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CHNI ES TO ADJUST A SIGNAL SAMPLING PONT Field
P‘gbﬁ’ﬁ" M8s invention generally relates to tecRAT§S203/027499
for adjusting the horizontal 5 sanpling point of '
di storted data si gnal s. Description of Related Art

ai st of t FECESIQERS P BRI 4 FORAT, ﬁe‘k@ﬁﬁﬁé%ﬁ

signal fromits |deal ti mng position. is desirable
to transmt signals 10 having a n1n|nal annunt of -
jitter, but non-ideal conponents of a communication
FS tem inevitably distort the data signal. The
ﬁgiitortion may be a deviation in the anplitude, tine,
or phase of the data signal and may cause errors in
the recovery of data within a receiver. [0003] Jitter
(0881} be di Thisényentinrogepgrplly aelatosiq ieehnéqueg firiadiisting thechorizontal
caused by wunavoi dabl e noi se sources within the -
samydingmpivd nfldic@d)ted date sighalsstic jitter (which can be 15
caused by non-ideal data signal transm ssion and
processing). The randomjitter conponent is
consi dered to have a zero-nean gaussi an (bell-shaped)
di stribution, whereas the determnistic jitter

DERIRIIG W Riped A¥e both a discrete and a non-symmetric
dir stributi on A conventional receiver nmay show

. 9@?{ 2‘363. S bAoA e B8 YGH6; Bt g Afopiderm
it of Skt SRR g e B OB AS  Rigpets

S| gnal s (I abel ed CLOCK) generated within_ the receiver
haype %@éﬂmﬁl@%ﬁw@lﬁ%@m @e@ﬂeebcqmmwn% 04 A PEINIBHFLIPR Fystem

associ ated transition_ _density diagrans of the._input

 inevitphly distori thodataisigepl aFherdigtorign mephe a tierdatmingbe ginplitude, time,

time 1 2 MAR 2007 | WD 2004/023708 PCT/ U82003/ 027499
oriphasecofaksJatofigadl ghdinalceXdé endorstithdrebovang bf dn svithin & Reetver.
i nput signal occur. A transition of the input signal

[odo3] €. . 2 J5ir irfay e @Ridéd mtcp(zp fandBfn gftfe? fWhih ciPbe Qa&ed@y

be def| ned as a crossing 0% | evel . [0005]

undPelBait oS Lot Wil ' sHaa0y S{d (tzy BSeR0ARAC ?1&@?’(%51&&9«5&1 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 (¢} associated transition

b}

density diagrams of the input signal. An eye diagram may represent the phases (i-e., time
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"5 regenerate the input signal. For a description of ¢ igvz MARZﬂU?

Al exander type conparators, see for exanple
Woe904/@23708 Letters by J. D. H Alexander in anperuszioso27499

entitled, Cock Recovery From Random Binary Signals,

Vblune 11, page 541-542, Cctober 1975. In sone
stens, AI exander type conparators align the 180
pesofsignab CbOCKha vhickoiarsitims of theiiet sigaaknsgir. of t!tan@tlon of

maan of the transition distribution and sanple the

 thierigput sighaliat., 4hiffom 0t 8F or O} TeRred midsedafineths a crossing

CLOCK signal. Such sanples of the input signal can be
ofkp€902/,t1evd egener at e the i nput signal. [0006] FIG 1A
depicts a so-called "open eye" scenario with a

O8] ®! U bR LR, AR, B0Bhask Bl lbre rcnsedto
B B LR, PSR e e

15 of the input signal occur primarily within a narrow
exsmpieticelgminLetgneby I A2 H.oblexpngenia an gritplecnrtiednelosk diegpvery -
CLOCK is aligned with the peak of the transition
FrdirsRaridont Binary Sifrealy 8obumé 0), piee f4le54i) xtobef 1875 nkl some -
CLOCK may be used to sanple the input signal. [0007]
syblefds, Aleﬁmﬁﬁptﬁ& §oﬂp&hﬁs&§£ﬁ@%é\'f% SgBRhadd\6¥ the CLOCK signal -

so- caIIed ‘cl"osed eye" scenario in which transitions

WR’?“*%B’ o gna B b pRihe Rl P‘yb?“%"“h%ﬁ’e%ﬂﬂ%@%%ﬁ aﬂ%ﬂ%?g%ﬁl at cach,
Zef‘? O PR RAsA B s CTE R Bidte, Sich shERlan i 08 innf fEdal oan beused.

onparisons may indicate that transitions of the
tOT‘Fﬁ?B?faEeltE‘h’dlﬂ’meﬂ@j‘bently occur outside of region T.
Region T may represent a region of contained-

[0@06hnsi t i GHGd1A depibtstaisorcalled tdpeniepelacemsirpredth alnonirbiusn to zero

scenario, sanples of the input signal taken at phase
{ sigaken whivhiransigioss of 06 tnpaf sipid obtpprinZardly MAMRIn a narrow
2007 WD 2004/ 023708 PCT/ US2003/ 027499 si gnal occur.

phhée xégiﬁﬁ k@dwalas tdpod TP %éﬂrﬁﬁﬁion@iﬁn&ﬁi@ﬁ%ﬁre smeaé %a‘@musmons
I nput signal” may be 1nproperly sanpled. [0008]

of ﬁ{e%%l#t Eséé‘e ncgdcﬁ%ﬁjrﬁgl‘lvﬁ%yl %151530\;/ hﬁ'sre'}c%?n tZ ﬁ@?en(tﬁg% 80 degree

ransi I ons

may indicate that the transition d| stri butlon of the
(0) destac phasgrafisisnaGLAGK may be pied trsamplathe mprhigeadnt er
of region T. Furthernore, one of the edges of the
[oaomput si @@l IBTﬂqpldJeaslimp@rNBE digmalrand wesohcatled Fclesed dyah
the opposite

-sce;nmo 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

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

_samples of the input signal taken at phase § may be taken when transitions of the input |
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« "blurred' transition as depicted by the transition o 0 MAR 2007

distribution function. In this scenario, the '
wWeroose®8 phase of signal CLOCK may be al i gnepowokiosz7499
one of the peaks of the transition 10 distribution,

and sanples of the input signal taken at phase S may

be made at a tinme when the "eye" is not conpletely
SEehocons cHisamnlgs pf the Zimpk signal faret taken atphasesy, grednpuissigrabmay be
inaccurate. Brief Description of the Drawi ngs 15

ipedpefly siesled] A- 1 C depi ct exanples of a clock signal,
an input signal, as well as associated transition

douspi {y diraQy fTBepit QM byl ic oS b, 87 EXAICERlo in which |

a receiver systemnmay use that sone e

 HASEOREOR, ol SO B ol g R St Byt S S

0012] FI. G

A tion.in-a sanpling phase adjusfer. | ] FI. 4
GRUTR; 1n i Sherto, phask SPrmbansons may sndisat gt Gransition distribution

comparator in accordance wth an enbodi nent of the
thedapit signabdnes ont have dis ajaxipngn istheepitet of mgionTarirthermore, one
i npfementati on of a phase conparator in_ accordance
ofthieredges efithoitipresignabinay be spegsant niofy #8llidefinedhhh thepposite
MAR 2007 WD 2004/ 023708 PCT/ US2003/ 027499 [0014] FI
‘Blugegieingition avBéRetbd B AleQFanfitbs Histibutioh ALRAGE/ ASR RB8Frio, the

| eadB/ | agB that phase conparatars nay I nplenent, in

R Al T P —

rs in differept .figures indicates_ 5 the sane or
AR =eaﬁ@ﬁfi@.1’{ef ofte b S epA SR Plygee PaBashe pate at a time when
ex‘anéqj e, FIG 2 depicts an exanple receiver system 20
then s¥e i ot canpleighopenh A asardingly, ssmplesoffheinpht signal may be
_invention. Optical-to-electrical converter ("Gs") 22

magewsgly- convert optical signals received froman
optical network into electrical signals.

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 example of a receiver system that inay 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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.+ Al t hough reference has been nmade to optical signalsg : '
J P J = 2 MAR 2007

the receiver 20 may, in addition or alternatively,
woeeeiesmkectri cal signals froman el ectrical m'gggdogsmgngg
network. Anmplifier 24 may anplify the electrical ,
signals. Re-tinmer system 25 may, in accordance with an
enbodi nent of the present invention, ust phases of
I ock S Fiftel depsatiiencenmlo rpnsior dwapioss oEIsHEATInga. mad ToadB/lagB
input signal. Re-tinmer system 25 may al so regenerate
teit pbaseicomparataynmby imslement, e cadamleasith nerhigliment of the present
regenerated signals, |ayer two processor 26 may _
Renfigy m media access control (MAC) managenent in
conpl iance for exanple with Et her net described for -
n’pl e e
r K ( &JK% t'hgfelﬁg r§£ %ﬁ; ﬁéﬁggeﬁlgg eﬁs fnadlff%r{aﬁ‘tnﬁﬁl%s indicates
&g&‘@ Irl}ge for exanple with ITUT G709 forward error
HelsBePEC) processing, in accordance with
I TUT G 975; and/or other |ayer 2 processing.
Interface 28 may provide intercomunication between
| ayer two processor 26 and other devices such as a

* Detriled Debatipfien (not depi cted). Interface 28 may be

conpliant, for exanple, with a vendor specific

oot i - SOUF&%x&ﬂpE:ePRPtZ deiiedy aﬁé}@k@i‘é’ﬂeceﬁéﬁyﬁéﬁm 1Bgt may use
described with respect to FIG 1 no nmeahs limt the

B8t e atRtR itventiof, ?ﬁﬁ?ﬁ 9% ém‘?@@sﬁ&?l%ﬁgr?@%”) 2
méﬁé%?%ﬁ%&”@é@%é@%@ﬁ% 5 PP et i el Stgnals

ccording to any standards, [Q017 FIG, 3 depicts in
ABheigR refeEgPabis tseRimaAe EnpRiurhagmal %hlqlﬁ%el}ﬁfé@éﬁ%’: in addition or
invention in sanpling phase adjuster 300. Sanpling
alMeladqeggy@ ele@aioal n@pahcﬁ:m tn glectBicalaagial ngfwokiasamplifier 24
an input signal (shown as signal |INPUT) so that .
mspanpksy thd clectgiodlsignbIiSUR eriinierlisia@Qs ab g iy adtdeanct With an
accordance with an enbodi nent of the present

erhBBARAEA O theSRERhi 1H%rﬁi&ﬁs§djﬁsqlgﬂ§&§ﬁf é%%cﬂa%nﬁ%y&% o &alifple and

sanpllng phase (e.g., zero0 degree phase

r
.ogﬂcael aan%lggﬁl R, El%éle?ﬁ%%{l &5 tﬂ‘%? gigsgu : gen%arte[ %g%gélﬁ@nals using
exa t he sc ari o icted in FI GCs. nd 1C
'@MI}%W%@ fsg%a? ! GGERE BT R0diay bertonn idia
orresponds to a phase where transitions of signal
aceqqpennieal M QRandpagement du pomplianch ey exremst with Eﬁlemet described
accordance with an enbodi nent of the
for example in versions of IEEE 802.3; optical transport network (OTN) de-frammg and

“de-wrapping in comphance 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

R 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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« present invention, sanpling phase adjuster 300 nmay l= 2 MAR 2007

adj ust the sanpling phase of signal CLOCK fromS to -
WO.2004#28%8S' may correspond to a phase where PpCT/US2003/027499
transitions of signal 15 INPUT are less likely to

occur than phase S and where the "eye-opening" may be

1egkf heprssghiny efiongeaxeeysed ] Forgrauiple, reoehvier @@ may be

largest  (i.e., the phase in the eye diagram where the
epbpg

- maybe greatest). [0019] One inplenentation of sanpling

aghapigstogeseiiet wirelSB®r mng-linecli gids amcaldbgito age seidirdy, 310,
phase conparator 320, charge punp 330, and loop filter

[®49. C ocKIQ® d@eneindlek BiEamBymd th Bitbod '
(shown as CLOCK). C ock ge%%r ator 310 n%ynﬁggfﬂl}gtéb%ﬁ§t

e e LS Ol U N
, t : ' VCO 3 -
= e e SR bl SR e o Hi NP O s DeSmelegeigna

be ysed. [0020] Phase conparator 320 may out put
A Q5raceyraiss madgpirr apenndance wifhan enimdanens P& thegresent
. Sshown as signal OUTPUT) tined according to signal
Ingertion, sanping rdas w@ivskR300 0%y AdiDsPhe 4ahRiE0fhase (e.g., zero (0) -
PCT/ US2003/ 027499 i npl enent ati on, phase conparator 320
dagese plasg)lof sighgrGILOCKIRYA phbsez@il: Whbke H88iRs oP SRAGSNDUT are
the signal CLOCK, although other phase angl es maybe

lestSa€ly doruce@di tion, phase conparator 320 may provide a

signal (shown as lead/lag) to nove the sanpling phase

si gn o) nbhodi t. t r t ,
0P8 ot o O SraBe, e RS SRR n 8164, ] SR Yoo sammpting
LN f signal CL nore when a transition
pl’%?en@ Séﬂ’%ﬁ Bﬂﬁ?ﬁﬁ&ha%ﬁrcgrrm figmphase whetedmngitions ofmgnal
OCK approxi mately between | X) and 0 than when a
H&kﬂn@‘ﬁéﬁéﬁ' te peairg fuihis expwple st ancerdantdvith phasbodinghes the
of signal CLOCK approximately between 11801 and | X}.

~ preprat ipugniion)sampling phase afjustdr 800 map hdjae: the gdreplife phetdi@fienal
uT

- CLOCK where if transitions of signal |NP .
CIEK diinnStte Sy, PlegelB; nifeobmpond tolé)pﬂéélé’b{ﬁeféﬁyan%%tﬁ%of signal

properties of a closed eye (such as described w

INPBINSE lesh Bkdtl @?occﬁleth!aﬁgﬂasle@ and bk %%“‘#%Lb*e?%s'x?%’ exé%)?%%l_argest

be chosen when a sma r transition region

£ e BRI e 045 BETER 5 it B Bl Bt P o

appr

-valﬂg’seglhy be greatest).

[0019] One implementation of sampling phase adjuster 300 may include a clock
generator 310, phasé comparator 320, charge pump 330, and légp 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-controiled 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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.« 10021] For exanple, FIG 4 depicts a sanple transfers
function of a phase 15 conparator 320 for a sanpling = 2 MAR 2007
WO2s6/Rb7pger o degrees and transition alignmentpdfgdhisnzzao0
degrees, in accordance with an enbodi nent of t%e
present invention. In this exanple, if a transition
_of signal INPUT occurs anong phase angl es of signal
igpleaikntapipn, grhiseatoaiparatdreddNeeay safPle sgwhl RNPITas eero (0) degree
conparator 320 may output signal |ead/lag having a _
- phe@sof 16Rigakl CLOCK, shighiofitabhdsh GhfedMap b haRe 1AHRSRbD, phase

proportional to L (which may 20- correspond to a

' I ' L, C :
PP b ARl N 300 2301 s o

InN"thi s exa

e has ngl es. of signal '
SRR SRORRT ditghe Babodanlr dinpreeeht fygation, Bhgss campraipz 320 may
may out put signal |ead/lag having a magnitude of -M
meve the sempling phase of signali JHACKamervhey adtapsition of sigualttNPUT
proportional to M (which may correspond to a state
ogdvey withinghssegrmgles oRNBigiTall GIBCK hippok nstly GetXaeh |+ X) ahdARan
2007 WD 2004/ 023708 PCT/ US2003/ 027499 [0022] In this
whegamassitiod ofEigdabNSPUT 06186 withBiiMasd MMRIEE SFSPAABCRODRY
phase angles of signal CLOCK approximately between X
ROHAR5REE B A6, IRE SRR Bop O B e o

sign a magni
-S] I by a ase .ano oport.iopal to L, .
sl oG s upitRies PR e Y, P atimali e pifisthe g
IQTNE]E'JT I%gds the 5 sjgnal CLOCK). In this exanple, if a
riah B14YihgYe Rrerertighal 2 slrpadeys digh &s dersrbedowil aespasige HIGs. 1B
of signal CLOCK approxi mately between 0 and X degr ees,
anghid e Aclorgsavalue pf Z20ay baghosen when s sgalkr tansition eegion is desired.
having a magnitude of M where M> L, to speed signal
Fgle®@@Kpley inaonp hiaplenmntatioh, the oplas X mebe igprodimakile b0 d8tees
correspond to a state where the signal | NPUT | eads

alfhbegis bitigedanfek Yadf)be ukBd.[ 0023] FIG 5 depicts an exanpl e
irrpTement ation of phase conparator 320 in accordance

i h an |t the- ore i_nventd on. Pha
O s at a5y TBE TR Al E8ble KRR udion BT fesen
510B.a der 520. For anpl e, FI 6 depicts
C"E%PS%?TQQP3’%&%&8}1’%@&&5&6&?&%%%zﬂl i) Flegmesthe 180
| eadB/ | agB, t hat . respecti ve phase conparators 51 OA
degregs: 38 BeFOFApCS Yish emsmbodiment obthe present invendigo, Inis expgple, ifa
degree phase angles of signal CLOCK, phase conparator
trapgitigpofisignal INBH ectiws atnuag phaseangles bf sipoal 1. OCRdppwixithately
transitions of a signal
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 léad/lag having a magnitude
- of -M, where M > L, to slow signal CLOCK by a phase amount proportional to M (which

' -inay correspond to a state where the signal INPUT lags the signal CLOCK).
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« CLOCK and indicate whether the transitions of the o
signal INPUT lead or lag those of signal CLOCK (such 2 MAR 2007

Vil 00/023108wWwn as | eadA/ | agA). Herein, signal CLECKUX2003/027499
may - represent a version of signal CLOCK phase shifted
by -X degrees. Herein, signal 20 CLOCK+X may represent

- a version_of signal CLOCK phase shifted by +X degrees.

X andn this eragmde iihagsitiongl signdfINPUnedcus a08Kg phase angles

"phase conparator 510E nmay conpare the transitions of

of signall CLOEK Eppicximbielybetwéon 36 aaf 180akpret, iphasesiqamairsior 320 may
CLCI:K.-I-X. and CLOCK- X. and i ndi cate whet her the.
dutpabsighd 96a/188 hivisg §hﬁgﬁlrude NP ko ke %%@EOCK by apliase amount

transitions of respective signals CL X and

Ao OR Ay SR BAEl A0 bl sl R s e

Vi At sfer function depicteed.i G 4) my
s LR L R Srmpley B PeER ofo e UBRY Gcebamonghese
a%5025 .Each_of Ighase conmparators 51 QA and 51 OB may

ef ot ERrk GLE K arprarimataiy betweehGiegl Kalagrops, ppss comparator 320
circuits. One possible inplenmentation of an Al exander

ngyphtpsibsigedl dexddng havines craghiduleiof Mg vdete Bk €, tespeed sighal

+J. .D. H Alexander in an article entitled, d ock

CROUTY by ¥ phiiserinkun &itioaildo S GALIEmay bR odd to PRAIR where the
541-542, Cctober 1975. [0026] Phase conparators 51 OA

» ﬂ[ﬁ?{@emﬂh@% ertCL%@K)al s | eadA/ | agA and

eadB/lagB to a 520. ‘Adder 520 may sum signals
dA/ | a | eadB/ 1 agB,and, 10 provi.de the sum a .

O T T s D nteraenioR aEPhage opagg 320 in
Referring to F| G, 3, charge punp 330 nmay receive
aceprdanee Vith an pogodipmsn Ofﬁﬁﬁg@S% HiysRte rPhaspcompripige 320 may
. punp 330 may add or renove charge from cl ock generator
inghide phasg gompataters §H ppwhdI0B and addert326. Fogexdrpas) FIG/ 6 depicts
or negative) and magnitude of signal |ead/lag. Charge
exauple B&B ardynctiohpof sigiagriahd CNER andeddB/ 1888 kit trsspetdre phase
cl ock generator 15 310 to either increase or decrease

cdﬁ;ﬁm@@gcﬂogfangisgoglm@u%meﬁgr exanpl e, if charge
punp 330 receives a lead indicator, signal CNTRL may

O LA AR G
| n 330 i . .. .
BB b A ASEENY O By oo s

@]

ge,.fromthe clock generator 310 to decrease the
-Clg‘ﬁ@gomsﬂn

igrde wihgthsy thejtrapgitions 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 phase 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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.+ 20 [0028] Loop filter 340 may transfer signal CNTRL d0i™2 MAR 200¢ |

cl ock generator 310 when the frequency of signal

GO tdbs/oz708 t hi n the pass band of the |oop filtegTadQe03/027499
Cl ock generator 310 may receive the transferred _
portion of the sum of signal CNTRL. Although a charge
punp and | oop filter conbination is provided as an

dgeatinad/laghavingrat tensfen funcberhéapiaied indd6. Apmnap ecpussentt £ sum of

selectively transfer signal CNTRL to the clock
gemds lbdk /1A AlDleadB/BagBAR 2007 WO 2004/ 023708
PCT/ US2003/ 027499 100291 The draw ngs and the

{00290 Ny JERAdrRhhRLAREIRX HIN S Sfod Hl%y BE Shfifinented as

I nvention. The Scope of the present Invention,

AU o BT TS50l TS RSG5

iven.,in the specification or not, such as ) ]
6 dstesterds dpseibed troblsteonicihatisReinoh D. b Igxender in an articl
material, are possible. The 5 scope of the invention
quiitled, (lecksRecoyenriram BendginBinary\Sigrals, Molldmoed hopagt 5# 1v842,

9 10 2 March 2007 What is clained is: 1. A nethod
Quolpril®75g: provi ding a phase conpari son out put

between | ogical transitions of first and second
[sé@pal s, WAAEEIdpaRRoR 3268 260 FPGS hﬁ%um E eafg JeadA/lagA and

greater in magnitude for a phase diff et ween

. . . h . I
a8 8 09, ASDBSON LS 8, A% SRR Beaqpoed
pRFUIERS sws st oo Do ctmedoumn o6TGedt cos, wherei n

t he phase_conparison output for the phase difference

heen t Referingto BiGyAashargespuen 33emayp rechivesignehigad/lag from
signal that occurs between 0 and X degrees is 7
phese-comparatn326f Cherpstpantp 338gmiyt adder randvd derghie® clock generator
conmparison output for the phase difference between
3101 dni ansduus irgP@pOrtRARE tHel siEd (HOsitiCorSREAML) Shd Adlgnfif of signal
occurs between X and 180 degrees is non-zero and of
1620/15, ANar FRSGS Y8 maMRRIpaI }fﬂ% ﬁ{mﬁ'm.o
-out%éut iag greal%er Pﬁ%n%gkﬁ%%g or glag aseE%i fel?%crﬁ;egemm

I [S [ | respecti second .

3R P fEals SRl B B PE BTl Oy T Shee i chiree
difé ence between.the first signal respective to the_
PdBg ﬁ fecgﬁva%%ie\yﬁrﬁ%@w%% sieral Y N TRk mayeogsapantidp charge addition to

degrees, wherein the phase conparison output for the
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.
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. phase difference between the first signal respectivé MAR 2007
to the second signal that occurs between 0 and -X
\Y@g‘hﬂ@'é@ﬂ% non-zero and of constant magnitude, PANVIS2U08/027499
‘phase conparison output for the phase difference

bet ween t he flrst si gnal respectlve to the second

gﬁal th curs b‘%ﬁ% nd -180 degrees is
Of- zero a FVEEH R ?félpt‘% 87V Gxasapias of the present

05|t|ve r eal nunber selectlvely adj usting a phase

yentiqe. The svawe of Hisdressatsiaveniionrhavryer, liskene mepas limibed by these
out put ; and sanpling the first signal based upon the
specibe exaiplen INunfrousheriatidrspethethercaxplicitiy givdigh diekpbtification or
sel ectively adjusting conprises adjusting the phase of

toesucts &Cdiffrent & ia birfdtudNdid¥RBE, nd ubs Qplﬂﬁt%iéxgln qxﬁ:g:»otsﬁﬁle The

magni tude of the phase conparison ouf put

> Aol LS U K S IT ten

and 180 degr.ees conprises a phase region of the

second signal respective to a phase of the first
signal in which transitions of the first signa
primarily occur and wherein between -X and -180
degrees conprises a phase region of the second signa
respective to a phase of the first signal in which
transitions of the first signal - primarily occur. 5.
The method of claim1, wherein the selectively

adj usting conprises adjusting the phase of the second
si gnal based upon the magni tude and sign of the phase
conpari son output. 6. An apparatus conprising: a phase
conparator to conpare phases of first and second
signals, and to provide a phase conpari son out put,
wherein the phase conparison output is greater in

magni tude for .a phase difference between the first
signal respective to the second signal between 0 and
X degrees than for a phase difference between the

first signal respective to the second signal between - .
X and 180 degrees, wherein the phase conparison output -
for the phase difference between the first signa
respective to the second signals that occurs between 0
. and X degrees is non-zero and of constant nagnitude,
and the phase conparison output for the phase

di fference between the first signal respective to the
second signal that occurs between X and 180 degrees
IS non-zero and of constant magnitude, wherein the
phase conparison output is greater . in magnitude for a
phase di fference between the first signal respective
to the second signal between 0 and X degrees than for
a phase difference between the first signal respective
to the second signal between -X and -180 degrees,
wherei n the phase conparison output for the phase
.difference between the first signal respective to the
‘and second signal that occurs between 0 and -X o
degrees is non-zero and of constant nmagnitude, and the
phase conparison output for the :




11 2 March 2007 phase difference between the first
signal respective to the sdéond signal that occurs
between -X and -180 degrees is non-zero and o&l
constant magni tude, wherein X is a positive rahprch2007
. phunber, and wherein the phase conparator is to sanple
Whatiis GF%e$|Sist si gnal based upon the second signal; a
unp tqQ receive the phase conpari son out put and
1. Ametho %wglag RECYRY ﬁcﬂha§§ ERIBPArisas @atpubwe%feg'ﬁﬁlé@@sﬂlons of first
and SeCOE H?IPS‘%'FFF%'Ot phasg compgason ity dsgealerinimagnityde fasa phase
difference; befwaen Hiedirstsignabrespretiumtq theseernd signal betwae and xriegrees than
for Pha%ﬂw epee befwears erist sigrablespredive ta the sesand ﬁ'%ﬁb‘@ﬁb@qcﬁl’ﬁ
between X 3)d 4 84 degiiegs.oyhanain t & CPBIPapRANIAPY! fs thesphsieg difference
between e dirst sianghrepracive 1dhe seennd signghtiit acsirsdetyeen Gand X degrees is
non-zero ap{f gbeqngtant magpitide. ancking Phage eamparken selpetfer te phase difference
between g digy s aHeﬁthV%wP@: 82454 signal fhﬁbowﬁaheaww %eng (189 degrees is
non-zero e"%%%ﬁswnf agpivie Wieshindhe paaser comnsEron S ipitiisgrgatey in
magnitude f F&p ﬁ%géfereé@ sreep tng Wsteanmi respaeivede thersepprd sigpabetween
0 and -X dgay iPra %ﬁa? diffgtengp p P%@ieﬁﬁh%ﬁ”')?t gignai mgpediivg ta the second
signal thaa% 8%’@3 §09ﬁareﬁé Wheseindee phasecamparpsicoutput for the
phase diffg g,bp n the grég%g,raal FISRS @th@dﬁ-H@»QﬁCg?d signal ¢t pgeuss between 0
and -X de, ﬁg dsNQJ-Z8rR@Ndl OF SQNsiant Magpibie. gpcbppgm@a% comparison output for the
phase diffgrance peivees the KskHgnal 5@8@@@%&0 g(gré% thag gecure between -X
and -180 deqioesiia nenetrny §irvand a%tdﬂ?ﬂﬂtiu%ﬁ"h%@ dna zagbye gl aupber;
selectively adiugting s phase of lesgacTshiugal besaiondemehasaompagern output; and
sampling DFEJHSttS!%’akQﬁﬁedtUBO'bFr@\ﬁe&@”q #ghghase conparison out put
to the charge he apparatus of claim7
2. The m QJuc!?“PHeWP?'iegtthB ﬁﬁ'§@tIV@b/rﬁﬁwsé% compgnsiaditingnthe phase of the
second SW %ABEMAUPHIE ProRoRias te z%faﬁa%&de ohthephasppyBpaiisgy oytput.
m7, mhereln t he second phase conparator conprises
3. The meH?P%]‘&i@an eW bergpeX 'S&waéfé("a@iﬁ@a%aﬁqsre%1o A system

an anplifier to receive a first signal and
4. The mefhipdiy lai"f‘ , wherein hedyeayy 4 ad 18Qdegﬁs§eorelef iBgaAdhgpe fagion of the
second si gCliyh 2 8.ohasa aféa%f" fohslopal i which frapsitions of hedfirsisgnal
primarily ogp rﬁﬂdw BN Pgtweshadand ?ﬁ%‘i‘%@e%%ﬁﬁﬁ?%ﬁh@ﬁﬁrﬁepn of the
second sighak respRetivado gRhges fefdhi)aﬁs sigpal duwpigh tragsitins of e firsf signal

iC’”ma”'y‘:’l‘f'ﬁ‘éfnltude for a phase difference between the fi rst

pectlve to the second signal between 0 an
5. The me Eﬁg‘a&@ hergin the %@@euﬂdﬂ@i%eww@ﬁ@éwwwhﬁm@%e of the
second sigha r%’ga m@%mt S @RE SRS i RNAGREPMPRIEORGIPU and

180 ees, rein the phase conparison _output for
6. An appar @Sﬁﬂ%@es'ag 4 ﬁ&@mpﬁ'@lt %ﬁomﬁérefnhagﬁs offigs gnd second signals,
and to pro ' SRy Off’eaftsr?@ ol eg%t% PhaRa COMPRIRCR OHRUpSHegfer In

magn'tudeafﬂa Xy %?{92%% M%%“\Sfﬂr% IRRLISEPGRYYM [0 the secopd pignabbetween
- Oand Xd g {ﬁrﬂ 6‘ﬁdt§fﬁf G¢ betyeenae Wﬁb%@aarqspe?tafﬁé%the second
_g'igfgfégge degrpps whereln Hle Rhas cempgisop QUIRYbIas ephpse

§F§ % ﬁfi ignal [rspetiive\ip die SECandisignas that Aemiry Betyegpg and X

. degrees is -zero and of constant magnitude, and the phase comparison output for the phase
difference between the first signal respective to the second signal that occurs between X and 180
degrees is non-zero and of constant magnitude, wherein the phase comparison output is greater
in magnitude for a phase difference between the first signal respective to the second signal
between 0 and X degrees than for a phase difference between the first signal respective to the
second signal between -X and -180 degrees, wherein the phase comparison output for the phase

~ difference between the first signal respective to the and second signal that occurs between 0 and

-X degrees is non-zero and of constant magnitude, and the phase comparison output for the -




constant magni tude, wherein the phase conpari son

output is greater in nagnifldde for a phase difference
between the first signal respective to the second
signal between 0 and -X degrees than for a pi'?i'@ h 2007

fgeiéfference betvveen the first signal respective to
phase difiegengebebvenining figsk sigaalespeciivefothe seropd \gealéhatmewé.bﬁtween X

and -180 degregp isRofy aml %?PnaWbm@g'f"&det Heergi 'é aRositiyp et BUMber,
and wherginte Base fomnaraler is 49 saaple fhesfpalaignabbassdiupen ecgisand signak; a
charge pupp, erieceiua fhephiage somaariopPutput 8nd t pevdea somteol signaliasgd upon
the phase,camparisop gHPHL AtItRRGANtegate thasent! sigpalangria geovide an instruction to
adjust thepjlase of Hsrseprcheignal Srsqdiengriae itegratios; ante serandsignat gaurce to
output thg $¢ d§|9§ﬁ%1lf"h? 18 SR ignchgrwer iSriel selpelivaly adivt the phase of
the secongsiqfiad baraden thednaifertion.go degrees is non-zero and of
constant magni tude, wherein X is a positive real
7. The appafiafisof cliy =i NG Phaspragigaraies conpiisest @ lishpase
Comparat%f@ qompare Rhasha Pl hedie aU%é?PQ“Hé'%‘é apefiogfately 8 180, and 180
degree phgse ghgles .agﬁéﬂ P@&@P@é"r%t@ha%%ﬁcﬁmartSHe 8aC9Rl PASGrRBMParator to
compare piases o therisstand sreeng sienals alepprainately X ans -Xdegiae Rhase angles
and to proyige A $eqond PR eonparispiand aRcddesioge the fissh and,prpond phase
comparisfiz:. BEIRIHPO8 S BHIP A Proviedha PhasresomRANSRt BiRdide the eharge
PUMP.  receive sanples of the first SI gnal 11. The system
of cI aim10_ further conprising
8. The apB%f pilis 9 Sl &) weaeinds figbphAspreamPew e SRTBFFesAN Algxandestype
phase compgll i nto an el ectrical signal and provide the
ectrlcal signal to the anﬂllfler as the first

9. The apRArgHISIof Sign 3, WBATER thyBecond p PhasReCyRAralRT BAMRIIses AN fpxander-type
phase co A®n the |ayer two processor conprises logic to

rformmnmedia access contrql in conpliance with | EEE
10. A systBg LompripRo: amam if Enegeive pairshsiopal AP ampiy e irgtsdgnal; a
phase corphasalor incasanare phegssitebueandhy first sighaland eriespid Hignal, and to

provide a ph Rarisen %tpkt WBSTeINhe RYsercarepasisPaARULIF grpaferin magnitude
for a phasg, dy[pgencepetween tag bt siobal respectiverlo fh%vﬁ%qo@fi figpalbeygan 0 and X
degrees thapfopa 85%%%? 6%‘?%@%“ ihsg‘ 7 siagabieppasiing b eagond signal
betwsen %ﬁh ?gfﬁ%% PLER e\Rhasn FgParisor Shipui iRn e Riipe® difetgee
between t ? |1 respﬁg I thsesend pighah thaf ocgpre befweeniian ndgy isynon-zero
and of co age sompgfisenoyinybfor Sienphege witiegence between
the first si E)tf"reé% theoﬁ?c %&I@g@% Hit preusH Bpfveam &&ingli {eR 1§ oryzero and of
constant e ih par@oglq“t%@ gregteniamagnifuds or gphase
_drfference eﬁ:pé @ gr ESI Balr" p(,v@ tgit sachng ﬁ;(gﬁgltt}@@m%@nq wodedrees than
for a phas sy gggql eglivedo thessgcqpd pighglg between -X and -
180 degreEeﬁ Ryt for|thg phasg diffgrengedietween the first
iggﬁsatgﬁs °st ?1 6%0 valqr@hthﬁs%quas Rebuipertlta <X degEeqs i BpR-ger and of

Uinu r en the

e e

and of congk @rﬁ@n el @%H%%téfedﬁﬂﬁ%l Mbep ﬁnsmscﬁm fhe phase

comparatog @Fn Eh Fr}évgqﬁ,sigual@qsg ugorbvpgss@cond signal; a second signal source to
wherel

output the Second signal, n the second signal source is to selectively adjust the phase of
the second signal based upon the phase comparison output; and a layer two processor to receive

. samples of the first signal.

~11. The system of claim 10, further comprising: an optical-to-electrical converter to convert an
optical signal into an electrical signal and prowde the electrical signal to the amphfler as the first

signal.




di fference between the first signal respective to the
second signal that occurs Bétween 0 and X degrees
than for a phase difference between the first
respective to the second signal that occurs %@?&52%”
and 180 de ees wherei n t he phase conpari son out
12. The sygipmy m eWh%ﬁef“f Bf Y BItWORTIRESAOR OEPrIPeSIdisiie Re] orm media

accesscqrg@b@ anese WHEIEESRA4P- si gnal that occurs betvveen 0
i S. non-zero and of constant nmagnitude

13.The s ﬂamtq{ & égew'fb‘%{ e SYPr WGRsRReSPRCoMpESehiagie 0 perform optical
transponapiwogf erramig insamplignee mith Jf U GA8P- respective to the
con signal that occurs between X and 180 . degrees

14. The syg %%a%waersm LAY ﬁ%ﬁ?@prfmlp@mo Befgorm opical
tra"SDortBﬁ'é@ék Q%H‘}Bad-’rﬂ‘%ﬁ cgtmppancewdthdflidt @709 n nagnitude for a

e difference between the first signal respective
15. The S?%ew?é C@éﬁéﬂdwwaﬁéhe faks%rttweéaﬁoczﬁesawomﬂa%?glp@e 4o pergsm forward
error COTr?@P”é’r‘Eﬂf‘ﬁ'Bgm ¢anlisRewiet MddnGi3 e first si gnal

ectijve to the second signals that occurs between
16. The Syi}(erg,p(gc!am@cfg bercompyipiag an interfRCe A SR Ve SigRals fedpm the layer two
processoz&ﬁcbqj'pw@ 81nalR o Pedeer ¥q PreFesseE bet ween the fir st

nal respective to the second signal that occurs
17. The Sbsé? b Rlagn Eﬁduﬂb@r&egweggg rsWHemtapee goumer! iort %&tﬁﬁa&ﬁt

ni tude, and the phase conparison output for th
18. A met wgggnar % PEWING, PORSS FOMPATIEQN Q4tpY} behutenEasiliens 9fef irst and
second signaly, yhezelp i phasg campaiizon asirul jsareler deaenitideipg a.rhgee
d'ﬁerence "e%‘sthpg'rsﬁ ignalesPestive i9rthe secand HInehiyat aGsHEs befween 0 and X
degrees thgHiopa phaes di areaa%P%tw\?%n thedisst signgbiespectiye toﬁﬁ@ Sﬁ%?’}ﬁ‘o?d@"a' that
occurs bepyyeen) X apg 1%0 degiepsivnesen §1e Bﬁ%i?rﬁﬁ%r@"g ogtput o
difference, R B 'Eﬁ Si9Rphraspevs oithe peqand sipng! ALOCEHT B %b%a”d X
degrees i 7§78 88 of B%%%‘ F@@PW%F“’ theePhage spmpParjsgRHtput for the phase

difference, thg dirst sigpalygspestivs toithg segond;siatia tﬁaﬁ oqurs\Mﬂt\gqﬁen X and 180
degrees ig 1P EFAS! gEn "ﬁgn@tdeswgﬁr&rn thg P aaléen PutaHHs greater
in magnit Rhaps; RNCep %ent 8drsl sigpa §SEQ§)H}S€“, al
between q - dqgreqsh an fof sgd ﬁgncg g epithgalin bsngp Fpéggct[y]e to the
second SI cu@ pen T wﬂ CEC degrges tvyrgﬁqgm gfe Qrﬁaéeicpfr@@nson output

for the ph rg{ ren g}w |gna| respective to the second signal that occurs
between 0 a Jges iS hon-zero an of constant magnitude, and the phase comparison
output for the phase difference between the first signal respective to the second signal that occurs
between -X and -180 degrees is non-zero and of constant magnitude, and wherein X is a positive
real number.

19. The method of claim 18, wherein X is approximately 90.
20. The methad of claim 18, wherein between X and 180 degrees comprises a phase region of

the second signal respective to a phase of the first signal in which transitions of the first signal
primarily occur and wherein between -X and -180 degrees comprises a phase region of the

. second signal respective to a phase of the first signal 1n which transitions of the. ftrst signal

primarily occur.




