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TECHNI QUES TO GENERATE A CLOCK SIGNAL Field [0001] =95 MAR 2007
Wk2subgseat nmatter disclosed herein generally li)@lrﬁjﬁs@@yoz-mo_,‘
to communi cati ons -systens and nore particularly t
techni ques to regenerate signals. Description of '
Rel ated Art [0002] -In conmuni cati ons systens, devices
maybe used tBEGCHMIQUES NOGENERATEIR . GCRNRAIGNALOM
mul tiple clock domains. For exanple, FIG 1 depicts an
l e - network that includes networks 100 and 110.
communi cations link 120 may provide
i nt erconmruni cati on between networks 100 and 110. Each

qboo1pt wor kSTHEQUbREAAN KD kB sedMdréih ?@ﬁrﬁ% %%%@s t‘a%toﬁumumcatlons

. clock speed but data cormunl cation

RRED Bulnl nfl g B liies S0SEGemt sleonE eé%‘??l;&

I\Ietvvork (SONET), and/or Synchr onous Digital Hierarchy

(BRehiptompfiRekised Adter eas data communi cations |ink 120

- may conply with optical transport networ k (QOTN)

qﬁ@gil bed for exanple in ITUT G 709/Y, 1331 .
faces TR 6P CB%QI}S@X‘F@P?:&%&%‘% wmay, be wenddo mauergte traffic of
%@eb 2001). [0003] G 709 descri bes synchronous and
VﬁW@rﬂfG& njide clotk dempingi For exgmle, BIG.usdepictsian Slmple -
transm ssion frame. In synchronous node, the rate of

delverk thahaichides setararksilf0 agt 10TUDALR r@bmnﬁfmdahﬁnﬂﬂc I;RI May provide
I n asynchronous node, the rate of data transfer

iretércolenuaitation B&&EedhtivbiX g
Form?exarrpl (Ee” FI G e2A depi csz?(s}@glrl}& 2%% h(ﬁ?ﬁw&é?gg@ @ﬁ\}lo may

i S%f’élé 00 o i il o 0 i Cone ot o
A SRR YRR 0T i eI Pty culiBand e Tiulie SRetronous
bpggﬁ I\IITé?\Xorli'( S%NtET%‘ p%ylr%?rgchiggéu%rmgﬂal 1e;jarc§h§f (SDH) standards

whereas data commmlications link 120 may comply with Opticai 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 columus may inc]uﬁe Forward Error Correction

(FEC) data. The rest of the frame may hold the payload and/or dummy data.
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According to G 709, the OIN frame may include three MAR 2007

Wesddodhzadg on control (JO bytes, one negatingT,_USZ(m:m,27604

justification opportunity (NJO byte, and one positive

justification opportunity (PJO byte. According to _
, in the synchronous case, the PJO byte contains
rc@iq%?d at a, “E I4ifg ore 782, he AT Dmse may dalids thipojustidication contro

" NJO may contain real or dumry data. According to

- §IGlaytess ene pegativg juspfieatioapperhuity (NTQ) hite,3)ud oan poitive justification

frame ;_recei.Ver may use information in the JC bytes to ,
chgp tye(PRORbiter Alccordingqa 700! intB€ syre@fondis Sasef tht PFO byte
PJO and NJO According to G 709, three justification

r@hRiRIeRBF2hHaA She o ﬁ% EMEthe 21D %Jgdelg%) g{%)ecronmeal or

positive (which corresponds to a m ssi

Rt ke DRIE AR, (o Eabte R i), SRHR same

and, NJO.may both include real data. For positive

TEREMveF PRY ISR AL ogtion ﬁathepﬁ%yﬁpgyo geferning shgther eudipgard or use -

~data. For zero justification, PJO may include real

gartants phtheddO aidaNIW Grocyding td GI69 phremjusdidicatior] ANAE] operations

: _C_onve_nti_onal receivers may use separate dedicated
-maybeideriyed: §1) g6, (2) @isftiveqHhith @brréypoaild PRAHESIAB Byte per OTN
[

asynchronous signals. For exanple, FIG 2B deprcts’in

Bafek or 3)aHpaNd QI cofe drﬁﬁgtfyquaggagﬁ'ﬂ%gn?{eoﬂer% ft e). For negative

synchronous ‘signal receiVver. regenerator o

fixed.frequency.clock signal. t ] -
isftioion IO HAENTO shal Sy P A€ R afp o P nsttlisation. P10 and
2 0 e used to regenerate received
NGt e dohamty Fie oy 2emapirt Seagioncs o meninelydsreal data
justification. [0007] FIG 2C depicts an exanple of a
vhersanihe SHS) may svlndedyemer dator for an  asynchr onous

signal receiver. The asynchronous cl ock regenerator of

fobbe; 2C Won@é}ﬁgﬂﬁ&cc%ﬁferstrg%f %s%%eﬁ%@%f@é%&éé?ﬁé@ﬁa tt'ab‘?e_geperate |

el astic storage devi ce may r

rovi.de the data, at the correct average_ frequency over
«?alcﬁé'f %ﬁg&g@g}l’s and asynchrongus stegals. For exagnple, FI&. 2B d%picts n block

- 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.

2




¢l ock regenerator of FIG 2C may not provide data ak

the correct frequency instantaneously but provide =~ h MAR 2007
M 2040236%0e correct frequency on-average. 2 5 MARURBHDI027604

WD 2004/ 023690 PCT/ US2003/ 027604 Brief Description of _
the Drawi ngs [00081 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 cl ock regenerator. [0011] FIG 2C depicts
Arighddescription pf the Diayvingy onous cl ock regenerator.

[00121 FIG 3 depicts one possible receiver systemi.n

1o P RSR plgE 2°EET

I mpl ementati on of an enbodi nent of the present

 i[#AR%ht i on. HIG02AYcpitGanexsiapicof 8 G QVNSBhstcture,

i mpl ementation of a re-timer system-in accordance
t .of the present invention. [0015]

l\ﬁfaé-:\ﬁl gn d 2 g.%@@'sfﬁ H@’l%élé FHAtPlE ph evpshtononbelod regepsiaion

adj uster in accordance with an enbodi nent of the

pogspnt | NFRO! 20 Bepidt9 S lankiCof dn ATRURLAARLRISXnBlafor.
i npl enentation of "a justification even %ase& phase
shifter in_accordance with an enbodi nent of the '

Hi0dZent i nGER3 dapicts omissible@scedved eypstan $n whizhpoasicaibediments of
i mpl enentation of an adjust generator in accordance '
hiettmesgnt isMdnéidnmenytbeafsed.he present invention. [0018]

FIG 9 depicts one possible inplenentation of an

tic st in, accordance with an enbodi nent of
@hgﬁ prese n?fc? %\e/%eﬂ Reies ex[a%%g PlEsRetation ol g8 embpdimpgat of the present
i%én:ﬂtianefer ence nunbers in different figures indicates

[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 oné 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 clements.




the same or like elenents. 3-5 MAR 2007 WO ~ 5 MAR 2007
2004/ 023690 PCT/ US2003/ 027604 Det ailed Description

Wgﬁlmﬁkﬁ 3 depicts one possible receiver Syﬁbfﬁi‘s%@ezmm

in which sonme enbodi ments of the present invention
‘may be used. Receiver 300 may receive signals encoded

i bl ance for exanple with optical transport =
' nﬂﬁ%@ﬁ—é’-@ﬂ@%nchronous Optical Network (SONET),

and/ or Synchronous Digital H erarchy (SD-1)

Eeﬂ{jugggrfbe%@% brlgts%gé c%%%é@%@ﬁ%a%@aﬂ lﬂerg&%es

gl B bR R ba Ry KBt Ropdheo ) Hhdyepenve sinals
Descri,pti on anl udi ng Multiplex Structures, Rates,

£hgoded m semplignce frgampls with eptiabizansperé network (OTN), Synchronous
~ GR-253- CORE, - Synchronous Optical Network (SONET)
Toriivehetwosy ﬁ@l}?é’f) @odvion SyBhremoic Digiial HidrarchyA(SIMEY sthedards.

of TSGR, FR-440), Issue 1, Decenber 1994; |TU

Rcompbendizh| mW&kﬁ%Zstandéfd% hhdyeeldes@ivell - ‘I‘?Recommendatlon
Transport Networks, 1999; |TU Reconmendation G 8

SR P e g R s
SEpns G0l R 55 B Drabn ol Peighe e

' g ital |ne S tens based on SDH for, use on tical

f1es anfoeptis Bellcor GengrigiRequiremsnts, GR-253-CORE,
Recormendatl on G 707, Network Node Interface for the
Syndmonsie Gptiorlgietwpri-{SOME EXTragsBBH)Sy £ 6T omfdd3dneric Criteria @
- Wth respect to FIG 3, optical-to-electrical
M.udsub?rctfé?SCGR R=430)3 Is8udTByYDece@BYETIO4 0N Radonsmeidhidon G.872,
received froman optical network into electrical

Arghitetiare o (Dﬁtﬂidgﬁanﬁﬁfrﬂﬁ@ﬁ%ﬁ@‘ paralisy) %B&ﬁmteﬁdﬁﬂ)td &3bs, "Control

signals, the receiver 300 may, in addition

8t LiR&nal welder wﬁtﬁ&ﬁgﬁt’aﬁoﬁﬁ&gﬁmﬂs%& 12@@#—13 Marlr%H] s ITU

-electrical signa
Recommendation G.957, “Optical Interfaces for Equipment and Systems Relating to

DH”, July, 1995; ITU Recommendation G.95 8, 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
feference 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 sign_aié. On the
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wire-line signals according to any standards. ° -5 MAR 2007
Amplifier 320 may anplify the electrical signals.

Wolvardddat a recovery unit ("CDR') 330 may PCT/US2003/027604
regenerate the electrical signals and provide a R
reference clock signal used to regenerate the

OB S Se s Rl os? Pl e el appeps ool (uac)
kPl RS RERE G e iea R gescrlrd x axpmplein versions

with Fthernet, described for exanple in versions of
| HEEEB§923; opfisel sanspert aviwot COTN: desframin@Bgl deevibpping ivg
and de-w apping in conpliance for exanple with ITUT :
. Gorpdiandedonewathpler with IEGYT SC09 pfor i GroPE@e@%sh (BEC) frocessing, in
accordance wwth ITU T G 975; and/or other layer 2 :
cordate vgih IBONE (B A6r¢ N& ol he
e g GBI dhdBPbiBehyd bﬁ)l’%%.ﬁﬁg.n§% ; ?\éﬁ%@%gmts of the

maybe used with | ayer two processo ace

R iaVdnEen o h ' | etween.l ayer. tw .
g};%ég eSS0 314118132?1% ugt Eer 3 |<11a gf\%{ "lgg) rgfﬁ?éﬁorgg O‘ai‘lﬁ/"'erf"“ce\%0 may provide
oy or, . ITeno evices (n depi cted) ; packet
R ey RB LY Vo afeiear 490 3] elbw dekiseh sucirisa
degi cted). Interface 350 nay conply, for exanple, with '
BEYIPBIOEFSSPT. mepiopy Henees (hetelepistedh packePmiopessoin{noe demitied), and/or a
Serial Bus (USB), Ethernet, |EEE 1394, and/or a
Fetidofabsp Gt Aepictad). tntesfocy 250 mgy @RNFNof MEAIPIEORIPB&Ipheral
100221 For exanple, sonme enbodi ments of the present
Componénd nterayre ci(Pe), Wniverdal Zeridl S (U GH&S
340. For exanple, FIG 4 depicts annéxgyﬁp% VHERE 1394, and/or

4 URHARAEH: Al RBbuRE acRERGH WRIL) Bligkle Present

i nvention. The layer Two proces "may extract

¥

d'oustification rel ated information and data signals _
P&h an optar exsmpleasems emandimends ofiht pros@RUNYenlioa dyed used with | 2
in G 709) of an OIN frane. Layer two processor 340 nay

lpya\rivd grodessst 340, cladrieaimpR| BIRA depichy dibd 1eith1abRation of an
signals (shown as DATA) to a re-tinmer system ~ In

anctodirden 08 theipkdde R inCRRH! MRBayef Mﬁo@%?&%b may extract

-invention, in response to the recei’pt _

bt ek QN oo L0 ABLO B0 AR BBkt Sl §E5Hbad uni

(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 embbdiment Qf the present invention, in response to the receipt of
justification related information, as well as si gnal DATA, the re-timer system may output
data signals (shown as OUTPUT) at the proper frequencies, whether data signals were
transmitted according to synchrdnous or asynchronous modes. Re-timer system may use a
reference clock RCLK to gencrate 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.




il
Y
p—

data signals (shown as QUTPUT) at the proper

‘frequenci es, whether data signals were transmtted =5 MAR 2007
woaw-idlzmﬁto synchronous or asynchronous ”DdeSPCTluszoosmz?ée.r
Re-tinmer systemmay use a reference clock RCLK

generate signal OQUTPUT. Re-tinmer system may further

output a clock signal (shown as CLK) useful to

~ regenerate data signals transmtted according to both
synchronous and asynchronous nodes. 5 5 MAP, 2007 WO

" RO P¢dén PCT/ US2003/ 027604 Re- Ti mer System [ 0023]
FIG 5 depicts one possible inplenentation of re-tiner

. z@em 500 t,(?r qa}ﬁl?(:ordance wi th an enbodi nent of the.
fﬂ\f’ ent i n¥EatS depictsgnegossibledmplementation of ra-tweer systest ¥ in
500 may include el astic storage 510, phase adjuster

‘gzordanes with at embsditentofubi pregam énehiion. SHtls embedid@ACyt re-timer
di vi der 550 .and frequency divider 560. Re-timer system

582m HYmaparinde chsiattaragt 504l phamwsterfszb qﬁ%ﬁdﬁ&%ao clock
clock signal (RCLK), and justification rela

oD U5El SRSl 0P .%‘eﬁf@sr ggiem 50

Justlflcalone nt contro

fro t he justificat el ate
BP Robivk & dila FATIATR, 0B oeR o bignatiBC T i fstication
- Elgﬁjﬂ-lu tlflcat on event control may correspond to the -
1§ E-fmer Fsteand Pomay desite aivstifeajion cuenticoniepl and
fromthe JC b tes in accordance wth G 709. For
JBS@ fien valhes é;ga'tiw orowghtone) falnthe pesyificatibncalaeedihfdihelion in
p03|t|ve or negative justification is to be applied ‘

dogordenceiwitr G9! Bor &fdiple] i jubtifidatib® 8¥dn®Boral %?ayrﬁ%ﬁ“cs ond to
be derived fromthe JC bytes in accordance vvrth E«P

theodcuffBhceofsl ﬁiﬂfﬁ%@mﬂ’@%ﬁ? ogl ﬁé@é};v%g ﬁ%‘?n or X &(tr%rm %ccordance

conbi nati on of har dwi red tware

rﬁﬁf@ % a_mecr

Far e%l\a/l%}&gl il? §t ron SB%X Ipe @amcﬁgﬂi eEP‘?S&tD’etor

_ ranmabl e gate array GA) .

n%@fagér& u 10?{1 ?% g)g iipgﬁzleg gﬁgﬁggpeb Bysfri S80. d’ghqap@’qzéq@gpn value may
gs hown as QUTPUT),

be derived from the JC bytes in accordance with G.709. Re-timer systern 500 may be

- implemented as any of or 2 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
frequ'encies whether data was transmitted according to synchronous or asynchronous
modes. To generate signals OUTPUT and CLK, re-timer system 500 may use Justlﬁcatron

event control and justification value signals.




derived from si gnal DATA, at the correct frequency,, =§ MAR 2307
whet her data was transmtted according to synchronous
&0 29ymz3eponous nodes. Re-tinmer system 500 MRY PCT/US2003/027604
generate a clock signal (shown as CLK) having a -
frequency useful to regenerate data at correct

enci e t a_was t.ransm rd|
@sﬁﬁr onouzE%\Ar?ﬁaSsy%%ﬁ@ﬁ%@srec?%%%gnalﬁ'{gigeﬁ ‘{]ﬂCiK Elastic
nal s QUTPUT a re-tinmer stem 500 may use
g5 SRR Hore RO tied b siem ATt HsBasiome 340 way output
signals. 6 o - 5 MAR 2007 WD 2004/023690 -
rerelUSRITRI D Avd vt @0 2ighaldD ATA] endstiiedgeofiifl Waygnal CLK.
‘receive si gnal s CLK, DATA and RCLK. Elastic storage

: y st ded sj gnal .DATA astic
30860 5135 Pl b S atfoBlotaack Bt (v as gnal CLK)
@%nal DATA and timed- accordl njg[(to signal CLK. [0026]
Y Pesrhicoresutntnaa gRigaplitlek anasl ksowed fpstablighs hovrequency at
signal CLK) that nay be used to regenerate data.
Si' atm}(eml‘aw fosbath syncbstmins ishasdyhehrbn@guesiey ofbperation.
whi ch data is regenerated for both synchronous and

Rhgsecidjuster 530 mgtesspofid Rijetidaaon rel RBRERoRbiuE be Eeq@@&mg clock

may respond to justification related informati©o

CekHARSE 54&0%'8}3%{(1:}18 9pdi8 o tﬁ%ﬁag(?g((t @1&@9 %ﬁérafoli] 845 Rl%?%rc%de signal

signal CLK ck genera

. a [ der 560.

G BB Sk SRR B ISR Gt et mpigRiation of
r@y be a vo#@da ontrolled crystal aqscillator (VCXO,
SPthethgFror Bl liase-cautoled sl onplleine (GYOAgthough,
ﬁnother t ype of voIt e controlled oscillator
r ek grnerate Oy b wnpgcm@md asrmothex typploé yoliapdepntvelied oscillator

| ementation of 6.709, specifically for

VEA), 82 WIZ(Oq of stherdieRoryexaimptd, ghddr ok fn l@fnentatmn of G.709,
synchronous operation may be approxi mately 622. 080

dezifically for GTGY/OUE-192, Arpdquehds Jﬁﬁ?ﬁisﬁ’lﬂf{'}ﬁpg}grgﬁmnous operation

operati on nay approxi mat eI y range from 622

Iﬁg},zbé-;ﬂpr%ate[ly)ggibSdzMgﬁsl gfe;rueg%g'o% 2% EBY A5G ns

~signal”"CLK. Frequenc
operation may approximately range from 622.039 to 622.121 MHz.

[6027] 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 CLK?2) 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/OC-1_92, the mteger may be 255, although the integer may vary




- signal ADJUST to instruct clock generator

ORI A ko Rl L o BPRUNE ey Oy g s

mey divide the frequency of signal CLK by an integer. -5 win o7

I'n one inplenmentation of G 709, specifically for
- WOM064036»0192, the integer may be 237, althougbci/g2003/027604

integer may vary depending on the rel evant speed of
data transm ssion. Frequency divider 560 may provide

B R E R L I —

recei ve signal RCLK. Frequency divider 550 nmay divide
tAfEequeR dovigng] BEEK (R i3 RERK2htoajese adivstesiigo.

i mpl enentation of G 709, specifically for

T er e e A 0Gter SRERRY st R Y £ el CEK2 and may

- CERIRSEAR Gl P SRRy thelih ur SeS g Sl our heation event
K2 0

a frequency, .adjusted signal RCLK éshovvn as RCL t i
FREER! aaép'e%nﬂéw@zaluefmzm adiueier 28 apaysuénut sizgalpdl)JUST to instruct
recei ve signal RCLK2 and signal CLK2 and may receive
jeleskigkneralor 540 vpatifycbatpestl of signal GLE f Agaisitive justifiogtion value may
Based upon justification event control and '

jcotspbhd & digal WDTUST reitassy adil @&fat&&%@?ﬁ%&é:sﬁiﬁ signal CLK by
(0]

| | |.ock, generator 5 to ph ift signal

S S8 B R ona e el A0S Loy Rk gonerator

Ig@s cl_fata b%te per. OTN frame). Each _negative _

PHLta phaseshifl sizpal (T Ry positive aweret (Péicki pasorrespagito one extra

requesting clock generator 540 to phase shift signal

R biste ner gﬁéﬂ frame). diep examplahitnthemyamplerdiggenrdtioomentimned with

extra data byte per OIN frane). For exanple, wth

telypect exfreqiencydiividesrss0ahi 660,raael posiret jubiifitatibR $H8€ inak0

frequency dividers 550 and 560, each positive

boiRdshéidCRiphase shitt sigRY CLRObY SSRRAM! S 1| f(.

Si gngl CLPI<jl by m nus %%le/- hggﬁdi ed- eirbglﬁthgl}%&ggr%gges@%#%%( 180 :
, e%f@hefg’gkeéa%ﬂﬁoﬁﬂ& ﬁ?t?f?éatg?ﬂ gfﬂlélﬁ gxfa&fcé}%%plgglatél 81'12%@ sHiRYof signal

correspond to phase

7 eﬂﬁ_bl}uo%%[h%%a%hge?éﬂi- & Eagsea 86 giggoregs?.gr ees) .

{00301 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 Adjustef

{0031] ~ FIG. 6 depicts one possible implementation of phase adjuster 520 in

- accordance with an embodiment of the present invention. Phase adj uster 520 may include

o justification event based phase shifter 610, and frequency dividers (“FD”) 620-A and 620-

B.




[[0030] Integrator 530 may receive signal ADJUST. s =5 MAR 2007
Integrator 530 may accunul ate the nmagnitudes of '
avgpals/o28edUST and out put a sumto the clock g€ BeTAS9§03/027604

540. Phase Adjuster [0031] FIG 6 depicts one possible

i npl enment ati on of phase adj uster 520 in accordance

an e d| nent . of resent I nventio |
oS e, CIIRERIES) dtach %0 X ERY et FeRAIYaHE &g@@equency
pawse h|f er 610 and frequency dividers {{2 620- A -
‘3@235 TeqenCy firden 650-Aipr PO URYIGREEbRCL and a ninety (90) degree

PCT/ US2003/ 027604 [0032] Frequency di vi der 620-A may -
r pliret shafted wsibn RO geRal RCIIKZ (showee ac RCLKDVA Y€l dub @mplementation,

“Frequency divider 620-A nmay out put signal RCLK2 and a
. niigell ROLKO) A GRG0 aﬂ’fbgﬁélo?hhit‘ise&le\lﬁhﬁh e Rlqush @& signal RCLK2.

RCLK2 (shovvn as RCLK2 n-one i npl enent atl on,
Y, t fourth.. .
TR e A T,

ﬁg%y e signals RCLK2 and RCLK2-A to
j.us?l |c£}10871s ]g?feéhp based phase shifter 610. [0033]

Frequency divider 620-B nay receive signal CLK2 from

foesgpency drstudacy diblier 62MBARS refd CHB &K from ﬁ'equency divider
frequency divider 620-B may di'vide thé frequency of

n r
R
tifi on _event, bas
ST s " Pheshfndyficet 62LD Ry GRHe 2 BRGuerRy Ragded version of
shi f out ut signal, ADJUST based upon
Stepb L teesT CRSB) i mestikation cyaas baced phase SHURSBA10.of
event and justi f| cation value signals. Each positive
iousyj fi cat rema¢aloreveRYb L] RSP & 03h8PRbtput signal ADJUST
based upon signals RCLKZ, RCLK2-A, CLK2-A, justification control event aﬁd

Justification value signals. Each positive justification value may correspond to signal

. ADJUST requesting clock generator 540 to phase shift signﬁl CLK by a negative aIﬁount

corresponding to one data byte Jess 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, di gital-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




A

- related anplitudes respective sine and cosine

- values of sine and cosine signals. DACs 740-A and 740-B may output analog sine and

variable M is 8%237 and variable “sum” may be the sum of justification values from the

* 750 may output a signal ADJUST to adjust the phase of signal CLK in responsre to receipt

' of signals PHA and PHB. One advantage of phase adjuster 520 may be that it may adjust .

- justification values. FIG. 8 depicts one possible implementation of adjust generator 750.

ADJUST requesting clock generator 540 to phase shift

signal CLK by a negative anmount corresponding to one 9 MAR 2007 .
o0 200l0y1369d ess per frame. Each negative justifipg@ls9is/zreos

value may correspond to signal ADIJUST requesting

clock generator 540 to phase shift signal CLK by a

ti.ve a 0Q35 7 _depicts one possib
ool SRR 720 8% 1DITeha00 758 G stossi B Socamiaor 710 may be
shifter 610 in accordance with an enbodi ment of the

gresssnted by A madsle M, wherei4 isdhe arhmetie sam lo& ustifipdiinmevatues and

~ shifter 610 may i nclude accunmul ator 710, sine val ue

| vlgsire Mumay bbBHN, {ifHough pihé? GalussaFiM eaydleuted. Uh ofi3Qm Iementanon of
digital -to-anal og converter ("DAC') 740-A, DAC 75

aRA0% dheedluee m@% 235 Oaltheﬁgfp@ml:ﬁames oF % Y bt f&& v e

the followi ng  signals: (1) Justification event

~control and (2) justification values. Accunul ator 710

6] sum t Weresponse igbsiiestifisatiomchlvesyat prowided by the accumulator 710,
justification values. Accumul ator 710 may output the 9
SiONIART 700 and W@ [ATD B0 RS FQrPET: AndSARN3 5Pt TBOfhasel P@l&t@d amplitudes
both sin LUT 720 and cos LUT 730. The sum stored by

@f cospeotiat Sine 440 caEMEREonal LRGP ¥y cFoalD SO JlMt catéon value .

vvhere Ais the arithnmetic sum of JUStlcf?C&tlon

may b e-use 513 PJXllr1 i on gﬁaSQ Nfeg rfi’?‘f:;ﬁrégﬁ%%g r?“h‘a Q*J‘)‘/%r sifif @n‘a\zﬂﬁ‘?% signals.

gfg be 237, although ot her values of N may be
Cfeli%@é’ef&ﬁﬁﬁ#sq figation yalue gumimascenrfespondab aghase step

sum provi ded by the accumul ator 710, sin LUT 720 and
@@Iﬁaﬁwmm$ﬁrsmmdaﬁuﬂnmm specific phase

al s ase in the justification
@"Q?ﬂ suﬁ%‘f&ﬁﬁt 25&@@%&%@9@ Pra¥ e igplepicatedes pragrgnmable
2u/ M radi ans for sine and cosine sighals. An
Aase Aevessisueioes isadsenlymemnery j((ROM’) cutandomvagkcess nsamory (“RAM”)
may correspond to a phase step increase of 2n/M
deyerean i IdyT §20 endiomb 103 1786 neay @uglus ampBAAEL ofSiit Addcosine. signals.
720 and cos LUT 730 may be inpl enented as programmabl e

to respective DACs 740-A and 740-B. DACs 740-A and 740-B may receive amplitude

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

‘accumulator 71-0, although other values of M may be used.

[0038] * Adjust generator 750 may receive signals PHA and PHB. Adjust generator

the phase of signal CLK over an unlimited angular range and instantaneously respond to

10




storage devr ces. such as read onIy menory ("R(]\/I) or
random access nenmory ("RAM') devices. Sin LUT 720 and -5 MAR 2007

UT.7230 may out put anplitudes of sine and |
@@gzﬁg@;&%w respective DACs 740-A and 740-B. %%03’”76“4 |

"~ 740- A and 740-B may receive anplitude values of sine

and cosine-signals. DACs 740-A and 740-B may out put
Adpispgensiater 750 taydosindecangnaion o shmed IAsmd@pemnltipbiers 830 and
signals PHA and PHB) to adjust generator 750. For '
BARERAS 35D NAdiTIRAYENCS: f%lﬁm ADHISY fral’ b repnsheidd bin ﬁﬁowmg
represent ed as 2n*sunl where variable Mis 8*237.

?éﬂﬂr -abl e "sunt maybe the sum of justification

al'ues fromthe accunulator 710, although other

val ues of M may be used. [0038] Adjust generator 750

may ragea\ADRISThalkm(BRAEndheeB. Adj ust generator 750

may out put a signal ADJUST to adjust .the phase of

signal CLKinr onse ecei pt .of -si ls P

P e advant SqEigrpis BEGBL et fenboR R Mg hCERD.
may adjust the phase of signal CLK over an unlimted
angul ar range av@epresdniith@iequentyof 8EROPTIKOA, and

J ustification values. FIG 8 depicts one possible

i mpl ement ati on of adj ust generator 750. . 10 5 MAR 2007
WD 2004/ 023690 Prepresspiydhy weanency/phaseet sigrahel d-PEEs.
may i nclude conputation el enents 810 and 820,

@H!!JA' plier gé(?mgféguenﬁiﬁgn, AdGsis gﬁﬁ% %%@ﬁljé aQA]?J%T by

e represente oW ng

reI at i onsh alg. Al T = Y+X

s SR 1 B 20 s S o, Sh B LoeeplencilE bR gitoving
Y represents the frequency of signal CLK2-A and Z
PRIt s t he frequency/ phase of signals PHA and PUB.
(0039] In one inplenmentation, adder 850 may generate

si gnal ADJSTplps *gymmi ng signals S| and S2. Signals
S1 and S2 maybe represented by the foll ow ng

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 mulﬁply signals PHB and S3 and output the

- product as signal S2. Cemputation element 810 may oufput signal $3. Computation

| element 810 may generate signal S3 by muliiplying 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 5. Filter 860 may receive signal CLK2-A from frequency divider 620-B.

o1
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rel at | onshl ps: S1=PHA *S4 S2=PHB* S3. For exanpl e,
signal S3 may be represented by sin(X-Y) and signal s~ 5 MAR 2897

esented by cos(X-Y). Multiplier 830
W%@pl {/3%2“: gnal s PHA and S4 and output the proa’gﬁf”sé%“?"’m“

signal S 1. Simlarly, nultiplier 840 may nultiply

signal s .PHB and-S3 and output the product as signal.

Bitter B60puay dciimplesicnivd as a Bl peay fittert that msy fhed ouBBignals having
Conput ation  elenment 810 may generate signal S3 by

HélpkdnleY bpgroRingay sqRCld P ansieRi S5 Wa} befeprdsbhitb@ht PSos(Y).

fromthe product SI gnal s havi ng frequenci es ot her than
S§doprom mat e!& Conput ati on el enent 820 may out

040lal F rﬁa@mﬂi one petsshlsimpBreeniation of slastin Horage 10 n
signal S4 by nmultiplying signals RCLKB and S5 and then
ﬁcdorcmnmguthrammmbbémmnodime presém iaesitibay Etagtid stegge 6t0 emy include
approxi mately other than approximately X-Y. Filter 860

| st ut ?FIB@?Etofa%e dEViké 010 £R0x WeYe ERERI ¥&icd TMAIFTFO 910
CLK2- A from frequency divider 620-B. 11 i- 5 MAR-2007 -

HE 2004402090 LT 520D/ 0 B LS1a B T

elrrente as a pass |
g oy B SBLRRE b SR Ghaet s DY IR D sct g o
FI G, 9 depi cts one possible inplementati on of elastic

Fansitions 0f 2 geadplockdshsranasdiDGLK) Wrheargisds irapsmigied pying an STM-

~ present invention. Elastic storage 510 may include a
6HOC-192 paylead; signal RENFIGN neydiang e fidquéncy of ifpraxithately 1/8 of signal
wite control device 920. FIFO 910 nmay store data

CeEecbwagdhdrivalies bARBICLRAhAY Be Gsdd i iapldm@ngionl ofetastid storage
‘ a vvrlte clock (shown as WCLK). FIFO 910 may out put

ﬁébozm\"@ iS¢ %P&é'(rl 898 g FIFO®16 rddd8 B§ta%forRsignal
read cl oc shgvvn CD?:L E\Xﬁ gat ais transrﬁat toe signa
ﬁiﬂg Whei S-srll\gélal 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 thése
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 ¢laims.
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64/ CC- 192 payl oad, signal RDCLK may have a frequency

of approximately 1/8 of signal CLK, but other valuesNS MAR 2007
of RDCLK may be used. One inplenentation of elastic
storage 510 may use a wite control device 920 to
gate when FI FO 910 reads data from signal DATA. Wen
signal DATA is transmtted by an STM 64/ OC- 192

payl oad, wite control device 920 nmay receive a
version of signal WCLK that is frequency adjusted by,
for exanple, 1/8, but other ues of WCLK may be
used. Signals DATA and CU?gdywﬂ%y be 128 parallel bit
signal s but other nunbers of bits naybe used. [00411
ﬂmﬁtgﬁﬂﬂhﬁg§ .and the forgoing description gave
exanpl es of thhe present invention. The scope of the
present invention, however, is by no neans limted by
t.hesen niehssd bl acragel r L ations, whether
expl IQ}::I tly gtlbv%r?%l n th(géck é}%ﬁ@lcggtﬁll %ﬁ{gor not, such as
differences in structure, dinension, and use of

pravidingal clodk SigRAISsHsBH @ipon Hestifi %ﬁt&ﬂ?e@ntﬁﬁf@rrhéﬂéﬁﬁ bh@ 'Emb\ﬁdmg
at |east as broad as given by the follow ng clains.

PsIORI2Hal bS] J}&A”Mcléék Q{;ﬁél"ﬁﬂefeﬁq the's de%oﬂﬁgtbﬁ%l fn%ludes

generate a cl ock S|gna conpri si ng: provi

ioRRAt dorpﬁr%%ﬂiege n ?glgﬂél d &H%I%Yne@:e c{lcﬂ%@%&@% 'kso Qapa%ng of

provi nal— base

@E?@?&"ﬁﬁi *ber% d s’ Ef’ﬁf’)'?ﬂ? %M&eﬂﬁjﬁh%ﬂeﬁ signal ise
| k, si bl
PERAds TG TJW%H%EEMEI??O%@@@%?@P%Q tost si gnal

IS provided in synchronous or asynchronous nodes. 2.
The m 1 vvher n th ustifi on event
2| nf or Fﬁ%ﬁ% 8&%@5&“%@'{' ?!:Lﬁt’ '%\F@’l’?ﬂ’&i‘h‘ﬁf
ust i fi cahﬁ Q val ue %%cp erein the providing the
Tnggﬁeg i ¢a lggrﬁy,epts ] justitication values and wherein the providing

the clock signal comprises:

~selectively summing justification response values in response to the justification

event in an active state; 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 sighals

comprises: for an increase in the sum of justification values, selectively

13
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i

selectively summ ng justification response values in
response to the justification event in an active

state; and adjusting the frequency of the clock signdald MAR 2007
based upon the sum 3. The nmethod of Claim2, wherein
the adjusting the frequency conprises: providing sine
and cosi ne signals based upon the sum sunmm ng the

sine and cosine signals; and adjusting the frequency

of the clock signal based upon the sum of sine and
aEmseansing plygsalsof tie sitbanaeiosé siindld BY 2pid (8 N)eadians,Wigere N
provi ding the sine and cosine signals conprises: for
ig@nﬁmgggﬂse in the sumof justification val ues,
selectively 13 5 MAR 2007 decreasing phases of the

sine and cosine signals by 2pi/ (8*N) radi ans, where N
5.s armhenhetped of Blaifh® wieirbiadhe brédidingtie sind ehdiddsingssignals
provi ding the sine and cosine signals conprises: for

RNIRBEEABE aldlcidiBe S RPEurh UF justifiCoh VaIuR| Y88ctively increasing
selectively increasing phases of the sine and cosine

. S x : ‘ > s c
e Pl dnul G Stz B G WigSR
i}j\}\%ggilfi cation values resets after the count of X

re Xis an integer. 7. The nethod of O aim 3,

wherein the adjusting the frequency further

GGOWD"rihé?ﬁéth?ﬁjoPéidirﬂg% mr&mﬂéﬂguwof%setmg&m f@h%s;i%ﬁl after

based upon e sum of sine and cosin I'gha

“?%F?‘ﬁ{t%ff% BRGE: Rligghgftégaﬂél 8. The method of daim 2,

er conprising s y not adjusting the
frequency of the clock signal in response to the

7 USt iThe $th6d of ERItH J, WHIFSRYAS Adjubficd G AferRy further

justification Is present
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, further comprising selectively not adjusting the
frequency of the clock signal in response to the justification event information

indicating no justification is present.
9. An apparatus to generate a clock signal comprising:
a clock generator to generate a clock signal;

- a phase adjuster to provide a phase adjust signal to adjust the clock signal based

upon justification event information;

a storage device to provide information from a first signal based upon the clock

signal, wherein the clock signal is capable of _use' to provide the information

14
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9. An apparatus to generate a clock signal conprising:

a clock generator to generate a clock signal; a phase

adj uster to provide a phase adjust signal to adjust =5 MAR 2007
the clock signal based upon justification event

information; a storage device to provide information

froma first signal based upon the clock signal

wherein the clock signal is capable of use to provide

the information 14 5 MAR 2007 independent of whether

inbiepdrident oPWFEtRLr he RS broviRitBGh EANMHen&ls or
asynchronous nodes; and an integrator t.o 1nstruct the

svaekranB0s . adj ust the clock signal based upon
tﬁ@ phase ggﬁhgé’téﬁg gnal . 10. The apparatus of Caim9,
wherein the justification event information conprises
ariBitddratenid iRBrGMeRE cRBR geHStHtdr t6 3lgjuRp tH@élH&@siQﬂQl based upon

wherel n the phase adjuster conprises: an accdnul ator

the phabeabii¥ediyngum j ustification values in response to
thé)ﬁ ] ustji ?fle&lé[ rEzlﬁon event being in an active state; a

sine | ook-up-table to provide a sine signal based upon

the TWdlappafdls BECIHA'G, Wik @R iife fR1HRCRBh R et MBSHTRIon
si gnal based upon the sum and an adj ust generator to

is€§ jUshf ' hedR)! 1Pus
B S LSRR R eRE g s B BRRE aH BReselF R ffose
é@ﬁlfs.rt ' dj ust generator conprises |ogic

C rc%‘{b{ﬁﬁﬁggtpr ovi de the phase adjust signal based
upon the sine and cosine signals, a reference clock

‘%‘i éﬂ%ﬁhulé%otééfe&ik/ﬁlgksgﬁ{é@t@ﬁ@cagig)ﬁ valll %?P(?srp%hgg t(g the

aim9, wherein t orage conpri ses:

justification event being 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

-signalls, a reference clock signal, and the clock signal.

- 12. The apparatus of Claim 9, wherein the elastic storage comprises: a

storage device to store information in the first signal based upon a reference

clock signal and to provide stored information based upon the clock signal.

13. . A system to generate a clock signal comprising:

15
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storage device to store information in the first

si gnal based upon a reference clock signal and to -
provi de stored information based upon the clock 5 MAR 2007
signal. 13. A systemto generate a clock signa
conprising: 15 5 MAR 2007 an anplifier to receive a
first signal and to anplify the first signal; a | ayer

two processor to receive the first signal and to

extract justification related information; and a
areamplifiar ts ysdetve affiestgigmal bed teamplifgthé Yisst elgnapnpr i ses:

| ogic to provide a clock signal based upon the
justification related information; and logic to

Player tho prosessmdo seapinad thedisstdsignmd ant e extractjustifigatidn related
wherein the second signal includes information
ipfooviatiked domgd t he first signal and wherein the clock

signal is capable of use to provide the second signha

i ndependent of whether the first signal is provided

a re-yacsystero yehaveindby netimen systenocteaprides: The system

of Caim13, further conprising: an

optical -to-electrical converter to convert an optica
legig it pravifieoa glock signel basad wpamihe justidicationp refatied énforraation;
electrical signal to the anplifier as the first

apdgnal . 15. The systemof C aim 13, wherein the |ayer

two processor conprises logic to perform nedia access
control in conpliance with | EEE 802.3. 16. The system
legic & prioyide3 segandesianalihased yipen thiclpek signsb whepsipthe egcond
logic to performoptical transport network de-fram ng
sigmat epideainfermatidn provided GyaBe first Bignal had syrereimtiod clock
Claim 13, wherein the |l ayer two processor conprises

sigmal i5 capableestiuiento ppévidathd sedBp Fidna fidapekdent of whether the
de-w apping in conpliance with ITUT 6.709.

first signal is provided in synchronous or asynchronous modes.

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.

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

to perform optical fransport network de-wrapping in compliance with ITU-T

G.709.
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16 5 MAR 2007 18. The system of Caim13, wher evmn%ﬁgR 2007

| ayer two processor conprises logic to performfbr
error correction processing in conpliance with ITUT
G 975. 19. The systemof Caim 13, further conprising
a data bus to receive signals fromthe |layer two
processor and to provide signals to the |ayer two
processor. 20. The systemof Caim19, further
conprising a switch fabric coupled to the data bus.

181. Tive syptaneof Cfaire! 18, whaksin thy kher tvﬁﬁpﬂ@ble%d?@ompnses logic
packet processor coupled to the data bus. 17

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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