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-f WD 2004/ 095768 PCTI US2004/ 004218 RECEI VER SYSTEM
W TH ADJUSTMENT OF SAMPLI NG PHASE AND SAMPLI NG
WHRESKH@SExs Fiel d 5 [ 0001] The subject matter dpsgUOsEM01218.
herein generally relates to techniques to regenerate
signals. Description of Related Art [0002] Signals
transmtted through a communications systemtypically
experience 10 jitter. Jitter is the general termused

to deSCfﬁz@@;ﬂ)Eﬂ 8YETEN WﬁﬂﬂJ?ngﬁgk W{Hﬁg;' gnal

fromits reference trmn osrtron in tions
system In an i REASEANDSSAMBLING THRESHOID tinme
increnents that are integer nmultiples of a bit
repetition time. In an operational system however,
_pul ses typically arrive at times that deviate from
Figldese integer nultiples. This deviation may cause
errors in the recovery of data, particularly 15 when

fais e . hi speeds. The devi ation or.
1008 8§ o HERIIE bEfe el R e e ae R I g s o
hase of this data. Jitter may be caused by a nunber
f%%?ﬂa%ﬁ@ﬁ@ na, 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
Desiripiiinl F R A Q93] Regenerating signals received from
the communi cations systemis an inportant operation.

received signals are sanpled and a replica:

- Typically, ]
[00%2& gnal i glgﬁ@e trensmitied sough at doersaniptioss systbratypaali eeperience

_reference clock. Accordingly, it is inportant to
jittqur divler Isythes gamptat tdrhaused aedagethesdigodion $oudel %%r vaFi8tion of a signal
recei ved signal is accurately reproduced i.e., the

frorh 618 O EHHESN Bk st RAGH R %Eﬁhﬁkﬁﬁéﬁ%@%&% T ?16 gcgegiﬁsgstem,bits -

originally transmtted through the

arriPCH 2 SR04 G 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 1‘ecbtrely 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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. conmmuni cati ons system). [0004] An "eye" diagram nay
represent phase transitions of a signal received from
wawheaiv@at i ons network. I n an "open eye" SCeparu9004/664218
transitions of the received signal occur
substantially wthin confined phase regions. ‘Wen
transitions of the received signal 5 do not occur

comintumioatioonfysteer). phase regi ons, to nore accurately
sanpl e the received signal, a technique known as

w@gi zontal offset conpensation may be used. Horizontal

set hpehsSPEEH IPEf EPLesend phajedsbiignsoizasiphal mepeived from
phase of the received signal. [0005] An input system

2 cgmyimiGagnas netwed. a en fieneneypesdeanie tanddionf Jfskd reativid Sgnal
input 3 termnal (s) that nmay cause asymetry anong

ocque akbsteoltiaHy edthif confinédiptake RigdaEt WiknSHARHMS S8RE FeTved signal
i nput system -For exanple, such input system may

do héxcdcuGiewahin Jahfif LELer may,_lead t.0 ; .

i naccur at e scghn%jll‘?%péﬁggf)ﬂegﬁgg Fels P%%%E%a?eg% 3?“1%{ ]%]%t_ licgélved_mg_nal,
+l DG e ion may be used to adjust the

IS o EADER| GleP Corffoationy Bihe sl teepnipiotiset

o 'offsit and thus. allow for nore accurate sanpling of
TSRS SagITERE @ ring phapeafdhe weeeived signalhe

Drawi ngs [ 0006] The subject matter regarded as the-

[00GSpVeNt | Ofn P skdnt bt e?‘é'i%ﬁ{al P&e{%}eﬁ%a@#&gaﬁieéﬂce DR ARG bt nput

clainmed in the concludi hg por
as to

A s A8 Wbl el TR et bemL Py su

~organi zat|
rec ejr,%ctst fglat ures, an ag_lv_ant ages thereof, may best _
ST GAHEHSYEEY 59T PerBe sach nButsHEeRgnmbinchge ééwaifing amplifier.

D 2)? description when read with the acconpanying

C gitsahimaysieatioinpcshrald ©OPTpg Pf Be récaiepi signs]. aVercica (DET) offset
S£st_ em that may have an adjustabl e DC of f set '

cancedpiéw! nay bonsqdveratijusiahe obitpets) thanecdhaiis 20nk 8bstsAMP Lkl DC
poi nt novenent (horizontal offset) capabilities in '

offsetand tosndowiot toafa RN RIhe OF Hehe RIBIA,
i nvention; and 2 WD 2004/ 095768 PCT/ US20 4218

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 fbllowing detailed

description when read with the accompanying drawings in which:

10007} 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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., [0008] FIG 2 depicts one possible inplenentation of

an eye adjuster systemin accordance with an

|ipediaenlg of the present invention. [00091 Natcaidiadsoosis
use of the same reference nunbers in different figures
indicates the sane or like elenents. 5 Detail ed

Descri ption 100101 I n accordance with an enbodi nent of

[Oﬂbﬂe presg égcrt’st hiRPosHhiGs Fylegl%g‘b F151§0f #h f{ﬁ%ﬁju\é&f System in

system 5t ave an adj ust e DC o

cellation (verti of f set nd hori zont al
so§HER wﬁv of 8ot bseli of Fet)
capabi | i t| es. One enbodi nent of receiver system5 may
{00091C| ude: NOlEhaaRy ef the sand®refireaitSiumbetsdn difaenifighierindicates
("TIA") 20, 10 eye adjuster system 30, |ayer 2
the@ﬁﬁ‘é%?ﬁ%el%&ent@nd backpl ane 50. [0011] O'E converter
O may convert an optical input signal |abeled
RECEI VER [INPUT fromoptical to electrical format. For

Mconverter 10 may receive optical signals

encoded in conpliance for exanple with optical

R O

BRSSP L L Vﬁg@”gioﬁfeﬂ

for the optical transport network (OTN) (2001);

andthorizostal Synpding paiots0@néns ghorieniebe se@sméx)m@a@@ embodiment

Description Including Miltiplex Structures, Rates,
of ratuivdr ey stamn s, mBeintiude:c)/Baneavérter Roguinsmmedimse amplifier (“TIA”) 20,
GR- 253- CORE, Synchronous Optical Network (SONET)

BUAREP 9y dierp 5118 AGeARIaSkind 3 i a (A 20
eyel\/bgﬁ eg’%fel @R—WI ssue fk%cenber 1994 | TU

Recomendati on G 872, Architecture of Opti
[0011] ans por ©/E\eanyei® d 0 MOygwnvert an RaShPBHIREI% Fﬁbéeéz“’s“:CEWER
"Control of Jitter and Wander within Digital Networks
INFBER &dmooptiSEHs cairh] fotr883 Fol FamiRecdFrrendater o n@ygsgive
"Optical Interfaces for Equi pnent and Systens Rel ating

optic@l sisatd encd@dyin cd@Phinck T84 dRemproweiid afticanir&aspoB network (OTN),
Digital Line Systens based on SDH for 3

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,

Synchronousr 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, “Conirol
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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. WD 2004/ 095768 PCT/ US2004/ 004218 wuse on Optical Fibre
Cabl es, Novenber, 1994; and/or |ITU- T Recomendati on -
V& 7@7/09370t wor k Node I nterface for the Synchr en®os2004/00£218
Digital Herarchy (SDH) (1996). [00121 TIA 20 may
anplify an electrical format input signal. For
exanple, TIA 20 nmay receive a small input current and

use@ﬁmp%m TSHEABHE rﬁw } aqlg@ﬁazlﬂd/d%q’mur R\ééﬂxﬁﬁgﬁda&ﬁn@} 707,
|nthe or der of |vots) TIA 20 may be

eda ce I | f| & Eye’

a ] us et ngesg %?ﬂr %{WLIS lgtltﬁe eelragg 'caﬂlno(ﬁor 't"
i nput signal and provide a reproductlon of such input
[eo1g] gnal . TIA Hoesy sapkl anidduthdl batingenigmal. Fdreexample, TIA 20 -
present invention, eye adjuster system 30 may attenpt

Rcdi0PE R8I ¢ Efrfdn o foAnena®f orly A& volt o
ma318| gnla RECEI@%R I NPEJT @dﬁfﬁ’%\?‘%‘%@gﬁd adj uscil ngvo a%?, (eg

i o R ARG AR pEnatahed fi4 Rl Ate RGP e

for mat i nput signal. In one enbodi nent, eye adjuster -

~ [0018Y st em IemdinspesisannB0 hokwaingleahd electrica femtat @mput signal and

("FEC') processing in conpliance for exanple with

providds feprédu@hioh of SO ﬂlpuy\&%!i‘alr &P E’&Eﬁiah&‘ 918 BRkmbPARENESthe

by eyé adjuster system (such as a 15 reproduction.

pres%fn i b&ﬁ%gﬁ@g@@!@ﬁ% [\ﬂr@ %Yt@ﬂh £ pfdvR I ac‘égxa@%f

ormn cess ng s as ne

tr.ol
fepfgi%ﬁlﬂ%o pe ﬁgﬁlﬁﬁéﬁwﬁﬂ@gﬁﬁﬁg RE R AP Esing Yot aDC
versi ons of | EEE $02.3 and/ or optical transport
offsefcppenirtipromd) 2 tuizonigharap et ois baredpi chgrarisrisaifithce
for exanple with |ITU T G 709. 20 [0015] Backpl ane 50

~electrizgl foroxt idputisignet. do e einbatlinent, lbet wéjested gyem 30 may perform

processor and other devices such as a packet
forwREDERGSRireltial (“HBOI Ffﬁra@lassia@dﬁ S SINEE Morfeadiny 131@ WiftloITU-T

depi cted). [0016] FI'G 2 dépicts one possib _
G.979ml ementation of an eye adjuster system 100 in

accordance with an enbodi nent of the present

i nvention. Eye adjuster system 100 may

- [0014] With respect to signals provided by eye adjuster system 30 (suchasa

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 Bthernet, described for example in versions of IEEE 802.3 and/ Or-optical

o tfansport 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




10

20

. 4 WD 2004/ 095768 PCT/ US2004/ 004218 i ncl ude eye
adj uster device 205, buffer 210, peak detector 215,
Iweredasngs7agpl i fier ("LIA") 220, phase adj ust epcgdQi004/004218
phase conparator 240, phase |ocked loop (" PLL") 250,
eye opening detector 260, shift register 270,
consecutive bit detector 280, |ock detect 290, denux

111@9@3 ey@lidfuster 88iSE 205, Blffer 290NSAE ldHe&% pad th?:glﬁng %h‘aﬁﬁé}r(“LIA”)

0; "and forward error 5 correction

o n L
. ﬁﬁ?ﬂ ¢ 8 200 5 Iy A B 5%%@%%&”@? il %U?e@%éa%
i ntegrated 6C|rc I n_anot her | enentatio
OPBIHH%gﬁtS?FPE iy i 2k Qprsegpshe pit rcivay Bibdock detect 290,
nmpl ement ed anong several integrated circuits that f
demmc éPe.olfursgistar 8 10.siongpoutivr paticamguiesford 2 anddprward error
conductive leads of a printed circuit board. 10

IJ’CD

 colr@AbAT BT herodd: 08y, T ecei ve an input signal | abel ed

SYSTEM | NPUT and pr ovide gain for signal SYSTEM
ur B ffer, 2 receive a vertical eye novenent

I : :
007hnal lbﬂﬁlfe%’ %IH? foBy caRRANERES 9P 8YS Al utT Y stgmpe0 may be
reference | evel of signal SYSTEMINPUT. The verti cal '
implpwentsd emeng thei sgmglintagipted sicwiat ke anoher pfiflersentation, components
cancel lation voltage to apply to substantially negate
of BC afiseetsystémnn 0@ xay bk émplefnehietifagiong $Oveldl integhatedesrcuits that
‘differential input termnals, the differential. input
it A chte Mgl 6 %ka‘ﬁ%al& rheous\b? ebihduRlivOlh&&ir aﬁirﬁﬂéﬂ cﬂﬁut Board.
differential Signal to substantially cancel DC o
resent in eye adjuster system 100. Buffer 210 U’\{“
[06{#p| emenButferakl Oanali fepeivesn inakt Benah bibelgl SYSTERINPUT and
gain anplifier. 100191 Peak detector 215 may neasure
propisiglcamniol sigoad & SHEM IMEUE1T @uffet 250 gnaleceR@ aSéFIEMEye
| NPUT provided by buffer 210. Peak detector 215 nay

moREMMitdRnbhfeorR @ adj 8t devitd@0b Go SHR 29T HFERhcIRVEIGE signal
205. For exanpl e, peak detector 215 may neasure and

| SYS'FE'WI‘UPG?& amtd e Vgﬁ‘xop@fﬁ%ﬂ &ﬂﬁﬁnﬂ]?‘d{ca{émﬂs‘ep d

(e.g., one or severa
cancellation voltage to apply to substantially negate DC offset. For example, if buffer 210

si'gha

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.

[0619] 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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. the anplified signal provided by buffer 210) or by
aver agi ng peak values of the anplified signa
poonddmdidey buf fer 210 over a |onger tine perimtudealosszis
detector 215 maybe 5 WO 2004/ 095768 PCT/ US2004/ 004218
i mpl emented as a (1) zero gain buffer wwth a capacitor
for short tine period peak neasurenent or (2) S

impl@fdritéd &ra M bdro %a@aﬁfﬂepwltﬁ grc XREAQE BRbrP8RK péaby §§ak
over a Ionger time period 020] LI A 220 fmay anplify

meéstl%p?en\’ g;&% Hﬁ}f}rl \?ﬁlﬂ? acﬁso\{% Fz{\ﬂefcﬁg%%negfé Q'X];ugf ﬁvépé lotger time

rgsultlng anplified si gnal The arrplltude l'imted
®fgnal output by LIA 220 may be referred to as signal
I NPUT. LIA 220 may be inplenented as a limting '

mnmmol i fi arra 120624y a ﬁlﬁ?@h@@h&&bﬁ bf 4361 S THNIANPUNEprovided by
phase of clock signal CLK rom PLL"250 based on t%

e
R S P A SELED BeT mome

devi ce. [00221 Phase conparator 240 rmay conpare phases
impfsuepfed asiedentiag gmalific K and the signal | NPUT. Phase
corrparator 240 may out put corrparisons bet ween phases

[0029 si g rﬁ%&f@é&sﬁl 95‘6‘ n‘Jag] aSe Jilg&g?koglﬁﬁeﬂ@LK E AL 250

conpar at or may~ out

basegrog%ﬁawoggﬁ‘: oL %@%@%ﬂa@ T T

ngso i ndicate whether an illegal stage in _sanples
cloc 181%1? REROYINBUTC I b Urhase adjusten 288 anaysheigmlsrgnted ay 2maies

with the bit error rate for high frequency inj ect ed

_phawllntemﬂmsand%tatﬁy coipdisatrtom @4kemay be i rrpl enent ed as

an Al exander ("bang-bang") type fllter
| ene

L e e b g e R anc
,Ifr ﬁge entitled, Cock Recovery Fr om Random
the %%%ﬁ&ﬁ‘ré 35¢ CopRTaAs 249 may fykpus g BongheyseR Phasgsof

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

_h‘i gh 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 aé that of signal INPUT. PLL 250 may adjust the phase of
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. 10023) PLL 250 may out put clock signal CLK The
frequency of signal CLK may be approximtely the sane
X0 EWAP9368 si gnal | NPUT. PLL 250 may adj ust t hBCHR&2E4/004218
of 6 WD 2004/ 095768 PCT/ US2004/ 004218 cl ock signa
CLK based on phase conparisons (e.g., lead or |ag)
from phase conparator 240. PLL 250 may. be i npl enented
clepk signphHakk. Hagwkorl wwops cqngBRidats (Eye loden] afg@ figent plaase corppator
may provide an indication of the extent to which
2401 20%i 250 oy Wf infplheneitednala ﬂh&RUﬂcl@lo@p.Confi ned within
expected phase regions (i.e., the "eye 5 opening")
e opening detector 260 nay determ ne e openi ng
IOQ%L ed onByRepeniag ketestei0 nekprayide g8 lraiéﬁle{l é% thegxgimg 1o Pwhich
PCLK. Eye openi ng detector 260 may be inpl enmented
trapsitipgs afdlothsizepl ENPUEswr ¢dpdided withinS:xp8ded phiasploegions (i.e., the “eye
10/ 206, 378 filed 7/25/ 2002 (attorney docket nunber P
opd#izF0) Eyt 0psig Shidtdr J60GhBt RlerR A thayystenimgtigedbn thefclock
si gnal SAMPLES from phase 10 conparator 240.
SHANGER W] A4 Qle %’c&:ddﬁéﬁa@ ber k2 %Q,refb%mhé%‘ébﬁéab?z&@ﬁiaﬁl Bk ithPRmented

COﬂSGCUt ive bits ©f si gna mat ch. ConSecutlve

usv%ﬁ%ﬁﬁlgﬁ e RE s SRR GRERH  Reag 2p02 Yty dooker

phase conparator 240 and one bit fromshift
nulné@igs]tﬂfggb)zm) [ 0026] Lock detect 290 may indicate a

frequency devi ation of signal CLK froma 15 receiver
{00§¥]St em r 8h#l BPRRr 947(%5 sﬂe%&ledﬁﬂtﬁcsigaPQAMEmﬂbﬁqﬂﬁse

how many parts per lion the clock signal CLK from
cmﬁé%mi%?@%(gg(\f&?s%&ﬁ v;e{??clr@ﬁ{&% trz§(§ %gnrﬁcﬁca% ?g?glh@@% nseckmve bits

and K of . s 00271
of §5p SANMEES B IGBARGHT B Sl 240 906 pgEietied 8 an
paral l el byte stream (or other nunber of bits). Shift
exqlatysPRragoithigpuisobFeo eensenyive bis (cg.gens bibfompsgsymparator
(or other nunber of bits). Consecutive pattern
24Qetcewtednt (3@0 shdiyrepctt 22))e  whet her two consecutive
bytes (or other nunber of consecutive bits) are the

[Oﬁ%ﬁms' Lock detect 290 may indicate a frequency deviation of signal CLK froma
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 shifi 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 patiern 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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. Consecutive pattern detector 320 may be inpl enented as
two sets of exclusive OR gates Fr wth outputs tied
PO W/BNIB8gat e, where the inputs to the two serCI/H2004/004218
exclusive OR gates are two consecutive bytes (i.e.,
one byte from denux 300 and one byte from shift
regi ster 7 WD 2004/ 095768 PCT/ US2004/ 004218 310).
310)d édmiticdlbytwdré)itqratﬂaht cp@tioey Niledocksioly @endigd ®arce ora
| ocking to a noise source or a reference clock.
refb@fR2JodkEC processor 330 may indicate a bit error rate '
(BER) of a parallel stream  from denux 300. In
conpliance for exanple with ITUT G 975, FEC processor

(00280 ray FBC praceser 3$hwapiridatonbit hieoREE (BEHR of nphuatleldtream

in a payload derived fromthe parallel stream In one

frommsivers00.aii ampliEht: for ecassle wiBITUNRG. YT FECprBERsor 330 may

information to eye adjuster device 205 using an

extiaot e BER o @le FRORAd BLRIEPHINyEAL d8Rved H6m rﬂ?eeﬁdréﬁel

peri pheral interface (SPI'), or "any other i1nte

o e B EL AL S8 Bl P hin e

adﬂa%isf@@% on Winscspeat U vt o Rekorrim San%”d

g | ing point of eye adjuster system 100. For
PerigRetApinieTiags SIAY pr aneetheianicsiec205 nmay det er mi ne DC
of fset cancell ation and horizontal sanpling points by

[002[9?' ng s aer:]c%n éﬂa}ra érlsggg?ig aglgilﬁWs aWSLEEMDIEﬁUer asg‘%%If as

evel o

s g, e s S erL o e, P o

b Séé‘l;g%/l I NPUT are confined within expected phase
otl Rioftset ersralation gudeorirontlisasepling neyns obpenidigsiarsyeend00. For
260); (c) illegal stages in sanples of the signal
exagyiSTEMadNSteT d¢tibaZ0mmyy Detempas ety canicel lglvased horizontal
conparator 240); (d) the occurrence of consecutive bit
sampliic; yitite bp ating kome OOl of Mhefolyiibe irfputs: (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); (¢) illegal
stages in saniples 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
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.of bits) in signal SYSTEM I NPUT (that may be neasured
by respective consecutive bit 20 detector 280 and
sonzeousrase pattern detector 320); (e) bit errerT/osheine2is
of the signal SYSTEM I NPUT (that may be neasured by

- the FEC processor 330); and/or (0O deviations between
signal CLK and a | ocal systemreference clock (that

and¥BYthB BolRAsA seepie pdtof ratelvedyefer?9Win % bR BlpRKANkRtionship
eye adj uster deV|ce 205 may adj ust DC of f set

baft20% Lt Q’Lﬁ‘gﬁ:or Itzont gpgfgg%g@ngg/ US2004/ 004218

or t anpl 1 ng poi nt of receiver
system 5 using an al gebraic relationship based on one
[0086] nor e Bér exlampih oyeadGisgdkvipa2@mtessp tH00804dndRekjust each
exanpl e, eye adjuster device 205 may step through and

sigBli pasincRR6H theo DORIng PRMASE HRAsUra bikBalfpatdnemén djrRrnRéror

“measure a signal paraneter, adjust either or

bofblor Hde POEAR OB er @A d;%f(&)' 3hs I%Utﬁ@&%r& aﬁn&@&wg&md R

si gnal par anet er esire al ue ange

description gave exanples of the present 10
i nvention. The scope of the present invention,
however, is by no neans Iimted by these specific

exanpl es. Nunerous variations, whether explicitly
hﬂ§M§gE@Eh the specification or not, such as
di fferences in structure, dinmension, and use of

[ooﬁ‘ﬂt erial Th@ér%w ShPlR for ;Eﬁﬁgyd%t&%@ﬁgf?%a\‘ié‘é(ahﬁ%ﬂt@é‘pljeﬁnt

| east as as giv 'ow ng “cl ai ns
m%@%%@ el Eﬁﬁﬁgmgeﬁe St BLTSah L Pp gl o e

t he

sed o Ieast on character| in
7 i](ﬂtfy given 1n the sngemﬁcatlon or

speg% KARMP es Numel ous variations, whether exp

not, such as differences in structure, dimension, and use of material, are possible. The

scope of the invention is at least as broad as given by the following claims.




provi ding a sanpling phase adjustnent based on at

| east one characteristic of the input signal;

sel ectively applying the DC offset cancellation signa
to the input signal to reduce DC of fset; selectively
adj usting a sanpling phase of a clock signal based on
the provided sanpling phase adjustnent; and sanpling
the input signal to which the DC offset cancellation

Q;‘éllﬂﬁl is selectively applied using the clock signal.
e nmethod of claim1l, further conprising:

nmeasurin j ude of the input signal,
1 ‘wher ei n gt tﬂsgtéoﬁ'@%fn haracteristic of the input

si gnal es_the, neasured peak anplitude of the
Pe% \)"%g.%gn lﬂliil’é't Wgﬁﬁl [ furt her

i nput sig od of claiml,

conmpri sin asu exte t. to_whi nsi ti

o The” | RHTET b s SeElstcr sighin Ratff e’ REt one
chafgtitétistic oMMRIiAput signdieast one characteristic of the

I nput signal conprises the neasured extent to which

transiti gsiditig @%a#nb%ﬁ phag83djusthfent Piseli on CaNfehsiedne
phase_ regions. 4. The nmethod of "claim1, further

Ché‘Eﬁﬁﬁﬂ%?ﬁbtheﬂnplﬂ(&m detecting illegal states in
sanpl es of the input si gnal wherein at |east one
char act e$elg¢t1VQlyoapmlweg|t 8 RC gifigetiicanestistivr ¢ignal to the input

SI@%F#)rFeﬁﬁéeeﬁcoéﬁée I egal states. 5. The nethod of claim

er conpri’sing determ ni ng whet her
selectively adjusting a sampling phase of a clock signal based on

the provided sampling phase adjustment; and

sampling the input signal to which the DC offset cancellation signal

is selectively applied using the clock signal.

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 the measured 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 the measured extent to which transitions of the input signhal

occur within confined phase regions.

4. The method of claim 1, further comprising:

10
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consecutive sanple bits are identical, wherein at

| east one characteristic of the 1input signa
conprises the determ nati on of whether consecutive
sanple bits are identical. 6. The nethod of claim1,
further conprising determ ning whether consecutive
sanpl e bytes are identical, wherein at |east one
characteristic of the input signal conprises t he

determn t r consec V, tes

dent | caneloping SRl bRTEs §F SaRElR 4 hRIABHESONa iR at
leS§tiNPrié SThALhcUSsRIc MbM tHRY iUt esigedt cdrpriseldl 68curR@ices Astkillegal

si gnal deviates froma reference clock signal, wherein
staleSi east one characteristic of the input signal

conprises the determ ned extent to which the clock

signal deviates fromthe reference clock signal. 8.

The nmethod of claim 1, further conprising determn ning
5.bit erroffhermetbodief claign sdnmpurterzomentising Beermmdig ghether

CO\O@&?@IRIQ s%?nr#@rk? %zté e{?ﬁ ?deé@i?éﬁﬁ;h%%ﬁteit Qezg%t ogfehﬁuaq'zg&gli%tlc %f the

m;suirmjrm coipriddeetheaddtachindtion off whdthembensgicotiieheample bits are
%Bovt‘dl ng a DC of fset cancellation signal further
i ses determ ning the DC of fset cancell ation
Si gnal based on a mathematical relationship with at
| east one characteri stic of the input signal. 11 10.
The nmethod of claim 1, wherein the providing
6.sanpl i ng 'b%d@%thoﬁo‘j’fu@ﬁmﬁt dhen spMpogHei @%t@rmmmg whether

coRSd iDL @bﬁg,é §%F@|deﬂﬂc£ h@ﬁﬁreﬁﬂéﬁ%&%ﬁe AR 58eriQt & the
mat re at

) emati c atl onsni p Wt east one
inpeh siged epingrises diie daterininadion sifgmtadther ¢dnseThtivarsampld bytes

wherein the providing a DC of fset
ar%g\%gﬁ}aﬂatl on signal further conprises adjusting the DC

of fset cancellation signal based on a change in any
of the at |east one characteristic of the input

i .
19N The method of claim 1, further comprising determining an extent to

7.
which the clock signal deviates from a reference clock signal, wherein at least
one characteristic of the input signal comprises the determined extent to which

the clock signal deviates from the reference clock signal.

8. The method of claim 1, further comprising determining bit error
rates in the samples based on FEC coding, wherein at least one characteristic of

the input signal comprises the determined bit error rates of the samples.

9. The method of claim 1, wherein the providing a DC offset
- cancellation signal further comprises determining the DC offset cancellation
_signal based on a mathematical relationship with at least one characteristic of the

. input signal.

11
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12. The nmethod of claim1l, wherein the providing a
sanpling phase adjustnent further conprises adjusting
the sanpling phase adjustnment based on a change in
any of the at | east one characteristic of the input
signal. 13. An apparatus conprising: at |east one
integrated circuit, wherein the integrated circuit is
to include the capability, either alone or in

onbi nat kon Wi th .0 r. inteqrat.ed,circuits, taor i ve

16 put TEPgloaoirigh T TR LB B 2 i hse
adiiggmeht fuptherd compased @atafminng) theanasting phake adpistrhérd based

i nput si gnal , provide a sanpling phase adjustnent .
0%%8@&1% SRVt aldpagtiasie daracteistic of the,ipgut signal.

signal, selectively apply the DC offset cancellation

signal to the input signal to reduce DC offset,

sel ectively adjust a sanpling phase of a cl ock signal

hased onThhemeliasliciedladmanihi iwiprpinadiee aefovisinget DG neffset
o e ! 4 ; ane
CRERRAP S " or SRl SN g D P AREelatiopyional

baskd ok sschgpmgke.in 8y bfitheTideash pae ahasactdristit af theli@put signal.
wherein the integrated circuit is to include the
capability, either alone or in conbination with other
integrated circuits, to: neasure a peak anplitude of

12t he i npuTheingetabd offeiel n, dhetatdashe @evidinbad aatmpling tphase

of the Jjnput sigpnal conprises the neasured peak
ad&ﬁﬂvﬁretfagﬁ%ﬁcq Ises RsiHstiag dhe sampling W@%@%E?tﬁl%"% bgged on

a dHaAbEirl dny BHREGIt edsPBné BRASERIGHC 6f theYhdutisiyriap

13. 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 a DC offset cancellation signal based on at least one

characteristic of the input signal,

provide a sampling phase adjustment based on at least one

‘characteristic of the input signal,

selectively apply the DC offset cancellation signal to the input signal

to reduce DC offset, _

selectively adjust a sampling phase of a clock signal based on the

provided sampling phase adjustment, and

sample the input signal to which the DC offset cancellation signal is

selectively applied using the clock signal.

12
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i nclude the capability, either alone or in conbination
Wth other integrated circuits, to: nmeasure an extent
to which transitions of the input signal occur wthin
confined phase regions, wherein at |east one
characteristic of the input signal conprises the
nmeasured extent to which transitions of the input
signal occur within confined phase regions. 16. The

pparatus, of claim1 wherein the.integrate i rcuit
40P E o™ Top Pl ol B £ MwheB METIRLSed dreit s o
in€lad®ihaadapanilivy, ehh@tdiehe bhine@naigstion withibther intdgPated circuits,
detect illegal states in sanples, wherein at |east one
tocharacteristic of the input signal conprises
occurrences of illegal states. 17. The aloparat_us of
cl ai m 13Megpdice? Reakamplitusigrefitae imut signe!, whergin at least one

oh R SF T FREF lont e RlTRLInR AR8(REd pRok BFEHARE e

inpdsigpalit i ve sanple bits are identical, wherein at
| east one characteristic of the input signal
conprises the determ nation of whether consecutive
sanple bits are identical. 13 4 18. The apparatus of

15¢c| ai m 13Thavepipatatus e dlaine gratwiderelrr the tintbgratedd circuit is to
. Include the capagbility, either alone or |[n conbination
'”%‘f%#@t%@?b'i'm sleialeneprip gombinatiop ‘%Igt %thﬁ'i 'H?%@g [FEpuits,
to:consecutive sanple bytes are identical, wherein at

| east one characteristic of the input signal

conpri segehfgreds ¢ fgrm%i\f?mcﬁftr%ﬁﬁzo%%f tﬁ@ﬂﬁ&&uéib?@ ocecur
sanpl e bytes are identical. 19. The apparatus of "clalm
withgy coufinedi phasereginnsg mdtesein catrleastt ones charactenislic ¢ theénput

sq%%t) ggrhhtlé%s &I'ree%, b&e%rsg%do BteRl té) r\}r\fh‘?éi‘FJ?r'aPxg“lé:n%1 thllié1 inoptLR esrignal

occur within confined phase regions.

16. The apparatus of claim 13, wherein the integrated circuit is to
include the capability, either alone or in combination with other integrated circuits,

{o:

detect illegal states in samples, wherein at least one characteristic

of the input signal comprises occurrences of illegal states.

_'17. ' The apparatus of claim 13, wherein the integrated circuit is to
'i_nclude the capability, either alone or in combination with other integrated circuits,
to determine whether consecutive sample bits are identical, wherein at least one
characteristic of the input signal comprises the determination of whether

consecutive sample bits are identical.
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to determ ne an extent to which the clock signa
deviates froma reference clock signal, wherein at

| east one characteristic of the input signal conprises
the determ nation of the extent to which the clock
signal deviates fromthe reference clock signal. 20.
The apparatus of claim 13, wherein the integrated
circuit isto include the capability, either alone or

8ot r m nd i SRR HF Facioim; 5 CHBBEHT i iBlrelen airCuiees o

inciogk the capablig), RitAér AIGRS br inQdtnsiR@lonalieT othbt ibtetfratelircuits,
i nput signal conprises the determned bit error rates.

to determige Ydietheit apnseeutiveasample, byipe e idantieali whepintab deast
. : _ . e . i e th

orf) EFHSCCHDT of i Topuk oA o E8RAC koo whether

copseqive sampleobyesaralidediaf f set cancel | ati on si gnal
further includes the capability to determ ne the DC
of fset cancellation signal based on a mat hemati cal
relationship wth at [east one characteristic of the

19. nput  si Ghalappatatud e apiparid, ushabinctra mtégratathereiin is to

T Ny —

to dBlePaRl &4 eRichf it Which the cRICRWigl deviatR! ftd afeAsiBnce clock
ad{ ustment further includes the capability to

signat, ewherel ehdeardmng shaptetasistiadgfudenivput sigvel cempsises the

delBnIEABh of #he [aﬁjeﬁf {oo\ﬂﬁi% Qh? WMdkR s aygé\gét.egqtﬁaén the reference

characteristic o he I'nput "sign

cleeppgnat.us of claim 13, wherein the integrated circuit
that is to include the capability, either alone or in
conmbination with other integrated circuits, to
provi de DC of fset cancellation signal further includes

20t he c?pg‘ﬁhé idppatapuadif udhim t113e vﬂféremfﬂ'@t itegrardd afrtwin is to
. 1 gn aseq on.a change ,In at | east one . . .

'”%ﬁ’%r@% E@P?@ﬁﬁyce'”ﬁ aTqﬁ@ i &P""é’w‘ﬂ?ﬁ'ﬁﬂ .W'f_%@th%@tegfﬁ‘fﬁ? sirets,
to @dtefhink Bitletror' MARE §h thd SinpiBE B8EE&H 84 FEC &didg, Wihreih St icast

one characteristic of the input signal comprises the determined bit efror rates.

21. The apparatus of claim 13, wherein the integrated circuit that is to
include the capability, either alone or in combination with other integrated circuits,
- to provide DC offset cancellation signal further includes the capability to
'dete_rmine the DC offset cancellation sig'na! based on a mathematical relationship

with at least one characteristic of the input signal.

22. The apparatus of claim 13, wherein the integrated circuit that is to
include the 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 a mathematical refationship

with at least one characteristic of the input signal.
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i nclude the capability, either alone or in conbination
Wth other integrated circuits, to provide a sanpling
phase adjustment further includes the capability to
adj ust the sanpling phase adjustnent based on a
change in at | east one characteristic of the input
signal. 25. A system conprising: at |east one
integrated circuit, wherein the integrated circuit is
to the capability, either alone or in conbination
wi th ot her integrated circuits to receive an input
fset, cancel | atl

25070t | o1b8 AoRarengt BABrcs BR o orat Srnatts to

inSOE tHEcpaBHEP ither ABAS 6r RCh RSB ARIYN \Mﬂ’ﬁ@!ﬁep Ihtéﬁraﬂe@%ﬁbuns
one characteristic of the input si sel ectively
to ggpYige tHe offesioransellatiemeionplaurtoar gicgadgrs the cenabiliydatadjust
[ just
thé% I%eé%g %@%ﬂglﬁ gﬁaf ie%ton §%}1§rg%é}ﬁ Me?% o chBracteristic
of pheowpudiesigsalnpl i ng phase adj ust ment, and san‘pl e the
i nput signal to which the DC of fset cancell ation
signal is selectively applied using the clock signal;
15 a |l ayer two processor to receive the reproduction;

24fmd an i Therbpamtuswf clemﬁ d3r eberene tisd Pregrste‘drcgugutthbat is to
. laye ocessor ystem of claim 25, .
ingliile hercopabiii 6 eithy aéormfm&& qf@Pé"”ﬂh‘Ptg?’f integratgd circuits,
to %%M@a@éﬁﬂhﬁﬁ%a%%dﬂié%@ﬁﬁ%h\é’r HE:IJd@z‘% th@tcg?glﬁﬁ(? to adjust
device. 27. The systemof claim?2 wher el n ayer
the gampling: plaassy adjgekmqrg basedghn@ change in at least one charactenst:c

of the input signal.

25. A system comprising:

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

either alone or in combination with other integrated circuits, to
receive an input signal,

provide a DC offset cancellation signal based on at least one

- characteristic of the input signal,

provide a sampling. phase adjustment based on at least one

characteristic of the input signat,

selectively apply the DC offset cancellation signal fo the input signal

to reduce DC offset,

selectively adjust a sampling phase of a clock signal based on the
. provided sampling phase adjustment,

and

_sample the input signal to which the DC offset cancellation signal is selectively

. applied using the clock signal; -
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to perform nedi a access control in conpliance wth

| EEE 802. 3. 28. The system of claim25, wherein the

| ayer two processor conprises logic to perform
optical transport network de-fram ng in conpliance
with ITUUT G 709. 29. The system of claim 25, wherein
the layer two processor conprises logic to perform
forward error correction processing in conpliance with

a Iaygf Evo%r%@éssor%& [ec-t%r{% t@¥%ﬁ%8& ol ghdh 25, further

cou edtothe |nterface

Aprising a ac
deV'éﬁﬁnte?féceEE@icéXéP@da\%fs §|Jlé’?é ﬂ%}ﬁ'ﬁh @Q&Srs' ng
a packet processor. coupled e eV|ce
16 t

26.  The system of claim 25, further comprising a XAUI compatible interface to

couple the layer two processor with the interface device.

27.  The system of claim 25, wherein the layer two processor comprises logic

to perform media access control in compliance with |IEEE 802.3.

28.  The system of claim 25, wherein the layer two processor comprises logic

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

29.  The system of claim 25, wherein the layer two processor comprises logic

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

30. The system of claim 25, further comprising a switch fabric coupled to the

interface device.

31.  The system of claim 25, further comprising a packet processor coupled to

the interface device.
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