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WD 2004/ 095768 PCT/ US2004/ 004218 RECElI VER SYSTEM W TH

ADJUSTMENT OF SAMPLI NG PHASE AND SAMPLI NG THRESHOLD
wo2@d@oH6$ 0001] The subject matter di scl osed hPCEUR2004/004218

generally relates to techniques to regenerate

signals. Description of Related Art [0002] Signals

transmtted through a communi cations systemtypically

experience 10 jitter. Jitter is the general term used

t o desRECEVERSYSTEMWITRUEBIUSYMENT BEISHMPLING Si gnal

fromits reference timng position In a conmuni cations
system |n an PHASE ANB{SANPLING THRESHQLDRt tine
increnents that are integer multiples of a bit
repetition tinme. In an operational system however,
.. pulses typically arrive at tinmes that deviate from
Field yege integer nmultiples. This deviation may cause
errors in the recovery of data, particularly 15 when
[0001§1at & | STR R inbfsh Blcldied BeRREETRralITNEIAAE YS BRI to
variation may be in the anplitude, trne, frequen or
xegmﬁgﬂég gg&this data. Jitter may be caused by a number
0 pfienonena, including inter-synbol interference,
frequency differences between the transmtter and
recei ver clock, noise, and the non-ideal behavior of
the receiver and transmtter clock generation
Descriptioniof Relatfd APO03] Regenerating signals received from
t he conmuni cations systemis an inportant operation.
ically, received signhals are sanpled and a replica .
[0002 in nal 1%%1131@%%%113{%51&%%%9& q%@n@aﬁ%}@ SHerm4ypigdlsf exgerience
.. reference clock. Accordingly, it is inportant to
jitter.pfigpieis|the gl termhsed @c@ﬂsv@é distgrizin causadiat vartagion of a signal
recei ved signal is accurately reproduced
from its reference timing position in a communications system. In an ideal system, bits

arrive at time increments that are integer multiples of a bit repetition time. In an
operational system, however, pulses typically arrive at times that deviate from these
integer multiples. This deviation may cause errors in the recovery of data, particularly
when data is transmitted at ]high speeds. The deviation or variation may be in the
amplitude, time, frequency or phase of this data. Jitter may be caused by a number of
phenomena, including inter-symbol interference, frequency differences between the
transmitter and receiver clock, noise, and the non-ideal behavior of the receiver and

transmitter clock generation circuits,

[0003] Regenerating signals received from the communications system is an
important operation. Typically, received signals are sampled and a replica signal is
generated using the samples and a receiver reference clock. Accordingly, it is important to
properly sample the received signal so that the received signal is accurately reproduced

(i-e., the reproduced signal accurately represents a signal originally transmitted through the
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(i.e., the reproduced signal accurately represents a
signal originally transmtted through the 1 WO
WQo4/08096%68 PCT/ US2004/ 004218 comuni cat i onSPCY/EEENG/004218
[0004] An "eye" diagram nay represent phase
transitions of a signal received from a
comruni cations network. In an "open eye" scenario,
commuEndidnsepsgernf. t he recei ved signal occur
substantially within confined phase regi ons. \Wen
ransitions aqf,.the received signal 5 do not occ
(0004} ¢ i’ &8P RAl S ST GRS PHESs tHgFoRE et et
sanpl e the received signal, a technique known as, .
a comygpniseliangneBT ke ln ¥braRsASHE’| sanaTiss tiapsitiersdof thiprdczivad signal
of fset conpensation refers to adjusting a sanpling
occuipdvistenvdllyt Wehineorfivableigregions| (M| trafsitionpuf the ysdetrad signal
of a signal receiver may experience a DC offset at its
do ndtptlr witieih dbifaledphasdrafiof8 Yo aRMS BcoabiOlrRhmylcan® RbeReAKignal,
vol tages of a signal output by such 10 receiver's

KO e RN oo B
o TR SRR S A050L a1 2

voltage at the receiver's input systemto cancel DC
[00050f f set Andhpubsisteh bDAiER] rodd Eer AR WxPEerRa AIDTC BEs&fat its input
the received signal. 15 Brief Description of the

termiRR R RAdyAQ0] asThenetyinSe 108k fvgfta%ag 985 gfagﬂ%lla(iltqlslir}gyl s;/mh

invention'is parficularly pointed out an

: i [ h [ rtion of the o .
receiford R s el ol RREMMIE AP Bt ket e Mg iting amopisier
ani zation _and net hod, of operatjon, together wth

DC offssldngblead fnaciuiate sieplingn/ At 156804 highdlofvericey (BES pifset
be understood by reference to the followi ng detail ed

cancei]@tl@égwyibgtuis%tqm@ﬁt thea@ltage 4 théweceivedsimpnysystem to cancel DC
draw ngs in which:

offset and thus allow for more accurate sampling of the received signal.

r )
);ecelved from

Brief Description of the Drawings

[0006] The subject matter regarded as the invention is particularly pointed out and
distinctly claimed in the concluding portion of the specification. The invention, however,
both as to organization and method of operation, together with objects, features, and
advantages thereof, may best be understood by reference to the following detailed

description when read with the accompanying drawings in which:

[0007] FIG. 1 depicts a receiver system that may have an adjustable DC offset
cancellation (vertical offset) and horizontal sampling point movement (horizontal offset)

capabilities in accordance with an embodiment of the present invention; and
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[0007] FIG 1 depicts a receiver systemthat may have
an adjustable DC offset cancellation (verti cal
wotdgeryresaand hori zontal sanpling poi nt novenmenPCT/US2004/004218

(horizontal offset) capabilities in accordance with

an enbodi ment of the present invention; and 2 WO

2004/ 095768 PCT/ US2004/ 004218 [0008] FIG 2 depicts
[0008pne podHGHL eepiotslonnpntsilile dnplefneatatioy ef awpyesidustarysystem in

in accordance with an enbodi nent of the present

accordAURRiktPIh erhORREniNTIRe pdagdnt UBRn@én.t he same reference
nunbers in different figures indicates the sane or

| i ke el ements. 5 Detailed Description [Q010] In

[0009%ccor daets that e efifhe pseeioiearccgrunbices igrdideight figures indicates
invention, FIG 1 depicts a receiver system5 that

the sampeyorHékeeelemerdislj ust abl e DC of f set cancel | ati on
(vertical offset) and horizontal sanpling point

Deta@@m&nt {tlwlori zontal offset) capabilities. One
5 of receiver system5 may include: QE
converter 10, transinpedance anplifier ("TIA") 20, 10

[0010pYe adjldterd&ys twath alsmbaaentd i Picopesmo mvétioy FlG. 1 depicts
backpl ane 50. [0011] O E converter 10 may convert an

a recé?{?& s9§’tlem' IS m8) SRR anl AARRLAE B@%fsyﬁancéﬁ&?% (f/érﬁﬂél offset)

optical to electrical format. For exanpl e,

and gﬁ%};r} t ﬁgr:ngilqg% 58%1;( m%%?rhgﬁat (???I%on a%loft?ét? Q@a%ﬂﬁiré ne? &%@lement

anplre wi ns or

nchrono tical Netvvork S ad/or .,
of recsw% e W SiTE 1§Plﬂ~‘§? (’%ée(io&?’%"ﬁ‘if @smm%se %%fa?ﬁger (“1a7) 20,
Exanpl e optical networking standards may be descri bed
eye afljustersysem Radayarddeqcssm 46, aobbackplend 8¢es for the
optical transport network (OTN) (2001); ANSI T1. 105,

foo11pY Nehr Qﬂfﬁ*{%ﬁ%ér%'m&éo‘?&% ah SRl kngfi? Sighial PR GEd RECRIVER

ncl udi

INPUT from optical to electrical format. For example, O/E converter 10 may receive
optical signals encoded in compliance for example with optical transport network (OTN),
Synchronous Optical Network (SONET), and/or Synchronous Digital Hierarchy (SDH)
standards. Example optical networking standards may be described in ITU-T
Recommendation G.709 Interfaces for the optical transport network (OTN) (2001); ANSI
T1.105, Synchronous Optical Network (SONET) Basic Description Including Multiplex
Structures, Rates, and Formats; Bellcore Generic Requirements, GR-253-CORE,
Synchronous Optical Network (SONET) Transport Systems: Common Generic Criteria (A
Module of TSGR, FR-440), Issue 1, December 1994; ITU Recommendation G.872,
Architecture of Optical Transport Networks, 1999; ITU Recommendation G.825, "Control
of Jitter and Wander within Digital Networks Based on SDH” March, 1993; ITU
Recommendation G.957, ”Optical Interfaces for Equipment and Systems Relating to

SDH”, July, 1995; ITU Recommendation G.958, Digital Line Systems based on SDH for

3
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Structures, Rates, and Formats; Bellcore Ceneric
Requi renments, GR-253-CORE, Synchronous Optical Network

W@ 3OMETY768Tr ansport Systens: Common Generic Cr i PET/US2004004218
20 Modul e of TSGR, FR-440), |Issue 1, Decenber 1994;
| TU Recommendati on G 872, Architecture of Optica
Transport Networks, 1999; |ITU Recommendati on G 825,

use on OPHchIOFibreQfabldst NeveaRd, Youadand/sk 11T E@hingdndbESNE 10T,
Based on SDH' MNarch, 1993;" ITU Reconmendati on G 957,

" ' { [ try: atin
NetwpfPRGie il BB KO AGE Rl At HTHERA iR SERT S)al 1 N0

Digital Line Systens based on SDH for 3 WD 2004/ 095768
[0012PCT/ USZDIM2@04 dthplifisan eactpdlifoahat Mot eig@alb|tes example, TIA 20

Novenber, 1994; and/or | TU- T Recomrendati on G 707,

may RIeEVE b kD dgyult Bheéftaae chdfert suieh Sineh k@ n emall Butput abltage (e.g.,
H erarchy (SDH) (1996). [0012] TIA 20 may anplify an

in thefdrBet &6 v iy, 'anltéAr '?6' f}{ég b li@PRinenfddlas BRI eddhR aﬁ%liﬁer.

may receive a s ut current and convert suc

current to a small output voltage (e.g., 5 in the
[0013pr der EyerAdjustarsystetn 30Fhay tplathetsdecimgal Srmat spubsigeal and

transi npedance anplifier. [0013] Eye adjuster system

provid® a iEprodediiph of buvd igh@Gignal dln deosrdadcel wiluin smbodiineanst the
provi de a reproduction of such input signal. In

preseREFOESRNC BydMd;iht @ty §BRoR Iﬁ%nﬁtté?ﬁé)ttt@ SnpR%E &R Hccuracy of

Invention,” eye adjUster system 30 may attenpt to
[ e. he. si
reprop IR BRI BEERYyOR TSP BB B e SRR IOHES
of f set cancel |l at.i on and hori zontal s | i ng. poi.nt
offseezg a6t GHaP JeTE A e Tgs DPHECREH 6B ERMBSIPT i Asee
i nput signal. In one enbodiment, eye adjuster system
electd@l ferpnap ewiibsignals &t ore emlodimente eye atinstesystemEQ pay perform
processing in conpliance for exanple with ITUT
forwded @¥ror correction (“FEC”) processing in compliance for example with ITU-T

G.975.

[0014] With respect to signals provided by eye adjuster system 30 (such as a
reproduction of signal RECEIVER INPUT), layer 2 processor 40 may perform non-FEC
layer 2 processing such as media access control (MAC) management in compliance for
example with Ethernet, described for example in versions of IEEE 802.3 and/ or optical
transport network (OTN) de-framing and de-wrapping in compliance for example with

ITU-T G.709.

[0015] Backplane 50 may provide intercommunication between layer 2 processor
and other devices such as a packet processor (not depicted) and/or switch fabric (not

depicted).

[0016] FIG. 2 depicts one possible implementation of an eye adjuster system 100

in accordance with an embodiment of the present invention. Eye adjuster system 100 may
4
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[0014] Wth respect to signals provided by eye

adj uster system 30 (such as a 15 reproduction of
waek@gnabs7RECElI VER | NPUT), |ayer 2 processor 40 PEE/US2004/004218

perform non-FEC |ayer 2 processing such as nedia

access control (MAC) managenent in conpliance for

exanple with Ethernet, described for exanple in

includeéyel {(\fste@ﬁiehEEEOﬁ Rfiar 200 el dagdtb:CAl5, litnitmspaplifier (“LIA”)
network (OTN) de-fram ng and de- wWr appi ng in conpliance

220, PiRke BHALRI BoME{te cbﬁHﬁﬁt&‘Zﬁ@&ha@Ql&Q&ﬂ-@p @ﬁiijp*)@B@ &

y provide I nterconmuni cat | bet ween | ayer

openigg §8§g®6 ?6(2 ﬁg&t rgégfeé‘ 928 Véogqﬁ%}lﬁyg Qlt ﬂ gt ? ?%d( €H)ck( det?ct 290,

depi ct e ) FI G icts one Ss
demux 39 g oh C%e%@e gaf %tdsve%oyé?@rﬁnﬁgjequfﬂ error
accordance with an enbodi ment of the present
corre¢tipne(iFEON), pregesserdj3dst er system 100 may 4 WO
2004/ 095768 PCT/ US2004/ 004218 include eye adjuster

[0017 eV' oo Iﬁ%ﬁ i Chtafisd) coRfdleds LG Hdnfshed sydth 1t0'0rlﬁaybe
Gkt iRl OI M Sl sy i

co tor cked 0 "PLL"
1mpleérﬁ%?fﬁ% B PPk Orkes, L8ogobe %meatﬁ@%@&fwgnems
bit detector 280, |ock detect 290, denmux 300, shift

of eye adjnsiersyserol 00 mA% Be inplowepist BBI0AS devcad tintestaia cirgys that
forward error 5 correction ("FEC') processor 330.

interdo@imlicdteusing, forglaerpde)tadivis on combnponieadsofaf prayted circuit board.
adj uster system 100 may be inplenented anong the sane

s S s G B e

i.mpl enment ed anong several integrated circuits t

provife gapdemniienl §X§J%Mﬂ1ﬂ UT djut @%g%n@y TgCehyfs? Yttica eye
conductive | eads of a pr inted circuit board.

movement signal from eye adjuster device 205 to shift a DC reference level of signal

SYSTEM INPUT. The vertical eye movement signal may indicate a DC offset
cancellation voltage to apply to substantially negate DC offset. For example, if buffer 210
includes differential input terminals, the differential input terminals may receive the
vertical offset signal as a differential signal to substantially cancel DC offset present in eye
adjuster system 100. Buffer 210 may be implemented as a differential or non-differential

gain amplifier.

[0019] Peak detector 215 may measure peak amplitudes of a version of signal
SYSTEM INPUT provided by buffer 210. Peak detector 215 may provide the peak
amplitude to eye adjuster device 205. For example, peak detector 215 may measure and
indicate peak amplitude based on a short time period (e.g., one or several signal cycles of
the amplified signal provided by buffer 210) or by averaging peak values of the amplified
signal provided by buffer 210 over a longer time period. Peak detector 215 may be

5
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10 [0018] Buffer 210 may receive an input signal
| abel ed SYSTEM I NPUT and provide gain for signal
wEYBTEM76NPUT. Buffer 210 may receive a verti ceCT/Eym®04/004218
novenment signal from eye adjuster device 205 to shift
a DC reference | evel of signal SYSTEM I NPUT. The
vertical eye novenent signal may indicate a DC of fset
impleantdlas at(l prery ghih dyéfet with prlayaditor Sarldkodm titicaderipdmegiat e
DC of fset. For exanple, if buffer 210 15 i ncl udes
meastieinbRl GNML) RLtifidtRvith é@%@t&%ﬁave}éﬁn?béaﬁ&faﬁ&% lo@tbr 4 TORBEr time
termnals may receivé the vertical offset signal as a
&Ii fferential signal to substantially cancel DC offset
present in eye adjuster system 100. Buffer 210 may be
i npl enented as a differential or non-differentia
[0020pai n adiAiX20enay JroElifY thde abrsibatod signal SMSTIRBINTAE prayvided by
peak anplitudes of a version of signal 20 SYSTEM

buffelt NOEhdATRNY be eehpdad wideelof 2dresiPeRK alifli8€d Sifnad 1 Thevplitude
provi de the peak anplitude to eye adjuster device

imited &1 S%;)@{'e %nﬁﬁ PEASHIL 220%h
hmltela%g%ngg?@p peak ?n%%@?g%ggg%fglg%fp%nagis 5 oiﬁi\tI time peri oc]a1 y be
. e.g., one .ar several signal cycles of the anplified
1mple&66&g1356a%%8§3m855%ffer 210) or by averagi ng peak
values of the anplified signal provided by buffer 210

[0021pVer a FhasigfkustdrT80R&iy dithy the pkasdeif eRicRsigdd bCIKyfrdve PR.L 250
WD 2004/ 095768 PCT/ US2004/ 004218 inplenmented as a (1)

basedsd fle g@flib foFREt s%ﬂ%ﬁﬁ%?%(ﬁ%s&? abfke §(|5‘53(sh_01§ E‘Hﬁyed phase

peri od pea neas rectifier w

capaci tor for agin ea u v I r. 1i

ook SHRIER R b SoreL I ShAR ATr 180 5 RIS b s
signal SYSTEM | NPUT provided by 5 buffer 210 and

phasq ipterrolaiar, aador dufy &yelg dE5woren dRlC-esul ting anplifi ed
signal. The anplitude

[0022] Phase comparator 240 may compare phases of the clock signal PCLK and

perio

the signal INPUT. Phase comparator 240 may output comparisons between phases of
signals PCLK and INPUT (e.g., lead or lag). Phase comparator 240 may output samples
of the signal INPUT timed according to the signal PCLK (such samples are shown as
signal SAMPLES). Phase comparator 240 may also indicate whether an illegal stage in
samples of signal INPUT occurs. An illegal stage may correlate with the bit error rate for
high frequency injected bit errors. Phase comparator 240 may be implemented as an
Alexander (“bang-bang”) type filter. One implementation of the Alexander phase detector
is described in Electronic Letters by J. D. H. Alexander in an article entitled, Clock

Recovery From Random Binary Signals, Volume 11, page 541-542, October 1975.

[0023] PLL 250 may output clock signal CLK. The frequency of signal CLK may

be approximately the same as that of signal INPUT. PLL 250 may adjust the phase of
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limted signal output by LIA 220 may be referred to as
signal INPUT. LIA 220 may be inplenented as a
wo 2oo93Te8 anpl i fier. [0021] Phase adjuster 230P@EYS2004/004218

del ay the phase of clock signal CLK from PLL 250
based on the horizontal offset signal fromeye
adj uster device 205 (such del ayed phase 10 cl ock

clockssi@hCLKSbasbdwmphese Renkirisdib ésg., Rd{l usiag) i280phmay cxaparator
i npl enented as a m xer, phase interpolator, and/or

240. @’?‘LU%@M%}%@R%I%EIH‘[Q@a@@}éhé‘s@locﬁ&@ ] Phase conpar at or
240 may conpare phases of the cl ock signal PCLK and

the signal | NPUT. Phase conparator 240 may out put )
[0024t onpar ?&s&r@eb@g\d@@ntqn RE6 exygrovide ghEdicaton kf ecxfagptyrwhich
(e.g., lead or lag). Phase conparator 240 may out put
transisianpbthe dfnaf INPRET siegoafinddNRitHintek pendebgtee dighapst(oe.t the “eye
signal PCLK (such sanples are shown as signal

openiBSMPLHTR)opefina H6tc6RFRE0 aQ decRMAin¥aNe éfeShehitd adé®on the clock
i o

ether an illegal stage in sanples si gnal | NPUT

signaPEEW & aﬁﬁkpﬁ%%(f g%naﬁlﬁ(?glgq @% 8@8?1%? h@t%@cgf’\%g?mgp ®e Binblemented

error tate ecte rors.

usingngﬁli%%g Hg a%igé‘q? rﬁl ﬁéﬂ éé‘?&ﬁt@?‘i ébﬁ%?gg %1%@3?/2‘662 (attorney docket

irrgl enent ati on of the Al exander phase detector 20 is
numbge£¢439ed in El ectronic Letters by J. D. H. Al exander
in an article entitled, Cock Recovery From Random

[0025?'03%%’ @tﬂi E’éj}géer Ml rﬂﬁfsﬂ)lj@ oxﬁ%@of@féa‘aﬁ?&&}%ﬁ%ﬁéﬁl L5

O may output clock signa

fr cy- of si.gnal e. r,OX} é .
compab AR XioRes AT Bl eRoT Bl mOE R e ARG B BB vis
.of 6 WO 2004/ 095768 PCT/ US2Q04/ 004218 | ock si gnal
of signplS AN ESRatsha SnIESHIYE P16 gﬁgct?re?@ may B meﬂtja as an
from phase conparator 240. PLL 250 may be i npl enent ed
excluaye OB bats avithaoruts 06pyo consecutive bits (e.g., one bit from phase comparator

240 and one bit from shift register 270).

[0026] Lock detect 290 may indicate a frequency deviation of signal CLK from a
receiver system reference clock. Lock detect 290 may indicate how many parts per
million the clock signal CLK from PLL 250 deviates from the reference clock. Lock

detect 290 may also indicate whether reference clock and CLK are out of synchronization.

[0027] . Demux 300 may convert bits from shift register 270 into a parallel byte
stream (or other number of bits). Shift register 310 may store one byte of signal
SAMPLES (or other number of bits). Consecutive pattern detector 320 may indicate
whether two consecutive bytes (or other number of consecutive bits) are the same.
Consecutive pattern detector 320 may be implemented as two sets of exclusive OR gates
with outputs tied to an AND gate, where the inputs to the two sets of exclusive OR gates

are two consecutive bytes (i.e., one byte from demux 300 and one byte from shift register

7
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[0024] Eye opening detector 260 may provide an
i ndication of the extent to which transitions of the
wGe2@ads7b$\NPUT are confined within expected phaBE&I/US2004/004218

regions (i.e., the "eye 5 opening"). Eye opening

detector 260 may determ ne the eye opening based on

the clock signal CLK or, as depicted, signal PCLK Eye
310).0Rkeftidal boie tor OitPatiede camyhoea faige! leckeng tda noisé S@irce or a

techni ques described in U S. Serial No. 10/206, 378
lﬁﬁﬂ&kE@QmE/ZS/ZOOZ (attorney docket nunber P14350).

[0025] Shift register 270 may store one bit of signal
SAMPLES from phase 10 conparator 240. Consecutive bit
[0028iet ect GEEQBECatspr § Himen indicate his errpnste GHERceftd pasalis] sscam
of signal SAMPLES match. Consecutive bit detector 280
from deytuo 800.nl enepiiaace fog cammplexathl§iUAE @7 §dtEC wrdchssor 330 may

i nputs of two consecutive bits (e.g., one bit from

extra&hH@BEqua 12 PEC c8d0indRide@ifa Phyllodd Riivedififon the Parllier
270). [0026] Lock det ect 290 may indicate a frequency

s B SR o D 2008 R, AT o

adJHSEWF%&PEZ@ VT e S S P b BT 2P

al so i ndicate whet her reference clock and CLK are
Peﬂpb@rﬁl igter@gncHLbor 28Y PEIST Intgr9e7] . Denux 300 may
convert bits fromshift register 270 into a parall el

te
g R T

s L eSS e P P2 R s
er of consecutive bits) are th Co ti

both Bé?t qféﬁehcaaleﬁléa&oara%é 'iﬂérlﬁ%r'gra ﬁ)émPHﬁg Bﬂ@m?%yea@m@g%g\%?@' l\és- For
exclusive OR gates wth outputs tied to an AND %ate,

examplegeye adjestérrisuics 206 mayeietamlr@elbg offsetevantelbition aoRhgazansal
are two consecutive bytes (i.e., one byte from denux
sampBAg painch WN&itRydoend ¢raith efhhd follbe@t@in@’ats: (a) a peak level of an
amplified signal provided by buffer 210 (that may be measured by peak detector 215); (b)
the extent to which transitions of the input signal SYSTEM INPUT are confined within
expected phase regions (that may be measured by eye opening detector 260); (c) illegal
stages in samples of the signal SYSTEM INPUT (that may be measured by the phase
comparator 240); (d) the occurrence of consecutive bit and byte patterns (or other numbers
of bits) in signal SYSTEM INPUT (that may be measured by respective consecutive bit
detector 280 and consecutive pattern detector 320); (e) bit error rate of the signal
SYSTEM INPUT (that may be measured by the FEC processor 330); and/or (f) deviations

between signal CLK and a local system reference clock (that may be measured by lock

detector 290). For example, eye adjuster device 205 may adjust DC offset cancellation



7 WO 2004/ 095768 PCT/ US2004/ 004218 310). ldentica
byte or bit patterns can show a false |locking to a
wmeigeTerir ce or a reference clock. [0023] FEECT/US2004/004218
processor 330 may indicate a bit error rate (BER) of a
paral l el stream from denux 300. In conpliance for
exanple with ITUT G 975, FEC processor 330 may 5
and/oe ¥iertagizohthesaBipRng poimt b e:ctié gotten § nsihpgdedigebraic relationship
payl oad derived fromthe parallel stream In one
based SHORMB ML bPthe Jb6be Elgﬁ’zﬁ Pametets0 may provide BER
information to eye juster device 205 using an
inter-1C (12C) conpati bl e comuni cation |ine, serial
[0030per i phdioakxampler yscdiusBPiFvico20nmgy sichdirongh and adjust each
[ 0029] Based on characteristics of an input signa
signaBYsdihbdet MRLWE fa B wirg inaaserl tesivghakignbgmeanetar, adjgsidither or
SYSTEM | NPUT, eye adjuster device 205 nay provi de and

5 both Gthe Bbrizdded] !an&)@e@lfcﬁls&rseg@ﬁ@ gharleitbdisighdl pagimhatanbal desired
sanpling point of eye adjuster system 100. For

e y determ ne DC
valueg);f%%e, %néﬁ%g? %#@%ﬁé %%Egir}l%g&on?alﬁa sanpl i ng points by
using sonme or all of the follow ng inputs: (a) a peak

| evel of an anplified signal provided by buffer 210
(that may be neasured by peak detector 215); (b) 15

Modi he.extent to which transitions of the input signal
—éﬁ@#@ﬁﬂo L | NPUT are confined within expected phase

regions (that may be neasured by eye openi ng detector

[0031260) ; (The drhwi@shknd SHedoRpingiesaimionszavé exdigplss ghtak present
SYSTEM I NPUT (that may be neasured by the phase

10 inven‘ﬁ% % e 8fHRL rc(sgﬁt 15%1‘198 W BE & Wn&ﬁﬁﬁscl%hité’@b?ﬂfese
atter (or ot her’ nunbers “of bits) in

. EM | NPUT
- sgﬁ%@lm AT R S Bl resnsonc
not, sggl? %ﬁ%m {eégeaqplfalts%r%{:tﬂred ?i%rge%ts%rn %2(10 L)ls’e o&'%zatenatl aerg Eagsrs1blg tﬁe

scope of the invention is at least as broad as given by the following claims.
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SYSTEM I NPUT (that may be neasured by the FEC
processor 330); and/or (f) deviations between signa
W@RIoR0237168 a | ocal system reference cl ock (thatPoBEySine4/004218
nmeasured by |lock detector 290). For exanple, eye
adj uster device 205 may adjust DC offset cancell ation
8 WD 2004/ 095768 PCT/ US2004/ 004218 and/or the
CLA i zontal sanpling point of receiver system5 using
al gebraic relationship based on one or nore of the
above signal paraneters. [0030] For exanple, eye
Whatdslplagtegrisdevi ce 205 may step through and adj ust each
signal parameter in the foll ow ng nanner: mneasure a
si gnal par ter, adjust either or 5 both of the
L hori zort FBHFOVEEIN€al of fset (s) to change the signa
paraneter to a desired value or range, and then read
the si gogdliviRgbAiBuekigaflai n. Modifications [0031] The
drawi ngs and the forgoi ng description gave exanpl es of
the present. 10 invention. The scope of the present .
i nvent ipsevidingkely efiseticanesilation sigaals basedionallagyt qngsharacteristic
speci fic exanpl es. Nunerous vari ations, whether
exyfithecinplitysigrial;emdi n t he specification or not, such as
differences in structure, dinmension, and use of
material , .are possi.ble, The. sco of: the.invent] 1 S: o
2t 1 eadrouiding ARanpte Shess Adiyp TR Bree AT gL et helgTiste
WD 2004/ 095768 PCT/ US2004/ 004218 CLAIMS What is
clodithesiapitssigngl.net hod conpri si ng:

2. The method of Claim 1, further comprising:

measuring a peak amplitude of the input signal, wherein at least one

characteristic of the input signal comprises a peak amplitude of the input signal.

3. The method of Claim 1, further comprising:

measuring an extent to which transitions of the input signal occur within
confined phase regions, wherein at least one characteristic of the input signal
comprises an extent to which transitions of the input signal occur within confined

phase regions,

4. The method of Claim 1, further comprising:

sampling the input signal using a clock signal;

10
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receiving an input signal; 5 providing DC offset
cancel l ati on signals based on at |east one

waebanaeizes i stic of the input signal; and provPdi/ng2084/004218
sanpl i ng phase adjustnent based on at |east one
characteristic of the input signal. 10 2. The nethod
of Caiml1, further conprising: neasuring a peak
anpl i t ubkeewdingtifiesal stpgds is sgnjales, witeesir bhleadt one @kdractndstic of the
characteristic of the input signal conprises a peak
ang lhtts'i}%ﬁl 8bmphigsioBflittenséstitallegal fagekhe nmethod of Caim
1, further conprising: 15 nmeasuring an extent to which
transitions of the input signal occur within confined
phase regions, wherein at |east one characteristic of
the input signal conprises an extent to which

transi t+ [:pu QSR ity : [ :
- bhase r ooy b EE AR fudlePap AR Lattbill B FARELRRA usine

onpri,sing: sanpling the input signal using a clock
a01°§f§E A 10 WD 2004/ 095768 PCT/ US2004/ 004218

detecting illegal stages in sanples, wherein at |east
one characteristic of the input signal conprises
occurrences of illegal stages. 5. The nethod of C aim

1, further conprising sanmpling the input signal using
6. 5 a cl othe Wegagof G, dukher RIPPEFngdgierniging wh%tﬁ@fr
conpri sing determ ni ng whet her
consecutive sample bits are identical, wherein at least one characteristic of the input signal

comprises whether consecutive sample bits are identical.

7. The method of Claim 5, further comprising determining whether
consecutive sample bytes are identical, wherein at least one characteristic of the input

signal comprises whether consecutive sample bytes are identical.

8. The method of Claim 5, further comprising determining an extent to which
the clock signal deviates from a reference clock signal, wherein at least one characteristic
of the input signal comprises an extent to which the clock signal deviates from the

reference clock signal.

9. The method of Claim 5, further comprising determining bit error rates in
the samples based on FEC coding, wherein at least one characteristic of the input signal

comprises bit error rates of the samples.

11
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consecutive sanple bits are identical, wherein at
| east one characteristic of the input signal
W@ ovpnITes whet her consecutive sanpl e bits ar ePCT/US2004/004218

identical. 10 7. The nmethod of Claimb5, further
conprising determ ning whether consecutive sanple
bytes are identical, wherein at |east one

10. char actBied iatthod of Claia 1i, whatein thie ginastiding @it bffest caheilhgon
consecutive sanple bytes are identical. 15 8. The

signalBfuRRet @imfelsad AR tdrmihiak HIEID COPRBY ¢BkEIthtida sRindisHabéll @ian
extent to which the clock signal deviates from a

algeb'faﬁé R & HnSh \791%11‘[51%&[‘ ﬁxlne chARRERIsAC BF HeQQ@‘g

aracteristic I nput S|gna rlses an
extent to which the clock signal deviates fromthe
reference clock signal. 20 9. The nethod of Caimb5,
further conprising determning bit error rates in the

I b I
1. 3o BB B R AR RO B ks B
error_rat es of, the sanpl es. \é\D 2004/ 095768
adjusprosi GkrioRs &popHisasactorting, @er?émﬁ g ghasgiadiusment hassdqupn

the providing DC of fset cancellation signals further
algebcaippelitsashipevidh at ladshgne ¢harEristit éthedapesignal-i on
signals based on an algebraic relationship with at
| east one characteristic of the input signal. 5 11.
The nmethod of Claim1, wherein the providing a
sanpl i ng phase adjustnent further conprises
12. det er m Thowgethbe of &g 1n g/hpteds theadpvidingdd€ offastednarlation
al gebraic relationship with at | east one

&gna@ﬁﬁﬁ&t &t a&ﬁsﬂn%%hé DRt 8Rbiatiba-sigha® tBéhewla ehange in
im1, wherein the providing DC of fset cancell ation

any of the at least one characteristic of the input signal.

13. The method of Claim 1, wherein the providing a sampling phase
adjustment further comprises adjusting the sampling phase adjustment based on a change

in any of the at least one characteristic of the input signal.

14. An apparatus comprising:

at least one integrated circuit, wherein the integrated circuit is to include the

capability, either alone or in combination with other integrated circuits, to

receive an input signal,

provide DC offset cancellation signals based on at least one

characteristic of the input signal, and

12



10 signals further conprises adjusting the DC of f set

cancel l ati on signals based on a change in any of the
W@rookeeEs8 one characteristic of the input signedT/UsBN4/004218

The nmethod of Claim1l, wherein the providing a

sanpling phase adjustment further conprises adjusting

the sanpling phase adjustment based on a chan? 15 in

any of the aprdvidest sapipbing phrsecidiusirentdagsd qrras I¢aspen

signal. 14. An apparatus conprising: at |east one

I Nt egr atiedagtedigticiof thewhputaighat.he integrated circuit is

to include the capability, either alone or in

conmbi nation with other integrated circuits, to 20

receive an input signal, provide DC offset

cancel l ati on signals based on at |east one

15. char act ghé sppaeatf of ORirh NRUh&ERANBE 1nt?i‘§1te&- 81rm is to include the
2004/ 095768 PCT/ US2004/ 004218 provide a sanpling

ristic
S capaBRERIAN ASE cAROATION Rl LR T PR 12

wherein the integrated circuit is to include the 5
capabi | inegsure a phak amaplinde aff the mpmb sighalatvheminmtténsboteer
integrated circuits, to: neasure a peak anplitude of
t hehdraetistisiof fad inpi3ednai cordprides a pealonapliteia btk eiphs kighal.
of the input signal conprises a peak anplitude of the
i nput signal. 16. The apparatus of Caim 14, wherein
the integrated circuit is to include the 10
capability, either alone or in conbination with other

16. | ntegratrgd aﬁ;ﬁa&@tﬂé b5¢1ahR 14 "Wﬁé@ﬁﬁh@ﬁu@@%&t@@ht&lﬁt Whb Gftude the
transitions the input signal occur with

10 capability, either alone or in combination with other integrated circuits, to:

measure an extent to which transitions of the input signal occur within
confined phase regions, wherein at least one characteristic of the input signal
comprises an extent to which transitions of the input signal occur within confined

phase regions.

15
17. The apparatus of Claim 14, wherein the integrated circuit is to include the
capability, either alone or in combination with other integrated circuits, to:
sample the input signal using a clock signal;
detect illegal stages in samples, wherein at least one characteristic of the
20 input signal comprises occurrences of illegal stages.

13
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confined phase regions, wherein at |east one
characteristic of the input signal conprises an
w@z2ai0e/095769 whi ch transitions of the input signedT/O81004/004218
within confined phase regions. 15 17. The apparat us
of Claim1l4, wherein the integrated circuit is to
include the capability, either alone or in
18. conbi nathoappaiatis dt¢eim | htvegrein ¢he vfagraied sircuitos te tepide the
the input signal using a clock signal; detect illega
capalsilingeshdrral@rnp liesombingti @ Withbthee Atégrateé crbidtsant @mpé the input
of the 20 input signal conprises occurrences of
ﬁgmhhﬁﬁagkkﬁk%Qﬁ§L 13 WD 2004/ 095768 PCT/ US2004/ 004218
18. The apparatus of Claim 14, wherein the integrated
circuit is to include the capability, either al one or
in conbination with other integrated circuits, to
sanple the input signal using a clock signal. 5 19.
The ap I - , i N i nt.eqr .
19 G et t Eigutindle it Ghth HEwilhah Mol R AL R ngiude the
i.n_conbination.wth other integrated circuits .
capalyflse BRa OB ih ot BrgowieR 9t BiralSy Pl to defermine
i dentical, wherein at | east one characteristic of the
whethegpensesufirasangippits ae ddepbistlhwherelnaideast preechaspfaristipof te
are identical. 10 20. The apparatus of C aim 18,
inputvsiigraé comphses iwhetgr a¢rsdeuwtive samplei tststace idauticadle t he
capability, either alone or in conbination with other
integrated circuits, to determ ne whether consecutive
sanpl e bytes are identical, wherein at |east one
characteristic of the input signal conprises whether

20. consecuThey/gppaitiy f Glyine$8,avleréifl @Y inGekated circuit is to include the
capability, either alone or in combination with other integrated circuits, to determine
whether consecutive sample bytes are identical, wherein at least one characteristic of the

input signal comprises whether consecutive sample bytes are identical.

21. The apparatus of Claim 18, wherein the integrated circuit is to include the
capability, either alone or in combination with other integrated circuits, to determine an
extent to which the clock signal deviates from a reference clock signal, wherein at least
one characteristic of the input signal comprises an extent to which the clock signal

deviates from the reference clock signal.

22. The apparatus of Claim 18, wherein the integrated circuit is to include the

capability, either alone or in combination with other integrated circuits, to determine bit

14
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15 21. The apparatus of C aim 18, wherein the
integrated circuit is to include the capability,
we@paohees7ed one or in conbination with other intRCrESEO4/004218

circuits, to determine an extent to which the clock

signal deviates froma reference clock signal, wherein

at least one characteristic of the input signal
errorcaepin the sarppleehased on FECviditg, thereth atdkast e eharaeerisiiced the

fromthe reference clock signal. 20 22. The apparatus
inputQfigral 8ériprldes uvihgbicirot hged Nt egrated circuit is to

include the capability, either alone or in

conmbi nation with other integrated circuits, to

determine bit 14 WD 2004/ 095768 PCT/ US2004/ 004218

error rates in the sanples based on FEC codi ng,

23. Wwher ei nrRd ol 8a%is cﬁ“@aﬂ&hﬂ apHlcBEih Sd ﬁte%?atéd‘@ircdltntﬁliﬁclude the
si gnal corrprl ses using bi't error rates.

capal?'g%?l ngl'll‘glo o(fjlr{jl Capa%w ﬁle} Fﬁeés%r%ﬁ gfr@ilﬁdtoC%JOGfd'etDC

one of

e R 0 R s b B

capability to determ ne the DC offset cancel lation, .
canc@iagwalsgnbééae@pdm aarplgabyaip relpiéonsbipavitlb plslrash ong elaragteristic of
| east one .characteristic of the input signal. 10 24.

the ingue sigpplar at us of Cl ai m 14, wherein the integrated
circuit to include the capability, either alone or in
conbination with other integrated circuits, to provide
a sanpling phase adjustnent further includes the
capability to determ ne the sanpling phase adjustnent

24, based omh@#ppal@ebsfailgint &4,alhaeintheingidte@tirhibBdlinglige the
characteristic of the input, signal.

capability, either alone or in combination with other integrated circuits, to provide a

sampling phase adjustment further includes the capability to determine the sampling phase

adjustment based on an algebraic relationship with at least one characteristic of the input.

signal.

25. The apparatus of Claim 14, wherein the integrated circuit to include the
capability, either alone or in combination with other integrated circuits, to provide DC
offset cancellation signals further includes the capability to adjust the DC ofiset

cancellation signals based on a change in at least one characteristic of the input signal.

26. The apparatus of Claim 14, wherein the integrated circuit to include the

capability, either alone or in combination with other integrated circuits, to provide a

15



15 25. The apparatus of C aim 14, wherein the
integrated circuit to include the capability, either
W@bk@ae90s8 i N combi nati on with other integratedPCT/US2004/004218

circuits, to provide DC offset cancellation signals

further includes the capability to adjust the DC

of fset cancellation signals based on a change in at
samplirgastasoadushanaiirtbei istiudesthe thmbilitp e adjigiribe samplmgahase

The apparatus of C aim 14, wherein the integrated

adjustéien€biskd bA alchghgeda at hast cmaRBAkbbktistic dlthdBipupsigna. or in
conbination with other integrated circuits, to provide
a 15 WD 2004/ 095768 PCT/ US2004/ 004218 sanpling phase
adj ustnment further includes the capability to adjust
the sanpling phase adjustnent based on a change in at

o7 least gn S&lﬁgg@ﬁ%&ﬁ%@tic of the input signal. 27. A

system conpri sin at | east one integrated circuit,

S archer SiaRenBERRAT BN Mcel e igenfd FRRACHY) b

CichiSubiility, either albe€ 8F Wnecontbinatiot twith @hed intepransd deculdE to
of fset cancellation signals based on at | east one
charact eri stédeivefantifputisigndt, si gnal, 10 provide a
sanpl i ng phase adj ustnent based on at |east one

characteristic of the input signal, la dé‘%ovi e a
repr oduct i o®r&Fde RE ffsstieanspliption sieg Sg’s? My least one

processor to receive the reproduction; and
characteristic of the input signal,

10 provide a sampling phase adjustment based on at least one
characteristic of the input signal, and
provide a reproduction of the input signal;

a layer two processor to receive the reproduction; and
an interface device to receive signals from the layer two processor.
15

28.  The system of Claim 27, further comprising a XAUI compatible interface to couple

the layer two processor with the interface device.

29.  The system of Claim 27, wherein the layer two processor comprises logic to

20  perform media access control in compliance with IEEE 802.3.

30.  The system of Claim 27, wherein the layer two processor comprises logic to

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

16



an interface device to receive signals fromthe |ayer
two processor. 15 28. The systemof Caim 27, further
wW@e@pdFg a XAUl conpatible interface to couptBUS100€004218
| ayer two processor with the interface device. 29. The
systen1of daim 27, mherein the |l ayer two processor
rises logic to perform medi a access control, in
31. co P pysieia oﬁﬁﬁanrm ?élzwhsw the lagigT INPBIOSHEFOBARTBIIICS AR5 T
27, wherein the |ayer two processor conprises logic to
perfgyer foowandogtdr catretticrmspeessing ot wondiagee fwithdiligT iGo75.
conpliance with ITUT G 709. 16 WD 2004/ 095768
PCT/ US2004/ 004218 31. The system of Caim 27, wherein
the layer two processor conprises logic to perform
fo rd err r.correction processing. in_conpli
32. | TGhssters! Cigm Zﬁh@ TEE CERPHNER SV BB GPRES O e ieace
conprising a switch fabric coupled to the interface 5
devigevi ce. 33. The systemof Caim 27, further conprising
a packet processor coupled to the interface device.
17

33.  The system of Claim 27, further comprising a packet processor coupled to the

interface device.

17



