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X 0 WD 2004/ 023708 PCT/ US2003/ 027499 TECHNI QUES TO ¢

ADJUST A SI GNAL SAMPLI NG PO NT Field [0001] This

WO I0RY&HT®n general Iy relates to techni ques fdICT/US2003/027499
adjusting the horizontal 5 sanpling point of distorted
data signals. Descripti on of Rel ated Art [0002] Jitter

by éﬁi@fﬁi‘?ﬁh*‘?ﬁé.@. RRTACHREREL SRV MR 2o

timng position. is desirable to transmt signals
10 having a n1n|nal amount of jitter, but non-idea
conponents of a communi cation system inevitably
. . distort the data signal. The distortion may be a

Field jevi ation in the anplitude, tinme, or phase of the
data signal and may cause errors in the recovery of
data within a receiver. M%§003] Jitter may be divi ded

[0001]i nt o (This insicaden ganerally relares éo icshniques Tenadiustngthe horizontal
unavoi dabl e noi se sources within the systen) and (2)

samplidetpeintiofidistorted dattsignalswhi ch can be 15 caused by
non-i deal 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

Descripitivfilof RRlA8d Agt non-synmetric distribution. A
conventional receiver may show degraded perfornmance in

[0002] C2S€S MAGTE th[% égﬂ&f*rtgﬁ@%c% deh&%b%rdléi'éx%ﬁ'cgﬁ’ée shért-term

present C depict diffeérent
i smtted. .inp n ]
aoviat BE0Te 5y fﬁffm%@é e 2R PEpRE F‘td%é B3 LHREE eelys
enerated within th recei ver and used to
havmgsaalﬁﬂBP’@a?%’éOW’éEEJIWd Fiiisdes (jﬂ%‘l’gne“ésn‘bfaa(%m%%‘ﬁ%tf%t gtem
~ _transition density diagrams of the input signal. An
1nev1taélbed1§£pgghgdﬁtwgnaleéhg datartion mayhesaisviation 11 the; alnphtude 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 saniple 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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a t tI WO 20041023708 PCTJUS2003/ 027499 instances) of

signal CLOCK at which transitions of the input signal
WO mo¢m3708A transition of the input signal (i .RCT/USR003/027499
shift from 0" to 1" or from 1" to 0") may be
defined as a crossing of the 50% 1 evel. [0005] In
sonme current systens, Al exander_ type phase conparatqrls
instanggeh o gl (.OGK b BHe AEIipREO] pHIPULGRAIooSHorA gansition of
description of Al exander type conparators, see for .
the imgtaippk(i.El, @chifioirdm ‘Qetot* et o foym J1° 100’ Hmai bexdefivied as o cepssing
article entitled, O ock Recovery From Random Bi nary
of theSognels, Vol une 11, page 541-542, COctober 1975. In
some systens, Al exander type conparators align the

005180 degy s%ga?eot{lﬁ%ﬁ{ %}TstérﬁkeA%%r? HiHase WrhParkBss 26 Akedto

1 he nean I ansition distri ution and sanple the
[ t Si t 10 0]
regenceplblie pBfiapal it bl A RRmOREe BiBRG H Rr

used to regenerate the_ input signal 000 Fl 1A

example Bicgtranis Lefiers Byl JeB- Hopdsxandesin ag arigle %W&JWQCKGRWWY
non-return to zero (NRZ) input signal in which

From Remdven Binang Sighalsh€okunpuit1, pageriell -2 October b5 11 semeni n
a narrow phase region (shown as region T). The

systenis] Alkahd@yph cinipabitéisQligh HevisOsiegive phitoithaGEOCK kignal
15 of the input signal occur primarily within a narrow

with ﬂ%of‘ 81 Ak Afgﬁ@u '&ﬁﬁstﬁsgﬁcﬁpand&aa@fe @ AR sihanNdleach

Is alitgned wth the peak of the transition

istribution,.t o (0 eqr . d
zero (Ritee g e CROEE Sl B PR BT EF oty Sy po e
FIG 1B.depicts a distorted NRZ signal and a so-called
to regensrag b IR si80&leenari o in which transitions of the
i nput signal occur over a w de range of phases of 20
[0006]si gnal FICL Odkdepitse 8 seticaidtdy lopem eyed seciyiagy diie §pn el to zero
i nput signal reveals a small region in which
(NRZ} inpitsignabinswiioh fahsiticwsof.thd imphirsignad oema primarip sstin a narrow
conpari sons may indicate that ‘
phase region (shown as region T). The transition distribution curve shows that transitions

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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transitions of the input signal frequently occur

outside of region T. Region T may represent a region
WOgPHBAI8I ned transition distribution of the PGEUIS2003/027499

signal. In this scenario, sanples of the input signal

taken at phase S nmay be taken when transitions of the

. 1nput WO 2004/ 023708 .PCT/ US2003/ 027499 si gnal occur.
signp gl e REmEIPS OGS FIRLE C GFENRRel & FEAKeS (56 TpRbS@nmay be
the input. signal nay be inproperly sanpled. [0008]

impyopesly sampledpi ct s an asymmetric return to zero (R2)
signal scenario in which transitions of the input

[0008] gnal &ECUIC detitts an dsysmmettie retinst toizetet (R stfnapiteagso Bf which
signal 5 CLOCK. In this scenario, phase conparisons

transitionsi ofdhe e il oddiewithansidréie distisiftioh Ry pbhARs oPEiFMle
i nput signal does not have its maximumin the center

CLOUK." BOhYs u ; - cthe. .o
R edparto, A bR o0y Sk B EGahbl Sspibytion
: osite “hblurred transition as depjcted by the

of thp Mouf AR defs nordelf i BipciiRE R bis Conie oteBion e Bimthsimore, one
th& (19%0 degree phase of signal CLOCK nay be aligned

of the edgrs Of dherppytfignsbmry be steenrs and aese weelhelioed than the opposite

.. distribution, and sanples of the input signal taken at

blurpqa frengtiomgs dapictetiey tht tangition distibmtion fienctiew.eIn ihés ®ehario, the
conpl etely open. Accordingly, sanples of the input

180 driggreathaseyf dignal ChOCHIAY ®e aBphad wite 566 b1thé pBalTo fiRStransition
Drawi ngs 15 [0009] FIGs. 1A - 1C depict exanples of a

distrishiK afid 9 | i8St gl | Al

ISP RS R ples Bt ML Pl ken sTIE 5 et RGP B £BE when
«BXa ILver systemtha use sane

the T Bty B T ST e g Bonf o anevepe

. depicts in block diagramform an enbodi nent of the

maccﬂ'fag%ent 20 invention in a sanpling phase adjuster.

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 present 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 df a
phase conparator in accordance with an enbodi nent of
WO 203802p108sent i nvention. [0013] FIG 5 depi ct $CAAIS2003/027499
exanpl e inpl ementation of a phase conparator in

accordance wi th an enbodi nent of the present

i nvent i_on. 6 WD 2004/ 023708 PCT/ U 0 4
0014k " 6 Efa 3?@“@%%? N e U
/1 agA and | eadB/ | a t hat phase conparators may
that phasg Camppatators pay dap B?&ﬁb an ggcorfager with e .eﬁ@ﬁdzmntpﬁ the present
present invention. [0015] Note that use of the sane

mventi@f.er ence nunbers in different figures indicates 5
the same or like elements. Detail ed Description 10016]

- [0015)FOr  exaThRd fat WekGf the sAfRi refcfendf nBXBER e dIfReAI B rg Yadiois

20 that may use sone enbodi nents of the present

the sahlg\b?ﬂkégfém fRtical-to-electrical converter ("QE') 22
nmay convert optical signals received froman
optical network into electrical signals. Although
reference has been nmade to optical signals, the
receiver 20 may, in addition or alternatively,

Detailed Descidpéoibct rj cal signals froman el ectrical signal

network. Amplifier 24 may anplify the electrical
[0016]si gnal Bor RemplayEiG s3/demets 26 exanple revetver systtam 20 tht dnyarse
enbodi ment of the present invention, adjust phases of

some @nbddimknts iod fl presgetiny entRAMURicald-diectrie otk ter #FO/E”) 22
i nput signal. Re-timer system 25 may al so regenerate

may c&ivefidptiealsi a&%&e‘ivéﬂsjfr&ﬂ an'oPfcal ARV G mtgaletcﬂ'?cal s1gna1s

regen rated si gna ayer WO processor

Althou(%ﬁr ﬁfe@ﬁéggg b}}englg(agﬁgﬁ oﬁﬁcaﬁl %E?l%rl\(ﬁc}éetcel 12 C?ﬂeag'teldl E{afjglon or
altemaﬁgrle P eelltr%q%? %‘zlé]oq? ﬁé‘%a%%& ecc):%ncsz,tl si attllnce%wlfor ' ansphf[ler 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,
WO 20048348 dance with | TU-T G 975; and/or ot her PEE{EH005027499

processing. Interface 28 may provide

i nt er conmuni cati on between | ayer two processor 26 and

bo@} | : ' bri not depict ed).
crnboflils of B bl SRR iy BNBEL iH gl oGP e b
yendor .specific multi.-source agreenment (MSA) protocol.
adaptiff B e R el oo SR e Qea o fwy mSards. by o
means |imt the systens in which some 4 WO 2004/ 023708
(0017t UsHa? depiats an blogkHisgran furm asferbastipewiadithe present
_ i nvention may be used. For exanple, receiver 20 may be
nvengom pt shpling pbasei adpuster 360.eSampling/pliage hdjnstes @b adjust a
according to any standards. [00171 FIG 3 depicts in
samplifenstiaselofgl iaput &l GhowRe diRENINFAST) 8L AR [Elts_ofsignal

i nvention in sanpling phase adjuster 300. Sa i ng
INPURhASEL AU ?EP&& ' - a%e.0f
an i'nput gl%geﬁ%ﬁ ghovvn cglgaa*sf?%%gﬁl al?ﬁé%%n?gg?ﬁt present
: es.. of .signal | may.be accurately made. In
v R et RS Ao o S0 et (e 6. 2ero (0)
i nvention, |l i ng phase adjuster 300 may adjust the
degr e%&f?ﬁ& H lﬁﬁgégg@ % a phage gnglo wheredransisioph afsinal INPUT are
.signal CLOCK to a phase angle where transitions of
less likglytpapccPNPUT are less likely to occur. 10 100181 For
exanple, in the scenarios depicted in FIG. |IB and 1C,
[0018]t he saFql axagplep hathe sednafibgA&picted AITEsPIB SR PL, the sampling
corresponds to a phase where transitions of signal

phase bN\Tkfal TIOEK Sikake SPC&F&andSI t0 agp?ia& WHAT Rafsiti

accordance with an” enbodi nent the presen
' Welal [ hase .adj uster 300 may adjust the
INPUT, SRl 8 0658 04 I IRE, Rbitidiop o iphabodipiiit
correspand to a phase where transitions of signal
present i PR PRl feclEsq § Witsr 100 repcadiust fersappaiae phaserad signal

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

{nps 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 (V' CO) 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
WO 0ey02bwsgr eat est) . [ 0019] One i npl enent at i on AEfT/0S2003/027499
sanpl i ng phase adjuster 300 may include a cl ock
generator 310, phase conparator 320, charge punp 330,
and |.oop filter 340. ock 20 ener r.310 nma output
implegiegiageR @ta@%%ﬂmmagﬁew%a@a&w%? sigop lﬁ‘éﬁte@ea@ ) degrse
adj ust the phase of signal CLOCK based on contro
phases péthalmggﬁtr% OGH. atthoyghrathertpbase3mgles meay reusedp lreadslitien] phase
as a voltage controlled oscillator (VCO or
comparaior 9@ negprovidt edigaalSha@bn asdsad/lalghtoomo (M BEGmplibd phiagb of
other oscillators nay be used. 100201 Phase conpar at or

| 51@313?1906‘,&)/ I8¢he anb%éﬂii&n@ srak p?ésgxﬁ%vén't\iﬁ’%lfa%‘ (gn Ly §20 may

sarrp es are shown as si gna COI‘ I Ng

wmmﬁ@%@%%%@&¢%&@%%%%%ﬂ&%wﬂw%%
o R T o 500 St B

used. In addition, phase conparator 320 nmay provide a

when 3 frgpiion ot ghel mugﬁwpuragmﬂmpm englheofsismliIPOPKase
of signal CLOCK. In one enbodi nent of the present

approXimatefy betweep Hd 86| andrias) afhervaR2K may cormespomditbe phase angle of
sanpl i ng phase of signal CLOCK nore when a transition

signal ULOTKINlerd IttdhsitiORS o gl INBPUIT RPASRiAMel &fﬂfég
s CLOCK apgfom rra?lelly betgv\l}gaen I XI gﬁ% th gﬁo%c aé}ﬁ'11

mw%%%&@@%%@%@@@%ﬁ@%&@ﬁgB

et 1 S AL G, R SRR B BB 2inh 5

oxi mat.el y occur, the signal 10 I NPUT may have .

For exaﬁ ey qng dmplementatione theaipliie 05 pan bwpﬂ@gmmt@ﬁ'&%qgrﬁes
respect to FIGs. 1B and 1 Q A larger value of X may
althougteotgﬁo‘g@wsmnbeausgdm ler transition region is desired.

[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
WO 2086@237080021] For exanple, FIG 4 depicts a F&HUR003/027499
transfer function of a phase 15 conparator 320 for a

sanpl i ng phase of zero degrees and transition

[ign at 18 rees, in.ac ce wth an
0022, O TER 8o, 15 B e BPOR Goeie ol abpsg amets
if a transition of signal |INPUT occurs anong phase
of Slgaﬂﬁ@c&amxwatemwem&éﬂ@%% egrees, b@sm@mpamgm 33Aanay
- X, phase conparator 320 nmay out put signal |ead/lag
outpuhafgilai dead/lagrhgring admgoiftude oftlotosdpeed € ggph AL LG dypyhase amount
phase anount proportional to L (which may 20-

PropofiinabeI0 (Whitk nﬁl(s:bﬁ{egadﬁh% g sttah:avﬁer@ fRlsi g NPEPURA8ads e
si gnal CLOCK) n this exanple, if a transiti on of

signaBEE0elO DA ltémé@r?- “%ﬁlﬁgﬁ%‘@?onpgr Senitbhe
angleq B PLOCK o @V&%ﬁ%ﬁ@&@%@egg ”ké@‘ﬂéeawaama o1 320

roportiqQnal to M ( may correspondtoastate
may f\ﬁﬂ)@? agpﬂée%ﬂl@aaﬁvmmpwa%@e ¢, wheps M >dr.degpecdeigapl
2004/ 023708 PCT/ US2003/ 027499 [0022] In this exanple,
CLOGHK by 2 phagesindush proposiogabio M Phith ataynosresponigo phtae where the
angl es of signal CLOCK approxi nately between X and
signal IRPUdHlgadythe sighslGL.OORpar at or 320 may out put signal
| ead/ |1 ag having a magnitude of L to speed signal CLOCK

[0023]1PY @ PPASS GPRUSSn eRMBNOHIBRBhtatich J)f}fk{a‘é\@b%ﬁrp Mor 320 i in

correspond t0 a state where the signal NP eads t

h transi
accordin® AAF pn alfEient Bl ohesEARRcRon, Endle S grofboThay
. CL rOXI en, 0 degr ees hase .
includg Bl caBroArD 5| g st PR e a2 i L

magni tude of M where M> L, to speed si CLOCK by
example Emﬁieé Tanabions opyispy lndhdga @nd\AeedwlagB n%a {regpRctize phard

to a state where the signal I|INPUT | eads the si gnal
compaGit@EI] DA 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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10 [0023] FIG 5 depicts an exanple inplenentation of
phase conparator 320 in accordance with an enbodi nent
WO WP4/03380%r esent i nventi on. Phase conparat or 3POI/IFE3003/027499
i ncl ude phase conparators 510A and 510B and adder 520.

For exan‘pl e, FIG 6 depi cts exanple transfer

of sign eadA/ |. a adB/ | agB t hat
signd) Sl Moot Jmsipa don Q90T Bl 4 ey repibeertiigum of
l ement. 15 [0024] For 0, 180, and -180 degree phase
Slgnaéﬁqgﬂ@%’litﬁA andyieadB/ phase conparator 510A may
conpare the transiti ons of signal INPUT with
[0025] r ansi t Emhofphase cingasdtors CLOCKna G H0B mekiycsd ienpMiaéhed as
the transitions of the signal INPUT |ead or |ag those

Alex@der pibgRgbakd e(cﬁl‘éﬁfﬁs @ﬁﬂﬁssﬁf&ﬂb]ﬁﬁeﬁtﬁﬁ&%f afhgﬂexander

Herei n, signa represent a version

phaséd&é@:%)r 1%%8%@?(@135@61{15 Ergtéégﬁé Pﬁ{ %aﬂsig[ .§Fe2(%mg$ & ar'i] %cle
e AR s s

may corrpare the transitions of si gnal I NPUT
OCtOWt1ﬂ7§ranS| tions of respective signals CLOCK+X and
CLOCK- X and i ndicate whether the transitions of the
[0026ki gnal Hhifd fomhsraatorsrS 10Aprklrsd ABimayomeputod gnadsipadAllassh and
signal s CLOCK+X and CLOCK- X (such out put shown as

IeadBlleghl B3 halpB520.TAddd: R0EZHRNAi0RAT RBARGE T,AJ%%@ @ga/d@?-ﬁéﬁ %nd

signal lead/lag (having a transfer function depicted

J | s | eadA/ | agA
provideME stin i kiedB éleﬁ%%ééfﬂ gEpaush (i -ﬁpir ators 510A
Al
R AT o PR it et o
| ement ab of an Al exander 5 phase detector is
PhaSE&ggeﬁﬁ%& %%aé&ﬁnvam 330 18¢Y ¥jdonggmove pharge finmeslaekiggnerator

in an article entitled, Cock Recovery From Random
310 iy AaRSUISIRPRAPEToudb treesign (popitiye o5udEasNe) and magnitude of signal

lead/lag. Charge pump 330 may ouiput 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.



Cct ober 1975. [0026] Phase conparators 51 OA and 51 OB
‘Nongﬁ outgut signals | eadA/I agA and |eadB/lagB to adder
s89Y 2 N(der 520 may sum signals | eadA/ | agA anBCT/US2003/027499
| eadB/ | agB and 10 provide the sum as signal |ead/lag
to charge punp 330 (FIG 3). [0027] Referring to FIG
00281 char 0=y | ead/ f
0035) b1 TheBHTISEORRY 5868 MEo R0 ol LR v

se conparator 320.

: Vg char [ l.ock generator .310 in an anmpu
e b O B R 1Y nesins By these
gﬁ?nitug$ f signal . | ead/]| ag. Change punp 330 may
SPECYft PP g NEMCrSF RETIRORE, Whiethor gxpliciily glveh die khegpreiiiaation or
15 310 to either increase or decrease the speed of
not, suchrig diffyrames irgrocorandimension, anh asged matarip, a8@ossible. The
receives a |lead indicator, signall CNTRL may correspond
scopt of theanegmmtiandk dtilemst sbroadiss ghacky geFelAtaE cBlfst O
i ncrease the speed of the signal CLOCK. Conversely, if
charge punp 330 receives a lag indicator, signa
CNTRL may correspond to renoval of charge fromthe
cl ock generator 310 to decrease the speed of the
signal CLOCK. 20 [0028] Loop filter 340 may transfer
signal CNTRL to cl ock 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
Al t hough a charge punp and loop filter conbination is
provi ded as an exanpl e inplenentation, other devices
may be used to selectively transfer signal CNTRL to
t he cl ock generator 25 310. 8 WD 2004/023708
PCT/ US2003/ 027499 [0029] The draw ngs and the
forgoi ng description gave exanples of the present
i nvention. The scope of the present invention,
however, is by no neans linited by these
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speci fic exanples. Nunerous variations, whether ¢
explicitly given in the specification or not, such as
WO Hi04/987¥hces in structure, dinension, and useP@F/US2003/027499
material, are possible. The 5 scope of the invention
is at | east as broad as given by the follow ng clains.
CLA WO 2004/ 023708 PCT/ US2003/ 027499 CLAI M5 What is
imed is: 1. A nethod conprising: providing a phase
ari son between transitions of first and second 5
Whafs nﬁwlgdlsv\herel n the phase conparison is greater in
rmgnltude for phase differences between the first and
1. second Aimgthdd ¢cdmprisimcur approxi mately between 0 and
| X1 degrees of the second signal than for phase

di f f er eneeRliddes pRLe cb 1i€mfsbﬁ Bétwedh &af@ GO b AU second

approxi matel y between and 11801 degrees of the

TR WRERAF e pheh Ak Bl M nRbn i BEERRE,
Sidfapncs e il ﬁ@ﬁa%f? et el %Evéﬁhgﬁ%iﬁnigﬁ%etwem 0

adj é?_?él ng co ri ses adjusti ng t he tghase of the
| He saepndipiamat th mhqurnlsrseﬂdlf Yenges heteen the first

ma nltude of the phase conparison. 3. The nethod of
Claatﬂ second wheme bapprociinstelpimtozd i ehd/[+980/diegreee of th2Qecbnd
The nmethod of Claim1, wherein Xis chosen based upon a
plizasai;r egi on of the second signal in which
transitions of the first signal primarily occur.

adjusting a phase 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 région 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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5. The method of Caim1l, wherein the adjusting

conpri ses adjusting the phase of the second signal
%{’énga”ﬂ?)on t he magni tude and sign of the phaB€T/US2603/027499
conparison. 25 1-0 WD 2004/ 023708 PCT/ US2003/ 027499 6.

An apparatus conprising: a phase conparator to conpare

phases %@%@@ﬁﬁgﬁ?ﬁgﬁgnd signals, and to provide a

phase c erern the phase conparison is

greater iﬂ na%nitu e for phase- differences between

the fir&Pagesoup tQ CORBtrePhages GEELH aughisicand rgrals.yang to
between 0 and | Xl degrees of the second signal than

f oPTO¥HiePIese eampanisen, Whersip dhe plahecdmpasison roigrestenindnagnitude
signal approximately between | XI and 11801 degrees of

t hior pheseadiffershepsdictween secfintasi goald Soul eeit bec uhpkimately
the second signal, wherein the second signal source

| Shdtweadld uad X} eRbASRNOtechhe siERARG R gﬂﬁb d@f?&@ﬁjce# @?ﬂveen

t he phase 10 conpari son, wherein the phase conpara

ol e S ookl Signef proi ARl WASER PR 1 8 FEer e
phs%g(gnqﬁ%gjﬁﬁ_ri son and to provide a control signal

bas t he phase conparison; and a filter to
integrate the control signals and to provide an

i nst r uct 155004 ggre sourse tosapidhe segpnd sigualy wherein thé scngad
the speed of the second signal based upon the

i ritggt sauromis 17 .adjfiisethaphaseatiulse wtokd sl Gasddarpen thd figise
phase conparator conprises: a first phase conparator

t @onwpatisst; whease thephald@nipaffbr 852§ O M HOHS:E baled upon
20- approximately O, 180, and -180 degree phase angl es

OfthSF1eRB Adfabid dbcoRl Jight);
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
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provi de a second phase conpari son; a second phase
conparator to conpare phases of the first and second

WO iogn768 at approxi mately X and - X degree phaBeT/aAzi08627499
of the second signal and to provide a third phase
conmparison; and t-1 WD 20041023708 PCT/ US2003/ 027499
an. adder to sumthe second 3 d third phase conpari sqns
and, ba¥edghiorsuaige serond gy &HM ¢epRisgagand, based upon
conparison to the charge punp. 8. The apparatus of
Clth¢ s, toireyide thetpheseswopanisyi igrihe chasge pemps to adj ust
the 5 phase of the second signal based upon the
magni tude and sign of the phase conparison. 9. The
apparatus of Claim?7, wherein the first phase

8. conpar atRy afna s TeSaif b, WHePeiR B IecbPS ol 88 ce is to adjust the
conparator. 10 10. The apparatus of Carm7, wherein

{ f r ri .
phasc 138 SE08 ARG AL IR, B PR 3 SR ¥ o s goraparison

conprising: sanpling a first signal according to a

phase of a second signal; and adjusting the sanpling

phase of the second signal to a phase where

t r ansi thhsrapparatusied Claimst, wdicrpimthedffret pliape oxthparater gomprises an

| east likely to occur. 12. The nethod of O aim 11,
Alexantierriype phise cedtjpasitorng conpri ses: provi di ng a phase

conpari son between transitions of the first and second

20 signals, wherein the phase conparison is greater in

magni tude for phase differences between the first and

second g t i I .
10. S dears a8yt AECLEAT, bHBRE B TR e LR atoPoltifises

an Aléj)ga}:l&eel'[t%g gﬁasg%gnmfagrgtotr.he first

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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and second signals that occur approxi mately between
1X1 and 111801 degrees of the second signal; and 25

WO H@# B8 g a phase of the second signal basedPQsupR0DY@27499

13.

phase conparison. 1-2 WD 2004/023708 PCT/ US2003/ 027499
4 13. The nethod of Caim 12, wherein the adjusting

t he phase conprises adjusting the phase of the second
signal based upon a magnitude and sign of the phase
comparison. 5 14. A system conprising: an anplifier to
r ecei velle mpthed ofClyimai1 2awheren thapdinsting the phasegomprises
signal ; a phase conparator to conpare phases between

adjusting thd phese of the atcond dignaldmsainponsi maglitndaand sign pif the tase

a phase conparison, wherein the phase conparison is

compgfieat.er - 10 i n magni tude for phase differences between

14,

the first and second signals that occur approximtely
between 0 and | XI degrees of the second signal than
for phase differences between the first and second
signalé@ﬁﬁﬁoxinateLégbetmeen tXI and J1801 degrees of
the se ?P&ﬂ PUSIE s econd signal source to output

t he second %gnal, wherein the second _15 signal

sour ce a&diﬂlé& &1 {ojEcaivRs Brsh signpland de amplisy de dirstisignab
upon the phase conparison, wherein the phase

conpar dtphasd epnimratentplcomphze [fliasestbesvermahe Fiest signalpaxd a second
t he phase adjusted second signal; and a |ayer two
prsigmel and td grovide @ipkigsctddgnpatisei, Whatein WO phASA¢ddgshfiaBn is greater
PCT/US2003/%27499Ip A pHR &

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 signal approximately between |X| and
{=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.

I3
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15. The systemof C aim 14, further conprising: an
optical -to-electrical converter to convert an opti cal

WO ¥ogpi704 nto an el ectrical signal and provi deCT/H82003/027499
electrical signal to the anplifier as the first
signal. 5 16. The system of C aim 14, wherein the
| ayer t roces . C ises logic to perform nedia

15. scvess ABREYHIm PRCESRIM WHES SEMIISHIEEE 802, 3. 17 The
systemof Claim 14, wherein the |ayer two processor
conpr i s&&opiengi-to-elegiripa comyarien st ¢apabrt an aptiead stenaleintoark
de-framng in conpliance with ITUT G 709. 10 18. The
s ydearcalfsighahamd frdvidetteredonidah gighalyte the avaplifiep @e gmofirst signal.
conprises logic to performoptical transport network
de-wrapping in conpliance wwth ITUT G 709. 19. The
systemof C aim 14, wherein the |ayer two processor

16. CONPIi SPRe LRMEor é]gmté 94 RALGNL Thd ﬁ&%ﬁ)ﬁ%ﬁ{&%&r{oepﬁ%s_ logic

correction-processing i’n conplian
.. The.system of Claiml14, fuft rising a data
t°Peﬁ%@“PE%F%%BﬁﬁgoywﬁdﬁFgmm ?HHWPhﬁﬁﬁ§§@£ﬂ£mo processor
and provide signals to the |ayer two processor. 20 -
21. The systemof C aim 20, further conprising a

switch fabric coupled to the data bus. .14
17. The system of Claim 14, wherein the layer two processor comprises logic

' to perform optical transport network de-framing in compliance with ITU-T G.709.

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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