 137 to one input of the |ogica

gasknode® maPbe Mpat tpthe kvidieher thEuitA30. TREELIME Sy NErcuit 130
i nputs, nanmely the core clock signal and the feedback

c| BeRusithgbulinoeignahalongesigrablire 1B Itaynecint wF the 2aflcal AND gate
Ba§$§ on these input
The phase detector 210 receives two inputs, namely the core clock signal and

the feedback clock signal from the varlable delay circuit 220. Based on these input
signals, the phase detector 210 outputs the adjusiment signal along signal line 215
to the variable delay circuit 220. The variable delay circuit 210 also receives the
clock signal at node A as one of its inputs. The variable delay circuit 220 thereby
adjusts the clock signal fed back to the lagical AND gate 140 along signal fine 225
based on the adjustment signal received along the signal line 215 from the phase
detector 210. The logical AND gate 140 performs a logical AND operation on the
feedback signals of the signal lines 137 and 225 and outputs the feedback (fbelk)

signal to the PLL circuit 110. Stated differently, the signal at node A {(and thus the

10
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v signals, the phase detector 210 outputs the adjustnent
signal along signal line 215 to the variable delay
WO 2eithead). The variable delay circuit 210 al sEecT/us2004/012486
receives the 20 clock signal at node A as one of its
i nputs. The variable delay circuit 220 thereby
adj usts the clock signal fed back to the |ogical AND
gate 140 al ong signal tine 225 based on the
adj ust ment signal received along the signal |ine 215
fromthe phase detector 210. The | ogical AND gate 140

peréupé Bibciesidral indbe MIduRRRANA e An@ 'ﬂ?é J’@al ét%ﬁgt?t@%“?ns up with

signals of the signal lines 137 and and ou

t hethé endbaskiciock bighdt) Indhis eirBaaineh tHeRRridbid-deddy Greli ¥221:’)]1ﬁ inside
Stated differently, the signal at node A and t

10 tHOPRDbH0IBGEDrePET he/SRNRArRAHB & lodk, elh@ POC komponent may
signal) may be nodulated in tine until the signal at
nocscbelbelkipgs up with the feedback clock signal. In
this embodi ment, the variable delay circuit 220 is
% nsi de Fﬁaéﬁm_ﬁ;hmbgplagrﬁresl‘@mgdhe esioth sigidld of FEPL@MRE a
i's locking, the PLL conponent nmay also be |ocking. 5
FI @eriggof tiney For fiamepled |F£@;-r4@rﬁh§*h‘v§\me'tg15tclmek (palk) Sigrsal and the
nals of FI G 4A over period of tine. For
x dRgfiback (atk) slgpal inpylle “%%Ub@j@“% G KFIGAR /3o shaysahe sigral at

o U b1 Rk Ctagh e
d th d
AR A e s s e
1 408 PSRRI A A P SR

d| shbiBhd PRI Koty Jde A SHEBL g)c&sfg mzn Qeer R»LL% 1

forward del ay between no

gr @dteediodkp@iod, in tBRIeRaBHI, qke &@amm is 1b&s MH Bed¥ e@;ﬁﬂde
the feedback is less than 1 core period. FIG 5A 1s a

cl ocki nEIGs §A tsemel 3BMg apt@t dDO gedobdit ho %ﬁ@'hlﬂe eRmbeEmBRIY the
of the present invention. O her enbodi nents and

compfesgotintanters Giher eatbodimeintsind cohfigustioneare aBo ofthih ltte scope
5§|r ;gtehgﬁésg\éég&elggqg]_ [F-LE%IGF ! 5% clc?é/;(\lngls?fsig: r:]’.go Z?s/c? }nileé%SO;) PLL

component and a DLL component.  As will be described below, the phase detector
(PD) 210 may compare two input clocks and provide an adjustment signat along the
signal fine 215 to the variable delay circuit 220, The variable delay circuit 210 may
thereby adjust the signal output to the clock dft circuit 230 based on the adjustment

20  signal received from the phase detector 210 along the signal line 215. That s, the
DLL companent (including the variable delay circuit 220) may change the variable
delay such that the output of the clock distribution network 120 is aligned with an
exiernal clock {i.e. the bolk signat). In this embodiment, the variable delay circuit 220

is provided outside the PLL feedback loop. Therefore, the operation of the DLL

25  components may be independent of the PLL components.

11



g

conmponent and a DLL conponent. As will be described
phase detector (PD) 210 may conpare
?ﬁ%aﬁm@%ogis and provide an adjustnent signal éﬁ@sxmimlmmc
‘the signal line 215 to the variable del ay cirCU|t
220. The variable delay circuit 210 may thereby
adj ust the signal output to the clock dft circuit 230
based on the adjustnment 20 signal received fromthe
phase detector 210 along the signal line 215. That is,

-the DLl epimangaip{ 'cﬁ&]ntqu?&ekg§g1?é %fb%n{:e o188 %Jsc%a{ {shawn as

circuit 220) may change the vari

the ré?él@l%ﬁ 1 febdMack LioGKsi ?Ha?(s % Bak)riﬁ h‘%’ﬁlllﬁr &%Qnér%s

aligned with an extern

si g@tussed dbdvB iwfth PEERESLIIBY. 2AL Ffﬁat‘{@ rtH s% o@ﬁ é@}{al may be inlput

‘circuit 220 is provided outside the

| 00 thd Togicel AN gatk 185 OPRS GthérrbuPbs thd'e @.Li ate 105 may be
conmponents may be i ndependent of the B n%onen

51 wddpRdQd & PHOAYbItdde Eolied 0844 ba4Rbrefdisi F%ndﬁﬁe fﬂcm%lgnal

PLL circuit 110 receives the reference clock signal

( shtmerPLasircusf Tbloutpatst: digrel Slemgiine ekinalliee k15iceRedpoh@hPdhe

as fbclk) in a simlar manner as discussed above wth

r espastetAttothelvariatiAdelfiheitcuit 820. the vhiiebledsmkeislig pzd oulRYs a

be input to the | ogical AND gate 105. The ot her i nput

of #igral plony sighal fipD! thelcerrespending/to IneddF)do the! ababktdit circuill 2361

vol tage source. Based on the refclk signal and the

fbcle SAQ@H%'J node ﬁh%almt?dchapl&@}pmg dgre! ingt P8 te ore bhgreithe logtcaf
ne 117 (corresponding to the node

|l o [11_ i

16) “Rip oA Far i paci ety et fock sanakiseoun as
del 220 ||
T A R A
230
i g g %“@%%“sﬂ%"rfwé\glmv T efeBf g ey’
gat ﬁo%@buts-rthg r&'uﬁlﬁg sigfdi aRth; Q*dhéf Iugég%?qH 'i)gqé' *r@uf &%ee@#:%f AND
clock signal (shown as earlyclk signal ong s

I ngat@$4p.to the clock distribution network 120. The

py-N circuit

| si gnal at node B may be input to the divide-by-N
18i r cui t TASPhast ldetediov 2 terebdiveY twb nplis! nardedPthe @b&tﬂi&kfsﬂ@ﬁal

resulting signal along signal line 137 to one input of
t he(frbmgiodaB) AddDhe feedback clock signal along signal line 118 from node A.

Based on these signals, the phase detector 210 outputs the adjustment signa! along
the signal line 215 to the variable delay circuit 220. The variable delay circuit 220

thereby adjusts the clock signal input to the clock dft circisit 230 based on the

20 adjustment signal received along the signal line 215 from the phase detector 210.

The logical AND gate 140 performs a logical AND operation on the feedback signals
of the signal lines 137 and 118 and outputs the feedback clock (fbcik) signal to the
PLL circuit 110.

In the FIG. 5A clocking, system 300, the variable delay is located outside the

- 25 PLL feedback loop. The DLL component of the clocking system includes the phase

12
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gate 140. 15 The phase detector 210 receives two

i nputs, nanely the core clock signal (from node B)
wodcnhedsdsedback cl ock signal al ong signal |inech®s2004/012486
fromnode AL Based on these signals, the phase

detector 210 outputs the adjustnent signal along the
signal line 215 to the variable delay circuit 220. The
variable delay circuit 220 thereby adjusts the clock
signal input to the clock dft circuit 230 based on the

215 P8Rk PRLooRbaf nd SEFRNE oA HogSh AT ing g g

o1 greR 20yt Rk e 08078 Bl FEHe o
tlhe cfo@&ﬂl@éﬁ Bp&rh@sis nicyMdréty bolifiRbndeht éfh%ch glhér cire u' t

In the FIG b5A Clocki'ng. system e vari abl e

‘delay i S:lGOSE\Is%dt:rfﬁH% &ib mtéﬂﬁwmé%e%lﬂo&ses@&@%% Fhé). quer a

The DLL conponent o e clocking systeminclu

Bhageriodla? e, %9&%&%&95@ BEBh& P59 43438 cik n%g’&ﬁf e

210 (conparing the core and PLL reference cloc

t he facabackl{fbelkfisbreel inpat to el RLLZRBUit M0I ¢ Esals sfhaws theQignal at
at nost 2 core clock periods. The PLL and DLL close

| oopodsphirtbe signe atreydet) treaaylydiesigral) @apé tdaignaldt ne@cBb (i.e., the

other. FIG 513 is a timng diagram show ng the

var Foradk siguaih| Breodifferaree irdihe signals at noBe pamd add®B répresents the

For exanple, FIG 5B shows the bus dock (bclk) signal

andforward delay fsseed by the FRok dft gieuit 230randitihe Gogkitistiiution network

‘[3 (fgét 110. FIG 58 also shows the signal at node A,
Sy gragplel Ageshewn, ttrﬁ’émé"éFq @F&#M@%‘F%‘Wﬂde Arad page B (Tae) is

recl k sign
di ff“é"r"é%@@gf ﬁ‘af‘ﬁec("é“’l Cé‘?‘FEPE”"é’t 1 "ﬂ"‘ﬁﬁ’dg' g%f?é’b%ﬁk is less than 1
repgﬁgﬁg‘i%jthe forward del ay (caused by the clock dft
ci rcul 0 and the clock distribution network 10 120,

L aeRS i gty Shr o Lot 1L BB P
per hdent ifvehtitins CAKRERIbBAIMEMS ah&85HIBGKidrS arEASo WA the scope

15 of the present invention. The FIG. 6 clocking system 400 also includes a PLL
component and a DLL component.  As will be described below, the phase dstector
210 may compare two input clocks and provide an adjustment signal along the signal
line 215 to the variable delay circuft 220. The FIG. 6 clocking system 400 is similar
to the clocking system 300 shown in FIG. 5A and additionally includes two divide-by-

20 N circuits {shown as a primary divide-by-N circuit 410 and a secandary divide-by-N
circuit 420). These two divide-by-N circuits are provided so that the PLL
components may lock and then the primary divide-by-N circuit 410 may send a

signal to the secondary divide-by-N circuit 420 to synchronize the components.

Then, the secondary divide-by-N circuit 420 may operated in a lock-step with the

25  primary divide-by-N circuit 410.

13
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core period. FIG 6 is a clocking system 400 accordi ng
t& 3o4fos | e enbodi nent of the present invention. _
Rerenbodi ment s and conf i gurations are al so wHGf/§p2004/012486

the scope 15 of the present invention. The FIG 6

cl ocki ng system 400 al so includes a PLL conponent and

a DLL conponent. As will be described bel ow, the phase
detector 210 nmay conpare two input clocks and provide

an adjustnent signal along the signal |ine 215 to the

vari abl e ey, G pilichodflo rdbfiedth GreRehbSGALILBYREET

400 is simlar. to the cking sys
FI G b -1 t ivide-by 20 N
i rosr i BRI ael Ao B AR B ¢ iiachepr oo
d h Y ea [ [ . Ih t i
G, Qumssersank e WSyl oK, 14 oAb Tl S38 b

ConpienkdTbgicABND §aK 1@5‘.dTﬁe_rkﬁlﬁbr§rﬁw§t d?rtiéﬂrlﬁ@i)fal%il\fgj _(?agé bys r’r\1|ay be

circuit 410 may send a signal 'to the Seconda

0§ vi cbepley d\ 6ilGI4 Vbitagd 20urke 5626 BR B3l BRIkt
"Then, the secondar yagdi Vi de- by- N ﬂ?{récrél@tk 3@8%9@&)@&%@%

. operthe BUL tircutt 110 olstpats@isigal dlorighRe sigftl lid T (Yorresponding to the

di vide-by-N circuit 410. 13 WO 2004/ 099955
PCT/r082 604 10é 2di8hie detayrdiCuit 220. The vatlableCdeladWirkuild outputs a
receives the reference clock signal (shown as refclKk)
and Sgnel Flengotignekling HEK caiegpariding dhihamods F th ehekdlodkbfecireuit 230.
sim_|ar, manner as_ discussed above with respect to '
FI GThs RignahatnodeA is #ieo fed Haek abrig signghimk 1830 de inmy ot the logical
ﬁP Hﬁ§1u%%ical AND gate 105. ‘The other input of the

ogi’ bl IRRIA Gal e derk disrewe?as ouipuisiteriearty cockisighel (shown as

T N LR

I t ' [y 17 ¢ ) di to th d
R o R MR T
del i ' S I ' | i

o, e e SO Rl B ARl b

Ci r gdbdd ehdflese é'i-ﬁ}%lsi ﬁ%as@&eté@&%a{é\o%?ultghlié)?%%?ngglﬁ}%ﬁnal along

along signal line 118 to one iIn

15 the signal line 215 to the variable delay circuit 220. The variable delay circuit 220

thereby adjusts the clock signal fed to the clock dit circuit 230 based on the
- adjustrqent signal received along signal line 215 from the phase detector 210.
The signal al node A (on signal line 117) is also input to the primary divide-by-
N gircuit 410. The primary divide-by-N circuit 410 outputs the resuliing signal élong
20  signal line 415 to one input of the logical AND gate 140. The logical AND gate 140
performs a logical AND operation on the feedback signals of the signal lines 415 and
118 and outputs the feedback clock {fbelk) signal to the PLL circuit 110. The primary
- divide-by-N circuit 410 is used to lock the PLL. After the PLL lacks, phase

information (shown as sync_phase) from the primary divide-by-N circuit 410 is sent

25 tothe secondary divide-by-N circuit 420 along signal line 418. After this

14
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10 AND gate 140. The clock dft circuit 230 outputs the
early clock signal (shown as earlyclk signal) al ong

W6E2084/049835 | i ne 235 to the clock distribution retmos004/012486

120. The phase detector 210 receives two inputs,
nanmely the core clock signal (fromnode B) and the

- feedback clock signal along signal line 118 from node

A. Based on these signals, the phase detector 210

out puts the adjustnent signal along 15 the signal

line 215 to the variable delay circuit 220. The

var isgshengeticy beth ﬂ@mrunaz;zowiuaewm}mmmmmg thdeecohdarkdivide-

signal fed to the clock dft circuit 230 based on the

ad) B¥NaIRYt 420700 digiablodeston Brasesongiag diflilenby-B b5cdir 42mmay

the phase detector 210. The signal at node A (on

sig ﬁ@latel qnﬁ@"e!’[’fwusl ciack jsigpalithgd it used intligecqmmunigajion of the chip with
di vi P/ N circuit 410. The prinmary divide-by-N

ciré Pwampan?fﬂ%t Eorep@amplgeitie 6Dy fram dirsecandsngdivigerby-N circuit

%gﬁ%ﬁ? b e|n ut of the |ogical AND gate

40 7 wilyg ﬁ%’?&f’f’&ﬁig'ﬁél‘f’rﬂ‘}rﬁ’é edhe wgqrwbram:k |

e anat %éﬁiﬂ%ﬁ %’é’r‘%ﬁpﬁagw BERCD0 ke lag cramole
" P 1 .

ot SBbodifleh?f eieresBhl il Qner Fpofibteptiafa cerrauraprare

t healE&-kmluH eSscopt 1G5 fe r‘e&%\? fnU%ﬁﬂog;Tlf\?sﬁ%WA %@clﬁ?{%&ystem 500

phase) fromthe prlnary clfcul

sengis@fcliBed APLISESRIMABANANE 2\ Y | al ong
Si gngl Icl n% 418. After tt rrﬁ sa\‘jL %0%0%884'?%\%5?&15

1PCTEDERAAEOh FBO corfyohe i (Bah@ @ tHeLL chalitt 10 si@%dfﬁ&ﬁde the
di vide-by-N circuit 410 and the secondary divide- by-N

ci r BUi corRMealr @hitis,dhgbDLiatompmokntsd grpvideth@itrireho rsfaelice path
di vide-by-N circuit 420 may create an internal bus
cl oeikhaPineamponent. iSiniles bidiscussed@boeptnerDlt apmponet nabect as
chip with external conponents. For exanple, the
si gh Q?Skﬁ\”&'ﬁ"@%(% elasstignerwivie ﬁ@mmpm@m ay By

the core clock signal to generate

e PN B h S resiat.| B e empedmenagriam
LU R G SRR ER A 4 K-
andefiich S Bid RO Bie timings involved in the design may be simpler, The
PLL component may be shifted as its reference clock is modutated by the DLL
- component. ‘Still further, the bandwidths of the DLt and PLL. components may be
separaled in frequency in order to avoid undesired interaction between the two
20 loops. The primary divide-by-N circuit and the secondary divide-by-N circuit may be
synchronized to each other by having the secondary divide-by-N circuit (i.e., the
coreclk divider) send a sync_phasé signal to the primary divide-by-N circuit (i.e., the
PLL divider).
In FIG. 7A, the PLL circuit 110 receives the reference clock signal {shown as

25  refclk) and the feedback clock signal (shown as fbelk). Based on the refclk signal

15




Y.

e

also within the scope of the present invention. The
@6520047%9 Sgckl ng system 500 also includes a PLL
nponent ~and a DLL conponent. However, in thisP¢@/US2004/012486
enbodl ment, the PLL conponent (nanely the PLL circuit
110) is sl aved inside the DLL conponent. That is, the
DLL conponent is provided within the reference path
of the PLL conmponent. Simlar to discussed above, the
DLL conponent may act as a deskew el emant (or phase

al i gneirthe bkl seinbin etk cHONPADYL uf?%ysi aﬁ'gr?\e spnai line 117

frequency nultiplier (or freque

enbo@dbimepbrditgie thd-hodt )G HRANRR bift BiR‘.Ynt Qﬁ’@ r ﬁ@%@ék offt circuit 230
sl ower reference frequency conpared to the a

enbouitpunths eanytik Hetbhiondtht BRnkliifé 2850 Itﬁ@/@&ak%wiﬂau&h Retwork
~design nmaybe sinpler. The PLL conponent may be

shi ft28d as its reference clock is nodul ated by the DLL

conmponent. Still further, the bandw dths of the DLL

and PLL Tongomsat deBPy(obelgnsleupanﬁt) exchlsoTnput es)s! gmﬁaryld'wde-by-w

order - to avoi d undesired interaction between the two

20 |156@LS10Tme tppieiapyt ofliheiloficabiND galeriéQi(slomnsigiidine 505). The

secondary divide-by-N circuit maybe synchronized to

eac rP"‘B’taﬁ’e‘FV'éfirbl‘r&‘\H'Fﬁ@t §Weouipaésohel easyiting sigridaloyg dgoal ficeib15 to
ecl k divi der%\ send a s nc- phase si gnal

t o PHS "E?H ?H'P?/'r‘Ja'iCé‘MH\@ g3fe (#Q Thepgice) 4\ B.gatq H@ peFpims a logical

e &8 drerabn o s GRtpeok Sapdofibe si@i@' IR GTR G AL PRboL
105 EfEeLEeR oot @i BhedE o 5@32582/6 012486
g |n g nf’;llh ea-lrr%(r‘#é#? ﬂb@é}?%na ?{’é&t;ﬂtg%% ¢ o(r:kr)c odésqﬁbdﬂ ﬁ'té %?@or k 120 at
t he nggsle. Mhe bérelclRk ShRs Iﬁ1a?fl:»'i-z uﬁiuf lé' ste ey di f]g%_ oﬁicc!fr it 520,

dft circuit 230 outputs the ear na
Ssi gitak cbrieRfbcR Snélondyisoteqfit & aSIBleé? %Nméhté‘gid\nf H% secondary

120. 5 The signal at node A (on signal line 117) is
al sdividegyN ticcudl 5p0 cotputy adignialde ahothdNinput of the Iogica! AND gate 530.
15 The logical AND gate 530 performs a logical AND operation on the input signals and
provides the resulting signal along signal line 535 to the phase detector 210.
The phase detector 210 receives two inputs, namely the signal along the
signal ﬁne 535 and a signal corresponding to the belk signal along signal line 507.
Based on these signals, the phase detector 210 outputs the adjustment signal along
20 the signal line 215 to the variable delay circuit 220. The variable delay circuit 220
thereby adjusts the refclk signal input to the PLL circuit 1107based on the adjustment
signal received along the signal line 215 from the phase detector 210.
FIG, 7B is a timing diagram showing the various signals of FIG. 7A over a

period of time. For example, FIG. 7B shows the bus clock (bclk) signal and the

25 feedback {fbclk) signal input to the PLL circuit 110. FIG. 7B also shows the signal al

16



f
g’

circuit 510 and to one input of the |ogical AND gate
140 (along signal line 505). The primary divide-by-N

WiOr2004/099830 out puts the resulting signal al ong sigosdoos/o12486

line 515 to C) one input of the |ogical AND gate 140.
The | ogical AND gate 140 performs a |ogical AND
operation on the feedback signals of the signal I|ines
515 and 505 and outputs 10 the feedback clock (fbclk)
signal to the PLL circuit 110. The core clack signal

may be output fromthe clock distribution network 120

at nedsdk, 1B sigia attrmde Fe theddartgaligsigral, amy the eignald noti®Bd.e., the
secondary divide-by-N circuit 520. The core clock

si gerrecivaignal). Shetsiferengan the sign4legi rode AANDNgde B rg38sents the
The secondary divide-by-Ncircuit 520 outputs a

si gfeaward dlelay dramead hiheilont dit ¢irsuit 23) anditherdiBrkotisteb BB network
15 The | ogical AND gate 530 performs a | ogi cal AND

ope 4l B ExghPieh &his ﬁ@'ﬂrﬁ‘ SE@%’&P éeedbark dplepbetieen theesignal at node

e B eb I strticiondl At 20es BT el eshenmrosthareterdban haore clock
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Ser oot o P16 RyS{rates B 630 gl fE S'f%;“agﬁaspenaqers B 56y
th t 0.
" hanSlritale inb@fefitors b Ind bRt iAYEnfio M pEAE i, fRiis an
r eflﬁiegra‘iécgﬂ%hlt {IEPo thé’t rhdlBinEorkth Bﬁé‘b#r{mtg{é%aeﬁgﬁaﬁ&s of the

the adj ustnent 'signal received along the signal
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di agram showi ng the various signals of 7A over a

perpaetagsf PAK imeorpératingati@ Plogethbr With s(Bpdri@WonipBleri¥isnto a -

clock (bclk) signal and the 25 feedback (fbclk) signal

i nprubsirale shah d8lal printedaircdit Hob@d (PEBGes 4 Packhgal sktens THae

signal at 16 WD 2004/099955 PCT/ US2004/ 012486 node

A nm@%dﬁmﬁpmmavmd@mtedt f@eemniw wlale sotigh SIOK amtala system
at node corecl k signal). -The

di %P@Fde(ﬁ(% 3 ’H°‘PW8°§F' @YFA‘P'& ('H?))nEB%SYAfemﬁPaﬁb@éy be part of an

o TR B R R Dt B 28

communication equipment) system that may also include one or more of the
following items: input (e.¢., user} buttons B, an oulput (e.g., display DIS), a bus or
bus portion BUS, a power supply arrangement PS, and a case CAS (e.g., plastic or

metal chassis).

20 Still further, embadiments within a scope of the present invention include

simpiistic level embodiments through system levels embodiments. For example, a
discrete integrated circuit (IC) embodiment may likewise be implemented as: part of
a chip or chipset embodiment; contained within a chip or chipset of a printed circuit

board (e.g., motherboard) embodiment; contained within a chip or chipset of an

25  electronic device such as a computing device (e.g., personal computer (PC), server)

17



R

120, for exanple). This figure shows the feedback
%ﬁ)‘?l@g@gg&en the signal at node 5 A and the coreclk
a

signa node B (TAB) as bei ng nuch greater t hBHT/PS2004/012456
core clock period. In this exanple, the feedback is
less than 1. FIG S illustrates an exanple electronic

system arrangenent that may C i ncorporate
i mpl enent ati ons of the present invention. Mre
particularly, shown is an integrated circuit (1C)

chi Ry & Rgth-cBRYuting GRUPO [, Sodhiburfial d @e\{i:(};%? %ﬁdg!irgz{ @%h?rru]esx’y

of the 10 present invenhtion as a

Suclemb6aifRY PR autonRftive bRy hE 'ﬁ@ct&ﬁfd@e%e.PAK

i.ncorporating the I C together 'wth supportive

conpone sy Rkehca in BIRPEEIRBoFCon SRR S dridcltidny.

board (PCB) as a packaged system The package system

ey “demplahiedimdm, eRX aEhe thaVé BarficitR fédire SPGcRRY, 8; @
System board (e.g., a notherboard system (MB)). The

$y s tharatieddtid deByibbeéinahhedibn aith e ciibBfiRlcht i€ RRMEPIH £ least
device (e.g., conputer, electronic consuner device,

ser vee embodimenirf tetimentierg UTHEpPearasess besich pataseal: ahse

i nclude one or nore of the following itens: input

( e. glaceaipding spegificalion af nanecustpil all refeging tolirephay dalbSliment.
a bus or bus portion BUS, a power supply arrangenent

PS, Fuifier.avkenaeratioolar éeagure, shusturs, or aharactesstinlis dészaBadi).

20 Still further, enbodinments within a scope of the ‘
pr e SYMECHIR MY 3y #mMbREIMeaEor comppnent i sybmikad that it is within the -

1grr‘oodi.ments tr\é%ﬁgh system | evel s enbodi nents. For
xaRpIiEW of ongpidliaddn thejarta gifeql sichdpaturg siruciugg, or characteristic in

mbodi | i kew be | npl d : f
chi 8&*8?52% BB SRR T b Blnel rrdersmete . SRtisrgpre. fo
chi t i ' ' d o .
ot P SraffsBhafit Bt hetich kBB B v pogn cgingpied o=

Chi Bakai brodfudes, AhAEI: ks s@ﬁé(rja%gégé i é%e‘c‘:ig%%b%ﬁ@not

device (e.g., personal conputer _
2008¢ 62312084 BTSN HrEk 2886hdein theld RESRERLY, | BYsome
a

device (e.g., conmunications) device; and/or

- 1&mchiobeiuyes may be able to be performed in an alternative ordering, simultaneously,

efc.

Although the present invention has been described with reference fo a
number of illustrative embodiments thereof, it should be undersiood that numerous
other modifications and embodiments can be devised by those skilled in the art that

20  will fall within the spirit and scope of the principles of this invention. More
particularly, reasonable variations and modifications are possible in the component
parts and/or arranger_nents of the subject combination arrangement within the scope
of the foregoing disclosure, the drawings and the appended claims without departing

from the spirit of the invention. In addition to variations and modifications in the

18



enbodi nent (e.g., autonotive) containing the

el ectronic device. Any reference in this specification
WO 20040089%Hbodi ment", "an enbodi nent", "exanpl @CT/US2004/012486
enbodi nent”, etc., neans that a particul ar feature,
structure, or 5 characteristic described in connection
with the enbodinent is included in at |east one
enbodi ment of the invention. The appearances of such
phrases in various places in the specification are
not necessarily all referring to the sanme enbodi nent,

F _cofrpbhdie parts/dreitor arrggddmentd, alterfiading uses, wib4lso/bé bparerto
characteristic is described in connection with any
entibeleraiified @rtheamponent, It is submtted that it is
within the 10 purview of one skilled in the art to
effect such feature, structure, or characteristic in
connection with other ones of the enbodi ments and/or
conponents. Furthernore, for ease of understanding,
certain method procedures may have been delineated as
separate procedures; however, these separately

del i neat ed procedures should not be construed as
necessarily order dependent in their performnce,

i.e., some 15 procedures may be able to be perforned
in an alternative ordering, sinultaneously, etc.

Al t hough the present invention has been descri bed math
reference to a nunber of illustrative enbodi nents
thereof, it should be understood that nunerous other
nodi fications and enbodi nents can be devi sed by those
skilled in the art that 20 will fall within the spirit
and scope of the principles of this invention. Mre
particul arly, reasonable variations and nodifications
are possible in the conponent parts and/or
arrangenents of the subject conbination arrangenent
within the scope of the foregoing disclosure, the
drawi ngs and the appended cl ainms w thout departing :
fromthe spirit of the invention. In addition to

vari ati ons and nodifi cations |n the 18 WD 2004/ 099955
PCTI US2004/ 012486

19



conmponent parts and/or arrangenents, alternative uses

wi Il also be apparent to those skilled in the art. 19

CLAIMS What is clainmed: 1. A systemconprising: a

phase | ock | oop conponent to output a first signa

based on a reference clock signal and a feedback

cl ock signal; a clock distribution network to

di stribute a clock signal based on the first signa

out put fromthe phase | ogialgPp conponent, wherein

the clock distribution network is outside a feedback

ath of the phase |ock | oop conponent; and a del ay

Wrgisiclanessh conponent to adj ust the cl ock si-gnal

di stributed by the clock distribution network,

wherei n the I k | oop conponent conprises a
phase dete??%ﬁcgﬁﬁwagvarlable delay circuit, the

PhasenEet Bl cbApbRbIbuAR 2 AR H§HaIRBEd & SRRkerkOdbd&ignal
variable delay circuit, the phase detector to conpare

and a$eegak clotit gomtl; from t he vari able delay circuit with

the clock signal distributed b%.the cl ock _
di st@rdask eiptahHlipmreiuerk tordstibeteardack egraheasad putbe fishtignal output

PPt B0 eenpmR onE Phiaf o bRl E8 reochack

pa%Qﬁﬂ@BﬁﬁEkm@boJEﬁn ¥efremyof claim1, wherein the
vari abl e del ay CIFCUIt aligns the clock signa

di stardelaytoeiciotycoripendit paljustitst didck itihad BistigdtdByithariddr distiBution
feedback clock signal. 3. The system of claim1,
nelpiedy wharein e delay logiper epeiparentiomplites ambessi detestot #ndl afviariable delay

o et bt ap P ot BT DS PP S aray (e shese
de%%tﬁrct}:’ 'cq'jm;;%@ec‘g r%%l}t&ﬁ frﬁ'ﬁ rrg?)[%tde% n:%’t wrtﬁ]’ﬂwe IIQ@(aS egtto%mbuted

alm 1, er elnt USt msn gnal

by tReioek @stkbutish gsdadrk i cﬁteﬁh:béﬂh@ Adjtymér @lgﬁdl Qlf the variable delay circuit
di stribution network and the feedback clock signal. 5.

is préveded putsidera feedidck path of thd phasdleck lcampmpgieny a di vi der
circuit to lock the phase | ock

2. The system of claim 1, wherein the variable delay circuit aligns the clock signal

distributed by the clock distribution network with the feedback clock signal.

3. The system of claim 1, wherein the variable delay circuit receives the first signal
output from the phase lock loop component and adjusts the signat output from the variable delay

circuit based on the adjustment signal.

4. The system of claim 1, wherein the adjustment signal is based on the clock

Signal distributed by the clock distribution network and the feedback clock signal.

5. The system of claim 1, further comprising a divider circuit to lock the phase lock

loop component.

6. A system comprising:

20



| oop conponent. 6. A system conprising: 20 a phase

| ock | oop conponent to output a first clock signal; a
clock distribution network to provide a second cl ock
signal based on the first clock signal output from

t he phase | ock | oop conponent, wherein the clock
distribution network is outside a feedback path of
the phase | ock | oop conponent; and a delay | ock | oop

c onporiest lotkdoapdjomgeneat b putpuig fick clodkesigsgcond ¢l ock
signal, wherein the delay |Iock |oop conponent

co rrpar ‘f'@é§'5'§b‘ﬁﬁa§%lwﬂféf°e‘2{ ?‘6‘% 2358074 clpslr Pigsf Rasgbpryipe first clock

angaro%kabl f{on# {ﬂ% 8Q£§§u%k ?pect.o‘g'lg)%r%nt M%e%%ttlpeuéi?cﬁgls@ﬁét%ﬁ g(\%or‘( is

varil a ay '‘crrcui
ou%%%q&@ba&kqnathwme@ﬁ&e ock Rbp SbrioBdiRlangut put from the
vari able delay circuit with the second clock signal to
det erdwaydpck lvep emhipeséntrerdjust aginaihg of #trechetdnd cloelr dignbl, @herein the
delay circuit is provided outside a feedback path of
defapjgoc Ha%%oﬂrp@ewt FW‘SWWW"V a"dﬁw@"é,kﬂ% i dpuilciha phase
CIrCUIt

degactoV\@ (?Utgljt an alajustment as'gnai ?ci tﬁe yari ble %?(rcc 6h€%ﬂase Jggefzto

ock sign
canBﬁ’e B39 ighS %Ktpbtcfr%ﬁ’] tﬁMEﬂQJ‘@&HIay cﬁcu.tmﬁ L HECREK é?én@l' g
6, wherein the variable delay circuit receives the
deferrisé the bhdickmergtisighal | ana e vaiijblesteky tifgit tshpravilles b@$ad a leagack
on the adjustment signal. 9. The system of claim 6,
patirréiheiphasetinek igp oeeneeeit: si gnal is based on the second
cl ock si gnal and a feedback cl ock signal of the phase

I
lt I()I(’:nl%ngog?’he SysS en‘io [aln}(%wherelgggarﬁa aq)le (Iegayglr%%gﬁg thg sEcond clock

sigh@Wth a SRR €Lk sighalcdr %iﬁhége%ck 'lo%HEérﬁ’d'bn&ﬁt work and a
del ay I'ock | oop conponent, wherein the clock

distribution network is outside a feedback path of the
p hase | odke $ystep o dripaneherein theeadableadsldy aizduit rdcoios the first clock
onponent conprises a phase detector and a variable
SIOE8 PRY LT PR TR 498 bt BONETRIEPRAL Ci rcuit | S

provi ded outside a feedback path of the phase |ock

! 00 C 0”99@52{% otf g%m‘?&h&&n th%%%gtkq%h%al is based on the second

clock signal and a feedback clock signal of the phase lock loop component.

10. A method of adjusting a timing of a system, the system having a phase lock loop
companent, a clock distribution network and a delay lock loop component, wherein the clock
distribution network is outside a feedback path of the phase lock loop component, the delay lock
loop component comprises a phase detector and a variable delay circuit, and the variable delay
circuit is provided outside a feedback path of the phase lock loop component, the method
comprising:

providing a first clock signal from the phase lock loop component;

providing a second clock signal from the clock distribution network based on the first

clock signal;
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providing a first clock signal fromthe phase | ock
| oop conponent; providing a second clock signal from
the clock distribution network based on the first
clock signal; 21 providing a reference signal fromthe
variable delay circuit based on the first clock signa
and an adjustnent signal; determning a difference
bet ween the second cl ock signal and the reference
si grrapviding affgferqn{z:%sigphb{g:@ Hevarieble delaytinowii lhiserbont theefirst clock signal
adj ust ment signal fromthe phase detector indicative
mﬁf*?ﬂ@“ﬁﬁwépﬁghed di fference; and adjusting the
Secapitrinfgk afbanal beméme%@wm BoAdaIHE B (SbIRR'qonai using
. system conpri si ng |"'oop "conpone
thé pra@eii@ediora first signal based on a reference cl ock
signal and a feedback clock signal; a clock
di starevisintgitionedivetment dgneldrodh the¢ phasel tigtedor didaelive T faeétermined
based on the first signal output fromthe phase |ock
mm%%ﬁeéﬁﬂponent wherein the clock distribution network
is Q ath of. th ck 1 oop
conp ld §1Jin %e%ego%ﬁ%ggﬂ(%na a(s:T_(d notgerz)a du me&?} e?ﬂa?t o adj ust
the clock signal distributed by the clock di stribution
net war k, Adyse@icemprimgdel ay | ock | oop conponent
conpri ses a phase detector and a vari abl e del ay
ci r auihese ledkdooplraseondettteautit a fist sartaphasedon adfermterdgodk signal
nal to the variable delay circuit, and the phase
mﬂé 8?%*°P6“%%ﬁbare a signal output from the variabl e
del A Io%!( ﬁgtﬂl!)l}tl ebtw?r£ p} d:s(t:r!b?f% a c‘kocg Qzéarléfﬂ ?adsleg on heé‘j {9 mgnayoutput

the c I on networ

froaldhélﬁiaeéllaék |§d)pgd%ﬁa|ponela€wh§_9f$ tHeYeRk @ Bk Rbutich ﬁéhﬂ&r%;out‘éﬂ@&%e@back
the variable delay circuit aligns the clock signa

patthiof the ipbase dugtk lwpp tdmpoodriclkd di st ri buti on network with the
feedback clock signal. 13. The systemof claim11,
wheR&rRY ORI RBTeSt Baribst the dastipigndl distEbuieskbyitivreciqok distribution

nefc\?\}o&,nv%ll'uerein the delay lock loop component comprises a phase detector and a variable delay
circuit, the phase detector to output an adjustment signal to the variable delay circuit, and the
phase detector to compare a signal output from the variable delay circuit with the clock signal

distributed by the clock distribution network fo determine the adjustment signal.

12. The system of claim 11, wherein the variable delay circuit aligns the clock signal

distributed by the clock distribution network with the feedback clock signal.

13. The system of claim 11, wherein the variable delay circuit receives the first signal
output from the phase lock loop component and adjusts the signal output from the variable delay

circuit based on the adjustment signal.

14, The system of claim 11, wherein the adjustment signal is based on the clock

signal distributed by the clock distribution network and the feedback clock signat.
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out put fromthe phase | ock | oop conponent and adjusts
the signal output fromthe variable delay circuit
based on the adjustnment signal. 14. The system of
claim11l, wherein the adjustnment signal is based on
the clock signal distributed by the clock
di stribution network and the feedback clock signal. 22
15. The systemof claim 11, further conprising a
~di viger dheewtem ¢fglainptlk further cphersinglagipider ¢irggito lock the phase lock
conponent. 16. A system conprising: a phase | ock |oop
loPSHIFBAEAL to output a first clock signal; a clock
di stribution network to provide a second cl ock signa
basegd on Af&ekichmbrsmhock signal output fromthe phase
| ock | oop conponent, "wherein the clock distribution
net vaphlisd lck IsptcBinptent th aasllvadikst PadkRBigadl; t he phase | ock
| oop conponent; and a delay | ock | oop conponent to
adj l%ft'OdePFfribﬁﬁnfgnQWOFt( eraisarrdc@idslork signghiased auibe Eritwlock
e dela conponent conpri ses a ase: '
S'%B‘t"é@t“&”&ﬂ?jp'&‘s@ IfalF'T 980 @mgateRs; werriR declock f ﬂat"ﬁﬁ'a% getwork is
ol G badk Bl B brcll AL US LA oh Lgpal to the

vari a ay clircurt, and ase detector to
CONMaeRy fck b sbrpbaknedo a@}d&t@:btfrmrfgrcﬁ) tRetsBRnY Abdkaiing, WIRdraly the
circuit with the second clock signal to determ ne the

delay jogls lboregrmpsinegphedmprides a phhee djestoeandaf vagétde drlak@ircuithtbe phase
the variable delay circuit aligns the second clock

de@F‘@h‘ﬁl‘”“W‘@ﬁ a‘é‘!“?“@%"d Bigea tocth%@r{'ag? g#ian crgit, ?Wéh%ﬂ%%d?t%% to

Q 8 The st em of
coTﬁarQ Vgnrlrl gﬁpa Olg%lllt rom (t:hervgﬂ IS‘[%( ée? mrcuut wﬂﬂ[l]e s?cohd V‘Q&I s (%1&! to

de@prgmhegg]@gt,agitggﬁa‘s t he thi rd Si gnal based on the
adj ustnment signal. 19. The system of claim 16, wherein

the adjustnment signal is based on the second clock
signal afte systeweadibaiokl Sciirrdn the garable dtlay tiguvipdligsethé eedond clock
p conmponent. 20. A nmethod of adjusting a timng of

Slgaa' g‘g}%?éﬁ?{jbﬁch glodkyionalef s phasg logk bﬁ&%féﬂﬂoaw | oop

conponent, a clock distribution network and a del ay

I oc lﬁ&l ooﬁ’h&s@%r@l Q:?E]Lim 1We%ipthg Uﬁ'iaﬁlle gglgy circuit receives the first clock

signal and adjusts the third signai based on the adjustment signal.

19. The system of claim 16, wherein the adjustment signal is based on the second

clock signal and a feedback clock signal of the phase lock ioop component.

20. A method of adjusting a timing of a system, the system having a phase lock loop
component, a clock distribution network and a delay lock loop component, wherein the clock
distribution network is outside a feedback path of the phase lock loop component, and the delay
lock loop component comprises a phase detector and a variable delay circuit, the method
comprising:

providing a first clock signal from the phase lock loop component;

providing a second clock signal from the clock distribution network based on the first

clock signal;
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di stribution network is outside a feedback path of the

phase | ock | oop conponent, and the delay | ock |oop

conmponent conpri ses a phase detector and a vari abl e

delay circuit, the nmethod conprising: providing a

first clock signal fromthe phase | ock | oop conponent;

provi ding a second cl ock signal fromthe cl ock

di stribution network based on the first clock signal;

23 prowdirdiargfeseneefignabiroeths vagiable délaornctitimseden thifiret clock signal

delay circuit based on the first clock signal and an
mngﬁéWﬁ@ﬂFS§Pﬂnal determ ning a difference between

t he I [ f [ .

i BREARg bR R A IE L SAEE ) A0 B
thé piRRR bi&tectgphase detector indicative of t he detern1ned

di fference; and adjusting the second clock signha

bas euovisimgttireeadudimest signat fregi e pliase d@dctor indicative of the determined

difference; and

adjusting the second clock signal based on the adjustment signal.
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