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WO 2005/ 067236 PCTI US2004/ 041106 FEEDBACK FI LTER
RELATED MATTERS | ~I MAN~~O *159159* [ 0001] The subj ect
matter disclosed herein relates to U S. Pat. Appl.

vz 20057236 (att orney docket nunbers 042390. PPZTAS2004/041106
042390. P18170, 042390. P17153 and 5 042390. P17154),

filed concurrently with the present application and

i ncor porated herein PFREDBAECKEFIIERACKGROUND Fi el

[ 0002] The subject matter discloses herein relat esﬂ

[0002] The subject m e os herei n rel at s [HITIHIEN
froma transnission mmm ar, the subject *1591%°
matter disclosed herein relates to processing signals
[0ogRei ved The@in d,ectciﬁuﬂwaisaedeucheremmlto UtS. Pab Appt. Sse Nos.

oot 4400 ok ST A dy .,
‘fﬁpl £ gﬂ%ﬁ ' n‘% collévfﬁcf}ﬂg%{h W4 Hrseit SphEhtioind ifoRhorfES herein

ring and equalization techniques

by refeeermbl e reli abl e detection of the information.

Decreases in the cost of digital circuitry have

enabl ed the cost effectﬂAéK @ipadaptive digital

filtering and equali za(-v-o'n—el"‘@m‘q‘ues that can

optimally "tune" a filter according to the specific
Fieldar acteri stics of a noisy conmunication channel wth

di storti on 20 [0004] Figure 1 shows a conventi onal

i tal

By . orftesibiseriniEe Ul nieln Blkes f BCeS g RERADGE
plroeesenlng daka a¢ceived roal angansnumogmeallium cbmamqumr t@AEJ@ICCI matter

dqsﬁggpglgqeén re%ltgh}a%%ﬁmg %'ﬁ]ﬁ ?écc%'aifr% X u mn 1§atlon channel in
tﬂemmto&-h&gemga&wﬁynbol S representi ng i nf or mat i on
INn a noisy comunication channel with distortion. The
ADC 14 may sanpl e the anal og i nput signal 25 at
‘e sanple intervals corresponding with an
i nter-synbol tenporally spacing, or fractions
[600ST €Of . To recover information from a signal received from noisy communication

channel with distortion, receivers typically employ filtering and equalization techniques to
enable reliable detection of the information. Decreases in the cost of digital circuitry have
enabled the cost effective use of adaptive digital filtering and equalization techniques that
can optimally “tune” a filter according to the specific characteristics of a noisy

communication channel with distortion.

[0004] Figure 1 shows a conventional digital filter 10 employing a finite impulse
response (FIR) configuration. An-analog input signal 12 is received at an analog to digital
converter (ADC) 14 to provide a digital signal at discrete sample intervals, The analog
input signal 12 may be transmitting encoded symbols representing information in a noisy
communication channel with distortion. The ADC 14 may sample the analog input signal
at discrete sample intervals corresponding with an inter-symbol temporally spacing, or

fractions thereof.
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| 1~IdBN ~~I'mi *000002* WO 2005/ 067236
PCT/ US2004/ 041106 [0005] In a feed forward portion of
the digital filter 10, on each discrete sanple
WOrR0es/a5a336 t he digital signal from the presenfCHPSEP4EEIS
sanple interval is provided to a nultiplication
circuit 20 to be scaled by coefficient co, and signal
[0beE)S at l[mqu@d dorwardsportiompd the digitalrfilter $0,(dn each disérete sample

it 8125 iR s PR A WP O PRTR

mﬁlﬂgﬁé}:&ﬁ Pi!rélﬁ@()' 8'Be ‘§d:dl&lbyt &eﬁﬁldnﬂco?&cﬁﬁgiae thpbyit two previous

Icients c2 an respectively. The outputs. af
satipts intervals (v e slngl@hqarrmlpsér%ﬁwwo feiiou liser &posa%npl%ﬁewls

deiaggg gﬁ fx@&rﬁ?ﬂé lf@ﬂr@ gro‘iricfeﬁ W huﬁx%hé‘a%ofl %ﬁ&ufsolo\/t@ Ibg scaled by

all zed SI g
coefiiientsad, and &4, 0 -peomlan The qutputs of the rﬂm myltipHieation gircyits are

DR cemtne o R Sy iRl 29880 Rl dlipherld ot

eduhl'iﬂeﬁ'siﬁﬂalc' rcuit 30 may provi de a bi -1 evel detection
of synbols fromthe equalized signal output of the

d f
108081 dos e aptieialice st safe SRE Y yef fh bt Jgst
mE'ﬂ)es dak eabed MRk ferth aﬂztr@IR ‘Filtr d:dnﬁi‘gtmaﬂgn CArlnmtmg
prow des a si of t erro h of J ¢
CUCHE IR E U DY L LS S

f

o i 8 2% oma STt o E“""?‘e@ 8 lfRzence befween the

ﬁnéréd)gutputtahd thealetsctpd symbolaasmf‘mmr oAdinriting plgcmﬂ 26:nrpvides a sign

t al | t

o5 b iR E RS SR PR R HRGGLR c

aﬂaﬁgage@h ‘fm?é lfnuxlﬁtpncunon [cQ6@%]25Imultiplies elt&mgtkoﬁi?c gném?mdf the sign
t he 1 gl ta | er ! e

of aieoriattad g sizaph et e gl b tas A8 e e ieig ghrpiELe) and

a ‘%ﬁhlg PAIE Eircfitida %eﬂ&aﬁ:k anuptfatddi@efficiet. 20 gener at ed

Imting circuit 26. The result is |ntegrated at

sanple and hold circuyit 34 to nerate a fe
[096%F f i ci dna. feeslbaek Barfien efthe digitalitier 1 aBPUYPHE&Pt% E‘&P"éés from

thetzlg%egl f eircui %fO 19&#)@% %Qll‘:lra iréultgﬁ aPM cBﬁiSmE@ mﬁﬁé‘mﬁn of the error

coe conponent of
gempmtd tzyddmtmg gmaht mtmreadt lsmtngtarﬁgi 3 isprapleang holdciyowig34 to

R

ciedliit82 liete feedinok cdeTficienicto pruvided feédbhckacaspminent of therqualized
sxglalfoluéput atlsml%nung circuit 22,

[0008] Figure 2 shows a conventional implementation of a feed back portion of the
digital filter 10. An equalized signal 42 is combined with a scaled output of flip-flop
circuit 46 (i.e., scaled by a feedback coefficient 54) at summing circuit 44. The result is
stored in the flip-flop circuit 46 and provided as an output 48 on pulses of a clock signal
50. The output 48 may then be additively combined with feed forward components of the

equalized signal.



10

15

20

25

circuit 46 (i.e., scaled by a feedback coefficient 54)
at summng circuit 44. The result is stored in the
flip-flop circuit 46 and provi ded as an output 48 on
widossas7286 a cl ock signal 50. The out put 48 RET/US19841041106
be additively conbined with feed forward conponents of
the equalized signal. 2 WO 2005/ 067236
PCTI US2004/ 048RIEF DRSERIPTTON OF ITHY PIGURES-| GURES
[0009] Non-limting and non-exhaustive enbodi ments of
the pres iLnyention w.ll be described.w th . .
(0P er enci"qnol“?’ﬂﬂ P‘E)‘F PUFRIGuSEvE B E n\ﬁﬁté PEW\’? Prgsgyy invention
wﬁlecfleeEJHB@d QithRéfRlefice todhefollbWinlg] ﬂg@:déﬁwhﬁeihhike weferente Hungerals
vari ous agr es unI ess, ot herw se speci fied. 5 [,0010]

reﬁrgdﬂl@pms tthe yarinus Saues Balgssiotheryise SRECIEET| oyi ng
a finite inpul se response (FIR) configuration. [0011]
ure 2 WO oRREAtRAA di mh&eﬁm ififla Ghit@impulse
[05 @dback%%gﬁgﬁo of a FIRTI I% ]?ny@gure P
respvoses(FIR senégeation.di agr am of a rece| ver enpl oyi ng a
feed 1 o forward filter and a feedback filter. [0013]
jgure 4% R of'@/feeibdcRPortion of a
loﬁliﬁter acc%‘e%l\?ﬁg ‘?sgbgrg&iet%‘ggdﬁ%ent o?lotﬁe recei vgr
FIRfiwn. i n Figure 3. [0014] Figure 5 shows a schematic
diagramof a circuit to update coefficients according

an e feed
b5 *7 FGE Rl = B diberp @B kickfr Sng S foed.
fobrard filter midi 4 fetdbagjefiterat e an error signal and an
equal i zed output si gnal according to an enbodi nent of

mul ti filter 0 ks i gure. 4 i

b ovs Fiiaitha skt PRl difol Ry upl A Bedkdilyicn
erAlbgaRhekt B8 tHe @eceiver SHowadh Pigire ®f the circuit shown in
Figure 5. 20 DETAI LED DESCRI PTI C]\I [0017] Reference
througho t hi_s ~ONe e di el
1003 S e A ShORRAsebeRls B of RSP} O B G ppoients
ac%B{dHfgt tda emBbdifileat (ﬂ'&ﬁ@ﬂhﬁﬁitﬂaﬁ fittesshowh @tiFigare 4 onnect i on

Wi th the enbodi nent is |ncI uded in at |east one

l_)

enbodi nent, of 't E 40
[0015] Figure 6 shows a sc ematlc diagram of a circuit to generate an error signal

and an equalized output signal according to an embodiment of the multi-tap filter shown in

Figure 4.

[0016] Figure 7 shows a schematic diagram of a charge pump circuit according to

an embodiment of the circuit shown in Figure 5.
DETAILED DESCRIPTION

[0017] Reference throughout this specification to “one embodiment” or “an
embodiment” means that a particular feature, structure, or characteristic described in
connection with the embodiment is included in at least one embodiment of the present
invention. Thus, the appearances of the phrase “in one embodiment” or “an embodiment”
in various places throughout this specification are not necessarily all referring to the same
embodiment. Furthermore, the particular features, structures, or characteristics may be

combined in one or more embodiments.
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i nvention. Thus, the appearances of the phrase "in one
enbodi nent” or "an enbodi nent" 25 in various pl aces

t hroughout this specification are not necessarily all
WQ:3085/06723¢§ t o the sane enbodi nent. Furt her noPET/U§3E4/041106
particul ar features, structures, or characteristics

may be conbined in one or nore enbodi nents. 3 WO

0613}5/ 0672‘3&0&6&'#&82516’4{11%10116& isﬁeﬂa&éd to herein relates to expressions

‘Machi ne-readab] e" instructiqns erred to her
Whigh 6% B BoSStoRLISL E ol s b JorRer B S R TS ToRise!
opffatiohy. eFdP%ﬁz{thﬂ@ Smé&ineneﬁcfaererﬁls&mﬁaﬁ iy JERIpEisé MEiredions which
operations or exanp nmachi ne-readabl e i nst ructi ons

arermjerprstablel byea prngqsm@pmeﬂgr forexeruting e R MOFgARSFatIgNY O Hne or
m@re%ra& g&&r G, 9{13 %%eréi‘%ﬁb‘i dniffle OfYRachine’féhdhble instructions
perations on one nmore data objects. However,
alﬁhnﬂ)odnnamdlﬂ;e pmseakmmmn afe noh limitad in thisgespeet.
instructions and enbodi ments of the present |nventi on

OB N b 08 g ¥ et s o

ofiridintaining expressioss wkipiakie perceiivabiia by bae ori mgreemq@hms& Borexample,
vvh| ch arc(fa %erﬁggl vabl e by one or nore macg nesf s?
P, TRAY CORMLIET ene AL QTR SIS SBHEP 1% Aine

m%hﬁ@fe%aﬂﬁhﬁﬁ%tl@ﬁs\/dr‘iﬁﬁ SQEh stbape B€ided may comprise storage media
machi ne-readabl e i nstructi ons or_ data. Such st

sugh o5, ferexpmplec eptisel, sngagticos gumisendugtor sigrage media; owever, this is
m@?égm &%%tdf%%acﬁ[ﬁg%ﬁabl% niemlﬁ.%ﬁﬁ@@ﬁt%ﬁha{ts G186 PldSent

I's nerely an exanpl e of
inventionaee not dited én thisdespectand enbodi nent s of the present
|nvent|on are not limted in this respect. d [00201

[olggﬁ?' C' ag Lehgl fe?&retd% H%ﬁ]' rQlafe? m}é)f g dﬁgoﬁ&{r more

orm ng Gne or mor per at |
logitalngpetatioho dor emple,dnm iy compnsn mxcyltmwmch puomdesleme or more

one e .out put s nal. s S one, or
ot stEnals Jased SpoR it Siafite P el S5 sPEaY fpaf dhfhprse a finit
stith AlaRhikB WhidhGeddives A digg@Piny@tsand pebvideks a|dlglfapblitpﬁt[1d' circuitry
rovides a digital output, or circuitr whi ch

which prayides 9ne oomoresnalog ARPRIFIENAIS IR FeSRPTsR 40 QNG of MYIE Apziesinput
mﬁﬁaléj NSuch lcir g? gﬁ?%gﬂ)ﬁ&a% an Sppie@ion speifidintdgrated éifoait

be provi n application specific integrated
(mca or field @rc(mu@)blg gatt awayi(FRGAYr Avsealagic myay eoraprisgynachine-

b e b6 PRt BB BE oS ey
excieeach xﬁ@ch&hetxeaudateyinﬁmcnme HmVeru thieserexe tnerﬂy exaids of

SR WS MR PEY AR 8 PO OGN LT PR A R
libkt6d R tBR@Bdpedtnvent i on are not

[0021} A “receiver” as referred to herein relates to a system, apparatus or circuit to
process a signal received from a transmission medium. For example, a receiver may
comprise circuitry or logic to extract information encoded in a signal received from a
transmission medium. However, this is merely an example of a receiver and embodiments

of the present invention are not limited in this respect.
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limted in this respect. 25 [00211 A "receiver" as
referred to herein relates to a system apparatus or
circuit to process a signhal received froma

WO 20080672361 on nedi um For exanpl e, a recei ver PEHYS2004/041106
conprise circuitry or logic to extract information
encoded in a signal received froma transm ssion

[002]i um Hevtausiog sighal® as mfemed & herein relxtasol wsigdal having a value
recei ver and enbodi nent s resent invention e

thaﬁmaymhm&eecenﬁlwquﬁli&'@?f@s‘ﬂ%% fY@HV\Eﬁ iﬁs agglog signal may be

Qi%er r egp &ﬁ}ﬂ&@ vBl?%@@lvh&E cachR@ltAEe BhPetahge aé‘ntmuously overa

erein ates to a signal, haV| ng a val
ummtemayAmaaaigg signaltmay hsisampled glediscgete time intervalsiia Provrr%?ra

“d{eﬁ)l(t% | €4 aF % ggé Qﬁﬂ&e%'s%l'e #@alu&%@%s@%&gd Witha@ Biscrete

ere eac t age may C
tirheintervul aw,hmlma/m amlogtsigmel, dmneirohachge cAntuamablU cegn amch

he sa dlsretet me inte
it e SFvalRg amevinBiigs Bt HePETaR AbfeB S
coM@ASURTréih @ d@%ﬁﬁ aad ehbddiéemtdofths preséne mvbnﬂirm are not limited
I nterval and, i ke an anal og signal, do not change

in ghege TespRStSS| y between such discrete tine intervals.
However, this is nerely an exanple of an anal og signal

[0 G?a]t ﬁo nt ek Aol 3 Fefrrél ©Bihkfkin 2166336 o déjileseiafioh Sfiffomation
e

presént invention are not |[imted in_ these
encededdn a sxgna_lora{nsm@}l inna transpinsion eadiyret Bprrexampls, f 8yralpa} may
e e o635 il MR DB
sysmbahiphgspingdefionet) dor tranymittingpinfosrationan a@nm!tmmtcamzxeeh;hmln

NS Sl e s
t !p?ii\ gl Wpdn %bﬁiﬂivﬂf mgdabﬁa&hﬁtnﬂg an eno%dé@ﬁ;dhbb@,l ayrecelver
a ransmitte

nbol pe associated w t nio
MEILeRIaCt 43 e&!@nﬂtﬁ%mlx ug Herw?ﬁsaq anE{IgRIR @ tllsﬁam% value of
thé §&&L @gm%l tfanShffRa ankﬁe%&g%m fnlthd \GOnBurlSWied %ﬂalﬁﬂéﬂtlﬁ lthe presence

rece may extratt anm "estimated synbol value" to
ofmejse esd distoationdis thencormenuficatipe chapnel oan estimgted symbeliealue may

oo T ool LA Fabd el rbf sBhilBha bpd Miror Forg
syéhbsl v‘alﬁd chardcterizédastmning ainagnitade, athenorelsociatedowith ama¢stichated
RCT NI N L R AT MR R

vahie'dxededy 8t &kfés%ﬁé:@@éd?thé garboRSaliews e acudlagmbblugsmitfed. An
error associated with an estimted , synbol val ue nmay

“efyer sigualCmay bel goneraiedito psevids infosmplig indiéntiveafat Ieast opi,gspect of
a G BdrRY. SYTHRA error signal may include, for example, a sign of an error or a

magnitude expressing a difference between a measured signal and an actual signal.

[0024] Symbols transmitted in a signal may be temporally spaced on “symbol
intervals” such that during each distinct symbol interval the signal may transmit a
corresponding symbol. An “equalized signal” as referred to herein relates to a signal that
has been conditioned or processed. For example, a signal received from a communication
channel in the presence of noise and distortion may be processed to enable or improve the

detection of symbols being transmitted in the received signal. However, this is merely an

5
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val ue exceeds or does not exceed the synbol val ue of

the actual synbol transmtted. An "error signal" nmay

be generated to provide information indicative of at
WEmes/063286 aspect of a detected error. Such BET/EE2004/041106

signal may include, for exanple, a sign of an error or

a 25 magnitude expressing a difference between a
exERBR T 8Al eqialined sigiiul adlerisdditaéntsSofghepresdnd GiRtidiyare notdimited
~transmitted in a signal may be tenporally spaced on
in'thpgergespects nt er val s" such that during each distinct

synbol interval the signal may transmt a
[0625]" ©SPOndiipghl WI“taPM"'i@m&&g@aﬁawl delaged versions of a

referred to herein refates to a signal that has been .
signahte eipsesssodr Aroultidaelter e Teteratin herein Telaig i cirouity or logic

recejVve . ' ' i
o ] Aot 1 oy
combiihgthe individuallyeprotesseddignaldapsdn profvideyaniegnalized siggal. For

e Ly § - 5 B PO e B PO At T ot Bhdinfe Bue or
méie d@ﬁg&ﬂvaéibﬁﬂmé gpadl. Andmelitideloneaoh of tib signel tapsmaythen be

invention are not limte se ,res%%te:t

h .
scalod AR CPRiGFPBRAING RSEIPent s Toe GV ETGHRA e gnab ey Hen be

i i g2 HOWRVACtHY i GRPEIP dn efample of a
cq@u‘@%?ﬁ‘fﬁﬁq@%ﬁéﬁ%@pﬁt? err E{Wo .ﬁer ein r,e?at es tpo
multitep fitteryand embodiments of thenresepisinvention gigqnot Hpited in these respects.

i ndi vidual |y processing the signal at distinct signal
[obiogs and 5 QiR gighsl@ Iaé fb?ééx‘éﬂ%‘ﬁérkﬁi BB 855 RIuIs bedal

taps to provide an €qualized signal. For exanmple, a
combiatioh aptwa ort reorersignals.o Apnoirslatiomeigual maybe thrtesylt of a

elenents enerate one or [ d [
BB af o 508 b SRS SRR YL BB Pbr more
si@s dshfutd €n oné phréidulbyexamplel 4 ecrfelatidnBignibnsyf bé theessult 'of a
he scal ed versions of the_ si | may then be to
cosehinatioe of %%‘P‘cﬁ%&“&i“"&l ardata signal 'ﬁwwﬁ el g gxguple of a
hatioh SighR" i iRkt £ litnited inaines
ook RSl mURALRE Bcifonte ik bRl B il

regpectshese respects. (00261 A "correlation signal" as
referred to herein relates to a result of a

et re ( _
[0? I nat | ‘?tﬂgxggy{%%@tlﬂﬁnﬁ‘iﬁfoﬁn&i&“ ak feferfedaf heRlibrelaR to

I'gnal may e result of a multiplication of two
informatiorethsi igdisates the timing efa signabransmitting eedoded&mahalat sein

the. t r e 15 si.gnal s asel ts Y
o . SR g i s
sigs Hhving4 périodabatis syaichionized witha periat ofthgsyahbod indersals it the

o i Bl By AR b ot e

=

g

Sl. Fé!ls.g%l
synibot A infoir@atiét arld efibloBihenty of fiRSResent invention are not limited in
this respect.

[0028] A “clock and data recovery circuit” as referred to herein relates to a circuit
that is capable of detecting symbols encoded in a signal and timing information. For
example, a clock and data recovery circuit may detect symbols in an equalized signal and
inter-symbol timing information that is synchronized to symbol intervals in the signal.
The clock and data recovery circuit may then generate a clock signal that is synchronized

6
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respects. [0027] "Inter-synmbol timng information" as

referred to herein relates to 20 information that

indicates the timng of a signhal transmtting encoded
WO20B5063236t set  synbol intervals. Such interPET/HHIEP4/041106

timng information may be transmtted in a clock

signal having a period that is synchronized with a
wﬁl?ﬂie@ﬂeﬂiynimtlﬁlmgmformam&r \Hdweever, tHihis merelgraalexample of a clock

R B e s

thedaq di ments of the present invention are not
Pﬁ es?@ﬁ.? 25 this respect. [00281 A "clock and data

recovery circuit” as referred to, herein relates to a

[08291cui t ~ Briefly, qrabodirpenss ef the p@éqné&vrm@nsryhﬁotpé sgHEmfaethod
arld'e @fé i dherdtiy dn e@ﬂ&ea B R41 TR Ain m;gnarewm&s indhe

clo ata recovery circuit my detect synmbol s in

ccmnhzgq lgngnalzmay By @medegnd:ach qaﬁaeqquepﬁggf symbei mgervals to recover a
I
B 3 g AL BgE TR e MRSyt

vmeyretdveredgiﬁ aprevions aymbahﬂewalgn ngndrattathm equalized kigoaliiu @ durrent

,200/ 7236 PCT/ US2004/ 041106 .
cbiriarylo e ée&*?ﬁ???fﬁ%&lﬁmw ‘Eohesiled Bpsedy g least i pert, onan
esﬁﬁf’aﬁhﬁrt@f‘aﬁm ®itR thePeqhlRel si ﬁﬁeﬂd THE bR REd RS ssociated with
circuit, and enbodi rrents of t resent invention are

the equalized euspitisignalifram ampng;a plyrality ?f@@@]iatsﬁtmtsd error values.

HEWRRE! 15 Y feref atngb?( Bﬁ%?d%dl RfEaHd ibr eftloBliftheh® o the present
System ne Fod evi ce or generating an

ingeptiah iareaht Hingped in thessrrespects.nput si gnal . Synbols in the
equal i zed S|gnal may be detected on each of a sequence

R0 i S5 Al or AP 10 Aol

erhlibdimenyt nst")tlie presaﬁtdﬂveneovamﬂsunpechnm mpltﬂes 1@4 niay Irecelve a

LA 58, A DL SR SR b o
ﬁ&‘? Bﬁﬁ@éa%ﬁs b?ﬁ@éansﬁhlt)édﬁﬁ’&tanip'ﬂﬁgﬁfm m#& conlerd ﬂw%&&bﬁl&l@dl into

error associ at ed ual i zed si gnal .

ansigpytisignalexpresend aaggsbmtswawemsenﬂn& tb@q%tanﬁ%ﬁ hshft GHGERY
rc§é19é@4t tlIer ;&%%ﬂf&a@ Eioéi ﬁth ‘iffﬂu& Lidna? na§ &8 ?f&%s@d fipsk b?'@tf@éa forward

ror val'ues his I's nere y an examnpl €
ﬁMtﬁEEE)ri@a endthén dw hefeec@mmlterrém to peovidéian gualizadioutput signal to

a |t iy | Orllg %o@%ﬂgi lséc Iq’l;ﬂe 9151 1I g nlia&(%ﬁe% 1{1 ﬁg %é athcQ glﬁg%toﬂgnal to

i gthe ram o celver
SpREitio Woltap@s inta rANge of voltages and a clock and data recovery (CDR) circuit 114

may detect symbols on symbol intervals by associating the mapped voltages with symbols,
and generate inter-symbol timing information 118.
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15 enbodi nent of the present invention. A

transi npedance anplifier 104 nmay receive a current
signal from a photodi ode 102 in response to exposure
Wap20p3/gsiiz36energy (e.g., froma fiber optic cBET/ES20041042106
transi npedance anplifier 104 may convert the current
signal into an input signal expressed as a voltage
[063lgnal r Aecedingtto ay emhedunnntecmfﬁqxem fupdatetuigicelidrmyay provide

BT e R
in HX8efddflod Bﬁﬁqﬂb\blséﬁ:(fn@ﬂﬂkéq&ﬂlz&d ki aﬂ@ﬁmﬁﬂeﬂﬁﬁ}@ﬂbdﬂ ﬁnﬁ[g

equal i zed out put sjgnal ng_ anplifier
inforationhid 8. IAAﬁmgtzonqrhsnntrﬁBﬁ (ﬁﬁleqf@alélﬁ'éIbﬁl% erpfticienss i the i the FEF

103, B8R 174 By BEERehbifn (BLAGRER 1D FeeRBH” Tl 01
det ect syrrbol s on synbol intervals by associating the

[0832iped vdicconding tojan kmbgditnents the F&nk)6gaasgonirel initial iJoop operation

o S o g AR08 R, S EIOA

coeffitidntscofEPE 10 dmpmdétaglmedlmemyomemp&ethe F€r 108cnayaddtsct a

BB Getiia (e BT st e coeficiats ffe B 10FBIRE""

rEde@éHrﬁJea vaRieq! THEEC $0@maY theR hhikiethe ebefficisyipdhte logit DLD from

information 118. A functional contraller (FQ 106 may

uridating the roefficients from the,predetarmined vajues forpgume pesods Jgong, g
..i&%lrﬁ%%fn%é ft%k Iﬂﬁggﬂao}ﬁe E@%&‘ﬁ%&&ﬁ%ﬁﬁg@g&% Y to[L?) @ khe

ccor 0 an e ment 106 fray con
cdefficiénsd in iresppnse pe@regovepy of thy mierya‘mbb x;m@tmnd)y the CDR

.0per.at i of .the..c i clen [WaTe]|

o A RllerPaiett, 1S, 106 tnab B SoeRie il R 10 0
updateuScoefiiety@IDWing o dugatiofs baska upery amletiemtedatimelfon SDR circuit
condition (e.g gtart, gé_ angd set the coefficients of

IW@r@PFﬁI—%‘I‘f“é‘S}"H ol tynigg AHoEMAM-ned val ues. The FC 106
may then inhibit the coefficient, update |ogic 110

Of)SS]m updgthildie Tréé@w@ﬂﬂﬁ ik Show l%ce’iﬁﬁgfhﬁ ﬁlﬁldg" lﬁﬁﬂts@nm ﬁr@ni a

values for a tine erlo I.n_one

photsliodeand #&m@p@dﬁéc%wlfﬁ%llbﬁh?“]dﬁ’ﬁ amn&rﬁte @aﬁtile afcéltectm of
re?ﬁgé}tl%? 'gl}?sbe %_g%{téd ﬁhﬁl‘&:&sinﬁ Egﬂf’ﬂéﬁal ‘ﬁ%nf SEONRE tarRnission

tion by the COR circuit
médid.. Fox dxempbt other e;qboummm adapted foriprecesding an analog input

SICOZHGF%F (ﬂ&g gms%aﬁné_}%a?r ﬁ n&b Hgﬁseﬁdegﬁ%sted wire pair

cablifig Bi&tv%ﬂa Heﬁ& todevicRtertonnection farhnkdtima panted eircuihipoard. Other

conbdinra i be Moo e B SRl R Sy ardeR B e

optic@Stctage medla) to enable increased data storage density by equalizing distortion

from the dense packing of bits on the high density devices. However, these are merely
examples of how a receiver may be implemented for recovering information from a signal

and embodiments of the present invention are not limited in these respects.

[0034] The receiver 100 may be included as part of an optical transceiver (not

shown) to transmit or receive optical signals in an optical transmission medium such as

fiber optic cabling. The optical transceiver may modulate a transmitted signal or

demodulate a received signal 112 according to any optical data transmission format such
8
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phot odi ode and transi npedance anplifier, it should be
understood that the architecture of receiver 100 may
be adapted for processing an input signal from

Wi} 70pH963236 t r ansmi ssion 20 medi a. For exanpl ePCHUSREP4/041106
enbodi nents may be adapted for processing an anal og
i nput signal received as a differential signaling

aspfor exaample) aﬁave vlmmmrmhltlpledm wanelengl divisien maltiplexing(WIAM) or

Qr, O ce | et a
mgfratedE et Ouash ToreRumrl & BRRRAEL bdfon Bt B8 Sobih
tradceple tha ?empﬁfaydww &atmémmgmaﬁpwémemfwamgm optical

devi ces , optical storage nedia) to enable
tranmrselaaewduma storage density by equali zi ng

d| stortion 25 fromthe dense packing of bits on the

gh de n%te BFF# Q¥R GRSLIAIRYENEY forﬁmﬁ@slaﬂ%m Hb‘pendent (PMD)

npl es of how a receiver nmay be inpl engnt ed

sectwmféhe negeiverflOPnBuchonP¥Dectionsmagnalso pravide @%@rdﬁrm adaser
arfy es pec tgﬁ&[ssgg\m tg}[’ﬁ&tef 88 t%%%ﬁy e DR e,rfd;@ﬁa may be

he recel be 1 ncluded as
ingladdd iafa phpsicgd mediim attaahmemSBmon (cn‘qﬂed toltbe\AYI} gection. Sucha

PR Bl el R ARl b Bkl Rusr dete from
a ddhQitidRkd §ighal kdcoived Romahe PRID sBotiot, &hﬂ!tqﬂeﬁmgmmmﬁ-y @dt shown)

al
for trsnieto Orio4b 136 SID P48 it SR 5Ae% BR ter@lieay degsrglier
sﬁ%@?/fgﬁze%ﬁ nﬁ’g ?M&?&%&Q%&p@oﬁaa PP s@NBHA PG shoVA)@nd

I'VI'ST on pfexi ng wavel engt h di vision nultiplexing

provibivig aqraralleldatd sigmabta the dryer? spstipn 1P haspdsyponragterial data signal
fiser portion of the optical
P?Y?E@%%R?%ﬁ%g‘ga‘?nlpﬁoy WDM for transmitting multiple

“l'anes"” of data in the optical transnission nmedium 5
[0D36]35] Thcchidinglio@n amiioditnent] fie layey 2fsmti¢nanqmpmpda¢ a media

medi m PND ct f.t h i .
s RO AL 2P gh CorRlesp O B seetion3E ERGR A fpendeliertce
(M) MRefifiéd IBEE St(/802.35412002) clawke 816] Bﬁﬁhem’ibodﬁnc(rlmthe layer 2
shown). The CDR circuit 114, cluded in g

segHILIMAn POTpRriRe dPRWATd GIEQH FRmECtion s Qo fransmj cive
dat£&dcbiihg tglé%rs?on Jrve Sﬁﬁﬁl‘oﬁ&:sr@hcai W&woi@SHiBronous Digital

de-nul ti eX|n circuitry (not shown) to recover data

Hierasehy1( standand pyblished Wéb@lt\matf%lrﬂql%nmmmhons

Uﬁlﬁg sm‘’t HEnUJ e"v%}pthg%(ét %9 P%keﬁ)‘é’%}@y g‘h’ In %%egﬂ? an e¥ provide a

paﬁﬂibl dats efgnﬂl forteansmiéssion ioa lan pptical ﬁ'ﬁfsnﬂsm)l rherdium, and embodiments
rializing a parall nal, froma | ayer 2
& Presst ) %%3“‘3”@3 ﬁ’ﬁ '%T‘R’?fjt a paral l el data
si gnal to the |l ayer 2 section 108 based upon a seri al
[0837]2 Si gI'EHe layer 2 section may also be coupled to any of several input/output (I/0)

systems (not shown) for communication with other devices on a processing platform.

Such an I/O system may include, for example, a multiplexed data bus coupled to a
processing system or a multi-port switch fabric. The layer 2 section may also be coupled
to a multi-port switch fabric through a packet classification device. However, these are
merely examples of an I/O system which may be coupled to a layer 2 device and

embodiments of the present invention are not limited in these respects.
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provided by the CDR circuit 114. 15 [0036] According

to an enbodi nent, the layer 2 section nay conprise a
nmedia access control (MAC) device coupled to the PVA
WOe2008/@M238t a nedi a i ndependent interface (MPCI/HE2004/041106
defined | EEE Std. 802. 3ae- 2002, clause 46. In other

enbodi nents, the layer 2 section nmay conprise forward
[0638]or corRigure # showsmichematit diagramof n ntuiti-tapafiiteri300 acedrding to

N T FTNTIN T —
velidi s Sighal n%@ﬁ $iphol} sigihed pebaived pn tﬂrﬂnﬁﬁwl @Ma begenerated by

Internati o Tel econmuni catji ons . Uni on

delgyiseuits 3Q8padscaledbyp pastespendingdeedf oaf/arﬂa%fﬁclznbveﬂ Res
cogégg ﬂlﬂﬂliélﬁo@cu&ﬁﬁrﬁb | ¢he Slalcy Wcuift%OS may be formed as

nsm SSi on on an Optl cal transm ssion ned I um and
deseritediimBi8. Pat. dppl. Ser. Plos.JAttormiey okt Hos 2042340 P17558iand d

Ly e

sudMsihg oicit 304 mdyoatdjtivelyrcombineithe cuiputs of the tiultilivetion circuits 312

o e SRR B 8 U 3R SRR
g GUEY 0. TR 1R pr&%ﬁ’t@)eﬁlﬁétﬁ@ecﬁé(ﬁdoﬁﬁ%hﬁ: Reffidleht uptiafellogidi3Le hay

abric. The layer section nmay al so be coupled to a
updatetcacipied fcmlaltdcq@eﬁhmt @ thiebghiestas follawsk et

classification device. However, these are nerely

. I f ch may be coupled to a
c’pgf/lz‘rgcg&%lgAﬂcegd&é@]?%s%gWhems gf t he gfesent
whereeention are not limted in these respects.

[ Q67

S AT L L R T %t%%%‘ﬁﬂgw

mhmepaibdd{m;)dl ment of the recei ver 200 shown in Fi gure

s fecd oraf tocink o el Gl ot oinds R

c&@ng[%gﬁaq(t ed by delay circuits 308 and scal ed by a
correspondl ng feed forward coefficient an at

swh(k)ésmﬁmgf the,petimatadceator ehthe paualized signal infthe iamﬂ%nt pgriod k;

B’gi{b% p &éigg?f tﬁ%&igﬁ@ 3[{ g?fff e eﬁa%(@élet?%ﬁéglémhh Rodfficlent c;

(k@ﬁﬂh@ﬁreﬁ’dn’tﬁﬁ@mhkxdndmzwo P18170] entitled "Anal og

corporated herein by reference. A
Jsu?r?ﬁéﬂ‘g qIﬁQPS 4 may additively conbine the outputs
of the rrultl plication circuits 312 to generate an
Acootdingrizcincenebod iyt i thenitepnediate e&iﬂizéd sign@ 31 &may berageived at a

sef ot Al FBEY S ook erearioRbirhih 450 o BReVide e liped siegal to o

lith R €iréwdf'3 MRYThe FBF and error generation circuit 320 may generate the sign of
the estimated error of the equalized signal, sgn[e(k)], in period k based upon the equalized

signal and the inter-symbol timing information provided in a clock signal Clk(t). The
coefficient update logic 324 may also determine a feedback coefficient cp(k) to be
applied to a symbol value recovered in a present period, b(k), for generating a feedback

component as follows:

cep(k+1) = crp(k) + App X sgn[e(k)] x sgn [b(k)]

10
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updat e each feed forward coefficient co through c4 as
follows: cl (k+1) =ci (k) + & x sgn[c(k)] x sgn [ai
(k)] where: c, (k+l) = the feed forward coefficient
W208%067236t he jth signal tap the input signal PEHUBIE4/041106
15 future period k+l; cc (k) = the feed forward
coefficient to scale the jth signal tap of the input

Ths fgedblack epmpanentanay kerpdditivelysambined grithdhskintermediate eqnafized

; . L
siffal B0 P LRAAS pRIvidh ud PR BMEEL AR ) . e
pesiodnal tap of the input signal to be scaled by the
coefficient cc 20 (k) in the present period k; and

10080 e 6105 p SO ERRERR Bhirom 97 S8t 180Bts cqpgfeients
ofamiilciasy fiRet a@éoramgft@ad&ﬁﬁdﬁlﬁbﬂtbe the(cbéifibieanshdater1ogic 324 shown

ingiggnge 4y hﬁé‘qrﬁlﬁrg%@'w}% Qirgut"a el .6t g hok signal 518 B received af

a BRI ADSOH, e imited Qighalis GRA ﬁ&&aﬂsﬁ@c&éx%‘d&iy é‘lg‘mEKtE 508

estimated error of the equalize sgn] c(k

topegvidap saglba@e@prxmdmé@quap ptledo egqhgqu plur tof OR gates

5(’2n tE%.E W#&}tg 5%5190 iggéelg sr%ﬁ éé'q?)] Qﬁ&’g gl%?s élgné'aégélg ‘f&?enerate

amdmpnt dex sgmiiefle)] msgndfedk)y ok intervhls lamoedmg thBé igtertsynibel timing

Bt Afe? ekt geoseh SO g%gﬁéﬁ%%@%ﬁlﬁeﬁﬁ%w spgeive

mj
thé ﬁ%ﬁ Sfhe ebr 6&5& Yized signa #)theh réﬁﬁt %&&)]Xassgn
k)] 10 WD 2005/ 067236 PCTI US2004/ 41106

ardarronggnesetioncirevit 320 shownrinFigaer 4 Hhthe ther
telln'iﬁlﬁ oggﬁjd ATRORPAR 302E6e @Lte 559 Ha Hib? E ks v@%@é@? b the TV&SIOH

provi t he recovered Sy val ue ut ure
of flegr 4nglpg IR0 Sighalrtp heisealed bymea)osdlng weefficient ca(k) imthe fpresent

pefipf e R O PSSR RdhisHENAS s3e8 lrsf plpielplif 10 may
recawh%trﬁ)dtmg bfa Bﬁvﬂespdsmlmg NKOfRI gty $024sgnfetk)d Rdgﬂ[g_,(k)(} soale the
R BY o aediiraly it Wick  cfitespaiite Sarticiont sed to scale the
Jmsglgfﬁﬁ{aplo?tﬂe%mog HPREE g iBHE RIS Yeristek, (kD BaPRvide ) E+1).
Similarly, an NXOR gate 520 may provide sgn[e(k)] x sgn [b(k)] to a charge pump circuit

=

514 to update a feedback coefficient cpp(k) by App in a current period to cpa(k+1) for a
future period.

[0040] Figure 6 shows an FBF and error generation circuit 600 according to an
embodiment of the FBF and error generation circuit 320 shown in Figure 4. The FBF and
error generation circuit 320 may generate sgn[e(k)] and b(k) based on an intermediate
equalized signal o(t) received from the feed forward portion of the multi-tap filter 300
(e.g., from the output of summing circuit 304). In the illustrated embodiment, an input
signal may encode information in symbol intervals as bi-level symbols (e.g., having one of
two voltages in a symbol period) where a symbol may encode information (e.g., a “0” or
“1") mapped to an associated value of 'y or 'y. Accordingly, b(k) may take on the value of

11
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to provide a sign of a corresponding signal tap a" (k)
to each of a plurality of NXOR gates 502. Each NXOR
gate 502 al so receives sgn [s(k)] and enpl oys S|gned
WoWPH6B6generate to an output A x sgn [ s(kPFT/HS2004/041106
[aj (k)] on intervals according to the inter-synbol
timng information. At one term nal of each NXOR gate
y0y, Havevexts rgameéelssen example embodimenttangd othieg ambédimients may

o gt 15,5048 5 OB Bl b bl

generation CI rcuit 320 shown in Figure 4. At the other
[004kIni nal Ascomdingto RiXERbodiment; b FRFand ixoRgesratios 0izcuit§00 may

segc?gan}gf: e&&lﬁsﬂb@f&a‘fx&e %@rﬁgﬂlear éégtp%eﬁga fbgé) Efogf&%t?% {)lﬂpafllltty of

cafidtiate Syrhbis! values bastd upr the ﬂltéfmedlgfe efadlizé& yignal @) and a symbol
TR Y T,

tvd&fiﬁﬁlt@ 920 [bﬁiﬁpahseﬂ gﬂ‘{lﬁhﬂt&)rﬂedla?@ uBliza’i Cﬁnﬁl‘&@%d e

|ne wWth a corres on

and |ve
fee&b@ek ¢Q9m<mnt cerélod Tihe fisst anpat isthesedjuppn 8 ifigth apmp@qgte@fgnah e

oot chy oy Byt il PO ARl il

can&ylatp equalided auimjtcigaall "Bhesgzmnﬂ i{pla) i basedaipoina sgmnﬂ aomaposite

CUIt 514 ack coeffiCi
syl Stpririgrads B L P GREpa RS Fut e Sendi B flprovide
a 266rdAndifiae é@dahEecgwtp;t@lg@blo \Eaclaof theFirsh Bl S5c6®d candidate
generation circuit 600 according to _an_ enbodi ment of

equplized pptputvignals ase regeived &t correspopding flipsfiop iy P10, On the

L 0 B OBV BT 06 o

the ﬁtseandemcmdepan qeta equadidedsougprs |s@418 ps inputes tos the MUZnirchié 602.
a(sg 5pon%¥1e reﬁ%)\{e %gb?glu ! %%S#evmus aer%gg bkk—i% I[l’e%lllai ‘f"ﬁcé"t

02|1haySdul:1ﬁit eithet ﬂib(ﬁgrmfﬂthe ﬁ:aﬂcanﬂidun‘e eqﬁalgémbutpmlmbadhe sign of
bi -1 eyel nbol s

[ nfor i n._synbol ter S
o pognd Sl it e o s SiaPorsaf reiovercd g resene g
bogpere a synbol may encode |nformat| on (e.g., a "0" or
0o "1") rrapped to an associ ated val ue of y or "y.

Accordi n%S’B may t(gke on the v | ue of 11
1094705/ 067 orﬁ@z/the@h? peaty eg;or W@P cirgyi§ 600 may

aléosseﬁgtrtﬁé ¥igﬁ‘ Bf &% 8ERhReLRRGF fH‘é"éﬁuﬂﬁgd Shtpa s1$ﬁpﬁ’1dd ﬁfsﬁhﬁpenod

mapln ormatlonlnas I nt erval

sgh M«ﬂ] @mgmmraeldu@htymf mdlmrsor sjgnals bpsedapon thersgmbgl value
Ry a t

re%;%at%%gb Péib%rdgﬁ 1). reird c?rr %1? 80 04 {egéel{ré)slr}'oﬁ:l 1?151% each input

bejgdmssttupon Itheadtehﬁétblaté Bquailaedmglaha@) and ahd feydbabk coefﬁclent

crr(k), and either the positive symbol value *y or negative symbol value "y. Each of the

four inputs represents a candidate estimate of the error g(k) associated with the symbol
value recovered in the present period b(k). As such, each of the four candidates represents
a difference between a candidate equalized output signal (a(t) +/- cre(k)) and a symbol

value (the positive symbol value *y or negative symbol value 7).

[0043] Each of the four candidate estimates of the error (k) is received as an input

to a corresponding flip-flop circuit 608. On the leading edge of pulses of clock signal
12



10

15

20

25

5 candi date synbol val ues based upon the internedi ate
equal i zed signal a(t) and a synbol value recovered in

a previous period b(k-1). A nmultiplexer (MJ) circuit
WaDD0seEIE6ves two i nputs, each input bei ng bBESEHSI9pAG41106
the internedi ate equalized signal a(t) and the

f eedback coefficient cFB(k). The first input is based
Clkyreach flip-idp cironip 668 pmvxiegtlnalsxgnoﬁp bbxséspgndmgfour candidate

eSS 09 T e SERET SR 0h B5 d S6 MT Cpi  Based

u Uﬁ%éﬁﬁ%ﬂvdlﬂ&%cdv&reﬂ&ﬁ&é c’dﬁa{! pmmpﬂxmmﬁedtm the previous
l_Wgnal conmprising cEB(k) subt rfgct ed fro
pé

MU gt 50 nwgﬁw ¢ £ign oba ge T andigate estimate of
th? {gan 1 gﬁe 8ehe e%ﬂﬁ%éd@rﬁﬂupﬂ% fgselﬁzagﬁ@ds gnfel)), The fdl‘l%\mng

cond candi date aI I zeéd output Si gnal s
tahleellusa'ates logit inttheaMEB¥ ciecuiiiid |tm§,e1efct mpeq!nabqsﬁdcqutm signg 19

ead n f
st ot PO oRHioREiietaufiaRe Supleigiaidated doon
bkt 1) sdnddeglc ﬁﬁh@ MUX eirchiti604eto ec‘.ielalatEl3 bn'dx;j saglta[b ﬁbn?rgpr@ asplonslity
I npyuts to t cj rcui ased upon the
°§%§%@Féﬁ°§%} a§%d%b ﬁa"(%%kﬂ? ‘evi ous Serl od b(k-1),
the MUX circuit 602 may output either the sign of the

first candidate equalized output signal or the sign of
bihe |dék-dhg Bamala?@eidmu:ubsigwselsqtgha ek} seleptedsat MUK ojtgpit 604
recqvered RLasE period b(k). 20 [0042]
Accqrdi ng |t an e odinment, the FBF and error

yengrat i on d‘(t)H{kill»th) 600 rmy al so <beb.@):-t[ct;§(b)-8|ﬁn of

t he lost i gt ed—er+or—of t-he—equalred—putpu—Shapet—n
i pre%ent ﬁ’éﬁl GEB(E)sgn [6(k)] froma hgrg"’ )Efr}fg]lty of
=Fran ate Fepniynal s based Upof. wal ue
fec red I%Kf)a n?cekgl ous period h(k- 1@3 A_MIX P’YIYr cuit
1604 recei vex(t)f-om(k) nputs, each mpuﬂ(ﬂb@m@ﬂﬁ‘a‘ﬂed upon
t+he—tAterfetiate—eguat—zed—strygmala(t—and—ttHe

f eedback coefficient 25 cFB(k), and either the
positive synbol value +y or negative synbol value 'y.
[0Bagh of tHiguref/ahows apthematiedingramufa charge puing airenit 800

TR PR T T T L
5 A6tbraihg td 1 ébdimenivwlth 898 P eea;ﬂm surréht Sovréec802t0add

bet ween a candi dat e equal i zed, out put &gg& %ﬁéﬁl ﬁ
claam(tp)a)caw O6\iRFERIPONSE AP eosefe\f?éfﬂﬁssfm ?'9} 2k provided
}? by ¥ cﬁ’ir% a‘@)ﬂ@ﬁ 8Y0 may Qodpwgiheﬁﬂﬁﬁr&; 804he

our date estlrmtes of the error s(k) is received
TeNEOVE nhara@tﬂ)ta caperiter 807 ingeiponstitn g negative valyp farisgrls(d] wemm(aik)]

ool B b5 38 oS 091 TRUMSing boifebO6Kcaphéife? Bod fual Bhen

represent the updated coefficient c; (k+1).

[0045] While there has been illustrated and described what are presently
considered to be example embodiments of the present invention, it will be understood by
those skilled in the art that various other modifications may be made, and equivalents may
be substituted, without departing from the true scope of the invention. Additionally, many
modifications may be made to adapt a particular situation to the teachings of the present

invention without departing from the central inventive concept described herein.

13



A k(t), each flip-flop circuit 608 provides the sign

of a corresponding four candidate estimte of the

error s(k) in the present period as an input to the
WL20089672%61 t 604. Based upon the synbol val uRET/US2004/041106

recovered in the current period b(k) and recovered in

the previous period b(k-1), the MJX circuit 604 may
Therdfoug] it ishistendagithatfthapresentinyedion antbedirhitedtottheypdrticuddr 5

t.he, error, as e.si of the .esti ed error i.n.the...
exgpogivars Sttt 19 T e prvensi S ibgd Bl o i et Witin te
scopd of3hd ddeliimsi n the MUX circuit 602 to select an
equal i zed output signal to generate b(k) fromanong a
plurality of candi date equalized output signals based
upon b(k-1), and logic in the MU circuit 604 to
sel ect an error signal fromanong a plurality of
candi date error signals based on b(k) and b(k 1): 10
b(k) b(k-1) Equal i zed out put signal selected c(k)
selected at MJX circuit 604 at MJUX circuit 602 Y+7a(t)
+ cFB(k)- a(t) - [cFB(k) + Y] Yya(t) - cFB(k)- a(t) -
[-cFB(k) + +Y] "Yya(t) + cFB(k)- a(t) - [cFB(k) + -r]
1'Ya(t) - CFB(k)- a(t) - [-CFB(k) + "Y] [0044] Figure
7 shows a schematic diagramof a charge punp circuit
800 according to an enbodi nent of a charge punp
circuit 510 or 514 circuit shown in Figure 5.
According to an enbodi nent, swi tch 808 may couple a
current source 802 to add 15 charge to a capacitor 806
in response to a positive value for sgn[s(k)] x
sgn[aa(k)] provided by a charge punp 502. Simlarly,
a switch 810 may couple a current source 804 to
remove charge to a capacitor 806 in response to a
negati ve value for sgn[c(k)] x sgn[aj (k)] provided by
the charge punp 502. The resulting voltage of
capacitor 806 nay then represent the updated
coefficient cj (k+l). 20 [0045] Wile there has been
illustrated and described what are presently
consi dered to be exanpl e enbodi nents of the present
invention, it will be understood by those skilled in
the art that various other nodifications nmay be nade,
and equi valents nmay be substituted, w thout departing
fromthe true scope of the invention. Additionally,
many

14
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nodi fications may be nmade to adapt a particul ar

situation to the teachings of the present 25 invention

wi t hout departing fromthe central inventive concept
wiewos/odizsd herein. 13 WD 2005/ 067236 PCTI US20PaT/0820040@1106

Therefore, it is intended that the present invention

not be limted to the particular enbodi nents

di scl osed, but that the invention include all

enbodi nents falling wthi €LARMS scope of the appended

cl ai ns. 14 WD 2005/ 067236 PCT/ US2004/ 041106 CLAI M5
W!l\h 1a a| med is: 1. A nethod conprising: detecting

§ EPENSG{S an equal i zed out put signal on each of a
sequence of synbol 5 intervals to recover a synbol
val ue i n A imetheg ctwoprisimg:er val ; appl yi ng a feedback

C g T G5 b BB P
mt%h&'lb&b réddver WW&I&NM syln{bbﬁhlmilal gener ating t he

f eedback coefficient_based, least in ({ on an
est |anaky§ts Pdhac %@%@Mﬁ%smlhql‘ velHgrecavesed napreyipps ymbol
o808 B BSR4 LRGN B,

ano r@naamgﬂla faeﬂbac&cfcodﬁn@nﬂasel, atledstin pat, on pw estimdtedsgror

bas east ar.t | east one of the
as§‘§fha§%‘1“'€'%\ﬁﬁ aneth@e Sig?%{']ﬁ@& previ ous synbol interval

and saleemglhb estimhate] exfrcln gmemteld with thdm;luahlzedmutpuﬁmghaj Ifrom

i nter nmet ho cl aim t e
ARy wakefrpﬁ opufeale e ered, (GOt %HCS%SSJ didees P%tﬂeast one
oﬁheggya&bol oalwﬁcmfsdemtth@fsmﬁs dyiHber Mfelrvafl aﬁura Wm vilue

plurality of candi date equalized output signals
repayseed,in the cqugrsmtisymholyaterval.upon a synbol val ue recovered
in a previous synbol interval, each candidate

equay i z ed['hﬁ 'ﬁ{e?wd oA, Qﬁérgﬁ tbé‘l%@tﬂod ﬁfrth'e?@o?ﬁ%r'is@s selecting the

part, on t ack coefficient.
equalaacmom;puvmm inthe perrent symbkpl injmrﬂefrom, ampg & plurality of candidate

t f I
oA g SR bt e PP S RSl
prewous symbol interval, each candidate equallzed output signal being based, at least in

part, on the feedback coefficient.

3. The method of claim 2, wherein the method further comprises generating
each of the candidate estimated error values based, at least in part, upon a difference

between an associated candidate equalized output signal and a symboel value.

4, The method of claim 2, the method further comprising:

applying of each of a plurality of feed forward coefficients to a corresponding one
of a plurality of signal taps of an input signal to generate a product associated with the
feed forward coefficient;

combining the products associated with the feed forward coefficients to generate

the intermediate equalized signal; and
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bet ween an associ ated candi date equal i zed out put

signal and a synbol value. 4. The nethod of claim 2,

the nethod further conprising: applying of each of a

WO 200804723 of feed forward coefficients to a PCT/US2004/041106
corresponding one of a plurality of signal taps of an

i nput signal to generate a product associated with the

25 f gomerating vavhdf theafandidate rqualizeshditmit signalk baged pat leastsin part, on

assogj,ated with the.feed forward.coeff.icients,t

a SR BF Lpe anteemeshats o getsigpal anda sP Gamultiple o fhe Topdbadk o
cadpf&éM67236 PCTI US2004/ 041106 generating each of the
candi dat e equal i zed out put signals based, at |east in

part, on _a sumof_ the jnternedjate equal,jzed signal

and % scaThgrmﬁ'E%"f?fiﬂt]@mc#’ﬂ% cthepheecompsn ¢, ent. 5.
The iRiiegledeh ofh BiuflRy of f26d foRWAd GoéfiitieRRito & @6RESpSAdIRE one of
5 appl'ying each of a plurality of feed forward

a plyeality ef signak tapg ofancispytsignaliaigerpran an germgdigie qaupkized signal;
fgnal taps of an input signal to generate an
I'nternmedi ate equal i zed signal; and generating each of
t he gemextingeached tiw dandidate equalizedsiugpd signida basdd, atdeastinpart, on

in t,..on .a sumpof the jnternedat lize

o it Rt spi el kPl TR B B fback
coePRdiédtci ent. 6. The nethod of claimb5, the nethod
further conprising updating at |east one of the feed

forward cefficients .b d, a ast in part, pon the
sel bt ed BEmeiRE o tezudbed Sty compRes updbtiog ot st one
ok fdeld 2G5V aRH SR EfciSHtIRRE], atleashin] S LY the STRIté Béshithiateli2rror

a detector to detect synbols in an equalized out put

asspejeted with theagualized guipabgigndbe of synbol intervals to

recover a synbol value in the synbol interval; a

mul t - t apa tdckivef cdntprRRip Y €ach of a plurality of feed
forward coefficient's to a corresponding signal tap of

an i meiecteritg detectisymbyelsdn an equalized sutpuhsignal oo each ofla speuence of

Lagnal. JLclent to a
D Breyalf Breh B8 Byl g AL bbb
| nt ed malti-tap filteniorapply eatteofaplaralitye feed tfrwtard c@pffidientstomn
cgryerslgc?n Engsskllgqlbaf tlap Io? gne {n\ﬁgtl signal to generate an intermediate equalized signal,

and to apply a feedback coefficient to a symbol value recovered in a previous symbol
interval to generate the equalized output signal in a current symbol interval,;

logic to generate the feedback coefficient based, at least in part, on an estimated
error associated with the equalized output signal; and

logic to select the estimated error associated with the equalized output signal from
among a plurality of candidate estimated error values based, at least in part, on at least one
of the symbol value recovered in the previous symbol interval and a symbol value
recovered in the current symbol interval.

8. The receiver of claim 7, wherein the receiver further comprises logic to
select the equalized output signal in the current symbol interval from among a plurality of

candidate equalized output signals based, at least in part, upon a symbol value recovered
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logic to generate the feedback coefficient based, at

| east in part, on an estimated error associated with

the equalized output signal; and logic to select the
WeEE20D5@6723d error associ ated with the equal i zeBCHUSYNH/041106

signal from anong a plurality of candidate estimated

error values based, at |least in part, on at |east one
mz'iaraﬁoushmsﬂrmmrvav actecandidate sawalizechoutprt signal/baingsbased, at least

I synbol value recovered in the

mé%‘\qb tp EV%%C?GO%F\%&I 8. The receiver of claim?7,

wherein the receiver further conprises logic to

sel ext t (TFheeepsister nfelaiold, wherein @nmceivnr Mer:@umwises logic to

synmbol Jingerval,.fr candi dat e
e oest 6 G Aol PR B it ottt iy S8
differti e tRwoeh! dnQssRfa0IVaRA date ecmliéawtﬁ@ 4388 and a symbol value.
PCT/ US2004/ 041106 in a previous synbol interval, each

candldate equal i zed out ut. si,gnal bei ng, based,

| eask0- i ThsaAsceivep At ¢lnE 3 ahgri tbe 9Bl comprisey Jogic t
génBfaf ehBH opdae ebﬂldm&qumebu@ut éagaausetfagedf af lehstid ﬁ@r on a sum of

conpri ses Ic to generate each he candidate
the intermediate earaa dmn&le@d Baeaiyr myjtiple eﬁﬂxe feadbacks qoefligicnt a
5 difference between an associ ated candidate equalized

out pyt si %ce?srégoﬂclww :w_h‘éﬁerﬁultx filk 1§rf°a9ﬁirfh€f coiprises:

claim 8, erel n t cfp conprises logic
to egaulaphcmoeauwlbfor tach of the Qﬂaﬁoeweq aedfficients tugemerate a

nalsba ed t.least in asumof t he
Pmﬂ‘%éf‘-‘f?ﬁ%} ‘@c}ﬁ%fefii%wgﬁdg“ﬁgﬁ{"ﬁ‘fﬂd scalar multiple of
t he 4 sathhiag kiragtifcombitetthe ]i'&ducTstSschﬁ&i with theffeeal faiward
1%{ wherein nmulti - rrEchllter nal further conprises:

copfficienis foEepITie 48q igteriae e pualig Sé%@h of the feed
forward coefficients to generate a product associ ated

wi t 12 he Theeecehver vR¢1RIne 10, wheeinche recatlv& ﬂrtheh’ﬁaiirrj@ses logic to
circuit to conbinethe roducts ass f;\ted wth t

aisg oaste GF e SERHPETAEh CaP oG o8P, 164 gn Pac, upon the selcted
§t1fHa Qﬁgf@gsmﬁolﬁgd‘@llth%&deqﬁhl%ébu ﬁ?sl%n he receiver of
clarm1l h

ereln the recelver further conprises |ogic
to 15 update at |east one of the feed forward
coeflBi ci hegeqsivseaf claim T,dhesmecaiyer Sarther corpprisingie

I i .
cquaPPs o e 5K SRt pRirERAR K b chlca Vol o rospopse o
ddtévtion efedymamié conditéom; awhpri sing: logic to set the feed
for gaé}g éc? IbfltI u%dgtgt %theq'ee%rfgg‘?arc? coefgmgnté/ ﬁ'oﬁjﬁﬁc predetermmed

res
values for a duration.

14.  The receiver of claim 13, the receiver further comprising logic to enable
update of the feed forward coefficients from the predetermined values in response to

recovery of inter-symbol timing information from the equalized output signal.

15.  The receiver of claim 13, the receiver further comprising logic to enable
update of the feed forward coefficients from the predetermined values following a
duration based upon an estimated time to recover inter-symbol timing information from
the equalized output signal.
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detection of a dynam c condition; and 20 logic to

i nhibit update of the feed forward coefficients from
the predeterm ned values for a duration. 14. The
weemes/asgzzsof claim 13, the receiver further cBEPUSP4iQ41106
logic to enable wupdate of the feed forward
coefficients fromthe predeterm ned values in response

to jeecovekystent comprisingsynbol tim ng information from
t he equal i zed out put signal. 25 . The receiver .of th
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conprignal, agd to anphibe feedhack soqficientdna symbr vajusresoyerrd ina
mul tle d@’@s %&?ht&%l@(Pgén\éra?eatﬁge&ifalifeﬂdﬂﬁlﬁlsighﬁl iftfa cheet
forward co Icrents t a correspondi ng signal tap of
an isymbbl Bitgwal] t o generate an internedi ate equalized
signal, and to _appl oG
Symbol " vapee ) sBBE uf HeAFARBHLERE tased, Ehendtn fart, oman
i nt eésﬁﬁiatdd@ﬁn%elmsspahtedtxﬁt'hﬂm}nqa#lizeédutput qignal;sa'ngﬂal in a
current synbol interval; logic to.generate the.
f eedback @é‘éft‘? pelect e %%@%tﬁ‘,k e‘g?r ap%)gga?e%l vﬁ‘%@‘nﬂtcfluagﬁe%ﬂutput
esti gl?ﬁa‘? ol frféngdSHlRalifioF dantfidabe dstimafRd\elor ¥4ldesbabad bt least in
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sign and logic to select the estipated eryror

assopiraodt lepst jone pithe gpazabql yalge gﬁqpqu inghe;prgyigps sehel interval
ano n%fdaaawé)a{'%lﬁ? rrula%ve?éﬁlﬂ Eﬁa&ﬁeﬁﬁg\ygﬁf feréla val ues

base S part, on at |east one of the .
sy nboteserislizer toqrovide @ paraliel data signahin oesponsg i the serial dptasignal.
and a synbol value recovered in the current synbol

I nt ei% al; Tﬁens%rstem of claim 16, wherein the system further comprises:

a photodiode coupled to an optical transmission medium; and

a transimpedance amplifier to generate the input signal in response to a current

from the photodiode.

18.  The system of claim 16, the system further comprising a SONET framer to

receive the parallel data signal.

19.  The system of claim 18, wherein the system further comprises a switch

fabric coupled to the SONET framer.

20.  The system of claim 16, the system further comprising an Ethernet MAC to

receive the parallel data signal at a media independent interface.

21.  The system of claim 20, wherein the system further comprises a

multiplexed data bus coupled to the Ethernet MAC.
18



a deserializer to provide a parallel data signal in
response to the serial data signal. 17. The system of
claim 16, wherein the systemfurther conprises: 20 a
Weh90H672%de coupl ed to an optical transni ssi oPCHESA00A{41106
and a transi npedance anplifier to generate the input
signal in response to a current fromthe photodi ode.
18. 2Bhe ISheisysternif clhmf' 'm,&ﬂ:,erdimmesyﬁémmﬁheh rbdsmpliisles?iswitch
conpri si.ng.a SONET mer to receive the paralle
fa@éﬁ@“?feﬂﬁ‘gmeéb“ﬂ@we system of claim 18, wherein
the system further conprises a swwtch fabric coupled
to the SONET framer. 20. The system of claim 16, the
system further conprising an Ethernet MAC to receive
the parallel data signal at a nedia i ndependent
interface. 21. The system of claim 20, wherein the
system further conprises a 30 multiplexed data bus
coupled to the Ethernet MAC. 18 WD 2005/ 067236
PCTI US2004/ 041106 22. The system of claim 20, wherein
the system further conprises a swwtch fabric coupled
to the Ethernet MAC. 19
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