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GENERATE A CLOCK SIGNAL Field [0001] The subject
woradoue23680 scl osed herein generally rel ates to PCT/US2003/027604

communi cations systens and nore particularly to

techni ques to regenerate signals. Description of

Rel ated Art [0002] In conmunications systens, devices

may be use@ERCHNIQUES{EOIGENERATE A CROCKISJGNALf rom

mul ti ple clock domains. For exanple, FIG 1 depicts an
Fegfm'pl e network that includes networks 100 and 110.

a communi cations |link 120 may provide

i nterconmuni cati on between networks 100 and 110. Each
[0001]net wor Tae dJecandhttdd disstoged hatdih pereerdlherekivetro dain@unications

cl ock speed but data conmunications |ink 120 may

sRRANAIR rAbre artiéufai ?Vt@ %chﬁlheé‘é&osreg%eraté fghdd. s exanpl e,

net wor ks 10 O may utilize Synchronous Optical

Net wor k (S(]\IET) and/ or Synchronous Digital Hierarchy
De&&mﬁﬂ_@&mgéﬂﬁher eas data conmuni cations |ink 120

may conply with optical transport network (OTN)

(B8, o0 L sﬁté%sé’;d%%@? e
%Oogllsﬁoe?%ﬁﬁﬁ lbﬂ@f?%%ﬁas SRRl e | SRR g e
frame. In synchronous node, the rate of data transfer

ngtyogk,thaj inclugey nahyixks 4 0@ apd 114, Datgqommumicatigns link 120 may provide

~asynchronous node, the rate of data transfer nmay not
inberc@mmiuniceger betwkdr pitwords 100 endTN).r Bach of n@B@etks Fob and 110 may
exanple, FIG 2A depicts an exanple of a G 709 OIN

utilizeTRe Sdnfidl@dtdtRck spded bia dHcstMuhicalidns Tk 120Ghastepefate at a
rows of 4080 bytes. The first 16 colums may include

dﬂ*é?ernlﬂ @%@k deBS In el Iﬁ'g)lé & FEC?&@HY(PA&&”I?@ B uie! S@fﬁﬁnronous

For war or Correct dat a he rest of

Opﬁ&q%e%grkngmear%?& §ync oﬂglés%lgdtulrﬁ%raraly (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] G.709 describes synchronous and asynchronous modes of transmitting data
using an OTN transmission frame. In synchronous mode, the rate 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 G.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.



1 WD 2004/ 023690 PCT/ US2003/ 027604 [0005] According
to G 709, the OIN franme may include three
wo etioticemt i on control (JC) bytes, one negat i RET/US2003/027604
justification opportunity (NJO byte, and one positive
justification opportunity (PJO byte. According to
09, in P - '
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frame, receiver may use information in the JC bytes to
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PJO and NJO According to G 709, three justification
condding redl dnta ait incths asymekrobeusiesé thedJO(dnd MK may (c2htain real or
positive (which corresponds to a mssing byte per OTN
ddmmgrehta. AccORNindROBLT0Y €seb Y xBmp Y tas1eH 07 S0 1 9-3B NarL®TNArame
byte per OIN frane). For negative justification, PJO
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asynchronous_signals. For exanple, FIG 2B depicts in
frignede Rt (3ainagativm(bichworraspondeto aneyédyteper IOV frame). For negative
synchronous signal receiver. The clock regenerator of
juktifigatidf BidyandsNJ@ nfaybech nckde esat atal Bokpsitirghstification, PJO and
regenerate received signals. The clock regenerator of

NFO payRB iR vde dukn @R8] Fér ZRORBEAGEBN! BCPIUS thelude real data
asynchronous signal's due to inability to account for

Wh&é&sitﬁéf‘ﬁbilﬁg%i,n%@‘;%%hmﬂﬁg}ag C depicts an exanple of a

conventi ona rege ‘'or for an asynchronous

signal receiver. The asynchronous cl ock regenerator of
[0R06B 2C nEgnveatiowal ndcefvers mineusssepatitejdedichtfel catnian.to Afgenerate

el astic storage device may store received data and

eaph 0¥ byiRhidnBus@idashcrbitous QIghBIe! Foy &fangfe, HIEIRB MeYicRVi& block
time. However, the asynchronous

diagram format a clock regenerator for a synchronous signal receiver. The 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. 2C 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.



cl ock regenerator of FIG 2C may not provide data at
the correct frequency instantaneously but provide
wa@la10a/02369¢ he correct frequency on average. 2 VEIT/US2003/027604
2004/ 023690 PCT/ US2003/ 027604 Brief Description of
the Drawi ngs [0008] FIG 1 depicts an exanpl e network.
[0009] FIG 2A depicts an exanple of a G 709 OIN frane
structure. [0010] FIG 2B depicts an exanple of a
synchronous clock regenerator. [0011] FIG 2C depicts
Brief Besorintiongf the Dyayhasr onous cl ock regenerator.
[0012] FIG 3 depicts one possible receiver systemin
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I mpl ement ati on of an enbodi nent of the present
[0DéBlent i onFIG. QAL ddpidEs G exbngdpoLs 6. WD PN Srntd dructure.
i mpl enentation of a re-ti rrer system in accordance
1t h an nt of the nventi.o 0015
O &" eFRELE Ghle T bibepelE § HEM SRck e o
adj uster in accordance with an enbodi nent of the
[oprigsent i ANENO db?lcti &Qé;@}nfp‘fd 6F an‘asGEdir6icus @NRLROSH LS.
i npl enentation of a justi ation event based phase
shifter in accordance wi th an enbodi nent of the
(0B} Rsent i Fiertdopiels qusppriblereselvr gusime i Wi spersmiodiments of
i mpl enentati on of an adjust generator in accordance
thouprasertnnention imay e vséd.t he present invention. [0018]
FIG 9 depicts one possible |nplenentat|on of an
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reference nunbers in different flgures i ndi cat es
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[0014] FIG. 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.

[0016] 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.



the same or |like elements. 3 WO 2004/ 023690
PCT/ US2003/ 027604 Detail ed Description [0020] FIG 3
waelepitotBIbne possi bl e receiver system 300 i n wCTOSHO3€27604
enbodi nents of the present invention may be used.
Recei ver 300 may receive signals encoded in y
[ . exanple with optical transport networ
%%nous Optical Network (SONET), and/or
Synchronous Digital H erarchy (SDH) standards.
(082 npl e oPBIG.Cadepiat oo hassitylestaiviasgs ey e wihishcointee d
in I TUT Recommendation G 709 Interfaces for the

erAbddights lof edeht MEEMnkm Ay BNIsed 2R kivier A)PInal FedeR signals
Synchr onous tical Network (SONET) Basic DescCription

B4 o € Rompt 8PS Bl Png R (O SSnchronous
OB PR 1 DR e Rl cha FRSRR s igidiics

| ssue 1, cenber 1994; |1TU Recommendation G 872, .
ExqrehF patieal evor o eladirdsroan bp drseriked Woith T Repggmantegion
Reconmendati on G 825, "Control of Jitter and Wander
GwioP Bntarfayegifomthe Nptiead trirespBagetivark (SDM) (Ae(13hANSDI3;105,TU
Recommendati on G 957, "Optical Interfaces for
Sghigpoen Opticd Neywbokn(SORE B Basis Dexcrifidn Incliding MbPRx
| TU Recommendation G 958, Digital Line Systens based

SRRt e Relen e g tesberogy,
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network into el ectrical signals. A though reference ,
Archieqiwgpf M@ama@mortdﬁertwgﬁgnhw; ITH Repemwmendatiod$.825, “Control

may, in addition or alternatively, receive electrical
ofdittem ahd Wander withial Rigttali Netvorkis Bratd ove SEF KM archyd 998t RS

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 Optical 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



wire-line signals according to any standards.
Amplifier 320 may anplify the electrical signals.
w@bmak2mmd data recovery unit ("CDR') 330 may PCT/US2003/027604
regenerate the electrical signals and provide a
reference clock signal used to regenerate the
' [ I
TRl 58 5090 7 pERerer 0 R PRk e Bccess conrol (MAC)
rocessor 340..na erform nedia access conirol (MAC .
R AL SRRt P ST B Red e SRR ardrable tn versions
ée ri bed for exanple in versions of |EEE 802.3;
0 F%%&.Qﬂ-% PRAA HirnspeEmrdyY vk (OFR) dediapingpng denvaapping in
de-wrapping in conpliance for exanple with | TU-T
cogipgee foo ewample avithdd Uk 61G.209;i forw ¢ BXEpr proctes (FELC) processing, in
accordance with ITU T G 975; and/or other |ayer 2
acpoiasssw ity ITISANE. 99 5o srestlies 10fer R peocefigs eSdmé BiBAdiRALs of the
may be used with |ayer two processor 340. Interface

proRt ﬁﬁ&ntﬂfn%%}dﬁe uéeﬁtvﬁﬂpﬁmg)gééeg%r @Qb.""gﬁ&fﬁc@%b ¥ brovide

processor 340 and ot her devic such as

. 17 I C depj ct ed acket
S AREACARD Hor BTRICL 595 BhRERst 390 R ERbEH e PR R
depicted). Interface 350 may conply, for exanple, wth
oA OB i CHON B A GBRe) PRORySSOL oY Erigibd). andor a
Seri al Bus&qi USB), Ethernet, |EEE 1394, and/or a
switchdalics(etdepiciediy Itprfacs A 5Qanasrasentpnfor xmale,prith Beripheral
[ 00221 For exanple, sone enbodi nents of the present
Compareni tereannettd PGHe Univerdal Sérdal @us (WSBHthaasOIERHA 0394, and/or
For exanple, FIG 4 depicts an exanple inplenentation

a Whdainspe6ifid @aliiRBhrce bglebet (RESAN profo¢gNt i on. The | ayer
two processor 340 may extract Jjustification related

i nformati on and data signals froman optical channel

00221 o0ad lﬁﬁrtexar{lpjpu@}ne(@%?qdﬂmwtﬁ af Ge pospnighventio@may be used with
frame. Layer two processor 340 may provide

layen $wo piasessonpd (. eF atesaimplef BiGral depivtamdexdiaipde figamkstation of an
(shown as DATA) to a re-tinmer system |In accordance

embiodimen o€ thegaésernivaitiohN ThelBREH0 proveRbi U mhy extract
response to the receipt of justification related

judtiFcei SPfel ¢4 inftmBbh aRBdath B13Rks Bt i Sdtfeal cq{akﬁéﬁ)rayload unit

system may out put
(OPUK) (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.



data signals (shown as OUTPUT) at the proper

frequenci es, whether data signals were transmtted
wW@ewaenzieny t o synchronous or asynchronous nodeBCT/US2003/027604

Re-tinmer systemmay use a reference clock RCLK to

generate signal OQUTPUT. Re-tinmer systemmay further

output a clock signal (shown as CLK) useful to

regenerate data signals transnmitted according to both

synchronous and asynchronous nodes. 5 WD 2004/ 023690
ReCHntiSPB0Rh 027604 Re-Ti mer System [0023] FIG 5

depi cts one possible inplenentation of re-tinmer system

in aggordance wth an enbodi { of. the presen .
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i ncl ude e] asti torage 510, phase .adjuster 520, i
adepdggeeapBh an gmbodimsal of the pessentdpvention. Lhis sphediment of re-timer

di vider 550 and frequency divider 560. Re-tiner system
sys@M S0thmay ewdideslastid atorags iS¢ 0. athagOadjmter 20y aftegranci30, clock

clock signal (RCLK), and justification related
genefadsrel0] fraquekiey divides 55¢ siefreRAcyraiyvidée 560.eRa-timer system 500

justification event control and justification val ues

b ARetvie WS si AYQ), 4 fefRtddi@1ddhSidrlal GRELRY) ah hdtiGati
mi fn‘or mat i gn Silgl}?agg%co?%ange wth G 70%{a g%? esziln'pll]e,1 aHon
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.from.the JC bytes in acgordance wth G 709. For .
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positive or negative justification is to be applied
acggrdance Witk 0. 5Ps ti“@ﬁﬁwcplemhml}suﬁpatfqn@mentmnvgl wey peryespond to

be derived fromthe JC bytes in accordance with G 709.
thReeturrence sf/sjustifi &Hion regntlhad mayheekeint®ffomshah@ befes i acordance

conbi nation of. hardwired logic, software stored by a

wiRMT00. Fe¢k&fplaNte PUcBELARE ViYuedm iy RIdRRIOSESB& positive or
firmvare, an application specific integrated circuit

A AER{AORAL:© 1t O G e T

be(éerlll(\)f\évcri] fi3tn t%g lg-l}-lze’s in accordance with G.709. Re-timer system 500 may be

implemented as any of or a combination of: hardwired logic, software stored by a memory
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.



derived from signal DATA, at the correct frequency,

whet her data was transmtted according to synchronous
W@®@er00a9338ehr onous nodes. Re-tiner system 500 nmapCT/US2003/027604

generate a clock signal (shown as CLK) having a

frequency useful to regenerate data at correct

[oﬁisﬁ quencl Eﬁst%&éﬁg ﬂffga% \lfﬁc%ivte rs?%%l? (Erl‘élg gg AT g%n%' RELKO Blastic

chronous or as

QUTPUT re-ti
st5iath 5 1TV FoFe I8 BIVIGEH D bR T o ERRCprEh L gy ovtpu
nals. 6 WO 2004/ 023690 PCT/ US2003/ 027604 [ 0025
SIEFagQUTCPIéT slesiyed Gom sighpl Pkt aad dingdeacsording to pignal GRE-
RCLK. Elastlc storage 510 nay store data provi ded by
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regenerate data. Signal may be used to )
WE@%I éb‘i% iisFegepraated &yhoft Wﬁbronswﬁ apRcdironous gndge pLoRsgation.
for both synchronous and asynchronous nodes of
Plupse pdjtistond20 mipnrespend| tagustificaiian retajed inpomation by requesting clock
justification related information by requesting clock
gegeneiraiono bdjstttbe gutpd ot siphsl GIpeedlak gehgaml 54 hayGr@dde signal
generator 540 may provide signal CLK to elastic

CEK% 3BSLOHOra8P Y148 ﬁlﬁﬂﬁl&ﬁ&ﬁc? INARB56658ne %?ab?é*ihf &ntation of
i mpl ement ati on of clock generator 540 may be

oI BRI S R S SR S @B ot NGO} aloues
Cl?i et e e 55%%'&1%11%8%%%%5 Tagis papirglied oscillator

| ementation of G 709, specifically for
(L§F BB 1660, ar gtheryuBercskaples uggeriongiimplestentation of G.709,
synchronous operation nay be approximtely 622. 080

sphtifically for SFivE0440 A 93, agfineduefiti o ff signah €V Kcfor eyr@hisonous operation

operation nmay approximately range from 622.039 to

mByBe i{%ﬂroﬂhﬁ?at F{, 692730 Mreg HMMe&ngG%aﬁ@QKWas&ﬁ&ﬁbﬂﬁs

si gnal requency di vi der 5
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.709,
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



may divide the frequency of signal CLK by an integer.

In one inplenentation of G 709, specifically for
WETMHOZ6WBC- 192, the integer may be 237, alt houRtT/Ukm03/027604

integer may vary depending on the rel evant speed of

data transm ssion. Frequency divider 560 may provide

eﬁ&ﬁg ldg Wre&@b@-}%@gd[ & & 3 1r Shrifss 0§1h %3321%6590 may provide

hase®adj uster requency
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i npl ementation of G 709, specifically for
[0630Y+ 64/ OCPHAE adjubter 570 @EEectE s1paal2RE1 Kalahb @isahl CHE2 and may
i nteger may vary 7 WD 2004/ 023690 PCT/ US2003/ 027604
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Frequency er 550 may provi freque
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Based upon justification event control and

cqriesporidi to aignahADAUSE soquehiingeclock grueratorsAQ tombaseshifiignal CLK by
signal ADJUST to instruct clock generator 540 to

a negdtity ambentphl miy srgspdndGhbléne Resp datha biytegper OTN frame). Each
justification value nmay correspond to signal ADIJUST

neréﬁﬁv@ﬁlﬁﬂlﬁ'&u@h Qe Woﬁ‘é%ond@& ﬁ;hﬂ AOPSST sdjubbtind! GO generator

a negative anDunt may correspond to one
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extra data byte per  OIN frane For exanple, with the
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frequency dividers 550 and 560, each positive
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signal CLK by m nus one-hundred-ei ghty-degrees (-180
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correspond to phase shift of signa
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[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.



[0030] Integrator 530 may receive signal ADJUST
I ntegrator 530 nay accunul ate the nmagni tudes of
WG e@aak3e#aJUST and output a sumto the clock gRCEDS1003/027604
540. Phase Adjuster [0031] FIG 6 depicts one possible
i npl enent ati on of phase adjuster 520 in accor dance
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Frequency djvider 620-A nmay recel ve signal RCLK2 from
phase efiiBed yersign of gigpaldSELKR (RytersR GMZ%@ Iy ope jmnpigipentation,
out put signal RCLK2 and a ninety (90) degree phase
sigima] RIAK+Armayhavefa Sequreaty RELK2né¢-dthothriha freREiNEg-ofpigntlRCLK2.
one i nplenentation, signal RCLK2-A may have a

Filef@sid9 aoNddrisan-A ﬁlagﬁ)@oxfl@@ﬂiehl gnbR RCERY end ROMK 25 AGH flstification
RCLK2.  Frequency divider 620-A nmay provide the

e‘gihggggg@ Rk KR rapg1RCLK2- A to justification event
based pﬁase shifter 610. [0033] Frequency divider

620-B may receive signal CLK2 from frequency divider

[088%). | n oFisquensl dirdder£20dhmay rengineraignatiCLKdefrors Z@q@ency divider
may di vide the frequency of signal CLK2 by four (4).

5690, € vas iipimehreon G2&uBndyadividensd0dB niayf digidu eitctequency of signal
di vi ded version of signal CLK2 (signal CLK2-A) to

CLKthblffb%thlb OFreQY&IE ?r &ty dbAdabPR ARy DROVilSE ﬁ‘@%&ncil A83dda VCI'SIOH of

Justifi ion event based phase shlfter nay out put

Sl@%ﬁw L%{? X [ cat‘@gtﬁlj'g%n cﬁﬁ egj\?@n@%&%h J us‘?i%% cation

val ue signals. Each positi ve justification value may
[0034] r es ponllistificaiogreabnt bAREH jhibse shifiersiliomgaycduaplt signal ADJUST
generator 540 to phase shift signal CLK by a negative
baAABP WY signals RCLK2, RCLK2-A, CLK2-A, justification control event and
justification value signals. Each positive justification value may correspond to signal
ADJUST requesting 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] FIG. 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 look-
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



corresponding to one data byte | ess per franme. Each

negative justification value may correspond to signal
wWADDWEBepequest i ng cl ock generator 540 to phaseCEOBI03/027604

signal CLK by a positive anmobunt. [0035] FIG 7

depi cts one possible i n’pl enmentation of justification

sunf ngo“édotl? Qﬁﬁﬂq 9?@1‘3&1 ey LU 73618p Ehn?gﬁ%ji(@n&?u%{a%r% 0 may be

resen |nven

S PR BRI e BTt 8 SR LR

val ue LUT 730, digital-to-analog converter ("DAC
wherg Mumayha &Nz lsh gighgiberaajues of y he geedy 3p one implementation of
Accunul ator 710 may receive the follow ng signals:

G(709, thastlué o€ At manbe¥h talthaughrasheranabhes 8 Njmozyt bd usedt | on
val ues. Accurrul ator 710 may sumthe zero, posit i ve

08 oo ¢ s Gy B 66 R baBtaP v b el Rior 710,

both sin LUT 720 and cos LUT 730. The sum stored 3/
sity E&Un{AOAngrcoy 1§ Trkieay retiewsid oatpup spesifiprhaseralated amplitudes
where Ais the arithmetic sumof justification val ues
ofgngpectirestine MdneopinbsigBhls. At inowegtental tnereasainubs justifidtivmyvalue
be used. In one inplenentation of G 709, the val ue of

subh RY B6rr&Pdnd & 4 PiRid BrepldbEreasée I RRAV @hdiDhsMBY siRE aki® Ekine signals.
[0036] In response to the | ust i fication value sum

E#Yé}%%ﬁal%c}eg A% {Eyﬂlfg‘éaﬁ @e surﬁ'nrl] ﬁ%e%éo%dqg% p‘i‘.’lgée Gstep

may re rlev spec se rel
litudes spectl(Ye Si ne and cosine signals. An

1nprﬁ N Iraﬁ%ﬁ’&sr 58BC ARd £ORNG {18131 cat i on val ue sum
may correspond to a phase step decrease of 2n/M

: !
[06fg! ans fQp L{L’f‘e ?Jz(ﬁ%?il «.degsL@? 750 Hﬁ?h‘é implefhehfsa'aE ﬁgﬂgsrpon gble

deCrease Int cation va S mmay CO

h f (13 tkd
st 48R 8 s Oy B E5oS ¢ ROM of B BGeecs meory 4R AMD)
or age_devi ces

E g R

menory ("
to respectlve(DACs 740-A and 740-B. DACs 740-A and 740-B may receive amplitude

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 27*sum/M, where
variable M is 8%237 and variable “sum” may be the sum of justification values from the

accumulator 710, 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 bf 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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devices. Sin LUT 720 and cos LUT 730 may out put

anplitudes of sine and cosine signals to respective
WOA@8/07360 A and 740-B. DACs 740-A and 740- B neRCT/ES®IYE27604

anplitude values of sine and cosine signals. DACs

740- A and 740-B rray out put anal og sine and cosine

A(fﬁﬁq l%gTer&téﬁ Zg a{ngyl c?_)%} |u¥321)(()§ rrp%?én%tf %ﬂé‘%&gﬁ?ﬂpﬁl rs 830 and
PHA PHB 2
sl S D et B R SR PS e el Wil

the sumof justification values fromthe accunul ator
relationshigl: t hough ot her val ues of M may be used. [0038]
Adj ust generator 750 may receive signals PHA and PHB.

Adj u ﬁﬁ%ﬁ )] Y, put a signal ADJUST to
adj urs a ases%ﬁ?zsy g WR%EK in response to receipt
of signals PHA and PHB. One advantage of phase

adj ust er 520 Mayepbesehisahe frequenyy eftigrsls RChK ApiiakCHKB,
signal CLK over an unlinted angul ar range and

I nst ant aneousl S ust i |ca val ues. FI G
8 depicts one %B ?%P@%%%?%#‘E gﬁ?fd]guqus
generator 750. 10 WD 2004/ 023690 PCT/ US2003/ 027604
Adj ust gener atDrepfdentE@e ﬁé@bﬂ@ﬁpt@@ﬂ@tﬁi@idlz@Hﬁl A,
810 and 820, nmultipliers 830 an 840, adder 850, and
filter 860. Signal ADJUST may be represent ed b

[00391 | owi ndtt orlerrapliemgwrlen aeﬂ@frﬁaﬁo gy gegerate SEpl A by
where X represents the frequency of signals RCLKA and

suRGLIKBsignals iS¢ pné S2ntSigrateeS If arslciZemay bofepsisgniall byithefoNowing
and Z represents the frequency/ phase of signals PHA

reRendBiHS: [0039] In one inplenentation, adder 850 may
generate Si gnal ADJUST by summng signals S 1 and S2.

Si gnal s an maybe represented by the foll ow ng
relati onsshlr p %§%4

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 S1. Similarly, multiplier 840 may multiply signals PHB and S3 and output the

. product as signal S2. Computation element 810 may output signal S3. Computation
element 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 S5. Filter 860 may receive signal CLK2-A from frequency divider 620-B.
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S1 =PHA* S4 S2 =PHB * S3. For exanple, signal S3
may be represented by sin(X-Y) and signal S4 nay be
wo epresesnt ed by cos(X-Y). Multiplier 830 nay Pail/Us03/027604
signals PHA and S4 and out put the product as signal S
1. Sirrilarly, rrultiplier 840 may rrultiply signal s PHB

Fll%é g&& 3 S &}mé) Ut t hs fd%rr]l,g pg tfp].aeg ttl?ag Ig‘ﬂl% fflt%égut signals having
ﬁemmr%%b%gl@% e”ﬁ@é@é@%%ﬁgﬁ S CEBAORd a5 g0

fromthe product signals having frequenm es ot her than

[003BP" OX' mi‘tl@fl gdéimycs onEPORIFIG A BmEhEHBNG SF:fic Tt agd s 10Uh

si‘gna . nput ation el ement 820 may generate

acq,or«?:irgF ng af%y e p?’og glge C@E&Hﬁn@eﬁ%‘rﬁ?\}gﬁg &? %glrg%?ggmclude
R sk ot ?QFC@%%%&%&W@@ g soiggopEdevie Spfn BT ot0

CLK2 A fromfrequency divider 620-B. 11 WD 2004/ 02369
mayGRTegzeosdwrom sinpk RATAGTCominade tappienbrh aritscler
band pass filter that nmay filter out signals having

(sHormepseR CILES. FPPO 6%0 metyeduypue datal(shtowvi2asOUBP G hc@ding jo
be represented as 2*cos(Y). [0040] FIG 9 depicts one

traRQEShb 6 1ehP LIBBR (thdivh @8 RISCIE ASWhen 840 i eigénsmifled wsing an STM-
accordance with an enbodi nent of the present

64}’(5](3‘ ei?& ng ol Pt @?&&%ﬁ? havda FBYu Ufbf'ﬂg)roﬁmately 1/8 of signal

I'r’st=out storage V|ce
ont r.ol Fl F
cﬁ%@ﬁe i SRRGFRSb St %@ﬂ%@%&ﬁ&.ﬁﬁ%‘fﬁw florage
a wite clock (shown as WCLK) % %g
S10amay ys ﬁdvme&gntmﬁpmy 930 Engade W&ertl‘s’ QP hsets dta Tppn signal
read cl ock (shown as RDCLK). When data is transmtted
DABANGVhen il DBV 06 tra@myitted hyaan, SEMordOCRISC neyhas, Yisiteecontrol

a frequency of approximately 1/8 of signal CLK, but
de@icBoR0 alyuesei v a Wb offBigndl 6V CEEGthatQs dreiyuqncy ajustat bgnfor

of elastic storage
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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510 may use a wite control device 920 to gate when

FI FO 910 reads data from signal DATA. Wen signal
WO2IDA02®94 r ansmi tted by an STM 64/ CC- 192 payl obdT/Usz00$/¢27604

control device 920 may receive a version of signa

WCLK that is frequency adjusted by, for exanple, 1/8,

but ot her values of WCLK may be used. Signals DATA and
CIOMIMST may be 128 parallel bit signals but other

nunbers of bits may be used. [0041] The draw ngs and
'W%Qﬁsggﬁﬂgiﬂg descri ption gave exanpl es of the present

I'Avent1 on. The scope of the present invention,

however, is by no neans limted by these specific
1.exanpl es.A hMeotherdonospriginigat i ons, whet her explicitly

given in the specification or not, such as

di fferences .i,n structure, dingension,.and use of .

mat er | al , PIAPdglods sisnakyased SpgnBStficttin <Ry dforgation and

at | east as broad as given by the followi ng clainms. 12

WO 2004/ G230 8fhgRieEed A28 8266 0fon HeAddR s, witerein the second

clainmed is: 1. A nethod conprising: providing a clock

Si g aPﬁr%ﬁﬂeé‘Hﬂ&giaﬁ%ﬁhgci&gégL% £¥PHEndINf Or mation;  and

providing a second Sig upon-t he cl ock signal
wherein the second signal includes information
provided by a first signal. 2. The nethod of Caiml,
wherein the justification event information conprises

justificagion even nd 4j i i val u n .
2 ner ei n° e B BUE BT GRRH ALY in SRRl i Rp B gmation
when justjifi.cation eyen..s in an actjve state, ...
COgpSe ISR FHET @nﬁ/ quatgﬁ?aftsoe yeighandvheein W aroviding th clocis
~adjusting the frequency of the clock signal based upon
si caypprises:
when justification even is 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



3. The nethod of Claim?2, wherein the adjusting the
frequency conprises: providing sine and cosine

WG e@aatyIbased upon the sum sunm ng the sine BEMUS2003/027604

5.

cosi ne signals; and adjusting the frequency of the

cl ock signal based upon the sum of sine and cosine
signals. 4., The net.hod of al.m 3. Wh ' .
provi di ndéort LR 15218% Sgg%%gg St?il cga Hg ¢ Slrug% Er%l%%}glg %y def 5rasing
WO 2004/ 023690 PCT/ US2003/0276Q4, f ap increase.in.

t he Pheses of theine andcasing Hpals b gplf@é‘&é s, vﬁeﬁ‘?ls an mteger.
decr easi ng phases of the sine and cosine signals by

2pi/ (8*N) radians, where Nis an integer. 5. The

met hod of Claim 3, wherein the providing the sine and
cosine signals conprises: for a decrease in the sum

of j usti fihcansthed ofxllaiss 3, whereintthe proyiding theiieragd cosine signals
phases of the sine and cosine signals by 2pi/(8*N)

compdisans, where N is an integer. 6. The method of

6.

Caim3, wherein the sumof justification values

resets after the count of X .where X.is an i.nteger.

7 The. mibhbecurseReER apsHESH N, Sy Hacesing
frequency further conprjses: adjusting the frequency.

of tbhasesobie sinepndlcopiag signyp by 2PHS SN ﬁ@dﬂiswh@reiﬁ i an integer.
cosine signals as well as a reference clock signal. 8.

The nmethod of Claim 2, wherein when the justification
event information indicates no justification is

present, then selectively not adjusting the frequency
of the dheaketBodyofaClaim 3, wherein the sum of justification values resets after

the count of X, where X is an integer.

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.

An apparatus comprising:
a clock generator to generate a clock signal,

14



9. An apparatus conprising: a clock generator to
generate a clock signal; 14 W 2004/023690

wERONANEBO0D3/ 027604 a phase adjuster to provi deP@I/phmg#027604
adj ust signal to adjust the clock signal based upon
justification event information; a storage device to

provi de information froma fir.st_signal,. d

the clock si gnaaP]?asﬁﬁ‘giugﬁrﬁ)rﬂr%‘é‘a%?gb e€d4u§€1 u‘rﬂlc%ttcyﬁ(ﬁ{e@lSt the clock
cl ock generator to adjust, the clock. signal based upon
the phasesigfl Gagedaipgp gistifiggiiongygntiplosmaions of o ai m 9,
wherein the justification event information conprises

justification euspbeabflcé #frbiilds AlfbRRat6Al RS a IRt signal based
wherei n the phase adjuster ~ conprises: an accunul at or

to selecti%%HXe§Mg%5#ﬁhj&£§ation val ues when the
n S

justification eve in an active state; a sine

| ook-up-table to provide a sine signal based upon the
suny a cosi neard incdgraiqe- tbahdteict ihe ploskigdreratoc tsadjest the clock
signal based upon the sum and an adjust generator to

provi de t{en)Baga vpeh Ui phabdanghstBased upon the sine
and cosine signals. 11. The apparatus of Caim 10,
wherei n the adjust generator conprises |logic
circuitry to provide the phase adjust signal based
upon the sine and cosine signals, a reference clock

161 9nal . ol LGrflHCISind9 A herdiR 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

sum; 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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WD 2004/ 023690 PCT/ US2003/ 027604 12. The apparatus of
Caim9, wherein the elastic storage conprises: a
WG t@raggsdevi ce to store information in the fiP&L/US2003/027604
signal based upon a reference clock signal and to
provi de stored information based upon the cl ock
signal. 1 [ £ : g
12 e ve atPy AupHEhER AR, Phiidhn (30PRUR orpBE corrises:
signal; a Iayer two processor to receive the first
si gnal andstomgexiviaeto jtastinfoiraiionin the Gisasigdal based upon a
information; and a re-tiner systemto provide a second
sig nﬁfera@&aﬂb all bved tozprsaaé Srddahir@etion bdsed 0pén B8 clock
and the first S|gnal The system of O aim 13,
furth gﬁ jconprising: an optical -to-electrical converter
to cofivert an optical signal into an electrica
signal and to provide the electrical signal to the
anplifier as the first signal. 15. The system of
d ain113 wherein the |ayer two processor conprises
ogi ¢ per€orn1nedla access control in conpliance
th IEEEAggEG@' R 1 systenlof G aim 13, wherein
the | ayer two ocessor co erfor.m
optical t ﬁ%@aﬁﬁ?r th axcrie s 98 wg O %m@tfnﬁfq bisbaenal
with ITUT G 709. 16 WD 2004/ 023690 PCT/ US2003/ 027604
17. The sg&yenivef processon to 3cceipsshefirst signall angde exinst justification
processor conprises logic to performoptica
t r angdbated infi@insmiok; ahd- wr appi ng in conpliance with ITUT
G 709. 18. The systemof Caim 13, wherein the | ayer
two procegsQfimeP§RdnS &SprbPid & 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.

. 16. 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.709.
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to performforward error correction processing in
conpliance with ITUT G 975. 19. The systemof Caim

wda3go4feasbher conprising a data bus to recei ve BCTNS1083/027604
fromthe |layer two processor and to provide signals to
the | ayer two processor. 20. The system of C aim 19,

1’; urt her C?gggy)s | & @la .lg,C\Ph%?ingrtirlné: ]f%&@gf}ﬂ‘ﬂé%s&rrb%mpﬁses logic

dat a bus. e systemo
i Si k [ I
to ot ppndal R o et PO e Apping 1k complince with 1102 G.709.

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

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

19. The system of Claim 13, further comprising a data bus to receive signals

from the layer two processor and to provide signals to the layer two processor.

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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