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WD 2004/ 023708 PCT/ US2003/ 027499 TECHNI QUES TO ADJUST
A SIGNAL SAMPLING PO NT Field [0001] This invention
w@eomeizd7hy rel ates to techni ques for adjusti ngPChES2003/027499
hori zontal 5 sanpling point of distorted data
signals. Description of Related Art [0002] Jitter is
the general termused to describe di ' d by
Shor - PREANTGLESE PoARTDSTA SIGRAL SRYPLISE F3HY T
timng position. It is desirable to transmt signals
10 having a m nimal anount of jitter, but non-idea
conponents of a communi cation system inevitably
di stort the data signal. The distortion nmay be a
Fieldevi ation in the anplitude, tine, or phase of the
data signal and may cause errors in the recovery of
data within a receiver. [0003] Jitter nmay be divided
[000iInt o ( 1)Thisindartionigehenily ndatestodeshnispes faradinstiye the horizontal
unavoi dabl e noi se sources within the systen) and (2)
sam@BAESpSTnNéSdiétortéd ddtLsighathi ch can be 15 caused by
non-1deal data signal transm ssion and processing).
The randomjitter conponent is considered to have a
zer o- nean gaussi an (bell-shaped) distribution, whereas
the determnistic jitter conponent may have both a

Desg}iﬁﬁﬁl?BFR@%ge@Aﬂon' symmetric distribution. A .

ei ver may show degraded performance in
00 eent 11ish S o ae At bR 4 Hb BB HsRliprhis@Pol Short-term
Vgt oGl BPE U5 G dinE peyitt ok SRgrile S PN Sepa

CLCOCK) generated within the receiver and used to .
havingraphmimpleanpavet pLjéter bip men-ddegheempongats of @\copERBE¢akeR gysiem

transition density diagrans of the input signal. An )
ineviteblyddistgrtali demy sipeglr #aedistdrtien plapbes deviation int thegmiplitude, time,

or phase of the data signal and may cause errors in the recovery of data within a receiver.
[0003] Jitter may be divided into (1) random jitter (which can be caused by
unavoidable noise sources within the system) and (2) deterministic jitter (which can be
caused by non-ideal data signal transmission and processing). The random jitter
component is considered to have a zero-mean gaussian (bell-shaped) distribution, whereas
the deterministic jitter component may have both a discrete and a non-symmetric
distribution. A conventional receiver may show degraded performance in cases where a
non-gaussian jitter distribution is present.

[0004] FIGs. 1A — 1C depict different examples of (a) transmitted input signals
shown in the form of eye-diagrams, (b) clock signals (labeled CLOCK) generated within
the receiver and used to sample the received input signals, and (c) associated transition

density diagrams of the input signal. An eye diagram may represent the phases (i.e., time
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WD 2004/ 023708 PCT/ US2003/ 027499 instances) of signa
CLOCK at which transitions of the input signal occur.

woamapsng i on of the input signal (i.e., a shP€T/UB20081027499
0" to 1" or from 1" to "0'") nmay be defined as a
crossing of the 50% I evel. [0005] In sonme current

. systens, Al exander type phase conparators are used tq,

instgicedpd signal CLORK 4t npugh Eangitiens ofthe impud sigapl e A frnsition of
Al exander type conparators, see for exanple

the inbeicdigrah (ic., lashifefremi)’ th. ‘1Dor fiomAl etodAenayi be dafined s & crwssing
entitled, Cock Recovery From Random Binary Signals,

of tNéd9pRvall, page 541-542, Cctober 1975. In sone
systens, Al exander type conparators align the 180

[oooﬁggr ee ﬂ{fﬁ%ﬁ? ?grréﬂﬂ @Y%%l&a&ﬁéﬁ ty%ér’]‘bﬁége thepRaRks 26 ukftro

n of nsition distribut and sanpl e 't he

T T L N

used to regenerate t i.nput. signal. .[ 000 1A
exalgglﬁi @@@roggc‘s]g@t@gq lp)é}ej D. g-geﬂe)%pger @%@ﬁgfql%e%tfe]ﬂ, Eio%k Recovery

non-return to zero NRZ) input signal in which
FromRandpmiBinaryignatee VTOS‘»pm 1hip@€@ﬁ4bég% Ogteberd P73 yIngonsi n

a narrow phase region (shown as region T). The
systemgnsliekamder s tomparhiooalpurtie 1 Shdegsed phate of the IHOCK signal

15 of the input signal occur primarily within a narrow

wit%!_% Balf §%hO thealWEMe iRBsiHSH BB BB afd @10 thelifputSigiapat each

Is aligned with the peak of the transition

di : . _ h :
zerc O3 AP RRo HBTIGER sl SRAISRRRRY 08 e Tap oGl be used
FI G éghde i CL.S di storted NRZ signal and a so-call ed

to regepgaiedhe Rt SlB™nari o in which transitions of the
i nput signal occur over a wi de range of phases of 20
[000§] gnal ﬁ@d@ dapistsragionelied “enea ¥y oSN With Shoppfstuim to zero
i nput signal reveals a small region in which
(NRZ) amysit sigoalsin skdhicioransitions of the inghit sigoalesaw primpily $ethin a narrow
conparisons may indicate that transitions of the
phaédvepiongst@wal asfregian @t Tie famitionadisisibaitorndurvegtioons that transitions

Region T may
of the input signal occur primarily within a narrow phase region. When the 180 degree
phase of the signal CLOCK is aligned with the peak of the transition distribution, the zero
(0) degree phase of signal CLOCK may be used to sample the input signal.
[0007] FIG. 1B depicts a distorted NRZ signal and a so-called “closed eye”
scenario in which transitions of the input signal occur over a wide range of phases of
signal CLOCK. Accordingly, the eye diagram of the input signal reveals a small region in
which transitions do not occur. In this scenario, phase comparisons may indicate that
transitions of the input signal frequently occur outside of region T. Region T may

represent a region of contained transition distribution of the input signal. In this scenario,

samples of the input signal taken at phase S may be taken when transitions of the input
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represent a region of contained transition

distribution of the input signal. In this scenari o,
waarmloexoof the input signal taken at phase S PEl/UBI®03/027499

taken when transitions of the input 2 WO 2004/ 023708

PCT/ US2003/ 027499 signal occur. If sanples of the
. input signal are taken at phase S, the input signa
SIgRR\PCRE- I? samiercafithe wapiyignsl aregaienmat phase Sy the igpy;isignal may be
_asymmetric return to zero (RZ) signal scenario in
impyhp@ty sammdedsi ti ons of the input signal occur with a

di screte distribution of phases of signal 5 CLOCK. In
[0008]i s scCeRHGE.i 1@ dephasaen aynpwrdtiic estemItayero(RiZ) sigRaltdoerdariotig which

transition distribution of the input signal does not

tralfi@¥chs o She Xt EBRa] SbchPRith 8 iR et fistrRAtion ofﬁ?has_es of signal
Furthernore, one of the edges of the input signal™ nmay

t r . - i Lt R T
CLER RS BRSPS Wit 8RR kAR LG RARRb disuribution
istribution function. In this scenario, the 0

of e et Sghal et ROt R LB CORP ShElonT: e, one
t he peaks of the transition 10 distribution, and _

of the shgesof Pre inpet signglimay pe piaepear aré moze WptrdsBned thay thgeopposite
made at a tinme when the "eye" is not conpletely open.

‘blyneasid trainsioy as depigiédlsy the tiehetiomgistribsitigm &inctieny. bethis scenario, the
i naccurate. Brief Description of the Drawi ngs 15

18( &60& pHab&ss£ sidrl CCOTIP il bexdigiddesitle bndoLthe pkaliod i transition
an input signal, as well as associated transition

dis€®0abA, Yand s AEHRIBF the E])Ig)}\%l ol Giked o4 ﬁgésg tes%%b@fﬁ%ﬁ@ theaf @he when

a recelver systemt may use SO I ments o

the e i nt.ion 111 Fl G, 3 icts .in bl ock
the ;e DL B XS Bk sealithab riptgy ol Pl Sltn
. _invention in a sanpling phase adjuster.
Inaccurate.

Brief Description of the Drawings

[0009] FIGs. 1A — 1C depict examples of a clock signal, an input signal, as well as
associated transition density diagrams.

[0010] FIG. 2 depicts an examplé of a receiver system that may use some
embodiments of the preéent invention.

[0011] FIG. 3 depicts in block diagram form an embodiment of the present
invention in a sampling phase adjuster.

[0012] FIG. 4 depicts a sample transfer function of a phase comparator in
accordance with an embodiment of the present invention.

[0013] FIG. 5 depicts an example implementation of a phase comparator in

accordance with an embodiment of the present invention.
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[0012] FIG 4 depicts a sanple transfer function of a
phase conparator in accordance with an enbodi nent of

wo b@4fpoeEsent i nvention. [0013] FIG 5 depicts BEI/US2003/027499
exanpl e inpl ementation of a phase conparator in
accor dance mﬁth an enbodi nent of the present

i nventi on, 2004/ O 3708 / US200 499 [001
0G5 QRIS PITRTITE (R dRITHE o] (HGAMEA and lead/logB
IeadA/IagA and IeadB/IagB that phase conparators may
that phfise pemparators may baplemer, Wi achordanesipiduimembodimentyef the present
present invention. [0015] Note that use of the sane
investicax ence nunbers in different figures indicates 5
the same or like elements. Detail ed Description [0016]

[oofg r exanybes thithise oPthd@Rine tr@fe@ﬁc@fﬁﬁﬂ%r@m&ﬁﬁ@feﬁ?ﬁ%&)ﬁf-n%[@ates
that nmay use sone enbodi nents of the presen

thefgﬁllﬁgﬁlﬁé‘eleﬁ?%ﬂsca' -to-electrical converter ("QE') 22

convert optical signals received froman
opt i cal network into electrical signals. Although
reference has been nmade to optical signals, the
receiver 20 may, in addition or alternatively,
€ c1d rical signals froman electrical signal
network. Amplifier 24 my anplify the electrical
[00%6]gnal s. Feresxaingre; FEy.sX dapidSamenamplareaciver syateoe2@vhiahman use
enbodi ment of the present invention, adjust phases of

sonfe @hbekmehtg bdtheysednt iavanival ©ptiasl-1dbeldcaiiad doioertan(“O/E”) 22
i nput signal. Re-timer system 25 may al so regenerate

ma§ b&Si dphicalSh SRR r‘écéﬁédnlgomtaﬁ SpESTRbSRrk (o EREirical signals.

regenerated signal's, layer two processor 26 may

Altﬁg&%ﬁ%faprr]éc@g gsrbe%)‘r‘(lgr? tg \Aﬁt{l%a? Egﬁ&ef?ﬁ% Fé%gigg%qa% % R faddltlon or
alteﬁx)é(a(at%iyﬁrel(c%y\p/\o%{eab fs& gﬁ&%%%ec%‘lca?ﬁ netwo ﬁnM lifier 24
may amplify the electrical signals. Re-timer system 25 may, in accordance with an
embodiment of the present invention, adjust phases of a clock signal used to sample and
reproduce an input signal. Re-timer system 25 may also regenerate electrical signals using
the samples. On the regenerated signals, layer two processor 26 may perform media
access control (MAC) management in compliance for example with Ethernet, described
for example in versions of IEEE 802.3; optical transport network (OTN) de-framing and
de-wrapping in compliance for example with ITU-T G.709; forward error correction
(FEC) processing, in accordance with ITU-T G.975; and/or other layer 2 processing.
Interface 28 may provide intercommunication between layer two processor 26 and other
devices such as a switch fabric (not depicted). Interface 28 may be compliant, for

example, with a vendor specific multi-source agreement (MSA) protocol. The examples

described with respect to FIG. 1 by no means limit the systems in which some
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de-wrapping in conpliance for exanple with ITUT
G 709; forward error correction 20- (FEC) processing,
w0 pooapzpglance with | TU-T G 975; and/or ot her PEHE82083/027499
processing. Interface 28 may provide
i nt er conmuni cati on between | ayer two processor 26 and

ot her devices such as a switch fabric (not depicted).
eml?ﬂﬁ?l@ﬁtaeéthz@r%av IB‘éen@@Hfﬁ‘P‘f}Ym?t“,SG‘i-oFor eéi‘é‘ﬁ&» geceiyer K0 gay be

vendor specific nmulti-source agreenent (MSA) protocol.
adapied texesmpyk adrelase or wirbdihewi gnhlseeepding to snyst@idatdshy no

nmeans limt the systens in which some 4 WO 2004/ 023708
[00PTT/ US2 0FI8Y. 0212418 in dihdeidiiapearh $oraf adt srebgiimeridf the present

i nvention may be used. For exanple, receiver 20 may be
inve&fARRALR darhPlideQSRkY £1j1dtErB00S SaRiblitk hRask Bt just a

accor di ngﬂt% anyé/;mf,andar ds. [80%? FI GﬁIS dgg?iglt%gagjr?

oA LA Bt O 4 01 B gt
I S0 P AR LR

. sanples of signal INPUT may be accurately made. In
nvetion WaHiag Rhass adiistrBe0mey pdivst the semplingsphese (e.g., zero (0)-
i nvention, sanpling phase adjuster 300 may adjust the
degemmblse) 9f pigaalCI(QRCK. to apbase angle witkeg trewsitidmsd signhl INPUT are
signal CLOCK to a phase angle where transitions of
lessdikghato dcBRUT are less likely to occur. 10 [0018] For
exanple, in the scenarios depicted in FIGs. 1B and 1C

[ooigpe sanpidr '%Qamﬂla,aﬁﬁh@gceﬁﬁm?m FIG5a3Land) 1C, the sampling

corresponds to a phase where transitions of signal

i L e T T
30 S50P B A S el S ek Do

e
may correspond to a phase where transitions of signal
presest inKEtipnasaanling phpsoasiustar 3 08 sxiyradivushihe smpbngsphase of signal

where the "eye-openi ng" may be | argest
CLOCK from S to S°. Phase S’ may correspond to a phase where transitions of signal

INPUT are less likely to occur than phase S and where the “eye-opening” may be largest
(i.e., the phase in the eye diagram where the difference in magnitude between “1”” and “0”
values may be greatest).

[0019] One implementation of sampling phase adjuster 300 may include a clock
generator 310, phase comparator 320, charge pump 330, and loop filter 340. Clock
generator 310 may output a clock signal (shown as CLOCK). Clock generator 310 may
adjust the phase of signal CLOCK based on control signal CNTRL. Clock generator 310
may be implemented as a voltage controlled oscillator (VCO) or voltage-controlled crystal
oscillator (VCXO) although other oscillators may be used.

[0020] Phase comparator 320 may output samples of signal INPUT (such output

samples are shown as signal OUTPUT) timed according to signal CLOCK. In one
5
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(i.e., the phase in the eye di agram where the

difference in magni tude between "1" and "0" val ues
woreop440z3708 eat est ). [0019] One i npl enent ati on OPCT/US2003/027499

sanpl i ng phase adjuster 300 may include a cl ock

generator 310, phase conparator 320, charge punp 330,

. and loop filter 340. ck 20 generator 310 may Qut put

1 e‘@F‘E}éﬁk&s Pbﬁ%lco{f’i’ﬁ@&ﬁ{ggg %’G@}@Pfe féﬁl’eﬁ’i et ﬁ?fer(o)sé%r ce
may _adjust the phase of signal CLOCK based on contro

phagpgefihe SRIFAICLQEK s #ithpugk pthepphase englapmay be upgst dnmaddidian, phase
as a voltage controlled oscillator (VCO or

comedrstayd2mny prividech sigryad (shownas déadllag)do n{oveEXkd saatlinguphhse of
ot her oscillators nay be used. [0020] Phase conpar at or

sigld CIIBYK O Bt erfibetamest oTithSprasak invdiRidh, ?ﬁé&%oﬁiﬁbﬁ%}zo may

25 sanples are shown as signal OUTPUT) tined according

mog%%t%b%%g%%ﬁg%ggg él@}lﬂp‘tﬁ,&m&g Qe é%?aggiti n of silgg%lg%\IPUT

O
enentati on, phase conpa

20 anmpl e, si gnal I NPUT _at zero (0) degr Ses

occh Y oGt ebRE OB Rbu R b eb R PR Bl

used. | n addition hase conparator 320 rmay provi de a
whely yrapsiguRivaenal INRIZA ppeiy W BimRbgee welesniane HoLORKs o

of signal CLOCK. In one enbodi ment of the present
approwimgtelobetwpéralsé 8@ end gt dhe 32i0¢ Kapag comespondto a phase angle of

sanpl i ng phase of signal CLOCK nore when a transition
sigied] CRIQTIR wheNATrangitiensrof signb NINPUPh ageotingke$ oodur sthg Bighal

CLOCK approxi mately between I XI and O than when a
INRUR Ay thi i a8 d¥dctiBl |

faly a@@%ﬁg%ﬁkg Bed 0155\&%%&?1&1’1 a8 dwchhe@wmqag)ﬁgﬂle T8s. 18

of signal approxi mately between 11801

T le of .sj l.
R0 P P SREPBOONTl s AR A oA ewsh TRk
ForRBisRl ol inytioty By SoE duneabe BeerBly O deerees

respect to FIGs. 1B and 1C). A |arger value of X
althoyeihetheivdegs Wavde wedmal | er transition region is

desi red.
[0021] For example, FIG. 4 depicts a sample transfer function of a phase

comparator 320 for a sampling phase of zero degrees and transition alignment at 180
degrees, in accordance with an embodiment of the present invention. In this example, if a
transition of signal INPUT occurs among phase angles of signal CLOCK approximately
between —180 and ~X, phase comparator 320 may output signal lead/lag having a
magnitude of —L to slow signal CLOCK by a phase amount proportional to L (which may
correspond to a state where the signal INPUT lags the signal CLOCK). In this example, if
a transition of signal INPUT occurs among phase angles of signal CLOCK approximately
between —X and 0, phase comparator 320 may output signal lead/lag having a magnitude
of -M, where M > L, to slow signal CLOCK by a phase amount proportional to M (which

may correspond to a state where the signal INPUT lags the signal CLOCK).
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For exanple, in one inplenentation, the value X may be
approxi mately 90 degrees although other val ues may be
wae@d/02370021] For exanple, FIG 4 depicts a sap@l/E5S2003/027499
transfer function of a phase 15 conparator 320 for a
sanpling phase of zero degrees and transition
allgnnent at 180  degrees,. in_accaordance with an
[002240di nethisexemplepHadensition oEsignal NPT qqepss a@m%mhése angles
if a transition of signal |INPUT occurs anong phase
of sigmgll €8.06IK sppynsimaBil Dostvweeep Xostidrid alegrees phasearompb8oraidd may
- X, phase conparator 320 nmay out put signal |ead/lag

outpat\sigigl Rad/taadiavingdemadnitude bOL $6 spued signal CIODORKb ¥ plase amount
phase anount proportional to L (which may 20-

proﬁ@ﬂhbﬁﬁﬁ@!l \xthq’cham§§ BrfesPORT 8 atslﬁﬁe heRahe El@ﬁmﬁﬁsleﬁﬁh@he

si gnal . Imthis exanple, if a transition of

st et [Tl R e
el SRR OCR Forosieteho b Oy T, 8BS dmpetdior 20

proportional to M (which nmay correspond to a state
maypepet signal kiadag havige rmagritnde o Msivihess Mc &CI0 speed wignal

2004/ 023708 PCT/ US2003/ 027499 [0022] In this exanple,
CLOfCKabyt 2 piese inonnigfroportnesd] té MP(Fhidtmay somespond phastete where the

angl es of signal CLOCK approxi nately between X and

sigaB NPT eSS thdigse CT@QRY. at or 320 may out put signal
| ead/ | ag having a magnitude of L to speed signal CLOCK

008y a Phase; anRpits anpé)@l&}%[élwﬁﬁerﬁﬁloh depRhG o ator 320 in

correspond to a state ere’t eS|gnaI I NPUT Feads t

accgrdﬁﬁ&]%lllﬂk&%g%%@ﬁgt ot:}[j%éc' Br%x agglg/eh’%%l ﬂgats%?grii)%ﬁ Of 3% may
lﬁé%és DB S B %ﬁw”@ Fr 138 dr sthel By & depicts

magni tude of M where M> L, to speed signal CLOCK by
examp fea fipetipnpeioigrald lowk)/ lagd aud(lwﬂBithﬁyatmneetsmm
to a state where the
comparators 510A and 510B may implement.

[0024] For 0, 180, and —180 degree phase angles of signal CLOCK, phase
comparator 510A may compare the transitions of signal INPUT with transitions of a signal
CLOCK and indicate whether the transitions of the signal INPUT lead or lag those of
signal CLOCK (such output shown as leadA/lagA). Herein, signal CLOCK-X may
represent a version of signal CLOCK phase shifted by -X degrees. Herein, signal
CLOCK+X may represent a version of signal CLOCK pilase shifted by +X degrees. For
X and —X degree phase angles of signal CLOCK, phase comparator 510B may compare
the transitions of signal INPUT with transitions of respective signals CLOCK+X and
CLOCK-X and indicate whether the transitions of the signal INPUT lead or lag transitions

of respective signals CLOCK+X and CLOCK-X (such output shown as leadB/lagB). The
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signal I NPUT | eads the signal CLOCK). 10 [0023] FIG 5
depi cts an exanple inplenentati on of phase conparator

W@2@4i0zB70@accor dance with an enbodi nent of the PCEES2003/027499
i nvention. Phase conparator 320 may i nclude phase
conparators 510A and 510B and adder 520. For exanpl e,

. Fl depi ¢ts exanpl e transfer functjons of signals

signel e o G raa g Al oA 48 B empiaisgent A sum of
~conmparators 51 OA and 51 OB may inplenment. 15 [0024]

sigralp l@dAflagA andttadB8agRiegr ee phase angl es of signal
CLOCK, phase conparator 51 OA nay conpare the

[0028jansi t | Bach of piakgemhpdrdibtyB 10Adnd 51 Bshdy ignpdémented as
signal CLOCK and indicate whether the transitions of

Al&had&i(Bl-UahPYtypLattupts. DA Féd@ﬁﬁ@ixggeméﬁﬁﬁ@& of M ander

(such out put shown as | eadA/1agA). rein, signal

- r: : ' 0 i e
phi A (s B o (el 805D, B A0 aplntrin BHGR
Leprease a version_of .signal hase shifted b
entyf8, ERER ReBoveEy Proi Rinoc By SlenglaLaltingt opogs S-342,
si gnal  CLOCK, phase conparator 51 OB may conpare the

Oclobsh5i75t ons of signal INPUT with transitions of
respective signals CLOCK+X and CLOCK-X and indicate

[00¢slet her Phasecompstatdre A0 and H)Bsingy alitpuiNspfials adAdagA and
lag transitions of respective signals CLOCK+X and

leadBAAGR % ddducs200UAdel 53 0ap saud sig@aitBéddgRBEA ahdgealB/¥aeB and
2004/ 023708 PCT/ US2003/ 027499 signal |ead/lag (having

ider ; ty ' | y represent
P o A P ) Pigh. " [oozs)

AT RUBR AR 3058 s 5 T g o
AT LN R N -
3 lol_gfn a/r_\lI a?ﬁ(o?l?l’? ienrpriogorztiign ?or tthie %lgi (positive or negative) and magnitude of signal
lead/lag. Charge pump 330 may output signal CNTRL that instructs the clock generator
310 to either increase or decrease the speed of signal CLOCK. For example, if charge
pump 330 receives a lead indicator, signal CNTRL may correspond to charge addition to
the clock generator 310 to increase the speed of the signal CLOCK. Conversely, if charge
pump 330 receives a lag indicator, signal CNTRL may correspond to removal of charge
from the clock generator 310 to decrease the speed of the signal CLOCK.

[0028] Loop filter 340 may transfer signal CNTRL to clock generator 310 when
the frequency of signal CNTRL is within the pass band of the loop filter 340. Clock
generator 310 may receive the transferred portion of the sum of signal CNTRL. Although
a charge pump and loop filter combination is provided as an example implementation,

other devices may be used to selectively transfer signal CNTRL to the clock generator

310.



entitled, O ock Recovery From Random Bi nary Signals,

Vol unme 11, page 541-542, CQctober 1975. [0026] Phase
w@erpaeEd®ors 51 OA and 51 OB may out put si gnal BCT/US2003/027499
| eadA/ | agA and | eadB/l agB to adder 520. Adder 520 nay

sum si gnal s IeadA/IagA and | eadB/ | agB and 10 provide

e sum si /l.ag to charge punp 330 (Fl G
l"“f%? [ 002 iRk ?ﬂjl il e ein desCERtPR &S ARl ofifip prosent
recgeive S|gnal | ead/ 1 ag from phase conparator 320.
inveRten el i seppashihrayesasidnnntiow howesver i yend memsdinitdd by these
generator 310 in an anpbunt in proportion to the sign
specpiosdxaimpdesoNumerpars ivetioms dwinsigsriek phiktly Giveh @m ele specification or
| ead/ 1 ag. Charge punp 330 may output signal CNTRL that

nof, Bedhr 4 Cli Ferbht®s G Sieletde NBMBAHS, had ﬁﬂeootttﬁat@hﬁlh &fe possible. The
i ncrease or decrease the speed of signal CLOCK. For

h

sccﬁ?é%?‘g{aetelg\rlélfnglﬁg%{gq Wa&)’g’so lg% ‘Eﬁ%sf dﬁ?\bﬁgglalms
addition to the clock generator 310 to increase the
speed of the signal CLOCK. Conversely, if charge punp
330 receives a lag indicator, signal CNTRL may
correspond to renoval of charge fromthe clock
generator 310 to decrease the speed of the signa
CLOCK. 20 [0028] Loop filter 340 may transfer signa
CNTRL to clock generator 310 when the frequency of
signal CNTRL is within the pass band of the | oop
filter 340. Cock generator 310 may receive the
transferred portion of the sum of signal CNTRL.
Al though a charge punp and loop filter conbination is
provi ded as an exanple inplenentation, other devices
may be used to selectively transfer signal CNTRL to
the cl ock generator 25 310. 8 WD 2004/ 023708
PCT/ US2003/ 027499 [0029] The draw ngs and the
forgoi ng description gave exanpl es of the present
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i nvention. The scope of the present invention,
however, is by no neans Iimted by these specific
w@x@apkEes Nunerous vari ations, whether expli cP€T/yS2003/027499
given in the specification or not, such as
differences in structure, dinmension, and use of
C zgég[ial, are possible. The 5 scope of the invention
i | east as broad as given by the follow ng cl aimns.
9 WD 2004/ 023708 PCT/ US2003/ 027499 CLAI M5 What is
Whet siclaimheilds: 1. A nethod conprising: providing a phase
conpari son between transitions of first and second 5
1. si gnal s, Awhethed boripésipdhase conpari son is greater in
magni t ude for phase differences between the first and

second sp@Raling B phase €6mbariRR RN ¥R t@hYitiBRT ¥EHE: Ad sBE¥hd
| XI degrees of the second signal than for phase

2ipL%%éﬁ?%@%ﬁ?f@%&%%ﬁ%%iﬁﬁgﬁﬁélié%giﬁ@%@%}%%se
o1 o spReEph e Aot ik eBnd B Gy ool g R R veen 0

t he fith si gnal based upon the phase adjusted second

si gy [X] degreesipd thsoners sgnabthanfpriphagmdiffsrencesetween the first
adj usting conprises adjusting the 15 phase of the

s ecoticsesomghsignad yprroxiarmtely betiweep X pod {4 180| dagrees @f the second
magni tude of the phase conparison. 3. The method of

C agignal, wherein X is approxi mately 90 degrees. 20 4.
The nethod of Caim1, wherein X is chosen based upon

a phase 8648 aYPhase of the second signal based upon the phase comparison;

and

sampling the first signal based upon the phase adjusted second signal.

2. The method of Claim 1, wherein the adjusting comprises adjusting the

phase of the second signal by an amount in proportion to the magnitude of the phase

comparison.
3. The method of Claim 1, wherein X is approximately 90 degrees.
4. The method of Claim 1, wherein X is chosen based upon a phase region of

the second signal in which transitions of the first signal primarily occur.

5. The method of Claim 1, wherein the adjusting comprises adjusting the

phase of the second signal based upon the magnitude and sign of the phase comparison.

10
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15

20°

the second signal in which transitions of the first
signal primarily occur. 5. The nethod of Caiml,

wab@ne23108 he adj usting conprises adj usting thePCpIsze3/027499

of the second signal based upon the nmagnitude and sign
of the phase conparison. 25 1-0 WO 2004/ 023708
PCT/ US20Q3/ 027499 6. ,An apparatus conprising: a phase

- conpar at 6™ APBIEBHSAE HHEses of first and second

signals, and to provide a phase conparison, wherein

t he phasaPbesesamipguirrite cepare phases ofratghindigheond gignals, and to
phase di fferences between the first and second signal

t haprogiiewr plappcanparsbs | whebeib diepthrse CompuisbiX)s gegeriasnagnitude
of the second signal than for phase differences

bet ¥ @Rasel diffelchéSsibeBitn SRCAREaRI BBGMd AP ok BBGL h¥proximately
between | XI and J1801 degrees of the Second signal; a

\?ﬁg?@eﬁqfﬁ% ﬁgﬁé gggi%gx%@s SEMOMCBH] si eﬁi@&?@? glaﬁ?‘shgl@%rﬁréces between

si gnal sour

hase ©of the second signal. b d. upo he e 10
Conps e S afdrel wENRrimdBRisnuEornd BTRY Seammpt orthe
t he firgt,signal based upon the phase adjusted second
si gifsPRd §igBHar ge punp to receive the phase conparison
and to provide a control signal based upon the phase
conpar i sapecoad dignalfsoltce to owputrthe gecané sighal, wbeteimthe second
signals and to provide an instruction to the 15
secsipuh]l sognals 18 catdjest thephasedtyke §dtend pigasl vaked ippnIkepide
signal based upon the integration. 7. The apparatus

of  &drpaistn, MIR6ih Thd PiasPERRSarABIRAS d4Rble X Rist S$874l based upon

the phase adjusted second signal;

a charge pump to receive the phase comparison and to provide a control
signal based upon the phase comparison; and

a filter to integrate the control signals and to provide an instruction to the
second signal source to change the speed of the second signal based upon the

integration.

The apparatus of Claim 6 wherein the phase comparator comprises:

a first phase comparator to compare phases of the first and second signals at
approximately 0, 180, and —180 degree phase angles of second signal and to
provide a second phase comparison;

a second phase comparator to compare phases of the first and second
signals at approximately X and —X degree phase angles of the second signal and to‘

provide a third phase comparison; and

H
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a first phase conparator to conpare phases of the

first and second signals at 20- approximately 0, 180,
w@nw4/02808 degr ee phase angl es of second si gnal P@ntis1003/027499

provi de a second phase conpari son; a second phase

conparator to conpare phases of the first and second

signals at approxi mately X and .- X degree phase angl es

of the sEb¥hlr & gyrnihe sprend gnd Brid phasc conpparisani#ls Based upon

conparison; and 1-1 WO 2004/ 023708 PCT/ US2003/ 027499

an @ddem, togprevide theephgsccpmepanisen torthe dhasgapenponpar i sons

and, based upon the sum to provide the phase

conparison to the charge punp. 8. The apparatus of

Claim6, wherein the second signal source is to adjust

8. the 5 P’bl@@@péﬁfatﬁsrtﬁf IS0 Oy 1Sdr&ii Fhe RBSRPsiBRA @oﬁr@@}iﬁ to adjust the
e

magni t ude and sign of the phase conparison. 9.

f. i i J lar .
oS PN oS Falu B 55 e comparion
conparator. 10 10. The apparatus of Claim7, wherein
t he second phase conparator conprises an
Al exander -type phase conparataor. 11. A nethod )
9. conpri si Hep apparabts af §laing 7, rveherain ghealirstiphese eemppreter gomprises an
phase of a second signal; and 15 adjusting the
Alesandst-tyng nhhssengfardtte second signal to a phase where
transitions of the first signal are approxi nately
| east likely to occur. 12. The nmethod of Caim 11,
wherei n the adjusting conprises: providing a phase

10.conpar i Spik RREMRRDHICIARST, W1RRSH Ae bénd oﬂlfa% cRRShrBF rises

20 signal s, "wherein the phase conparison Is greater |

an &E%H&eii%% efp%aseo&?r?p%rator.

1. A method comprising:
sampling a first signal according to a phase of a second signal; and
adjusting the sampling phase of the second signal to a phase where

transitions of the first signal are approximately least likely to occur.

12. The method of Claim 11, wherein the adjusting comprises:
providing a phase comparison between transitions of the first and second
signals, wherein the phase comparison is greater in magnitude for phase
differences between the first and second signals that occur approximately between
0 and |X| degrees of the second signal than for phase differences between the first
and second signals that occur approximately between [X]| and [£180[ degrees of the
second signal; and

adjusting a phase of the second signal based upon the phase comparison.
12
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15

di fferences between the first and second signals that
occur approximately between 0 and | Xl degrees of the
wa@ewaneB78s gnal than for phase differences bet weenusives/027499
first and second signals that occur approximtely
between | XI and J1801 degrees of the second signal;
and 25 adjusting a phase of the second signal based
upon the phase conparison. 1-2 WO 2004/023708
PCT/ US2003/ 027499 13. The nethod of Claim 12, wherein
13t he adj udhe nptiodef themel 2 wipreis the adpdiivs thepasehengitase
of the second signal based upon a nagnitude and sign
adjoftirighthe phas of theasgumdisidal bdsed dporfe AiBHiAIHeGATRIgn DI Higs phase
an anplifier to receive a first signal and to anplify
Coﬁ$gﬁ§$jst signal; a phase conparator to conpare phases
between the first signal and a second signal, and to
provi de a phase conparison, wherein the phase
conmparison is greater 10 in nmagnitude for phase
14differen es between. the first and second signals that
‘occur a%ﬁ? 3 [H%et ween 0 and | XI degrees of the
second signal than for phase differences between the
first andd 3BpBART ta resaive adpplristahendioanmdfvéefindaignatkd
11801 degrees of the second signal; a second signa
sour ce t @pbasepompdator $ecmmphrs phasas betwhen therfirstrtgmmbamhalsecond
15 signal source adjusts the phase of the second
si gsighalpasiad papade 4 Piease basparisoAWRErbmARe phYde E:@J*ngaﬂisﬁﬁ is greater
phase conparator is to sanple the first signal based

UPOf mh#BtulB 8i9nad HEL R BeRNEn$hORRt andPRlond signals that occur
approximately between 0 and |X]| degrees of the second signal than for phase
differences between the first and second signal approximately between |X| and
l=180[ degrees of the second signal;

a second signal source to output the second signal, wherein the second
signal source adjusts the phase of the second signal based upon the phase
comparison, wherein the phase comparator is to sample the first signal based upon

the phase adjusted second signal; and

a layer two processor to receive the first signal.

13
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a layer two processor to receive the first signal.

1-3 WD 2004/ 023708 PCT/ US2003/ 027499 15. The system
w@boo@iozd7ng 14, further conprising: an PCT/US2003/027499
optical -to-electrical converter to convert an opti cal
signal into an electrical signal and provide the
el ectri cal si%nal to.the lifier as the first
si gnal . 1hesgstenpf Clajmy 14 CCPANPHSIZE: wherein the
| ayer two processor conprises logic to performnedia
access cenppitalinelgeimptl canvertenita conveEEn®PHca sighdl inthan
systemof O aim 14, wherein the |ayer two processor
conpletisies] diggil and provide tiicoslsataed] isipahl to eGPl fierae tofirst signal.
de-framing in conpliance with ITUT G 709. 10 18. The
system of Claim 14, wherein the [ayer two processor
conprises logic to performoptical transport network
de- wr appi [ I e, WM 7 9. . .
16 et em of or it QEEIIAEER b Hode S orseddcobfifises ogic

copprises |ogic 5,10 perform fol ror
to R PR o Ssc‘é’g’iff’h‘& %oﬁ‘Pi‘S‘Pﬁﬂ W%-W?i 1TU-T G 975.

20. The systemof Caim 14, further conprising a data

bus to receive signals fromthe [ayer two processor

and provide signals to the |layer two processor. 20--

17.21. The $hesystanpbf Clain v 2@herburthé byeciowmprosdseg camprises logic

switch fabric coupled to the data bus. 14
to perform optical transport network de-framing in compliance with ITU-T G.709.

15

18. The system of Claim 14, wherein the layer two processor comprises logic

to perform optical transport network de-wrapping in compliance with ITU-T G.709.

19. The system of Claim 14, wherein the layer two processor comprises logic

to perform forward error correction processing in compliance with ITU-T G.975.

20. The system of Claim 14, further comprising a data bus to receive signals

from the layer two processor and provide signals to the layer two processor.

21. The system of Claim 20, further comprising a switch fabric coupled to the

data bus.
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