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L Field [0001] The subject matter HfEdISaWa@g27604
herein generally relates to communi cati ons systens and
nore particularly to techniques to regenerate signals.

Descri ption t n ' i.ops

syst ens, deﬁ%@@?@% ﬁ@e@ﬂ%ﬁt&@%&%&ﬂ dat a
signals frommultiple clock domains. For exanple, FIG 1.
Fegdct s an exanple network that includes networks 100

and 110. Data conmuni cations [ink 120 nay provi de

|@P rconmugy, cat.i.on bet en net works 100 and 110. Each of

A rks 106°aHYct Wﬂ%@m a¥6Y heyein greeralhnielaies to comawications
speed but data comuni cations |ink 120 nay operate at a
aystenas ankmeneqericylralydo teohnighestoorgenstats sigedlawor ks 100 and
110 may utilize Synchronous Optical Network (SONET),

mgg@ﬁ(@%&mg%tu gital Hierarchy (SDH) standards
ications link 120 may conply with

optical transport network (OIN) described for exanple in
[0DRRIT G 70%d dori@sdicativnesfases d:oiced ﬂl@¥69bééa&b héBREORhtfic of
network (OTN) (Feb. 2001). [0003] G 709 descri bes

SR S1Eh el Besn ANMIASHMBENAGRAYS mde%lamﬁaie, Fic%.”ls&é il Qﬂagﬂﬁ@ﬁe

using an OIN transm ssion frane. I n synchrondus no

Gk e s S T
t i. nt ti Nrate. [0004] F
Dol SRt oo T 00 o may

structure. The G 709 OTN frame may include 4 rows of

Walgs thy savae datpelopk speed bat dag commummgtionsrinku@é maxeopeesel at a
bytes, and the |ast 256 colums may include Forward Error
didicrent tlodn speed. In this example, networks 100 and 110 may utilize Synchronous

Optical Network (SONET), and/or Synchronous Digital Hierarchy (SDH) standards
whereas data communications link 120 may comply with optical transport network (OTN)
described for example in ITU-T G.709/Y.1331 Interfaces for the optical transport network

(OTN) (Feb. 2001).

[0003] (.709 describes synchronous and asynchronous modes of transmitting data
using an OTN transmission frame. In synchronous mode, the tate of data transfer is an
integer multiple of the OTN rate. In asynchronous mode, the rate of data transfer may not

be an integer multiple of the OTN rate.

[0004] For example, FIG. 2A depicts an example of a (5.709 OTN frame structure.
The G.709 OTN frame may include 4 rows of 4080 bytes. The first 16 columns may
include overhead bytes, and the last 256 columns may include Forward Error Correction

(FEC) data. The rest of the frame may hold the payload and/or dummy data.



FEC) data. The rest of the franme may hol d the payl oad
WareHgR3®my data. | WD 2004/ 023690 PCT/ US2003/REA768403/027604
[ 0005] According to G 709, the OIN frame. may i ncl ude
three justification control (JC bytes, one negative
9098k i fi catAawrdipgor GUIOX, the QIR frdiyé ayadhchi@htreOfishiEYRion control
justification opportunity (PJO byte. According to :

(JE)108ss, bie hégativy NedtifioRRoIs opEsRmity NTEY Oy Ry L& 6%@3%Bsﬁﬁcation

real data, but in the asynchronous case the PJO an

opPOrafIyt@T0) berl eordhitY GAmbAn tHE SRt @28, (ROPIG BSte

for exanple tables 17-1 to 17-3), an OIN frane 'receiverf

O L
FhRnfS J09. AB?&%EJQ tu%%.ga;)@ g&%!fepefe%ﬁ@%&wﬁw Pﬂ%&sanﬁ?dngeﬁ-ame

deri'ved: (1) zero, ositiv correspon
A _ _ ti Cch
S e Py S B O RYes  atsti RIS o Wciuen s
j LEFgatd d. NJ h.includ I ta. .
cptSl b B T P B R i Bfen o Eimpuions

AT R RN

Conventional .recejvers na se separate dedicated
BEPL OF (PGB GRER BORCSHRREN D SYINBAGUS [ Rfiame). For negative
..asynchro s siognals. For example, FIG 2B depicts in
J“Sﬁﬁ‘& 1%?@@#&% may bethvingtude real datey Hogposigye justification, PJO and
Nﬁénchronﬁgs siggal recei ver. The clock regenerator of
Eapbothanclpde dummydaie. t FageenivstiBraion. B Qmaay melude real data
regenerate received signals. The clock regenerator of
whpiEas hg MR mayngade dwamodatagener at e recei ved
asynchronous signals due to inability to account for

[gousjt i f i catiodRentidiaOrckefvkis mafusdteRpalate &HENARE&IRY téregencrate

conventional clock regenerator for an asynchronous

edth@T3YndR6RIs%d ad R hASHNE RIRARY Fof IeQ&h?{efeﬁﬁ?e.fBih&ﬁg%fm block

FIG 2C may account for the use of jus I catlon

diab@sd fotmat SEREE reeNELSorBY a $h¥hfol il %iéﬁ%fjleg@l{vgr g clock

regenerator of FIG. 2B may use a fixed frequency clock signal to regenerate received
signals. The clock regenerator of FIG. 2B may not be used to regenerate received

asynchronous signals due to inability to account for justification.

[0007] FIG. 2€C depicts an example of a conventional clock regenerator for an
asynchronous signal receiver. The asynchronous clock regenerator of FIG. 2C may
account for the use of justification. An elastic storage device may store received data and
provide the data at the correct average frequency over time. However, the asynchronous
clock regenerator of FIG. 2C may not provide data at the correct frequency

instantaneously but provide data at the correct frequency on average.
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wgrzg)éi/%gohe data at the correct average frequency over
tine. wever, the asynchronous clock regener RKUBF003/027604

FIG 2C may not provide data at the correct frequency

i nst ant aneously but provide data at the correct frequency
on average. 2 WD 2004/ 023690 PCT/ US2003/ 027604 Bri ef
Description of the Drawings [0005] FIG | depicts an
Bricfiipdseripeion®fithe D@RRBIssFl G 2A depicts an exanple of a

G 709 OIN frame structure. [0010] FIG 2B depicts an
[0011] FIG

| e of ynchronous cl ock regenerator.
I%gggpi ct sFlg}nﬁe‘{%B}?ﬁ@W%eﬁm ronous cl ock
regenerator. [0012] FIG 3 depicts one possible receiver

[¥P8] em i n Fify. 24 dxpines anbagdhpiedfs @709 OV phesftcture,
i nvention may be used. [0013] FIG 4 depicts an exanple

' ement gk Q enbodi nrent of the present
[diogeient i on?IFgg?zf{ep (e ?‘%@’3?8{%581?%“%@@ icick regenerator.

i mpl enentation of a re-tiner system in accordance with
[ 1lenbodi AdGt 26fdepivts pr esentle bhaemdynofronb@OdBEk FHdeneBtor.
depi cts one possible inplenmentation of a phase acﬁ ust er

' accor c L 4 i.ment _of the present )
[qoﬂ%/]e nt i on@?b%fg%&gl%% @g%g%irg?eév%r? gs%%ls@i%l?l&ﬁ some embodiments of

' ' Lustification event based phase
tﬂgﬁé%gfﬁpgﬁ%%%g%%%th an enbodi ment of the present

i nventi on, 4}0017]_ FIG 8 depicts one possible
[00#1 enent LG oh deiticsmnadpupte iggienattetion of aneabodianheohk present
. an enbodi nent of the present invention. [0015] FIG 9
mYei¥ts one possible inplementation of an el astic storage

in accordance with an enbodi nent of the present

[0 EeNt 1 ONFIG. 5 depicts one possible implementation of a re-timer system, in

accordance with an embodiment of the present invention.

[0015] FIG. 6 depicts one possible implementation of a phase adjuster in

accordance with an embodiment of the present invention.,

[6016] FIG. 7 depicts one possible implementation of a Justification event based

phase shifter in accordance with an embodiment of the present invention.

[0017] FIG. 8 depicts one possible implementation of an adjust generator in

accordance with an embodiment of the present invention.

[0018] FIG. 9 depicts one possible implementation of an elastic storage in

accordance with an embodiment of the present invention.

[0019] Note that use of the same reference numbers in different figures indicates

the same or like elements.



[0019] Note that use of the same reference nunbers in
WEH20940286110 f i gures indicates the sane or |ike a@MeRi®s 0601
WD 2004/ 023690 PCT/ US2003/ 027604 Det ai | ed Descri ption
[0020] FIG 3 depicts one possible receiver system 300 in
Ivdraidddl Pestriptesipodi nents of the present invention may be
used. Receiver 300 may receive signals encoded in
I ianc r, exanple with optical transport network
L , a/ﬁpclﬁf 3rfgeﬁ§@@ﬁ PEHOINEEHYFLSYE m whighgiome
Synghronous _Digital. H erarchy (S standards. Exanple
38%39?1’6%‘?“% 81’3 W?rpg?sﬁ@t EHIH M3y haysese Ressivei Y¥bmian recpiyeTsignals
Recommendation G 709 Interfaces for the optica
efl?%lﬁg'% FPMRLAYGSfRT examyle vdtomticalixsisper netvodk (OTN), Synchronous
Synchronous ‘Optical Network (SONET) Basic Description
Ordiepl Ris eI ONE T xand@r Snchroseys Rigitd HieratkhFo(SIE sstandards.
Bel | core Generic Requirenents, GR-253-CORE, Synchronous
Egpmplepticat ngireriisosEmjards anyberdes@itstldniTUCD ReponGemdaiicn
Criteria (A Mdule of TSGR, FR-440), Issue 1, Decenber
GroBunterfageRéprcherepiike iranspGridwtyorkAIQINY @OLL); ANET Tptins Al
Transport Networks, 1999; |TU Reconmendati on G 825,
Sy@dmonais Optical Netvesrka 8 ONETN)IRsi S DS Bh Thdladin ek
Based on SDH' March, 1993; I TU Recommendation G 95
Str@ptiires fR aten! il Fueesitst BellbsiviGuient RAGEiSHSHEGRRSBEDRG, L 0
SDH', July, 1995; |ITU Recommendation G 958, Digital Line
SHychirertis s el Netvaiik (S ONET) SR 2ol jsths: Tid iteri
Novenber, 1994; and/ér ITJ9T S%?onn@%dation %?%g??ﬁﬁﬁG(hnanaok
Ml kI SGREFRM4®) fR&R f, PeckiBerSHIWN P0G o HirSiddlion g.872
Hi erarchy (SDH) (1996). [0021] Wth respect to FIG 3,

Aegitettate bPOBLEA THhEpbria®aWefitel 9dg: %‘513\?%41‘91155?&/2"?0'91%%55} ’Control

optical signals received froman optical networ

i@ dnd Ol Diéitalh@&%rksg%%@%gg%ﬁﬂ;agagggﬁ JERAEr(G 0

optical signals, the recelver i'on~or
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
use on Opj[ical Fibre Cables, November, 1994; and/or ITU-T Recommendation G.707,

Network Node Interface for the Synchronous Digital Hierarchy (SDH} (1996).

[0021] With respect to FIG. 3, optical-to-electrical converter (“O/E”) 310 may
convert optical signals received from an optical network into electrical signals. Although
reference has been made to optical signals, the receiver 300 may, in addition or
alternatively, receive electrical signals from an electrical signal network or wireless or
wire-line signals according to any standards. Amplifier 320 may amplify the electrical
signals. Clock and data recovery unit (“CDR”) 330 may regenerate the electrical signals

and provide a reference clock signal used to regenerate the electrical signals. On the
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foﬁ{/ﬁ‘ﬁ% vely, receive electrical signals froman
Sl eetrrea si gnal network or wireless O wire-F¢HES2003/027604

signals according to any standards. Amplifier 320 nay
[ Cl ock and data recovery-

amplify the, electrical signals.
rﬁﬁ?‘f’“ aféy"cﬁ?ﬁ“)lsa T B9 PFRSGESPE géﬂ apinerfrmonediec abesi goatrsl (MAC)
and provide a reference clock signal used to regenerate
m3pageIneip ice@phgqlcgrfgr exangpie with Rihcrhet, ViEs @ {lnd/ 92368 ple in versions
PCT/ US2003/ 027604 regenerated signals, |ayer two
b I8 $633; suticahtrpnyvert retworks@ BN pde faminomid &-wididg in
managenment in conpliance for exanple w th Ethernet,
corpbandsedr xommps il EU-T @909 DR%ardedirdrEbE 89 BEORrbeRking, in
transport network (OTN) de-framing and de-w apping in
acesmgidricarvath FTAJ-Te& AMP] endrbr dthdrTikek 2pr68&side0 M defibbdiinents of the
correction (FEC) processing, in accordance with ITU-T
p@semtSnvantiohaiaydesedivilelaye: HoIHBSSkHT34050MR BB 33h HRRS Sovide
of the present invention maybe used with [ayer two

iperoomBaMicaBién belwdeBNA RS @wa PPo BB BUBULE Sther devices. such as a
i Nt er conmuni cati on between | ayer two processor 340 ang

ni¢BpfocBR¥t, GRSNSYvRSs ﬁlot@e fc%?ﬂ%ﬁ%%‘i%%% | C{{Ie)(éggti &i%)\ﬁl(lf}%‘@f and/or a

(not depicted), "packet processo

st &Brit #tdepicnRh. @RIl LSy ce 350 canpl vy,
T SR eplclRh BBl b L For R AP i peripheral
CoREbhent PeMBhR: | Bl : ngt, | E o4
andg;)o?n a vendor @gg&%@% F’? %ﬁ)s%lﬁ’wggﬁ%ﬁé‘?ﬁ @94’ and/or
PERIP SR cif 4 | nbodi nents of the
: present 1 n%jgl%ft?%%&?réaa %{g%tg(%d\%g?ﬁmﬁfc%?er two processor
340. For exanple, FIG 4 depicts an exanple
0023 enent ey eenufle, sameemimdiments of thetjresapt @sention may be used with
i nvention. The layer two processor 340 may extract
laygrdwiofnreenss@rd4PeFar exaiplepF a4 depicndn deiBpBiign@hed & A of an
an optical channel payload unit (OPWK) (defined in
enghorygpnigi! thepEFentinemtion | e layenom P pARESDHO B4 Ay Bifract

_ provide _
Justification related information and data signals from an optical channel payload unit

(OGPUKk) (defined in G.709) of an OTN frame. Layer two processor 340 may provide
justification related information and data signals (shown as DATA) to a re-timer system.
In accordance with an embodiment of the present invention, in response to the receipt of
justification related information, as well as signal DATA, the re-timer system may output
data signals (shown as OUTPUT) at the proper frequencies, whether data signals were
transmitted according to synchronous or asynchronous modes. Re-timer system may use a
reference clock RCLK to generate signal OUTPUT. Re-timer system may further output a
clock signal (shown as CLK) useful to regenerate data signals transmitted according to

both synchronous and asynchronous modes.



wég&tificgtion rel ated information and data signals (shown

qﬂ&%ﬁf to are-tinmer system In accordance RCITHSEM03/027604
enbodi nent of the present invention, in response to the
receipt of justification related information, as well as
signal DATA, the re-timer system may output data signals
(shown as QUTPUT) at the proper frequencies, whether data

ReITom@l Sywehe transmtted according to synchronous or
asynchronous nodes. Re-timer systemmay use a reference

ﬁlock RCLE'to generate signal OUTPUT. Re-tiner system nmay
BP2t her ofil@ut depicsope Rossgs dmplearaipticasofce imersastem 309 in
regenerate data signals transmtted according to both
acgRieRe o Wit ambosimenitof Shropessens doentisn WDhROSUY BEBBA00F Te-timer
PCT/ US2003/ 027604 Re-Ti nmer System [0023] FIG 5 depicts
systen pEuiaylieclidpelesiisrtarnizofl @fphass adjnser 305 intep@OR 580, clock
accordance -wi th an enbodi nent of the present invention.
geTipiatoraYfbh fieqeency divide- 150 frepshendivder 56§, RRClieiesystem 500
el astic storage 510, phase adjuster 52.0, integrator 530,
mey orkivegedm sigoal (PATAY, becfeesiey ctbokisdalal FROT RN Cardd jQstieAGn
di vider 560. Re-tinmer system 500 nmay receive a data
rebitghiator{ri2tidA) Reatimef SsRACSOEIAG Kefivg B FhstifiRHiN evédontrol and
justification related information. Re-tinmer system 500
justifjcadien ivaRiea (fjosiitvieldr eREAOR) ERNheGRAt ERtioR Plated information in
justification values (positive or negative) fromthe
ackotgibhdd Wah M09, eF e eRdmipld, MRS htion cv@ﬁtcc%ﬁl%i]ﬁﬁ?\goﬁgn?fnd to

G 709. For exanple, the justification event cont

th€ 8ESRSROOHS & fustifiBRIRCEMAT SRERA0be AehiVsd EbinGRL 187, 8X8 Nt peordance

and may be derived fromthe JC bytes I n accordance W

with GO9. FRyr eﬁéﬁfm:,l, the j{lﬁﬁidaﬂgﬁ I\Tgﬁu‘ég{lé}?}?ﬂyc%]te%h% lilig)oré%ig%ac}re

whet her positive or negative cation'1rs
RN B S0, s 10885 LR Ve
e SR TRy th SR i B e R P B D gy e
imP1iFERed as any of or a combination of: hardwired logic, software stored by a niemory

device and executed by a microprocessor, firmware, an application specific integrated

circuit (ASIC), and/or a field programmable gate array (FPGA).

[0024] Re-timer system 500 may output a data signal (shown as OUTPUT),
derived from signal DATA, at the correct frequency, whether data was transmitted
according to synchronous or asynchronous modes. Re-timer system 500 may generate a
clock signal (shown as CLK) having a frequency useful to regenerate data at correct
frequencies whether data was transmitted according to synchronous or asynchronous
modes. To generate signals OUTPUT and CLK, re-timer system 500 may use justification

event control and justification value signals.



' d executed by a microprocessor, firmware, an
W Sz\éhﬁtgzg i'on specific-integrated circuit (ASICPCHHE2098/027604

field programmabl e gate array (FPGA). [0024] Re-tiner
Qs)(égtem 500 may output a data signal (shown as OUTPUT),

[RF] ved f ripsti siprate Hrmaygecdvresigoals 61K, M ATAemRCLK. Elastic
whet her data was transmitted according to synchronous or
sisaascHlonayistonmdiss proRidet yesigsal SIATAS Mlasti)st@epes B ra§ output
clock signal (shown as CLK) having a frequency useful to
sigoge@UTRLY., datizedfromorigied DA TAesERRES ScovreinRes sALPCIRS
transmtted according to synchronous or asynchronous

D, SO BRSBTS GV 2 il Bl 120

' i fi i ' S. 6 2004/ 023690

s G BerlBnctisclot b b1 G esed o eniaistiles fipguency at
RCLK, Elasti¢c storage 510 nm

i, | s. CLK, DAT d
Qi B s e T 68 Hoyh SISHERMOBA AR “pmsBtomBus FioAeget epEeation.
ut put__ signal OUJTPUT, derived from signal. DATA, and
PR el ust 524, egpandda dnstifiqrtion trdsteq indpaartiqpererequesting4dock

may generate _a clock signal - (shown as signal CLK) that _
gehiyatBe i tapdiest theymeed af espal GLK Snel cieratomiddomay erbvide signal
establish the frequency at which data is regenerated for
Chét to darticistasnerusl Gand fegpenny dividss S60d€nechitaile implapmentation of
Phase adjuster 520 may respond to justification rel ated
clppk 8p1eEYPH At binay dgrewitage cohuelled gestel eacilatéd Y AXOAdlhetgh,
the speed of signal CLK. C ock generator 540 may provide
clerlg Agfierator k4G maglbgsmplensintedgeandiler ayet éfradiage conteblldddatillator
560. One suitable inplenentation of clock generator 540
(I @, AWM eormtintr). oF drezk aempyes uakeosed itdpadaentyuaxe) G.709,
al t hough, clock generator 540 may be inplemented as
spenidichly fongieVied4/00l-19 @ foanienet ddges TR &iyncirefo eration
SAWVCO, or other). For exanple, under one inplenentation
mey b&apfi®ximately 622.080 MHz, a frequency of signal CLK for asynchronous

operation may approximately range from 622.039 to 622.121 MHz.

[0027] Frequency divider 560 may receive signal CLK. Frequency divider 560
may divide the frequency of signal CLK by an integer. In one implementation of G.7009,
specifically for STM-64/0C-192, the integer may be 237, although the integer may vary
depending on the relevant speed of data transmission. Frequency divider 560 may provide

a frequency adjusted signal CLK (shown as CLK2) to phase adjuster 520.

[0028] Frequency divider 550 may receive signal RCLK. Frequency divider 550
may divide the frequency of signal RCLK by an integer. In one implementation of G.709,

specifically for STM-64/0C-192, the integer may be 255, although the integer may vary



specifically for STM 64/ OC-192, a frequency of signal CLK
WPEPHAZAEHr onous operation nmay be approxi mat el YP@E2RS08H027604
MHz, a frequency of signal CLK for asynchronous
operation may approxi mately range from 622.039 to 622.121
déghendif DEPHE réleesniepesyd afi datoipanshfisiomyFreqo@icyadisidgnsso fakkprovide
Frequency divider 560 may divide the frequency of signal
a Giefulycyetjispdeg giial ROLK (ighowidsREDKRY tdphE 2Buéfe 520.
specifically for STM 64/ COC-192, the Integer may be 237,

LS e SRR T Pt BRI Bl T e
a.lre ste

B En S s S eL gl S oo, S S e

rec%l vg.‘gﬁiéi%gal_ R%K. Fflequenc di vi der 550 ma){ divide

CofElapdg guen valpeh, Rhasvadresy o2 mat eyant signal ;MaTUST to instruct
i npl enent ation of G 709, specifically for STM 64/ COC-192,

clogle epngratgr P49 Bedily the speed afisjanel{elKntAepesitivieipstifieation wabre may
2004/ 023690 PCT/ US2003/ 027604 dependi ng on the rel evant

ceprspend to signal APHAShreasicsing Apelygenrraionif4d thephass chifteygnal CLK by
provide a frequency adjusted signal RCLK (shown as

a REEHDYVE amoush fskich djaystosres iRl to[0de265s dabelsde adj 0INefrab@) Each
may receive signal RCLK2 and signal CLK2 and may receive

n¢gasitve fustification valenmayentresdondnd sjgnat ADTESHTI requasaing ekck generator
Based upon justification event control and justification

S4atausimse piiftsstged (Nidt by a pafitinagmouhp@thish giaglcoABIIIRE tb @ne extra
instruct clock generator 540 to nodify the speed of

dath bt peCIOUN Aapedi Fovexanitsié,i e e «xAmpid dieidBRYatios mentioned with
correspond to signal ADJUST requesting clock generator

reSpélt to fiphadey Shvifitrs SEQaad S6b,Keabl positine patif¢ et PARS may
(which may correspond to one | ess data byte per OIN

cdrfedpbpd to5RtEe sSHIGUHsiam] DUK b hfls SHE-MAIdWE1-BBRHC A ESNOTED
to signal ADJUST requesting clock generator 540 to phase

déghbdsh wileBda ka oYy AubiPddatibd § a RITIHES céﬂ@kﬂcﬂc} %ase I'gft of signal

correspond to one extra data byte per OI

CEKAPbRo-hidrba b} Ru8gRES 19 b gREs)r at i 0s menti oned wi th

[0030] Integrator 530 may receive signal ADJUST. Integrator 530 may

accumulate the magnitudes of signal ADJUST and output a sum to the clock generator

540.
Phase Adjuster
[0031] FIG. 6 depicts one possible implementation of phase adjuster 520 in

accordance with an embodiment of the present invention. Phase adjuster 520 may include
justification event based phase shifter 610, and frequency dividers (“FD™) 620-A. and 620-

B.



ect to frequency dividers 550 and 560, each positive

““hgﬁ*?F%ﬁ}lon val ue’ may correspond to phase shPET/USR003/027604
S|gnal CLK by m nus one-hundred-ei ghty-degrees (-180

degrees) whereas each positive justification value may

188321 es ponditeaupisaskividh 620-4fmay goaive si@nkl RETK?2 from frequency

one- hundr ed- ei ghty-degrees (180 degrees). [0030]

dividey? ¥t direg8McpeyvidenEiOvA magnaputSsIdSRCIIK? asd atnﬂ{etﬁ B1) degree
may accunul ate the nagnitudes of signal ADJUST and

phaspshifiad sarsioh of sippatROLK )@hewahoR CIFOA) Phashe Aﬁplléﬁieﬁfanon
[0031] FIG 6 depicts one possible inplenmentation of
PhasRCAKLstaLy BAR 4 Feq@®e) HIRNCEhiduRhaRe 8RR %fglﬁlfal RCLK2.

the present invention. Phase adjuster 520 may incClu

Hrégidenty 54d@526Y2 MaylRsoldc RRES Snad P RIS 2 SR CIRG-
frequejﬁcy di viders ("FD") 6620 %jand 650 BC 8 A MO Ato;ust:lﬁcatlon

Eg@QAﬁggggggeagﬁgpgagosl027604 [ 0032] Frequency divider

620- A may receive signal RCLK2 from frequency divider

250. Frequency divider 620-A may output signal RCLK, 2 and

130313?? nety (GEFiEYbedertZisB mn eeeie vignal GhKaffran dreghency divider
K2 (shown as RCLK2-A). In one inplenentation, signa

5§@L kpone wag}msmétlan,fﬁr@w@m Jividen 6208 map dixdde the frémency of signal

frequency of signal RCLK2. Frequency divider 620-A nay

ket by ourkd). sErgﬁml@YFd@aﬁQr GHHB RELKZoAidea fremtenty ditidaiversion of

event based phase shifter 610. [0033] Frequency divider

sggl LKA signeldt 62 sh )trdistidddon poent baswlydnsy shifter d10.

560. In one inplenmentation, frequency d|V|der 620- B may

[?:hrsglq S 2 . 2 S qbllgtii}?%grgﬂ %3268ﬁfba§r%€ﬂg%sov ma %ru ) sbgn\e/ll ADJUST
bY&IAUp8A sPhals RCLK2, RCLK2-A, CLK2-A, Justlﬁcatlon control event and
justification value signals. Each positive justification value may correspond to signal
ADJUST reguesting clock generator 540 to phase shift signal CLK by a negative amount
corresponding to one data byte less per frame. Each negative justification value may

correspond to signal ADJUST requesting clock generator 540 to phase shift signal CLK by

a positive amount.

[0035]) F1G. 7 depicts one possible implementation of justification event based
phase shifter 610 in accordance with an embodiment of the present invention.

Justification event based phase shifter 610 may include accumulator 710, sine value Jook-
up-table (“LUT”) 720, cosine value LUT 730, digital-to-analog converter (“DAC”) 740-A,
DAC 740-B, and adjust generator 750. Accumulator 710 may receive the following
signals: (1) justification event control and (2) justification values. Accumulator 710 may
sum the zero, positive, and negative justification values. Accumulator 710 may output the

9



signal CLK2 (signal CLK2-A) to justification event based
WQﬁﬁ%‘é‘)’Qﬁ?ﬂfter 6 10. [0034] Justification event REEEE2003/027604
phase shifter 6 10 may out put signal ADJUST based upon
signal s RCLK2, RCLK2-A, CLK2-A, justification control
sepdn botngn LU 720 iuheasdiUTA130e Tiegnal storeBastuco@bhlatore7 10 may be
justification val ue may correspond to signal ADIJUST '

reprgssated uA chabito hb vetext or is Tdaritbureia SemsdY jfiktifidagibah afdeand

by a negative anmobunt corresponding to one data byte |ess

where M anp be BAG hlthegatdther ¥alisdsiofiM idyost veRHUSn BBY implementation of
correspond to signal ADJUST requesting clock generator

B, tie: pias 6f Sithiy b&2IMalithGhdh Sher Fa1RASHATTHEay WY
[0035] FIG 7 depicts one possi blelé i mpl enment ati on gf

' i fication event pased hase shifter 610 in

[da? g gt) rdanc \Kfséjﬂn%qﬁme‘ﬁ%{ﬂ‘ﬁﬁ%fono’fﬂ?%%% PEQdded bytheracremulator 710,
J(Lﬁqjﬁ]f]iéati-on Yjent based phase shifter 610 may include

g PH2BY co3 BUTs{3imay refeeyouid owiput spsidic(phagsmrejatgd @mplitudes

osi ne, val ue LUT 730, digital-to-anal og converter ("DAC'")

ogrgpgp etive spme apd gogine giggalsd jArs inctyopentaltinereZ&0n themstititattarvalue
710 may receive the following signals: (1) justification

Sy épdy eoorespeid (@-aphabe Step dstichseosft And radiane Sor shae andit @Y signals.
710 may sumthe zero, positive, and negative

Apistriefieotl dlemreasalin és: judificatioh atafe sAADmERYoauifoul tb Iag,hasé/&p
2004/ 023690 PCT/ US2003/ 027604 sumto both sin LUT 720 and

incomsd 27/ R0radlhie Brishs bid eskifysigegynul ator 710 maybe
represented by A nodulo M where Ais the arithnetic sum

justificat] val ues and _where M maybe 8N, although
m@%ﬂer val §&aiwﬁ0naé@tfé’slklgﬁ 739 mayrhe inmpieresipd a3 Pgrafimable
tG. ZO% the vgl ue of N may be 237; although other values
stgaeR dRETehRch a8 dead- o ¥ enemer vi(ER P deorrandare-apeass mfanualyi(TRAM™)
val ue suns_provided by the accumulator 710, sin LUT 720
deyiigesc S8 LU 7240andaps Add T 1730 mayrntpetapnlitegescifising qudaweine signals
rel ated anplitudes of respective sine and cosine
togegneairee DALCS TG-Armedt740-B nBAGS 240-A ande740uB tdyi reatiive amplitude
val ue
values of sine and cosine signals. DACs 740-A and 740-B may output analog sine and
cosine signals (shown as respective signals PHA and PHB) to adjust generator 750. For
example, the frequency of signals PHA and PHB may be represented as 2n*sum/M, where
variable M is 8%237 and variable “sum” may be the sum of justification values from the

accumulator 7 1'0, although other values of M may be used.

[0038] Adjust generator 750 may receive signals PHA and PHB. Adjust generator
750 may output a signal ADJUST to adjust the phase 6f signal CLK in response to receipt
of signals PHA and PHB. One advantage of phase adjuster 520 may be that it may adjust
the phase of signal CLK over an unlimited angular range and instantaneously respond to

Justification values. FIG. 8 depicts one possible implementation of adjust generator 750.
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L]

rrespond to a phase step decrease of 2n/ M
\ﬁggll)(gﬁ'é?’éfégr si ﬁe and cos!one si gnaIOs. An i ncr e RERUSR003/027604
decrease in the justification value summay correspond to
a phase step increase of 27t/Mradians for sine and
Adabtnensia@d b6 maly3dide @uiytdfon G2én @iz TOsA 830, ARBigRYs £ and

i mpl ement ed as progranmabl e storage devices such as

SRAGIRABNO TR S6E Meha D FENIA BE RaRE MR n idfitMide

devices. Sin LUT 720 an

%Ioﬁghgpdes of sine and cosine signals to respective DACs
- nd 740-B. DACs 740-A and 740-B nay receive

anplitude values of sine and cosine signals. DACs 740-A

and TsighaBATHYISTUE piutZ- anao@hekene and cosine signal s
(shown as respective signals PHA and PHB) to adjust
generator 750. For exanple, the frequency of signals PHA
and PHB may be X &presatiteefisaueneyeksigialg R and/BELEB}. e
Mis 8*237 and variable "sum nmay be the sum of

justification o 10 | t hough
ot her val ues oﬁb%rg@eggg%ggﬁ?en%gg%ﬁﬁg }‘g%%‘gr at or
750 may receive signals PHA and PHB. Adjust generator
750 may out put ZArepirgpents WCitdEiEnt Cplade uftighdie PHAaE RHB.
signal CLK in response to receipt of signals PHA and

One vant a of . phase adjuster 520 maybe t '
B o s PR faBpRRgRaA B egirataEmR AT ISk by
angul ar. ran a %3i stant aneously respond to )
SUFERINE SighR %ﬁ avgl egilgflﬂiﬁl dfeinay be ppeesspied iby|the following
i{;EI ementation of adjust generator 750. 10 WO
relpoansha®690 PCT/ US2003/ 027604 Adj ust generator 750 may
i ncl ude conputation elenments 810 and 820, nultipliers 830
and 840, dg?ﬁﬁ?"é%”‘ and filter 860. Signal ADJUST may be
represented by e followng relationship:

S2=PHB * S3.
For example, signal S3 may be represented by sin(X-Y) and .signal S4 may be represented
by cos(X-Y). Multiplier 830 may multiply signals PHA and S4 and output the product as
signal 81. Similarly, multiplier 840 may multiply signals PHB and S3 and output the
- product as signal S2. Computation element 810 may output signal S3. Computation
¢lement 810 may generate signal S3 by multiplying signals RCLKA and S5 and then
filtering from the product signals having frequencies other than approximately X-Y.
Computation element 820 may output signal S4. Computation element 820 may generate
signal S4 by multiplying signals RCLKB and S5 and then filtering from the product
signals having frequencies approximately other than approximately X-Y. Filter 860 may

output signal 85. Filter 860 may receive signal CLK2-A from frequency divider 620-B.
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“fi%pgl ADJUST = sin(Z-Y+X), where X represents the
F24UEHEY of signal s RCLKA and RCLKB, Y repr esBATAIS2NS/027604
frequency of signal CLK2-A, and Z represents the
frequency/ phase of signals PHA and PHB. (0039] In one
FiltepB&Prematyatei iompleraciied a85Bartdpyasy Gitter fHaenilyghiet oM VLS Byving
summng signals S 1 and S2. Signals S 1 and S2 may be
freqenetes appoxiyatelyesquel fo@N OSighal S8 hRPBRIrSSresele R ¥ cos@.
S2=PHB*S3. For exanple, signal S3 may be represented by

R o1 D e i OBy oS RET SO S Hs Sierase i
. Simlarly, multiplier 8

th duct ignal S 40
AR é‘?v}lj '@?Piﬁ‘%"s"lﬁ%%“a%ﬁ{dﬁ%em TR 1BV Afbion- ﬁ;y%stlcﬁq;a%%§1od$¥ include

i gnal_, S2. tation_elenent 810 may out put signal S3.
o Bisipinisci o (LTS A6 oy | GUHER HEGS SoifFideuseigo. FIFO 910
mul tiplying signals RCLKA and S5 and then filtering from
may, gtopy diefa é@ceé‘feglrfm@ sizgl R T aenesdingde trensidens efsmwrite clock
approximately X-Y. Conputation elenment 820 may out put
(sBoyn as VALK R0 FH® &1 0 oreyedusprsrsiatzo@boways QAFEPET ¢ acsirding to
S4 by multiplying signals RCLKB and S5 and then filtering
trgnsgimnsied ageaticlotk (shogmais RIMGUKNg Whiesrdrta i tesismitted using an STM-
approxi mately other than approximtely X-Y. Filter 860
64eN°-1Upaload; isignal RBE LK inlaly diav8 6 Grerpayndyeefeipyeoding iy 1/8 of signal
CLK2- A from frequency divider 620-B. it WO 2004/ 023690
CEKThuiSAbasyD@saIFRIPFCLKanaBbOusmly (e ingleweriation ofslastidaotige
pass filter that may filter out signals having
5Toreayesca esita ppsted idevice 920 es|gate vilen2 KO SitRals §fa Fyn 8enal
represented as 2*cos(Y).
DATA. When signal DATA is transmitted by an STM-64/0C-192 payload, write control
device 920 may receive a version of signal WCLK that is frequency adjusted by, for
example, 1/8, but other values of WCLK may be used. Signals DATA and OUTPUT may

be 128 parallel bit signals but other numbers of bits may be used.

[0041) The drawings and the forgoing description gave examples of the present
invention. The scope of the present invention, however, is by no means limited by these
specific examples. Numerous variations, whether explicitly given in the specification or
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.
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¢
; 004q; FIG 9 depicts one possible inplenentation of
WOI282Y9%30%t orage 510 in accordance with an enbodimestoondzrcos
the present invention. Elastic storage 510 may include a
first-in-first-out (FIFO storage device 910 and a wite
ceAihvi@! device 920. FIFO 910 nmy store data received
~Trom si gnal DATA according to transitions of a wite
clock (shown as WCLK). FIFO 910 nay out put data (shown
t®Pwed isiccording to transitions of a read clock
(shown as RDCLK). Wen data is transmtted using an STM

L64/OC-lgzﬂpgﬁhgagongkgﬂgL RDCLK may have a frequency of
approxi mately 1/8 of signal CLK, but other values of

RDCLK may be used. One inplenmentation of elastic storage

510 nay u8EVidigg iatc@cé‘@iﬁqggba@éWQ@Jmcmmgav®t mferm&idaand

910 reads data fromsignal DATA. Wen signal DATA is

transm t t aebvitingd B sSddvidbadandRd upay hipad ocl)r’\'gi'ﬁ%% %ﬁf‘eﬁﬁ) bhe second
Kthat I's

devi ce 920 may receive a version of signa

fr eqyend)in@gidiShRfma%on bRIVIAGIA P RS 5 but ot her
valuegm%f WCLK may beO%Eea? Signangﬁ%# P'and OQUTPUT nmay

be 128 parallel bit signals but other nunbers of bits may
be used. [0041] The drawi ngs and the forgoing description
gave exanples of the present invention. The scope of the

2.present | UHeRictiar, offTIwRY 8] wheSirDihe PstiFRaASH bi &t 1:88rANion
these specific exanples. Numerous variations, whether

coePlsb€uslificgiotsvehnaddy@ssRfioh vafies d FherdiQthe pﬁ'H@ﬁix%sth clock
differences in structure, dinmension, and use of mate aF,

sigifaBefiifSidet €. The scope of the invention is at |east as
broad as given by the following clains. 12 WO

2004/ 023690 PCT/.US2003/ 027604 CLAI M5 What is clained is:
1. A net h¥ el&}ﬁﬁ F@}qgge:ven 1s In an active state, selectively summing

justification values; and

adjusting the frequency of the clock signal based upon the sum.

3. The method of Claim 2, wherein the adjusting the frequency comprises:
providing sine and cosine signals based upon the sum;
summing the sine and cosine signals; and

adjusting the frequency of the clock signal based upon the sum of sine and

cosine signals.

4. The method of Claim 3, wherein the providing the sine and cosine signals

comprises:
13



Wiy ovi ding a clock signal based upon justification event
|n%"8f’P|’e?P?q0on; and providing a second signal basedTAPZING/027604
the clock signal, wherein the second signal includes
i nformati on provided by a first signal. 2. The nethod of
Caiml, fbremenerehdteinjthisiinh o€ plstiGBa@MEMlubs) b lelPlecreasing
conprises justification event and justification val ues
and plseebfithicRincHnd\osing gighbR b hK8* 1) SRARInsCORREN 8%in integer.
when justification even is in an active state,
selectively sunming justification values; and adjusting
the frequency of the clock signal based upon the sum 3.
The nethod of Caim2, wherein the adjusting the
5.f r equency Themmthabsf. Claph Gy whkRéh HefodidthoCRs s a8 $0ShS signals
based upon t'he sum sunm ng the sine and cosine signals;
camstisegj usti ng the frequency of the clock signal based
upon the sum of sine and cosine signals. 4. The nethod
of Claim erein.the provj.ding the sjne and cqsine
o gnats | EBAALESS i B ARG etgn v Gopotey rEeing
for an increase in. the sumof justification values, ]
sel elt35e:? fiagg}ﬂ@ggicﬁgne pieagls by FPIA N LTadiansuhere dY isen integer.
signals by 2pi/(8*N) radians, where Nis an integer. 5.
The nmethod of Claim3, wherein the providing the sine and
cosine signals conprises: for a decrease in the sum of

justification val selectively increasi Jphases of
6'.t he sine ?ﬁ% n%;%%".dun"g%slﬁlé% 31 ¥ BV%FFF@*‘P@“?@E@HH’% valprpresetg after
thé 2odll of 9&, Were X is an infeger.

7. The method of Claim 3, wherein the adjusting the frequency further

comprises:

adjusting the frequency of the clock signal based upon the sum of sine and

cosine signals as well as a reference clock signal.

8. _ The method of Claim 2, wherein when the justification event information
indicates no justification is present, then selectively not adjusting the frequency of the

clock signal.

9. An apparatus comprising:
a clock generator to generate a clock signal;

14
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6. The method of Caim3, wherein the sum of
WPP1/4336%k i on val ues resets after the count ofPCE/USHvEs/@27604
X is an integer. 7. The nethod of Caim3, wherein the
adjusting the frequency further conprises: adjusting the

frequency of t hepldseaHjusicd iPhrobRRCHHABORHh AR SHAMPAdjREIRe clock
and cosine signals as well as a reference clock signal.

8. The nethar] BhscChpbijusti HOBESELVENMIB N nidien] ust i fi cation

event information indicates no justification is present,
then selectively not adjusting the frequency of the

cl ock signal. 92/ St%%gaas‘gfsf%%romwf%nﬁg@n fom kst signal based
enerator to generate a clock signal; 10 14 WO

2004/ 023630°PHG tiedodignar7ed4 a phase adjuster to provide
a phase adjust signal to adjust the clock signal based

upon justifi catdnGfte@¥.R6t tol iR§RIIRIH Qbk EnStASABAdFRY HRS1b&
provide information froma first signal based upon the

cl ock si gRgdnal BRdd APoh BlSSHAL Q&juét%ié;{éﬁt ruct the clock
generator to adjust the clock “signal based upon the

phase adjust signal. 10. The apparatus of Caim9,

wherein the justification event information conprises
justification event and justification values and wherein
10he phase Tadjappi@tus of Claim 9, wherein the justification event information
comprises justification event and justification values and wherein the phase adjuster

comprises:

an accumulator to selectively sum justification values when the

justification event is in an active state;

a sine look-up-table to provide a sine signal based upon the sum;

a cosine look-up-table to provide a cosine signal based upon the

sumt; and

an adjust generator to provide the phase adjust signal based upon

the sine and cosine signals.

11. The apparatus of Claim 10, wherein the adjust generator comprises logic

circuitry to provide the phase adjust signal based upon the sine and cosine signals, a

reference clock signal, and the clock signal.
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onmr | :an accunul ator to selectively sum
“§b£$f¢?%§{ion val ues when the justification evBaT/USg00B/G27604

an active state; a sine |ook-up-table to provide a sine
si gnal based upon the sum a cosine |ook-up-table to

13r ovi de a Ebeppraraiypsllain Yo whepdm theheastaumoragn domprises:
adj ust generator to provide the phase adjust signal based
upon the gi I in @08 5 T r.at us _of

C ai m 10, afb}tgr?aé%? n%?r%g%%gtj% ﬂezlt genazlP gt]i é;‘hec%%rt)r%' sglsbﬁs?) jron a
circui ' : diust. si gnal, based upon
he arRatcsRILER 06 RIORE RRLY BhroRbdRe psRa Spgndie clock
and %ﬁ§m§|00k signal. 15 WD 2004/ 023690 PCT/ US2003/ 027604
12. apparatus of Claim9, wherein the elastic storage
conprises: a storage device to store information in the
first signal based upon a reference clock signal and to
provi de stored information based upon the clock signal.

133. A syst SR, ..an anplifier to receive a first
(6" anpl Ty T

signal an first signal; a layer two

Pust 11 oatPoRPRE B E et bakorRn ol e B G5 gt
ol Bt od i HEAPTO RSSO PRECETS L TER R and £ wHghctjuiiGegtion

of Qﬂﬁaed%%ﬁn&%i&g%&dconprlSIng:

a re-timer system to provide a second signal based upon justification related

information and the first signal.

14. The system of Claim 13, further comprising:
an optical-to-electrical converter to convert an optical signal into an

electrical signal and to provide the electrical signal to the amplifier as the first

signal.

15, The system of Claim 13, wherein the layer two processor comprises logic

to perform media access control in compliance with IEEE 802.3.

. 1e. The system of Claim 13, wherein the layer two processor comprises logic

to perform optical transport network de-framing in compliance with ITU-T G.7009.
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an optical-to-electrical converter to convert an optical
WO BAHP2PM 0 an el ectrical signal and to provi deCT/i§2003/027604
el ectrical signal to the anplifier as the first signal.
15. The system of Caim 13, wherein the |ayer two
I5r ocessor Tlangricaesi ClufiinCl 3, vhef ﬁﬁﬂﬁjréf&dfb%t@@éé@&scomprises logic
control in conpliance with | EEE 802.3. 16. The system of
tECpaiforn 3ptisi @aBiport MewbAy @-wirdiditkd BCATEMNancO Wi IHERT @806,
to performoptical transport network de-framng in
conpliance with ITUT G 709. 16 WD 2004/023690
PCT/ US2003/ 027604 17. The system of Claim 13, wherein the
lgayer two risS ' I [ .
y PROSRERPSf CRIR 1135 GdeledP laf'é} w5 g&%ﬁ&%.ﬁses logic

transport network de-w apping 1 n conplianc
tEpéA8m IEwald&rSY SRR p el ri% , LDk !
tE);?ocessor conpri ses |ég€‘8 ct%)slﬁl'l %ﬁ@%@%&@@%ﬁ%ﬁ@%@ :
correction processing in conpliance with ITUT G 975. 109.
The systemof Claim 13, further conprising a data bus to
ecei ve Si t.he .l r two pr.ocessor, and to, )
lg'r ovi de si%%a gtef@f‘?]ém?’ gl):}er C‘Eﬂ'lglg ggga azli’)‘?sr}?ﬁ‘écewe signals
emof Claiml19, fyrther .conpri,sin switch fabric
NS HETR 5 ReShesyor apfl 0 PipviSiBRaIS ta e pier e aprogssor
further conprising a packet processor coupled to the data
bus. 17

20. The system of Claim 19, further comprising a switch fabric coupled to the
data bus.
21. The system of Claim 19, further comprising a packet processor coupled to

the data bus.
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