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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, compares it to a feedback signal,
and generales an error signal in response thereto. The error signal drives a voltage

20 controlled oscillator (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 signal with proper phase comparator design.
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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 apparent from the
20 following detailed description of example embodiments and the claims when read in
connection with the accompanying drawings, all forming a part of the disclosure ef
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 limited thereto.
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di agram of an exanpl e cl ocki ng system according to one
arrangenent; FIG 2B is a timng diagramfor the FIG
2A circuit diagram FIG 3 is a graph showing a

danpi ng factor degradation of a phase |ock |loop 10
circuit as its feedback delay increases; FIG 4Ais a
circuit_diagramof an exanpl e clocking system
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FIG. 3 is a graph showing a damping factor degradation of a phase lock loop

9 SVS

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. 5A is a circuit diagram of an example clocking system according to an
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 circuit diagram of an example clocking system according 1o an
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.
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Wi | e enbodi ments of the present invention may be
described with respect to exanple circuits, the

i mpl enentation of these circuits nay be acconplished

in any one of several ways, including but not [imted

to logic circuits, <circuit elenents provided wthin a
m crochip or integraDETAYIEDESCRIETIAN | as software

i mpl enentation of the respective functions. Each of

these inplenmentations is wthin 10 the scope of the
present invention. Enbodiments of the present

i nvent folRe lngggstarlqyedea@@@?n B%r%r?wer"ég‘ﬁ@&aﬁd&hamcms

SI nal s beln i.n ut fromdifferent circui

EPorRes 0 Pesigie AFeh r&se%aingm'méartqe@pav%wgfffshem

antlfleS a I he, si ran

VTS dr@W@ﬁaW Hidspinerse 17 P{%?SBt 'Ei\*enﬁ%ma\aﬁ%ﬂ%sc"bed wit

3080 e SR B R D R B
Adgdct)ljn@ﬂ;ﬂla& ¥y an‘Q’%ln!e ok&gml W F\él&flf?d"lgﬂ gﬂﬁimf%g % I%ﬁré cirt%uﬁs

connectl ons to’conponents

Fi Qr‘é[l@@lefn@ﬁts%dmelﬂ Githid anucHoJ:Hlb‘@rtlﬁ@éﬂa% cﬁ&gt ol M%%bﬂﬁ‘am

an SO0 as not to obscure the invention. 1 shows

a ifpRedentfios ¥ethe FaspELtias RAEIRhE R oPiAeselfn @ﬁﬁeﬁféﬁ&_ﬁs is within
O her arrangenents are al so possi ble. The cl ocking

10 Sythe eenpk@f thegiresdesingenfibra EenbaBirfenis @ e @yesdatinanasn B0
20, a charge punmp (CP) 30, a voltage controlled
osl ddsarilgad wilhv&pectto sigaals baokinplitsr putbuttfioondifferert chelit
(hereafter also called a clock distribution network)
anePrpodents. deis ypdasiees ihaleyhile the(dirshesidn identifiessosigeal| teeisignal
divide-by-N circuit). A reference clock signal 12 is

p‘ﬁPY RRjtransmtted; WL sigpal {”F?eorﬁﬁﬁ‘éétyt’? @fdﬁ%qﬁ‘é?ﬁfﬁeflé’ﬁ‘?b the
reference cl ock SI

AR HET TG oK AP R0 FIENEA5E B SN SRR YR

C )riltg:oﬁtioPWE%WFEFrﬁO%SDroagr/grounda anr(?a(vg!crir%(s;:sh E: nnectxolns¥ X E‘n%ogents may
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 arrangement. Other

arrangements are also possible. Thé clocking syétem 10 includes 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 atso called a divide-by-N circuit). A
reference clock signal 12 is applied to an input of the phase frequency detector 20.

The reference clock 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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15  applied to the VCO 40 for varying the frequency of the VCO clock signal 45 that is
input to the clock distribution tree 50.
The clock distribution tree 50 produces a signal 52 that is applied to the
divide-by-N counter 60 that in turn produces the feedback clock signal 62. The signal
52 produced by the clock distribution tree 50 also becomes the clock signal that will
20 input to the state machines (or other elements/components) on the microchip or
integrated circuit. As discussed above, the feedback clock signal 62 is applied to an
input of the phase frequency detector 20.
A filter, such as a second order filter, may also be provided between the
charge pump 30 and the voltage controlied oscillator 40. The second order fiiter may

25 include a resistor 34 and a capacitor 36 coupled to ground. Other types of filters may



A filter, such as a second order filter, may al so be
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15 45 is faster than the reference clock signal 12 (l.e., the feedback clock signal is
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. 2A is a circuit diagram of an exampile clocking system 100 according to

one arrangement. Other arrangements 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 fbclk). The refclk signal may corréspond 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
clock signal (shown as belk) that is input 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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design. This delay therefore exists within the PLL feedback loap and may be
corrected by .examp!e embaodiments 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 (fbclk) signal that are input to the PLL circuit 110. FIG. 2B also shows the
signal at nhode 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). |.n this example,

the feedback is represented as Tag, which is less than 1 core period.
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distribution detay. The clock distribution may be incorporated outside the PLL
feedback loop. 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 .present
invention may deskew the internal clock using a delay locked loop. Embodiments of
the presentinvention may provide a short PLL feedback thereby avoiding loop
instability. The delay locked loop may align an internal point (or node) to an external
reference. Embodiments of the present invention may also have a total 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., operational over the

frequency range of the VCO).
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through a phase detector and through a charge punp.
Enbodi ments of the present invention may deskew the
internal clock using a delay |ocked | oop. Enbodi nents
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pezdopr m phase allgnnent (such as deskewi ng). The PLL
conponent may include the PLL circuit 110 while the
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and a variable delay circuit 220. 10 In the FIG 4A
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core cl ock periods. By chang;ng t he vari abl e del ay,
t el pithe p@elkdlstnbutlon network 120 may be aligned with the external clock
(i.e., the belk signal). This change may be affected by the DLL component including
15  the variable delay circuit 220 and the phase detector 210 (comparing the core clock
signal and the PLL reference clock signal).. As will 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
adjustment 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 adjustment
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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signal and the PLL reference clock signal)., As wl|

be descri bed bel ow, the phase detector 210 conpares

the two input signals (i.e., the core clock signal and
ge PLL reference clock sSi é and provides an
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FI'=G 2A. That is, the bus clock signal (shown as bcl k)

ndistrifgion Reiwbrkt 1201 Mee biogh dredircANEB0gAIRItsAS earlocR skl
i nput of the logical AND gate 105 may be coupled to a
Hel@Wwnvad ¢asigak signal)catongBasetine 235 leehe elbad distshugina hetantk 120.
the fbclk signal, the PLL circuit 110 outputs a signal
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The phase detector 210 receives two inputs, namely the core clock signal and
the feedback clock signal from the variable delay circuit 220. Based on these input
signals, the phase detector 210 outputs the adjustment signal along signal line 215
to the variable delay circuit 220. The variable delay circuit 210 also receives the
20  clock signal at node A as one of its inputs. The variable delay circuit 220 thereby
adjusts the clock signal fed back to the logical AND gate 140 along signhal line 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 (fbclk)

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

10



10 As di scussed above, the signals produced by the

clock distribution network 120 becone the clock
we@nad®si hat will be input to the state machi PEFUSIN4/012486

ot her el enents/conponents) on the mcrochip or

integrated circuit. The core clock signal at node B

may be input to the divide-by-Ncircuit 130. The

di vide-by-N circuit 130 outputs the resulting signa

along signal line 137 to one input of the | ogical AND

gate 15 140. The phase detector 210 receives two

i opeteck sigmat) mat beenadutaedihdole ustilgmadigraahat notib @ digedlpadita

clock signal fromthe variable delay circuit 220.

Be dekdback d¢ieos signalp in thissimpredinment, theevaphkis delaletieoit 220 i2 IBide

out puts the adjustnment_signal along signal line 215

{ ek lanar (TABETRIR e Rils mpengG: lockine. VaFLbispEpatshtpay

circuit 210 also receives the 20 clock signal at node

ARl83by0EkiRg: its inputs. The variabl e del ay C|rcuit 220

t here ts the clock signal fed back to th
5 | g1 o410 AR Sro Ry SiEs B amaus Aenaes FBabhavesn

IS B e
O BRLAERT 8o 081 e ARPRS R, 985 0AGRS o
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Stat ed di ren ., the s ode and

1@ iMeh 0 HONFHAR%t REd Ngg@%e@%ﬂr%ﬁen@@u@%rﬁllaﬂ%lay (caused

signal ) nmay be nodulated in time until the signal

10 npgke Bloak By Bikcult R30VkAdthE BlecK @efiRaiek netwa ki 28] @ﬂ@lampld)l As
this enbodi ment, the variable delay circuit 220 is

[ stmmhethetfdire/aﬁLdeldmeMeeﬂ'hedeA anénodas (The iDhliclcgramentaad 1
is locking, the PLL conponent nmay also be locking. 5
Fea@e cioBk payiod. Ihithis exgprobiea thedeedbadois fegs thas 1\card maiisd.
signals of FIG 4A over a period of tine. For
exanpl&S. 54 isa clppkinheymtem $RO dsgardipp dewn eisa1Pke) eahiagimegnt afrite
he
present invention. Other embadiments and configurations are also within the scope
15  of the present invention. The FIG. 5A clocking system 300 also includes a 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 signal along the
signal line 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 is, the
DLL component (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
external clock (i.e. the belk 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.
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feedback (fbclk) signal input to the PLL circuit 110.
FIG 4B al so shows the signal at node A the earlyclk

wa@gnab9sand the signal at node B (i.e., the cPCEUB004/012486

10

20

25

signal). The difference in the signals at node A and
node B represents the forward delay (caused 10 by the
clock dft circuit 230 and the clock distribution
network 120, for exanple). As shown, the forward
del ay between node A and node B (TAB) is nuch greater
than 1 core clock period. In this exanple, the

f eedbdek!¢.HA, B ULsapuil 11@oeesivge tHegafereppaziodysignal (ghown as
clockln% system 300 accordi ng to _an exanpl e enbodi nent
ofefelkandh@ feaphiack pleahhsignsh (Sh@t"h ay foskthip a.sweﬁf @aarpﬂﬂ as
conf@%%ratlons are al so within the scope
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fromt hase detector 210 along the signa I ne

T@@hal'a‘ﬁongts]‘b%al Ak 4 16 QERAERALING L ddE &) Rahd REcKVE dirdkil .@30

delay circuit 220) may change the varlable del ay such

t ak sighst 20 HbqRUA isQiisol feEbadk @fhg @ighkNind W18 t8ond &ipuldfkheliddical
is aligned with an external clock (i.e. the bclk

SiAgNTadate 140 Tiei chock kb @iduire30 putbhie theassarig bloek dlglahishown as

circuit. 220 is provided outside the PLL feedback

| eepyclkTignadfatang sighldine g&d tattheeloakfdistiteti@l tet@erk 120. The

conponents may be |ndependent of the PLL conponents.

1 Fone 2 00y BTy Hs imaiiolspdigds-birNagerit 138, FhedivigecbyNrcuit
LL circuit 110 receives the reference cl ock S|9na
ﬁBﬁH%@ ”?ee‘FE‘I‘IW)Q S FIPRS FERLBECIR &9 R GHAP ASAARP

k) in asimlar manner as discussed above with
P to FIG 2A. That is, the bus clock signal my

be | npl’ﬁe phase detector 210 receives two inputs, namely the core clock signal
(from node B) and the feedback clock signal along signal line 118 from node A.
Based on these signals, the phase detector 210 outputs the adjustment 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
adjustment signal received along the signal line 215 from the phase detector 210.
The logical AND gate 140 performs a logical AND oberation on the feedback signals
of the signal lines 137 and 118 and outputs the feedback clock {fbclk) signal to the
PLL circuit 110.

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

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

12



to the |l ogical AND gate 105. The other input of the
| ogi cal AND gate 105 nmay be 5 coupled to a H GH

wao oltagwssour ce. Based on the refcl k signal anpCT/H82004/012486
fbclk signal, the PLL circuit 110 outputs a signa

along the signal line 117 (corresponding to the node
A) to the variable delay circuit 220. The vari abl e
delay circuit 220 outputs a signal along signal |ine

119 (corresponding to node F) to the clock dft circuit
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clock signal (shown as earlyclk signal) along signa

| | ©iesedIoptapetdionshag thefbbs bé inaudnaentdetaprdthet20. The
signal at node B nay be input to the divide-by-N

ci r cui FIL3IB.is Zhienird) diagelam blyoulihcthe eatidus sihRéls OLEIBUSS oddia

resulting signal along signal line 137 to one input of
5t hgeriodgf rag. PMR2xampleeF G468 shdivs Thebysiuise (ishikt) eighalran 42

receives two inputs, nanely the core clock signal

( f feedhagly (fectiB)siamatinptiéo the Etlb iokit & cKIGs BB mlsb sbdvorie signal at

signal line 118 fromnode A. Based on these signals,

t heodsHa &ie snabetnede F1tbe sanlyslisignalhenddbp algm‘r@hmodgu E’g«naL the

alon the signal_line 215 to the variable de

ci ?Oégﬁ”i signgRl). Thg gifigianee i the ?J%'Taé‘-‘)ﬂt@P‘i‘% afd pogs B tqﬁeqsew the

ad ust t.he, cl oc

h%woaa S I D ?f}% ﬁt%qcéﬁsﬂ'bvwmk
03 S0 1t BErh RS sl p o e RER BEAR AT Re 00 s
?3’?‘“@% 8%&@*“3%3%8%?%? BEfieR PR amflb, hOfcBh AR 1d MER

Si gh@bedda. the PLL circuit 110. In the FIG 5A
cl ocki ng. system 300, the variable delay is |ocated

out si deid.l8s a2ckhd-sysestlimcdccdang o dhéxaklple SAEHAMSNET the
of the clocking systemincludes the phase 12 WO
2004569 BeTioRCOtRIB204dindd 86d configurations are also within 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 detector
210 may compare two input clocks and provide an adjustment signal along the signal
line 215 to the variable delay circuit 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 secondary 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.
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detector 210 (conparing the core and PLL reference
cl ocks) and the variable delay circuit 220, which has
wa@2ooangwsdf at nost 2 core clock periods. The RU/US2004/012486

DLL closed | oop operations nmay thereby be i ndependent
of each other. FIG 5B is a timng diagram show ng the
various signals of FIG 5A over a 5 period of tine.
For exanple, FIG 5B shows the bus clock (bclk) signal
and the feedback (fbclk) signal input to the PLL
circuit 110. FIG 5B also shows the signal at node A,
the si Brfd6. étth¢18b|lechwtt1 Héreéavwm% refesergralock signaltishewn as
signal at naode B ( corecl k signal). The
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represents the forward del ay (caused by the clock dft
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cl ocki ng system 400 o I ncludes a conponent "an
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det ect or may conpare two input clocks and provide

anTradjigrat aERte siigasd fealvadigalbiitsighaOmali18 td & iRd of e IdaRal

vari able delay circuit 220.. The FIG 6 cl ocking system
10 408ND gatsi1AD] @he clbck dfhareuit 2a0kaulpytsstiis bariy cRERA sighalshown as

FIG 5A and additionally includes two divide-by 20 N

ci gaciyielk sigaiiony the Siﬂ“@iﬂihmo me\nl@édbiﬂbmifm' regwrrk 12000

and a secondardy di vide-by-N circuit 420 These two

di vi deTbgphasei netemq 31 %wee'msdw inpts smehiahe core crnevas'gnal

co onent s ck and then the rlnar di vi de- by-
BiiToda By ATy deiasck o e opopd e 4 STy node A

MR N .
15 OPRE g\tgﬁg Iihg 2f5 Joqggveﬁ' 261 d\éfagl wc‘ﬁﬂ 320 The variable delay circuit 220
thereby adjusts the clock signal fed to the clock dft circuit 230 based on the
adjustment signal received along signal line 215 from the phase detector 210.
The signatl at node A (on signal line 117) is also input to the primary divide-by-
N circuit 410. The primary divide-by-N circuit 410 outputs the resulting signal along
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 (fbclk) signal to the PLL circuit 110. The primary
divide-by-N circuit 410 is used to lock the PLL. After the PLL locks, phase
information (shown as sync_phase) from the primary divide-by-N circuit 410 is sent

25 to the secondary divide-by-N circuit 420 along signal line 418. After this
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25 primary divide-by-N circuit 410. 13 WD 2004/ 099955
PCT/ US2004/ 012486 In FIG 6, the PLL circuit 110
w0 e@aioy®ss t he reference cl ock signal (shown aspeEiS10k}/012486

and the feedback clock signal (shown as fbclk) in a

simlar manner as discussed above with respect to

FIG 2A. That is, the bus clock signal may be input

to the logical AND gate 105. The other input of the

| ogical AND gate 105 maybe 5 coupled to a H GH vol t age

source. Based on the refclk signal and the fbclk

si gynetirgnizatibie beth the primarny tdividedydlitipsuit 41Gansi the sécoatiarndivide-

the signal line 117 Scorrespondlng to the node A to

t Hey-N sirqui BR@ argdn digital crcwtqp ZQ@serhféarwéer&bv-él aelihg20 may

circuit 220 outputs a gnal al on gnal line 119
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signal al ong sl gna rom no
t rbﬁ’s%@wﬁﬁr&ﬂ@%&:petdﬁ ﬁ'xeFHr‘@s%ﬁt iARGGL Ofhe 18, ﬂuél&ll{ﬁg %Q@m 50
adj ustnmrent signal along 15 the signal |ine

Vadidoaidieicd @l Y. dohipehirt ad2 8 DL BempeaehiaMoRe ! iAXnigi I C UI t
220 thereby adjusts the clock signal fed to the cl ock

10 dfdmimidincant, the2BI0L dagedeindriety tha@Lsitduk n10)3d gaadd inside the
recei ved al ong signal line 215 fromthe phase detector
210LL chimposérgndhatag, theddld. camponens isginaideld iwitbin 1tierieférsncalpsih
input to the primary divide-by- N circuit 410. The
p raf fherRLLoovipgeertsy Sinilef tosliscussad abayat the DEL ceapanestinay anfas

gnal along 20 signal line 415 to one input of the
| o@qie@hw Aﬁmegfa(pépfme aligngs Whig ine A1l ANDPEENEMavact as a

P& égﬁ%@g?ultﬁpﬂ% (&5 féquglr%y? ot aiﬁ)g Mgl Lhe disedback, .

15 component may operate at a slower reference frequency compared to the above
embodiments and therefore the timings involved in the design may be simpler. The
PLL component may be shifted as its reference clock is modulated by the DLL
component. Still further, the bandwidths of the DLL and PLL components may be
separated 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 o 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 ciock signal (shown as fbclk). Based on the refclk signal

15



118 and outputs the feedback clock (fbclk) signal to
the PLL circuit 110. The primary divide-by-N circuit
wWd104i099985ed to | ock the PLL. After the PLL | oP&REDS2004/012486

phase information (shown as sync phase) fromthe

primary divide-by-N circuit 410 is sent 25 to the
secondary divide-by-N circuit 420 along signal |ine

418. After this 14 WO 2004/ 099955 PCT/ US2004/ 012486
synchroni zati on, both the prinary di vi de-by-N circuit

circuit, 420
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7A1s a circuit diagramof a clocking system 500

5 accor dirpdsibal %ﬂn&%"ﬂ"@h ign&WRO 91 7YRHiscQhput Rfa PSS Blvide-by-N
i nvention. O her enbodi ments and configurations are

al GRuVELT MY th BRe MBORS tHeflodidde ARD @8R40 I(éw@rmgr@mmeﬁw The
FIG 7A clocking system 500 also includes a PLL

C gurpreneditideqdg-Neciddlit 5 mosasunené restongesigial alony &ibha 1iddds15 to
enbodi nent, the PLL conponent (nanely the PLL circuit

119k insit of the egiceh®hiR gate H¢0. DidlogaapbPayate. 14Dhstfoinss a bhieal

DLL conponent is provided within the reference path

of AR epesgtioncaiie fﬁ@ﬁback §|gmalﬁ af the signal rasdPI@na 58Y and euiputs

onent may a deskew el enent (or phase
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en% Rt et e ﬂﬁeﬁa@é’%wﬁeﬁa‘“ eyazo
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C OATRANENN- cirstlif 0 cfu%H'uEsrbeilgna‘ RenbRBAMhH bhSe ng‘an@l\l@bé{e 530.

and PLL conponents may be
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 line 535 and a signal corresponding to the bclk 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 deldy circuit 220. The variable delay circuit 220

thereby adjusts the refclk signal input to the PLL circuit 110 based 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 at

16



separated in frequency in order to avoid undesired
i nteracti on between the two 20 | oops. The prinmary
wal2aodmesoby - N circuit and the secondary di vi de- BgF/NS2004/012486
circuit may be synchronized to each other by having
the secondary divide-by-Ncircuit (i.e., the coreclk
di vider) send a sync-phase signal to the primry
di vide-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 cl ock
singda A heisonal aisodaittig earigell sidnalrendiee sigifak dtlnode Gribd., the
15 WD 2004/ 099955 PCT/ US2004/ 012486 and the fbclk
sicgrrglk signal. Bpe differeeds ip thesinglsabneds Axang npea B rapieprpts the
signal line 117 (corresponding to the node A to the
IBRT e isap oY Daiock A SEqUBER0 aRd g Fiogk iptbaion network

h Lyel k signal al he signal Ii

B el BT A bl oA e AR SIS 69 3R
t A ' I [ 17) i I '

5 204 A8 e Bt BB e AR B b R SRR e e

t . i | ' [l 505). Th

| Merbo0hial ARMONERARA Bhapgapionl | ne 500), The
oot col EhRRSEHOng gloifie otoli® oy M plriiinef ey
PekdotioiBte Enpl&8éalons ANR: PREER HVERAN wto&epafr@&m?ﬁdﬁown is an

signals of the signal |ines 515 and 505 and out puts
1Gntefratcbierelgnd) chipaisdt nidyhitbipbratd gitadr mdee infptennkations of the

circuit 110. The core clock signhal may be output from
10 t Ipeesehbiokentios &g abi@t ¢chipnsysetnv@ueh 12 thapbe parbdicanRieclrsic

core clock signal may be input to a secondary

dipeckkgeRANNcirparating 15210 togefimes with seppoltive lkcompeeats antoya

al so be input to a | ogical AND gate 530. The secondary

disubsetenter§uck agiarrsinied chRull boatddBEB) 26 apaphadedisystamotiiier

i nput of the I ogical ANngate 530. 15 The | ogi cal AND

gdt3Ekagsd SR Grarde anquplgH car eXaRIBCn i P £PFIHh SOR ke Pysis

Sib%re]u%l (g.gfa,%dmotherboard system (MB)). The system board may be part of an

15 overall electronic device (e.g., computer, electronic consumer device, server,
corﬁmunication equipment) system that may also include one or more of the
following items: input (e.g., user) buttons B, an output (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 Stilt further, embodiments within a scope of the present invention include
simplistic 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)
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provides the resulting signal along signal line 535 to
t he phase detector 210. The phase detector 210

WO e@ai09®ss t wo i nputs, nanely the signal al ong PE¢EUS2004/012486
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15

20

signal line 535 and a signal corresponding to the bclk
signal along signal |ine 507. Based on these signals,
the phase detector 210 outputs the adjustnent signa
along 20 the signal Iine 215 to the variabl e del ay

circuit 220. The variable delay circuit 220 thereby
adjusts the refclk signal input to the PLL circuit 110
b a¥ EogrPoMREtingiayise et comyniyiications deviceeanderangaehinery
signal line 215 fromthe phase detector 210. FIG 7B
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represents the or war cause

t NBacek W%eggécifﬁzﬁﬁ&ltﬂré n&%)cé’s@gri@r BErefdnftigo q{esstame%ﬂogﬂwent.

network 1 for exanple). This figure shows t

f ergirac whee b aurtibasegire] ftrictird) dRthapdctaniottss SedbriBawint he
corecl k signal at node B (TAB) as being nmuch greater

t hannéction mith ehyerkbodedrit odconpantdi] isis aXanipédthat ihie within the
feedback is less than 1. FIG 8 illustrates an exanple
el potiewof enessyiledimtize arhtogdiresucht featurensiyucture,co clpraciénstic in
i npl enentations of the present invention. Mre
paforneatipa ity otheteres of the gmbodimesly@ad/etcasipoaernts. Furt@rmore, for
chip that may incorporate one or nore inplenentations
of SASR&T Undsrsiandignserain asihedosesures may ey bresydefingpied as
Such Ig%na . be part of an el ectronic package PAK
P Aol et B FERANY TP SeAoppreAures should not
c tog a, . te such as rinted circuit
bgﬁﬁ%ﬂg@%@)a%gxseg%ssgrg ﬁ%élte {F%ggdsetnglrrh%eﬁ%?foﬁnance, i.e., some
procedures may be able to be performed in an alternative ordering, simultaneously,
etc.

Although the present invention has been described with reference to a
number of illustrative embodiments thereof, it should be understood that numerous
other modifications and embodiments can be devised by those skilled in the art that
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 arrangements 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. |n addition to variations and madifications in the
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packaged system may be nounted, for exanple, via a
socket SOK onto a system board (e.g., a notherboard
wGeyEem9tiVB) ) . The system board may be part of Penudo4/012486
overall electronic device (e.g., conputer, electronic
consuner device, server, conmunication equi prent)
systemthat may al so i nclude one or nore of the
following itens: input (e.g., user) buttons B, an
output (e.g., display DIS), a bus or bus portion BUS,
a power supply arrangenment PS, and a case CAS (e.g.,
Pl @fbker® hartdBidAdr afrBRfEfiehis; aldfhativd Lides Wil distese apparent to
enbodi ments within a scope of the present invention
I neddaGRille®intid &rsti ¢ | evel enbodi ments through system
| evel s enbodi nents. For exanple, a discrete
integrated circuit (1C enbodinent may |i kew se be
i npl enented as: part of a chip or chipset enbodi nent;
contained within a chip or chipset of a printed
circuit board (e.g., notherboard) enbodi nent;
contained within a chip or chipset of an 25 electronic
devi ce such as a conputing device (e.g., persona
computer (PC), server) 17 WD 2004/ 099955
PCT/ US2004/ 012486 or a non-conputing device (e.g.,
communi cations) device; and/or a machinery enbodi nent
(e.g., autonotive) containing the el ectronic device.
Any reference in this specification to "one
enbodi nent", "an enbodi nent"”, "exanple enbodi nent",
etc., neans that a particular feature, structure, or 5
characteristic described in connection with the
enbodi nent is included in at |east one enbodi nent of
the invention. The appearances of such phrases in
various places in the specification are not
necessarily all referring to the sanme enbodi nent.
Further, when a particular feature, structure, or
characteristic is described in connection with any
enbodi nent or conponent, it is submtted that it is
within the :
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10 purview of one skilled in the art to effect such

feature, structure, or characteristic in connection
wowdaoh/ogber ones of the enbodi ments and/ or conmPONER1084/012486

Furthernore, for ease of understanding, certain

met hod 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 performance,

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 described with

reference to a nunber of ELAMS rative enbodi ments

thereof, it should be understood that nunerous other

nodi fi cati ons and enbodi nents can be devi sed by those

skillq& inthe art that 20 will fall within the spirit

and scOP# ®DFEMEE principles of this invention. Mre

particul arly, reasonable variations and nodifications

are possible in the conponent parts and/or

arrang subj ect conbi nati on arrangenent
mﬁthinﬁgﬁggé%bp%%ﬂgﬁﬁﬁhe foregoi ng di sclosure, the

drawi ngs and t ' ' '
fr om t %e spiri {ga %@?ﬁégﬁgegéﬂbﬁn %tﬁngg{cﬁ @%%@n{alotﬂa%ed ona
var i at joriin @bk BRhllaRabir¥aBadtidRSighd: WO 2004/ 099955

PCT/ US2004/ 012486~ conponent parts and/ or

arrangements, ad e iBGBotSe@Sorithd distAb O a BRcIRBGH 88:ed on
to those skilled in the art. 19 WO 2004/ 099955

PCT/ USR6 6idst 8iya 36tpuGtoM B phi¥eabceki iSopcdottipeBsht; ahd A
system conpri si ng:
a delay lock loop component to deskew a signal and adjust the

clock signal distributed by the clock distribution netwark.

2. The system of claim 1, wherein 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.

3. The system of claim 2, wherein the variable delay circuit aligns the clock
signal distributed by the clock distribution network with the feedback clock

signal.
4. The syétem of claim 2, wherein the variable delay circuit is provided in a

feedback path of the phase lock loop component, and the phase detector

compares a signal output from the variable delay circuit with the clock signal
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a phase | ock | oop conponent to output a first signa
based on a reference clock signal and a feedback
we@b@akowsynal ; a clock distribution network toPCT/US2004/012486
distribute a clock signal based on the first signa
out put fromthe phase | ock | oop conponent; and a del ay
| ock | oop conponent to deskew a signal and adjust the
clock signal distributed by the clock distribution
network. 2. The systemof claim11, wherein the del ay
| ock | oop conponent conprises a phase detector and a
var i abditritteled pyttier datktdjstitbotorplsasek tedettingie thedadudinperit
an adjustnent signal to the variable delay circuit.
3. Theswggaltem of claim2, wherein the variable del ay
circuit aligns the clock signal distributed by the
clock distribution network with the feedback cl ock
signal . 4. The system of claim2, wherein the variable
del ay €i FB&iFYstes opbflai &ledetein the variableidalek cipuitlis rrpviddte
phase | ock | cop conponent, and the phase detector
conpar 84iside gfgeabpckRathpkthe phase togk lopa cpapenentel ay
circuit with the clock signal 20 WD 2004/ 099955
PCT/ US2004/ 012486 distributed by the cl ock
di st ri Buffhesystert wbsldimtS wilereiarting vesiablb delag pitcsitt nematves the first
signal. 5. The systemof claim2, wherein the
var i abFignalerippt Eom ginhaseslog losr empboneniesd detputs beeddvac k
path of the phase |ock |oop conponent. 6. The system
of cl afignd, thaMaiadiedalaysirgditp agiig threteggndsignalibgsed on the
receives the first signal output fromthe phase |ock
| oop cBWBﬁﬁ@ﬁi&%ﬁﬁmﬁﬂﬁgﬁFgm%m§@%SﬁﬁdO%ignal, t he
vari able delay circuit to adjust the second signa
based on the

7. The system of claim 2, wherein the phase lock loop component is provided

inside the delay lock loop component,

8. The system of claim 2, wherein the variable delay circuit receives a second
signal and outputs the reference clock signat to the phase lock loop
component, the variable delay circuit to adjust the reference clock signal

based on the adjustment signal output from the phase detector.

9. The system of claim 8, wherein the adjustment signal is based on the clock

signal distributed by the clock distribution network and the second signal.

10. The system of claim 2, wherein the adjustment signal is based on the
clock signal distributed by the clock distribution network and the feedback

clock signal.
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adj ust ment signal output fromthe phase detector. 7.
The system of claim2, wherein the phase | ock | oop
w@ermporeni i s provided inside the delay | ock PODPS2004/012486
conmponent. 8. The system of claim 2, wherein the
variable delay circuit receives a second signal and
outputs the reference clock signal to the phase | ock
| oop component, the variable delay circuit to adjust
the reference clock signal based on the adjustnent
signal output fromthe phase detector. 9. The system
of cl aim 8 Thavbwsteh of didie Qdjtuatcomptisis] gdidider Srcbiamastkaie
the clock signal distributed by the clock
di st ri fphese toek iepwomoemt t he second signal . 10. The
systemof claim2, wherein the adjustnment signal is
based on the clock signal distributed by the clock

21° w0 D00 OYSERETEHT Tdyist bE3ARE0Ey £ Fhtedb A ety

cl ai mghe sngéltJb% aGRAXRAUNS biFhe Peftidvds 48 clobk Sigadi. to | ock
the phase [ ock | oop conponent. 12. The syStem of

claim é% ?Qher ein the delay | ock | oop component deskews
the si S eWémHmWﬂ%?nun1of one period of said clock

Conponent 1 voEaf R PR 5ol PRl ek 3

network to provj g]?c q)r&}a% ee%% oo lgﬁgﬂia@d L

first clock signha fromt

CONMPONG&tciocRRna di@du@%oﬂw%h%%ecl@lggﬁ)%%heﬁtoalﬁndJ ust a
timng of the second clock signal.
a delay lock loop component to adjust a timing of the second

clock signal.

14. The system of claim 13, wherein 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.

15. The system of claim 14, wherein the variable delay circuit aligns the
second clock signal with a feedback clock signal of the phase lock loop

component.

16. The system of claim 14, wherein the variable delay circuit is provided in a
feedback path of the phase lock loop component, and the phase detector
compares a signal output from the variable delay circuit with the second clock

signal.
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14. The system of claim 13, wherein the delay |ock
| oop conponent conprises a phase detector and a
wQ a0o4abess del ay circuit, the phase detector toPCDUBIMO4/012486

an adjustnment signal to the variable delay circuit.
15. The system of claim 14, wherein the variable del ay
circuit aligns the second clock signal with a
f eedback cl ock signal of the phase | ock | oop
conponent. 16. The system of claim 14, wherein the
vari able delay circuit is provided in a feedback path
of theiplageyterlof claPp14 ampeRehs varkble delag cptlds€provided
detector conpares a signal output fromthe vari able
del ay aitsidaia feedbddr patheof seqiiask (otidcdp copgnatt. 22 WO
2004/ 099955 PCT/ US2004/ 012486 17. The system of claim
14, whéBeilme $\senvafrdaiibl1@, wedrely theivedabid delay gincoiviedeides the
outsi de a feedback path of the phase |ock | oop
c onponfésitsignautpeh fomgyhe ghase fock loap pemmoneniandaiutputsrethird
variable delay circuit receives the first signal
out put S'¥Ebie Yreiablp dslay cioeik 19 xSt heipieiiiane! kasad enthsut s
athird, signal, the variable delay circuit to adjust
t he th‘?d#‘fft@‘?’ﬁﬁﬁf‘a‘k%@é’aﬁ%“lek%‘asea‘éﬁt"i%‘i’nent si gnal
out put fromthe phase detector, 19. The system of
claim 14, wherein the phase | ock | oop conponent is
provi dt&d Thesysthen bhaaiael4ayhdreio khel phage lodnipomesthpor2ht.is The
system of claim 14, wherein the variable delay circuit
r ecei visgvided ingigejthe slielgiidack fed compgrens a ref erence cl ock
signal to the phase |ock | oop conponent, the variable
delay circuit to adjust the reference clock signal
3ased 2N THessystadljof ki 14, whie@iiethe Gatiapleidefay @iftditrecapaa s enird
etector.

signal and outputs a reference clock signal to the phase lock loop component,

the variable delay circuit to adji.lst the reference clock signal based on the

adjustment signal output from the phase detector.

21. The system of claim 20, wherein the adjustment signal is based on the

second clock signal.

22. The system of claim 14, wherein the adjustment signal is based on the
second clock signal and a feedback clock signal of the phase lock loop

system.

23. The system of ¢laim 13, further comprising a divider circuit to lock the

phase lock loop component.
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21. The system of claim 20, wherein the adjustnent
signal is based on the second clock signal. 22. The
waeysemsd claim 14, wherein the adjustnent siPOEUS2084/012486
based on the second clock signal and a feedback cl ock
signal of the phase |lock Ioop system 23. The system
of claim13, further conprising a divider circuit to
| ock the phase |ock |oop conmponent. 23 WD 2004/ 099955
PCT/ US2004/ 012486 24. The system of claim 13, wherein
the delay | ock | oop conponent adjusts the timng of
t he sedbndhebystd of agiml 13uwharein therdeldy acnlanh compoment adjosts
of said second clock signal. 25. A nethod conpri sing:
provi dihadgmingraf thet segpnsbdtodkisignall upfte 8 maxinpihasfenk petiod @ spid
conmponent; providing a second clock signal based on
the fiPePe¢rBedSi#dhnal; deternmining a di fference
bet ween the second cl ock signal and a reference
si gnal 25.pA& evetrddrgmansirdj ust nent si gnal indicative of
the determned difference; and adjusting the second
cl ock si gnatovidirgedirgtrtidck sigaal jfrastaphate beigioap comghentThe
nmet hod of claim25, wherein the adjustnent signal is
based on t hevidsgemedond dodk sgingrtabedordtha fifseelddkasidnat; | ock
signal of the phase |ock |oop conponent. 27. The
met hod of @eigImining 2 difiesanee hetivaen hdjsesondwlotk sipgptahd & s

based on the
reference signal;

providing an adjustment signal indicative of the determined difference;

and

adjusting the second clock signal based on the adjustment signal.

26. The method of claim 25, wherein the adjustment signal is based on the
second clock sighal and a feedback clock signal of the phase lock loop

component.

27. The method of claim 25, wherein the adjustment signal is based on the
second clock signal and a reference clock signal for the phase lock loop

component.
28. The method of claim 25, wherein adjusting the second clock signal

comprises deskewing the first clock signat output from the phase lock loop

component.
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second cl ock signal and a reference clock signal for
t he phase | ock | oop conponent. 28. The nethod of
W@ ba@aunmy®5; wherein adjusting the second cl ock BCDDS2004/012486
conpri ses deskewi ng the first clock signal output from
the phase | ock | oop conmponent. 24 WD 2004/ 099955
PCT/ US2004/ 012486 29. The nethod of claim 25, wherein
adj usting the second clock signal conprises deskew ng
a reference clock signal input to the phase | ock |oop
conponent. 25
29. The method of claim 25, wherein adjusting the second clock signal

comprises deskewing a reference clock signal input to the phase lock loap

campanent.
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