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WD 03/098877 PCT/ US03/ 13702 PROTOCCOL | NDEPENDENT

TRANSM SSI ON USI NG A 10 A GABI T ATTACHVENT UNI T
WONBERIBACE TECHNI CAL FI ELD s [00011 Enbodi nent s PEIT/i$48/13702

invention relate to an apparatus and nmet hod for

transmtting data across an | EEE P802.3ae 10 G gabit

Attachment Unit %Léfgg E%D%N@%%Ssé)ﬁdependent
coupled bet GBW’F&L Hé-g 168BT fm@%ﬁ%@%@%@éi .

conmuni cati on bus providing for interconnection
1 grated circuits (for "chip to chip"
comuni cation), Input/Qutput (1/0) devices, or between
[opr1j nEmbodinrentsi of thouyersion relate tonrppoais andmpsthngleldr transmitting
operate at very high comruni cati on speeds. Mbreover,
ddtDhe@rbéoIEERERA02, 38 4 0 |@igatipAfhchniedt UnitiKtEN buih 4 fretocol
bus may need to be mnimzed to reduce cost 15 and
bexiiymef the device in, or devices between, which
bus 1s located. Cenerally, a parallel bus wll
not neet the needs of many of today's applications due
to being limted in operation to relatively slow data
transm ssi on speeds of one billion bits per second or
RAEND haral | el signal. A sinple serial signal
al though general ly capabl e of operating at faster
[083E e dscannnnigatiserbais cetpled betwigen highaerfpraancesiguiges such as a
needs as well, based at least in part 20 on bandw dth
cotieandsaionAus brodading s iheemynerionbetwsendnteptatddpdivuits (for “chip to
serial signals operating in parallel to overcone

clﬁﬁm&ﬁmh{uﬁ'bétﬂﬁlb,qﬁﬁuv@ltgatr@ﬂd) HevREd, D YERBA pAhted @ikt boards via a

signals is henceforth reférred to as a "serial bus".
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Additionally, because a fixed protocol typically is
andsemplexitywbtgsiaydgdn oroevicesbawegr odick Gebyniclacatad Generally,
data over the bus, the interface logic to inplenent
a pdrallgdbos wifbhotirseetithn meetls ofmdny bftoliars's epplicatiensadue to deing limited
fast relative to an asynchronous bus. [0004] However,

in dpEMHER EPRAAS el bfov BSth ¥lBSmBsieh 8F¥eds Bf biEhillAH Hill per second or
lines and requires a

less per parallel signal. A simple serial signal, although generally capable of operating at

infl
t he

faster speeds than a parallel bus, will not meet today’s needs as well, based at least in part
on bandwidth demands. Applications foday may require multiple serial signals operating
in parallel to overcome these limitations. A parallel arrangement of serial signals is
henceforth referred to as a “serial bus”.

[0003] A bus generally contains control lines and data lines. A synchronous bus generally
is capable of operating at faster speeds than an asynchronous bus because no handshaking

protocol is required. Additionally, because a fixed protocol typically is used for
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fixed protocol for communicating data over the bus
based on the clock. Thus, devices 5 connected to the
WOPREMSdhous bus nust operate at the sane cl ock R&IAISE3/13702
and participate in the fixed comunication protocol.
As a result, although many different synchronous bus
cohT I{éjtaétf&gjd’a?as ovge)lg LR b&so%gg?teltfycee\io Et%% @Ik@%ﬁgg p}dt&g)l §{Pminimal

m-ned” comruhi ron pro

ap
m&r dgterm’ ned co ni cat.ion protocg}[é) can be a
(5 bYs A PTG Y PR R Lo o B SIS RHRYS- & devi ce
coupled to the bus has data formatted or framed .
100041 o aer: dSYnohepinprebusipcladeramedkanitehcqriwl aey and ragfres a
is to transmt the data across the bus. Additionally,
fibslgaumeoldbr verhinukivating ddta okerdineibwbdiasebiethemlaild dims, devices
the longer a synchronous bus, generally speaking, the

connéMBd 1o e sERARFhoAE bhdRulibperad PR sahteclbdltatd atidepRfiicipate in

El ectrical and El ectroni cs Engi neers (I EEE) has

ORSRRAG A Lo BT BaRgB  c
| (X I . [
o A 5 S B AR e

(MAC) and Physical Layer Device (PHY) conpqnents in a .
protyeols Hunpred gtemaingd corpanisaiomplogel an beppsigy ficant dinyfgtion, for
or sinply "10 GbE"). The proposal, expected to be
exasipld, whdn ardevice caqi@] tosthe biivhastdaiaforhattesiay imeainmtcagling to
of the I|EEE Draft P802.3ae, a supplenment to the | EEE

diSb@nt &dmdnicati profocSRNGR MY frarzhet the daiaSicist thedfis.
Col lision Detection (CSMY CD) access method and

A@%&ﬁ%béﬁﬂ&roﬁﬁapﬁmmmd %@J éma@sproﬁieﬁls,eilh%g%ﬁg‘ee al

tional characteristics for anoptiona
nt erf ace eXt ender

S@Qﬁfﬁﬁ?&rbﬁ,?éﬁiéaﬂiﬁﬁgﬁgﬁt% o i SSist Alebery
| XAUI i : T "X " | "
loqogfo ?ﬁ?&%@w ﬁiﬁﬁsﬁ%l %ﬁ@f%rmgiﬁ E%l@'ﬂeer'é 'é@aﬁéﬂ@? poppssd a

billion bits per second, that is, 10 gigabits per
stadewhfgr extendiog tis/ apejatipnil@ig@ice 98 8171 (FGipabisdb¢dia heizpendent
[ 00061 Ina 10 GbE systeminplenenting the optional

Tnpéeitd CeRbET)dRfallel Bes 208UWkdlikgs the asibeest iatepfack signdly between the
stream fromthe MAC or PHY, depending on the direction

Mﬁ{ljifl ?IQ:SF%@OHHOPW%; RAA Phescdl ln%gwé«@ée 2205 ??%ﬁﬁﬁ%ﬂs M 210

l'e seria Inary digit (bit) streams ro
AR ReBE) R Hor@eP LB B BBl Lo BHE). e proves,

exﬁ%é@&%p%gﬁ?ﬁ%@%?@b&%t ?or}thei?lcc?aulsgsnﬁi% and 4801 the IEEE Draft

P802.3a¢, a supplement to the IEEE Std. 802.3, Carrier Sense Multiple Access with
Collision Detection (CSMA/CD) access method and physical layer specifications, defines
the electrical and functional characteristics for an optional 10 Gigabit Media Independent
Interface (XGMII) eXtender Sublayer (XGXS) and a 10 Gigabit Attachment Unit
Interface (XAUI) serial bus. (The “X” in “XAUI” represents the Roman numeral for ten

and implies ten billion bits per second, that is, 10 gigabits per second, or 10 Gb/s.)
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codi ng schenme defined in U S. patent no. 4,486, 739
i ssued to Franaszek. The 8B/1 OB codi ng schene
WPH3#8983T es an ei ght-bit byte of information int#@CES03/13702
binary digits for transm ssion over el ectronmagnetic
or optical transm ssion |ines. (1 her well known seri al

[O&JGE nﬁl a ﬂﬁébﬁ lé?st%%hfe%ﬂﬁg ] n | gﬁ%@%&%eﬁ&g' tH8 X AUT bus

re‘lefg{z%n@%% g EyﬁAr el t 3@6&{\@&3 %]g%a tdI o Rel e dlre((:%ion of packet

Li nk/ Ph Interface) Fi bre Channel See ANSI

flgw, sepaspies theaagket bsteasrﬁ@amdgyo m&h&aletﬂﬁealsl@@ym@h@aé%ﬂnls for
I/ O interconnect serial bus architecture, pronul gated

tramgmidson Hvier & c@respoading muBber qihnéwa'bal@onpmuécﬁttion paths (“lanes”), and
I nterconnect Special Interest Goup (3G 0O PCl-SI G

encSER the Bip stréaniWe IRClrSisthifeddn eath 14r2QRiflg Aridneiery, stinderd 8B/10B

XAU bus, heretofore, has not been inplenented in a

co@?:lg s%ﬁem@défﬂfe!a in .Y téﬁ% nb 4 2&5 ¥ ?@‘%ﬂeﬁ tei:raéfamr HEGB/10B

transm ssion o ne or noré rent data

code oot RaRy G Bly-H PATC iR R Fhar A B

opposed to packet swi.t ched, data str not
tragsinisgion Gver elRETomRaRsHe %@t@ﬁld@'%n%%} Bl%og? féﬁ@’f?e‘@“n serial
for exanple, SONET (Synchronous Optical 20 NETvvork .
sighat m@mmtgteatumrusa thke8¥ VB coding sthegENETWelk suc finiBand
T1.105: SONET - Basic Description including Miltiplex
(S& IBY, Wﬂﬁélﬁ@cﬁf’éi%r&f 1i61) Rel2ast. 03V 61983 07- Physical
/ US03/ 13702 BRI E SCRI PTI ON OF THE DRAW NGS

Sﬂe&%gﬁ'}onl h@h no X Qbﬁmw \Aﬂ@ﬂﬁ r?aQF %II%IJG ldﬁ%ﬁét(%get %NS 196 T11

ation ur es

SRR R AL NI

Fig. 1 is block diagramof a typical prior art 10
ar@ltg@imea pryedesadhy thonThird G@@wmel’ eripheial Comppnept Itecgunect

a flow chart of an enbodi nent of the invention. Fig. 3
Speciabinterdst Gromy GOI0F PEI-BI) (et htthQ/Evgeafuiidig Ebiagr net

logic and interfaces. Fig. 4 is a block diagram of
(008710 QEHwWEvBE, ShPK ATk, M@t fod) had Bot been implemented in a device in such
a way as to be capable of supporting the transmission of one or more different data
streams in a protocol independent mamner over the bus. Some data streams, such as circuit
switched, as opposed to packet switched, data streams, do not use or cannot take
advantage of the 8B/10B coding scheme, for example, SONET (Synchronous Optical
NETwork) data streams. (For a description of SONET, see ANSI T1.105: SONET - Basic

Description including Multiplex Structure, Rates and Formats).
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DETAI LED DESCRI PTI ON [ 0009] The 10 GbE proposal, set
forth in the | EEE Draft P802. 3ae specification,
wodBiopRsg7a 10 G gabit per second Medi a | ndepend@€r/UsS03/13702
Interface (XGMI) parall el bus architecture,
conprising 74 signals (including two 32-bit data
E@MM%I‘GCU on, and 15 one in a
trol S|gnals and one cl ock
Si ﬂnaia%. The , XGvH couﬁl es the Ethernet Media Access
[0948ht ¢ PreppmEiveriien 1sdBusiirdy el sisanle,pad not by way of
corresponds to the International Standard
ligptafion, snthediguses@idhe Byompanying demdegsin ottignlifasfyrence numerals
| ayer 2 Data Link [ayer protocol) to an Ethernet
reRirys bindlar @lRhntd aayden whéati: ce (the PRY | ayer device
corresponds to a portion of the OSI |layer 1 Physical
| ayepial & BIeolk Hiagrh 6@9@91@ Pisorklt (PEiguBR Atfach@khOlnit Interface
further proposes an optional™ XGM | extension,
rising two 10 G gabit Medi a | ndependent Interface
1{0& I) eXtender Sublayers (XGXS) and a XAU bus
bet en,t he tiopal. X extender"; or sinply
"2 eHabehst of i BRDB GRS VBT hndi ng ¢ he
XGI\/II for exanple, up to approxjmtely 20 inches in
| engkig: 3 i teckdiagram olawiar apdQrGigabitBfhermeh degic andhiaterfaces.
optional 25 XGM | extender typically extends XGM 1| in
chi pFigo4 thd otk dingramaoemisidiments of theiinvengioat ed 4 WO
03/ 098877 PCT/US03/13702 «circuit) applications such
as occurs in nost Ethernet MAC to PHY interconnect
i npl enentations. However, it is contenplated XAU may

D LB DR Tofot only as a point-to-point bus
—g'&!wevn—rrrgm_ ed circuits (1GCs) in a single board
wékéi ”ﬁlq‘ {ERR R rpr it TS TR ;’éﬁggﬁwpgpﬁ%am defines a

t ween boards, . either dlrectly, or to a backpla
lo[@xgﬂhlip@bﬁeﬁ@né Medisdndensadenk anprfacs e pamlighipsiagchitecture,
XGM 1 to PHY parallel bus interconnection becones a
colvifising 7M@igrals Gnck@lag two XAbit datr padSonoinékrsntibdirdetivh, and
i nterconnection. A source XGXS converts the data

onS lifi 8 eVelve ik bh; Hulngb] £indlg; @i oas clselvkignkl). TﬂH XGMIE couples
serial bit streans for transm ssion over the XAUl

th Riiget Riia ADocth BN ACE BBl coipdbl A AT ey B bomosponds
to gqsﬁr]ﬁhal & Qp!loitglatiqr«ggﬁgf Qratit h% ensSSys%mso[n%rconneélon (IOSI) layer 2

Data Link layer protocol) to an Ethernet Physical (PHY) layer device (the PHY layer

device corresponds to a portion of the OSI layer 1 Physical layer protocol).
[0010] The 10 GbE specification further proposes an optional XGMII extension,
comprising two 10 Gigabit Media Independent Interface (XGMII) eXtender Sublayers

(XGXS) and a XAUI bus between them (the “optional XGMII extender™; or simply

“XGMII extender”), which provides for extending the XGMII, for example, up to

approximately 20 inches in length in Printed Circuit Board (PCB) traces. The optional

XGMII extender typically extends XGMII in chip-to-chip (integrated circuit-to-integrated
4 . '
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[00121 In the XGM | extender, one instance of an XGXS
operates as a source to the XAU data path in the
woOnanesrt direction (fromthe MAC to the PHY) an@Ca8/543/13702
destination in the receive direction. The other

i nstance of an XGXS operates as a destination of the

Js. XAUl.. dat a hinthe tr mt  dj ti and a
citgif geptichom P fepdhutsionest Eai i Co PREY 2P efhwset
.and receive) conprises four bit-serial |anes. The XGX
impleagenipfionsaHawerdelt fonteaydatag XAl buaybe ipple f@ got Sy as a
Physi cal Coding Subl ayer (PCS) and Physical Medium
poltittecioimgrbus bPIVIKED dustgrated cimuitsh@Cs)ERR shrghd boarg oging digces on a
speci fication. The source XGXS takes data streans, in

POR) thit @tHea envikitingentedsavell, ischiding fpplembrting ahigh8peed interconnect
paral l el 20 communi cation paths ("striped over four

berRBESHOardS et dirBRYY), or FPPBacdila@eand control
characters in the streans 1nto XAU code-groups, and

s S T
bl SR SERBSLSPATE 8 A RS ona

maps XAUl code-groups back to data and control

PR¥ dnterconnectiopNbtsenrce K& XS garrerts she datastrasm regeiygyl in parallel from
03/098877 PCT/ US03/ 13702 to the |EEE Draft |EEE

anPRQRIIB aemaiple fariabbit sincanssefor framsnidBoRoder direX ABI 2edalftas,
further information about code-groups and their use

wheledpdd r&&ipilat Sad RBERI o )t@ﬁls Sthe To@al $\dbreHS ateofvér®dd back to a

pin count, self-tined serial bus separated into four

paPdlll Blte SO Ck ARiGRANED ay KN AukRertfslediEheloie

rrace comnprises aS|gna§ In two s sets o

four_djf tial ,signal pairs EEE Dr aft
00337 She Xl exfEindt B B & o XE XS omeyRyese sqprogiy the
OB codi ng schenme which provides for better signal ..
XARL égﬁﬁipﬂal infthe Appsmibdirestipp (PemikeNAS f¢ thePTBomnd gspcgptination
traces. XAU is a scal able serial bus architecture
in theateceige dizeddiony Thpetheat iestan@adf and@X§topBraldts @destihationof the
can operate the |anes at other speeds as well, is PRY

XADY dp PhRcialthé Reiapandiettion ahd a Sadicdm ﬁlﬁ'@éc@ﬁ@?faﬂﬂ Babh XAUI path
conpl enentary netal to oxide sem conductors (CMXS),

(oo AR B CEE i Sy S Al cotome
oo e H 1y P AR RY S0 GO BGEER Y (i ol aed SR ERy i

count, better noise immunity, better jitter,
Attachment (PMA) defined in the IEEE Draft P802.3ae specification. The source XGXS

takes data streams, in particular, byte data streams separated in four parallel
communication paths (“striped over four lanes™) as its input, maps data and control
characters in the streams into XAUI code-groups, and encodes them for transmission over
the XAUTI bus. The destination XGXS decodes the XAUI code groups, deskews the four
lanes, compensates for any clock rate disparity between source and destination XGXS, and

maps XAUI code-groups back to data and control characters. (Note: the reader is referred
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control, lower electromagnetic interference (EM),

i nproved conpensation for nmulti-bit is bus skew due to
weaBvssiocki ng, better error detection and faul t PCT/US03/13702

isolation capabilities, and |ower power consunption.

Al t hough typically used to extend the 10 GoE MAC to

PRY _.inhter j (XGM.l)..from.th
toyth e e R bt poftion, SEHPR 5 a?@aﬁﬁﬁ 418 Yot
.interface maybe used to i htercopn ﬁ at| on
infgymigtion aboyt cadi-grops ang theig upein g ?@‘51 eﬁ bl e
Gate Arrays (PGAs), Field PGAs (FPGAs), processors, 20
[0@15] cBixbXAdlliboss 4 lowt piofcounsyeshf-tiwed parial banseperatedgintp four serial
processor to an I/ O device, or Media Access Control
cobfifgiogtith, paifsctaiatedan aglanest TeimtdPE0s comprisearte datd sgnals in two
exanples. [00151 Fig. 1 illustrates an exanple

se%%ﬂfeﬁ%ffé’%ﬁ s%faﬁﬂﬁﬁsr SESHETBA AP R@BacApeanit&ton, Efre 47-2.

for exanpl e, C conmponent, has i nput and out puts

B ESRH)  L LgIi RSJE D AT S5 i
ettt R rows Hoart EIOHD ey XA el ln < RisofhisSpgs tha

03/ 098877 PCTI US03/ 13702 nal paths. In_the

genprally eperatts caddt lappatel 2P GBmacg rbna@aﬂ Qnsraie e lang et siher speeds as
converts a 10 Cb/s data streaminto four eight-bit

wilj; i ePHYT edpsotoksidmtepanddniraad cabbe impleth2ted firmcomplementary metal
exanpl e, a PHY conponent, |ikew se has inputs and

0x9dH RliSorREOASEMOEN BipSlat CRICEIMBICMOThadEMEon Germanium

functionality described above is performed by
s 100161 Wil e Fi 1
(Sﬁggeggﬁg%égi%%gﬁ§%§égTunctionality enbeddgd in
110 nd 120 arate fro 105
(063 B RATH sertnt B st SR8 G et St BB RE e, Tucluding

_integrated circuit C) chip, may enconpass an

implamendgtipad] qxﬂahﬁyahwg@lqvcﬁm(@ug; bettmapise lmﬁém;t@\kqtterﬂtter
functionality, and the XGXS functionality. In such

contisl, ovae eldchremapigbiciintedfeace(EMDuimproeed ¢renpeatition fohmulti-bit
XGM 1, if present, need not be exposed. |ndeed, rather

buk BREWw afle flsei¥bdking) befidiadmror defebiforcdtidfault Belaioh F@apawﬂltﬁfes, and
be carryl ng, for exarrpl e, a SONET payload over a

lowgégr réﬂv&etr ﬁignd %ﬁoﬁﬁﬁgﬁﬂ ; O%Z&% I RSxRAMHE16E8E MAC to PHY

tes or aracters receive

over 0 our e | an

intgrQnnecpin ﬁﬁi@a %O@Q%é%cheééf%ﬁncgw‘ffr Bepdhebhdns

data stream for transm ssion across the XAU bys .at a
coptsmpied theirterfpcegnaybe uyed g intprconngest application specific integrated

circuits (ASICS), Programmable Gate Arrays (PGAs), Field PGAs (FPGAs), processors,

or combinations thereof, such as interconnecting a processor to an I/O device, or Media
Access Control component, whether on or between PCBs, to name a few examples.

{0015} Fig. 1 illustrates an example optional XGMII extender implementation. A device
105, for example, a MAC component, has input and outputs corresponding to the XGMI,
including a receive- and transmit-clock, RxC and TxC, respectively, and two 36-bit paths

comprising: 32 parallel signal paths for data, TxD and RxD, and four parallel control
6
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1s destination end of XAU, the XGXS deskews, that is,
aligns, the four |anes, conpensates for clock

wehosjoeasity, and decodes the serial, 8B/I OB encod@®§Tdsw313702
streans received over the XAU bus into data bytes or
control characters for transm ssion over the XGM I

ar al ane t he
sfd oS o G BrarTaR CnBr B B GG I %ﬁﬁﬁéﬁm a10
sour ce or desti nation, and may operate cor Itl{g%
GbidafpeireaminiolfgaraEhtlst pio sEeans, kaowpa PTG for

the data stream contains Ethernet packets, V\,hl ch have
exstgple, 237HIY enukpohertyliemisedias mpubsy and qudeiits remresppyding to the XGMIL
speci al code-groups transnmtted over the XAU bus

TheXeeefunbsorthdily ddstabal abiohais pesforined e eomponentd] I and 120.
frane delimter and a start of frane delimter, are

dyiegt bdded, 6Ménts 110 and
CHSE AR BINEAS M S kaonte Lisko ndappons 10

%%ﬁ'%%b‘l %51 P%Hléﬁgs qb? 39%%%:33 3 %Sﬁtglgl 1 %}Y g Eﬁi@ie cofiponent, or

descr bed b . enmbodi nent s of the 9887
% ek Ty n chegr R S U EeP AR AREES fof- MAC)

transmttln eneric data in suchavvaythat a device

the X @MPalbhetiaprality; and HetXGXG festionplity. Inosuch msipncs, the ghip interface
ot her data, for exanple, SONET data, using the XAU
whbulg . be Tid XALH -abd K€M, ifyprovent] fiscdnmt bb exmsed.dndesd, wiher than an
the XAU bus after the bus is initialized. The

Gﬁ@ﬁ&ﬂt&%ﬁi 18Mthé ?'ﬂ&@% RIAIEH dadyipe fofAhmel e SONEL payload

acteristics Tfromits functional characteristics,

‘%533%? énqaqd%&q)tfunctl onal characteristics to al I ow

ace ransport any type of data, whether

opE Pt R e b0 Sehonk AR lb g peoived ver csch one
nDdIerd to transmt SONET data in_ a protQcol

of thelyyi ittsrividertanes of ek GVHE ingeiselfglockeh a6k, SRAEP encoded data
data is not ro packetized, that is, there are no

stechay for BAtnesdomAcrbssatie XU bristab a sipmisd r4th 08 3. 125 &Rauds At the
no interframe or interpacket gap duri ng which to

ddstAfRm dnd DE XA T, hetkenBPaRkEx ) dRg id, BA, Sﬁ'tlﬁfﬁ)ur lanes, compensates

ot herwi se be used to synchroni ze t he bus, deskew
[
o k955 S o it e

|f|e XAU erates as serial, comun

XBEd v e deip s BT Barear i eieRtat] e

operatl on of the bus, e.g., synchronizatiagn, desk(f
lanes. Ascanbe seet, the XGXS components are bi-directional, are capable of operating
as a source or destination, and may operate according to independent clocks.
[00t8] Ina 10 GbE environment, the data stream contains Ethernet packets, which have
start and end of frame delimiters. Additionally, special code-groups transmitted over the
X AU bus between the delimiters, that is, between an end of frame delimiter and a start of
frame delimiter, are used to synchronize the XAUI lanes, that is, deskew the lanes.

[0019] Although Fig, 1 illustrates what essentially is a 10 gigabit per second physical

interface to transmit 10 GbE data, as will be described below, embodiments of the
7 -
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(alignnment), crossing nmultiple clock domains, etc.,
are resolved during bus initialization but then

WOREPEA” dur i ng bus operation. The nodified XAU PCT/US03/13702

operates in a node that tracks deskew and
synchroni zation through the detection of code-group

B B e RIS o B Y Bl 408 S Wl i
Rl B4R TR A R BRI oo

errors_occur on_ the XAU bus while operatin

usipe e %4 U bas. L hiy isackiey ot by mpdifying the engration; éh%KéxUI bus after
Data received fromthe XAU bus may be checked for

thertiue gs nitialized X hefmahfieationnnvavateseparnimy thetXAYI electrical
attributed to the XAU bus. In this manner, data

clidtedtdistigs GoalitSTuntlidiauthdieriities sha Iino':lﬂfy@ig tha fidttSional
signals to validate error free transm ssion of the

P 9P o SO OIERAL sty st

l?é{ﬁt ,?“gectures whi ch generally need extra signals
F te that data was transmtted free of error

across the parall el bus herei.nafter, an
00394 + dhe Bmstionpl chypplepsties erﬂk@hlgeﬁﬂeﬁ%élﬁei@c‘mrﬁ@# SONET
or process, described in | EEE Draft P802. 3ae
datpécé progedol ordep@identwansy ouer theddimisibecause SONBEIaa is not
described in | EEE Draft P802. 3ae specification, C ause

- patketizady thaeis| #bfy dredo sfart amid rmli yf AametdeBmiiesS, ﬁmmuh,ahé're isno

"the PCS state machine", or "the PCS process”

i I _ .
Mo I R AT Gl g s

S 4
o e 5 B PR LB AR it o o
Jbus.is first initialized as per 10 Cause 48. In
disparity B?ﬁwﬁnﬂ%ﬂ?c’?ﬁ&@ﬂé@s@‘fa fifkhe 10 GEE Physical Coding
Subl ayer (PCS), which controls the functioning of the
[002AL)| Intnssence the medifrdsX ARE bbsiepdsatseas aseriaheommunications bus to
transm ssion and reception of an Idle code-group

- treagapicondye datdhendiddes Polsted tondpepativnsifthe susgaal, sSynaronization, deskew

transmts, code-groups generated by the PCS Transmt

(aRERAGRS - crdsem@aﬁﬁmﬁ}él ok dontHi, 620 Ardlie8oIPSd dirfhg bus initialization
continuously and repetitively transm tted whenever the

bv{%’ﬁﬁln %C%F% éufglzg 1)124 cﬁ%e %o%cﬁhé Flgrifﬁ% )&Qﬂg ¢ %%f;%s na mode that tracks
R A oL oL L AN et Ly DL AL eCLl 903 i Mhiver,
thereby allowing data that has no encoding, ¢.g., SONET data, to be transparently
transported across the XAUL
[0022] In accordance with embodiments of the invention, to the extent any errors occur on
the XAUI bus while operating in a modified state, the errors are isolated to the bus. Data
received from the XAUI bus may be checked for integrity, and if an error is detected, it is
attributed to the XAUI bus. In this manner, data checking occurs without the need for

extira bus signals to validate error free transmission of the data across the XAUI bus, a
8
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accepts code-groups, obtains 10-bit code-group
synchroni zati on, and conveys the synchronized 10-bit
wodde9sgroups to t he PCS Deskew process, which al iRgifgUs03/13762
the code- groups to renove skew between the | anes that
has been introduced by the bus. 20 [0025] Once the
SIE?{HP?“E aﬁgagfta | eﬂtlﬂ}ﬁa'}: %%:Ilélétg%élﬁ glcc-%ltgé utes gégxéc?lg ?ngtlaﬁhsf ne{ed Fxtra signals to
L in C ause 4 operatign of .t
frthehiata WatBa BTt BRI e o il Bed | n a
nurrber of ways to provide for transmtting _any type
[0633] gete: hetsinafipe axmstange of a 50GBASERY RS {metion state machine, or
enbodi nents of the invention, as described below The
proocksf deackilsgplen dEEB H2dafi P8R Bae Speciﬁoatiomcﬂlansem; as embalied in the
data agnostic 9 WD 03/098877 PCT/ US03/ 13702 node,

XD ddierisit i IEEE DRy rsan st khRiidation, Gl may be referred to
i ndependent manner across the XAU bus while the bus

sdn?(}{/a@ EM@M&%&{&??%T%S th&l I ng ahox[eﬁggog;‘ﬁ@%&eg@’

des a flow cC ustr

e _invent e .
sy, feghoies Ut ol S5 B orgh e LRE pROfhe HRoeation
220, s as part_of the XAUl bus initialization stage
mgyBe ref?@%ﬁ‘i’rﬁélﬁpb’rﬁs ﬂlﬁ}‘sﬁﬁ% #k Glausedfponsi bl e for
deternmi ni ng whether the XAU bus is ready for
[oaapr Atdonding Thempodicests oftler invesion; thespabid bns isyfirstriniiabized as per
| ane, and is conpl ete when synchronization is obtained

CROse4S; Nin Pastiilarfen Rstahcendf the €0 SPEAveRELAbdIaY Spblag@(BCS),
the XAU bus continuously converts Idle control

w@gg(gtaﬁcg& tﬁheﬁﬁﬂ%lt g&xr u‘éoﬂﬁ QLS bub B&JeH S ek

I'es 10 or the 8B/ 10B

codes enabl.e s nchroni z
trRiTaio gect taoaﬁﬁ@%file FoSHD B T g, gfinsosly
is_conplete, the initializatjon_ s e_contjnues o )
S@a@egggwsn&% code-grHpsgensratraysthg S EanpiS DRSS particular,
process tests whether the XAU bus is not only read
Idfeazodefgeougtsiavncotiinnondy suthebetitively prresetied wheneyer thedeh Il bus is
upon exiting the bus. Since related data is to be put
idRNSinge tHAUSARI bub & SaullelupleXseribl tustidk ddleeeds gtaupb are capable of
pul l ed off the bus rs at the sane tine as well. The

trgansm tte ?3’%% afcrﬁBP? gﬁ%épr;?§§ eﬂrg’rigﬁ%iﬁ rg?\%gébﬂnnuously

d I
aoh G S i §Bais 1P,eh} Sarerie i Sk HOBER} gn PR e
rel ated datalstransmtte%é %
synchronized 10-bit code-groups to the Deskew process, which aligns the code-

groups to remove skew between the lanes that has been introduced by the bus.

[0025] Once the XAUI bus is initialized according to the link initialization process and in
an operational state as described in Clause 48, the operation of the PCS functions
embodied in the XAUI bus is modified in a number of ways to provide for {ransmitting
any type of data over the XAUI bus, according to various embodiments of the invention,

as described below. The modified operational state is referred to herein as data agnostic
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al i gned fashion once the bus is in an operational
state and transmtting valid data. Once alignnent is

waegupesetd at 235, initialization of the XAU bus PC3/US03/13702
consi dered conplete and the 20 bus now transitions to
an operational stage 210. [0028[ Upon entering the
operational . sta . -enbodi y [ ]

RS FRe R e R b B Bt T AP bl o XU
stat.us. reporting pracgesses of the PCS. In one

b it e s i HkahodiGed oreaationab Bteent er ng the
operational stage, a variable is set to a value to

[0926H | gt 2 pravides adlavsclopdilastiatiggion embedinaens ghBwiinygention. The
manner, that is, transmtting data 25 w thout regard

process sidets gpanpowstnphat Abs zad fodlowartd spidhgprmizing eacBAX A dane at 220,
as the variable is set 10 WO 03/098877 PCT/ US03/ 13702

astpArtOFehe XAlISus diialdation k308, t TiersyaekeaRidg B oddbls responsible
bus is indeed transmtted w thout checking for

- | - -

o BB O NG IR AT o Ry R Skt S Mhe R R op e

. resol,ve any code-graup s roni zation or.l ane-to-

infich ety pop e A 18RRI e S 2o Spbiiod om each
Synchroni zati on process s continuously validates all

lanes dsipaeinf dripmehignization progessnige PHYYT bisgieatinyeysty converts Idle
synchroni zation and | ane-to-lane alignnent is

conmrpintharavémts toFsyncleampia code\gaotipapineludDaNbentiagltig 10-bit boundaries
indicates a data agnostic node of operation is

foefha BRPTOP¥6des] td@natibkerit) fanehoctEekiziton) BRI Mae-tie lanealignment.
di sabl ed when set to another value. [0029] Even though

[0c25¢ s H‘ﬁ‘oﬁiﬁﬁ@fﬂg @5191&16\?66 %ﬂ%aﬂ&éﬁdn@&%% &ﬁhﬂéﬂ%@?g to a deskew

upon entering t ro operati st age

flactors such as Vik O ntal conditi , .

ool BB acte g 81 P 1R BERG o GR l Pt In g bus s mot only
synchroni zation probl ens and dynam ¢ skew can qccur .

reaghy; fproparation, dut is canakleol Rresenting el dats upgRexidg the bus. Since
i nstances can be renedied by clock and data recovery

relefed elatatis o bapat oAkl bekegKeasanfime, the dathacodawb bb pulled off the bus
architecture. Moreover, all data transmtted across

at theeakbdmdaswell ThedeKesk f10tess Atte@pistty deskenahocelahmousth
with 8B/i OB | ane code violation checking. The 8B/ OB

i@l at j : ;
e BB S0 AR 4 RUARABLRS ol he U i
i nt ai ned . w.t hi.n. acceptabl e ranges.. .l rtantl . .
pof{Bd Bt S8 PRy EARRED kR G MER refb P b tallecimitied in an

.mai ntai.ned by the XAU bus itself, without, any speci al
alignsdelaghion gnec the bHs isdp am gperational state and transmitting valid data. Once

"

alignment is acquired at 235, initialization of the XAUI bus is considered complete and the
bus now transitions to an operational stage 210.
{0028] Upon entering the operational stage 210, an embodiment of the invention disables

the synchronization, initialization and link status reporting processes of the PCS. In one

-embodiment of the invention, upon entering the operational stage, a variable is setto a

value to indicate the bus is operating in a data agnostic manner, that is, transmitting data

without regard to code-group synchronization and alignment. So long as the variable is set
10
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I nt erpacket gaps, start- or end-of-frame delimters

normal |y associated with the PCS 20 functi ons enbodi ed
Who3%088377 but not used while the bus is operatingGTUS03/13702

data agnostic node. [0030] In this nmanner, any type

of data, whether 10 CGbE data, SONET payl oad, or other

] R e Bl Posifeo AT RAVIHIG LT AUN darBi B0y iton

|ter the data transm ssi.on in _any.way, .for ex Le
fisiitee de e HECBRatAn ob of i g dertea ChAUPRIE the
ot herwi se_be needed to mai ntain synchronizatjon, 11
trowyngisyion gfideta faapreist Spniay zeslveEly (adeigRy o npeREaton or lane-to-
and | ane-to-1ane alignnment. This is made possible, in
lana deskeyproblems cHowkvenyttic detcebaset BUB Syndlirowigationyprotess he
XAUl, which, after initialization of the bus, allows -

chrdinubRdy valdda@eshilltre @iVl codaip@Supsait@uridpeth@Rird e 1aeddyhghronization
schene used by the XAU bus that provides very good-

. o . ] ‘ ot o
oL 18 o LG S B hARRatholf POl Pty DAL RPDAM, dfible, indicates
nhaodi ts of the .invent] Lver vari o
= 878 2 BEE o v B e R SR o P R S B R 4Bk e,
described in Clause 48. The reader is referred thereto
a?dois@l%%?rbﬁeékqurﬁﬂu@n of the PCS functions and
correspondi ng state machines contenpl ated by the |EEE
[0o%ohf Everridonginthe XpEtbis is synamonizgl fngddancscbignet} wppnt entering the
one enbodi nent of the invention, the PCS deskew state
opegiiunabstagd 1@y dee thSfactbisgudB a8gnvitonimedia cadiiSenst(bal, terhperature
does not check for alignment errors while the XAU

viibtioh$ vaRvitd EMIRGS R, %%2?%&11&&&@8& pABIE PR ki d By can

I S enabl éd.” Rat her, CS deskew state nmachii ne

: . 0 1L L eati I
oGRS D HER: Sy PG ARkl b o
respect to each ot her ther jndeed, t is is.the
2 BCOYRSY Cre g ayd %ﬁﬁ ﬁssq@@éoa@sw%ﬁﬁe% agchitecture.

concerned. 100331 Additionally, the PCS transmt

Meouoven all idatadramgmitiadecrass éhps%AﬁE busisghededdpr mirgrity in accordance
PCS receive state machine (C ause 48, Fig. 48-9) are

with 8B/ 1B lah&icade dolatioh ciekingfl ThHeeB/10B Rinticods vibtatioatchecking
nodi fy the data stream as ot herw se required under

oifat @SR tHA 1R sVRdir6AbAion Mld9adh-1Had Aidrnddde iaMneatddesithin

when the XAU "bus is operating in data agnostic node.
acceptable ranges. Importantly, however, such synchronization and alignment is

—

maintained by the XAUI bus itself, without any special code-group fransmissions,

interpacket gaps, start- or end-of-frame delimiters normally associated with the PCS

- fimctions embodied in XAUI, but not used while the bus is operating in data agnostic

mode.

[0030] In this manner, any type of data, whether 10 GbE data, SONET payload, or other

type of data, may be transmitted continuously across the XAUI bus without the need to

 interrupt, adjust or alter the data transmission in any way, for example, to transmit the

special code-groups that would otherwise be needed to maintain synchronization,
11
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20 Transm ssion of any valid 8B/|1 OB code-groups can

begi n upon the PCS deskew process entering the state
WALBEASATQUI RED |, and as mentioned above, in ondCT/US03/13702

enbodi nent of the invention, the PCS deskew state

machine remains in that state while the XAU bus is

dORGHA g'o[fg lé%tsdﬁﬁ 18380034 1iR St ThGs i?%gh’@%%%ﬁﬂi} in part, by the

sourc |ne remains in sta

0 t caII the nc e at.e her eb

ofse and o P gsbi SBE FALT S at ﬁoaﬁ'? the bus, allows
while the bus is operating in data agnostic npde
foimeansuoby wox:@lrvswghvhfﬁgw B gadjngsobemngivsed oy 1 h§ %AUI bus that
conversion function used by the PCS transmt process
pwivades vhey grodeigmt migprite rerossdhebis detected in the data
streamto convert Idle control characters to

[0B¥1] C Mo iAol 16 Wirpadi Soug£ieh Bsecifidall) dihtd dit vHeseLembbHmEMES of the
recei ve state nmachi ne, once the XAU bus is

iR GH dh@&%é &%}Etﬂe VariSud@hd P@%‘Rﬁ&ﬁdﬁ;{) (';Eggéessése ?d §\ﬁte'rﬂachmes

state DAT according to an nment

R a8, B R AR 85 bt osorpion of e

the PCS deskew process either does not, send nal
PegAyRrafionsyand corrqgeonshing sfateanaphiics congyal aqu&)'p@e EEEE Draft
each XAU | ane so that the PCS receive process can
P80ikdde speaficdtimanl t conditions, or if the signal is sent,

it is ignored by the PCS receive process. 10 However,
[0032] OAEcczdingds bBEEmbbditdeat oNe hviedtion, IsBCS teskew state machine
synchroni zati on on any XAU |ane, as per nornal

(CRSeaR! Piy AL8)iB %10%%&596"{95'{ 1P Bbe&aot Sﬁbcﬁ tf&t AighBfet &%ors while the

(Clause 8, Fig. 48-7) results in link
Xt bbb PiorPSaRde G54 OR-H0RAGE MaRER! gt s

.. I n one enbodi nent of e | avarlabl
deskbu stetemichiee TeRATISIS State AL A@%ﬁ&é &AUI serial
and deskew, state machines can be set to a vaI ue ]
camiaigationgpathise“hass™) eregligned witly réspeetde gachyetber, M&leth@u mdeed that
For exanple, a variable DAM enable (naned for "Data

is Agnest bendipideofanabihe #OS dakew proveds it cocerrddue of one
to indicate data agnostic node operation. DAM enabl e

[oosl.q ORLitiBAIRY tHe RS trilsrhiPbdurad dt@téhﬁa@ﬂmﬁ é@&%§§48 Fl? 48-6) and the
described in d ause 48 is conpl ete, conversely,

t 0
R SERSEH AT T AT LIPS e o
1n%§n%oﬁglno?%lsod1§ theo aeterl gttrganll Qs &hgr?ﬁtlse required under Clause 48 to indicate
idle and data frame boundaries, when the XAUI bus is operating in data agnostic mode.
Transmission of any valid 8B/10B code-groups can begin upon the PCS deskew process

entering the state ALIGN_ACQUIRED 1, and as mentioned above, in one embodiment of

the invention, the PCS deskew state machine remains in that state while the XAUI bus is

operating in data agnostic mode. The PCS transmit source state machine remains in state
SEND_DATA and does not call the function cvtx_terminate, thereby disabling code-group

synchronization functions while the bus is operating in data agnostic mode.
12
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agnosti c node under managenent control. Managenent

control is possible, for exanple, 1in one enbodi nent
WEr03{0p#87Y nventi on, via the Ethernet Managenent DRCI/US03/13702

Input/Qutput (MDIO) interface and register set

specified in Cause 45, or an equival ent managenent

(‘*&B&%ﬁﬁ% isr oo ReRirtiEoh e by BlE GO it BV when the code-
g Ten it s gt T el eSS b t“f"Ei‘FSf?}!?ﬁ%ﬁf?rﬁ;P

requires data streamfram ng and data delineation in
sEGhrgization cpdeegrogps). 3 Medi a Access Control  ( MAC)
operations. In accordance with enbodi nents of the

(003#) ehikiewire, thedtCS reaeiva gtaterdachinta pacedbb MXAdAE husiis pperathenal and in
perfornmed. Enbodi nents of the invention enable the use

dath agmstic Xk, Rtiisdn kR PATAAMRDE, agoakitg t arggieddinent of the
pur pose, parallel bus such as defined in the Optical

nﬁéﬁ N EhYPEK Bk 1‘6%5@ gogs)no? hySleRL, nkitd HetbS¥E Tault
B Ba B h ooy fitt8

i ng proposal s Syst.em Packet

04@5&5@@% éﬁﬁ b P@E%é?%ﬁ?eﬁ%s 3@@%@45&%? ¥Eify a vatue of

Al so, the_sel f-clocking re of the o XAUL bus,
2 GBI COffaBtorBE RV £2 0650 thatdheiRCS TecaiYeRRLESA gan check
extension of the XAU bus in terns of |ane data rate
foa fenlisooatidons, ar yf & signal i3 gent; ihistignersd by thenRCH erstiie popoess.

| anes, to address both | ower and hi gher speed data
Hbwsver €ifjwine embotiinen o tiedivantion, lbésofdeadhiretization on any XAUI lane,
application. [00381 In the 10 G gabit PHY

asee Bibrinkdl 8p&AA6n 6P£hefms ésmb&ohﬁeué@&&e%@mm w3898 g, 48-7)

specification, the [Ffayer conprises the Physi cal
Fﬂ 2y PCS) t he Physical Medium Attachnent
re%ﬁ%]&ﬁ g ayeﬁ at{a?nd t he Physi cal Dependent Medi um
subl er, opti dul es Ienen .
ol ea S Fiadtm R el Areres P pe socomiished
PVA typl caI |y provides a medi umi ndependent nmeans f or
mpnewmEs In pge swbpdiment pbthgduveption, arvanigblegtcessible to the PCS transmit

serial-bit-oriented physical nedia, and perfornms,

soarve)wgcddOe, Gint elesktdw, stise masippdstgn ok serad e-xghmdn&ichtﬁiyﬁe RCS is
the PCS and PMA, serialization and deserialization

op@isa.@i'hE@ﬁ dat@ bR TEERY For ER4mp1E 3NSAMaBRI IDAND lensisl6 GRinhéfor “Data
on the PMD, "and clock recovery from code-groups

A@tﬂ)@ﬂé Mede Rtatib® ’)% be set to a value of one to indicate data agnostic mode
operation. DAM_enable =1 only after the link initialization process described in Clause

48 is complete, and conversely, ignored during the link initiatization process.

- [0036] According to one embodiment of the invention, the XAUI bus can operate in a data

agnostic mode under management control. Management control is possible, for example,

in one embodiment of the invention, via the Ethernet Management Data Input/Oufput

- (MDIO) interface and register set specified in Clause 45, or an equivalent management

interface.

13
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[0039] Fig. 3 illustrates the high I evel block |ay out
of a swtch or router line card, including the
WPNBPE8R77 PHY(s) and MAC. Line card 300 conpri ses PETRIRG3/13702
305 that 25 communicates with, for exanple, upper
| ayers of a protocol stack, a switching fabric 14 WO

o2 R B PSRBT et Bt R Bt pr s i
A S N N R R

at the PMD conponent 315, for exanple, an optics
styegenFaningtang ata; delipegtion in sunported TERE 802 3dMediadacgss{Control
fiber optic cable 320. s [00401 Fig. 3 further
(NMAChsperaties. haccstdanckawith binbodimeatscbiithe Bweettes sty framing and
10 &oE conpliant device. Note: in 10GBASE- X nedi a

ddty @&lheatiofl isdﬁtElpémn&B/ BRBodih@nil ofeRcREttibn etableahe tideaof the
"R' in 10GBASE-R denotes 64B/ 66B encodi ng and the "W

RS A B A R A0
OB P R, B g D e o
s B s SRR 25Y PR LS gt

of fiber optic cables. [00411 In the standard 10 GbE
(SEIR) plesrsical trpnspogdot SONEdkdagpgreamsadlsostheisplfchasking mapre of the
protocol stack proposed in the | EEE Draft P802. 3ae
XADRbid, ivilakdintihe ¢16€k Ivhmbeadyal iashd dati, RdlowBkhé extértsiver of the XAUI
directly or optionally via the XGM 1 extender subl ayer

buls 3R 1S PRk dataSraleth@ S6AMBS F¥hObusBin X@hls dTYRd nuhPer of lanes, to
this case, PHY conponent conprises a PCS

the
ad?%eg?g%gri{nﬁ i}xﬁ Iﬁgl?é Eége%%a?%%@eﬁﬁ?f ﬁ#eﬁ@%@n thb desired
€ at perror packe Ineatr on and*a
serializer/deserializer (SerDes) in the PVA. In the
WPHEHORi t  direction (fromthe MAC to the fiber optic
cable), the SerDes serializes 16-bit parallel data
(0038}t Ha thes U Gigabst PIEY Ispeci ficagionyset fof ¢ EEER Draff SQa8ae
streamfor serial optics in the PVMD. 20 [00421 Aline
spedficatioupthe HH Y dayieh eorfifrideh thel Piysival Cading Sablagel (PSSR ake Physical
may include a MAC chip coupled to a PHY chip that '

MédiinSRithfmehDE@NE it Sfanemn thdBhyée] Befentth Medille )

chip, in turn, is coupled to anI optical nodule tha
oS50 18 obliEs B UhTRS b itlntcd RE T e ERb AR Atediom

(PI?’J%)I s%lala?rgrq The PMA typically provides a medium-independent means for the PCS

to support the use of a range of serial-bit-oriented physical media, and performs, among
other things, mapping of code-groups between the PCS and PMA, serialization and
deserialization (SerDes) of code-groups for transmission or reception on the PMD, and
clock recovery from code-groups supplied by the PMD.

[0039] Fig. 3 illustrates the high level block lay out of a switch or router line card,
ncluding the PMD(s), PHY(s) and MAC. Line card 300 comprises a MAC 305 that

communicates with, for example, upper layers of a protocol stack, a switching fabric
14
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PMD serial. A standard XAU inplenentation nmay be used

as the interface between the 25 PHY chip and the
wops0Ms7hodul e. 15 WO 03/ 098877 PCT/ US03/ 13702 [POTASP3/13702

The standard 10 GoE Wde Area Network (WAN) seri al

protocol stack 330 conprises a 64B/ 66B CODEC in the

e T 5O A BB rcsor
NN T

conponent is $ described in the |EEE Draft_ P802.3ae
meghHes #tithe PMIN compenesb3 BY foraxampla, pxy optiesarpdige. whieh, mppun,
all ows 10 GbE equi pnment to be conpatible with the
coBples threolivousardpt a Gbdr déic walslk 32Q.SONET) OC- 192
transm ssion format. SONET equi pnent is commonly used

[0840} c%i%ryﬁnﬂ@&ﬂmﬁ-mwﬂiegsanhm%lmranamf@&estfmﬂs(}bﬂrcdmpﬁant
t he -192 format provides an effective data

o o AR, T M B g an i
o AN R 5 s b R e

above, primarily by including the WS to provide a
the Wigp AreatieimatetW ferizpeiShblaygr (WIP) yerfsns|that encapsulates
[0044] Wth reference to Fig. 4, a non-standard 10 GbE
EtiivxNetstsarned fop transmnission vwarle SSONETIQC-182 chardwh dOGRASE-RXK4 - uses
enbodi nent of the invention, is illustrated. The stack

wARQIiSIOA ndultisleXivgl(WIDIL) Cxhabiogy of sepdsighisiget foud waatlangths of
agnostic manner, in accordance with an enbodi nent of

. i ' ' i ion, a PRY chip,
hg’ilgsn%#?%l:aﬂ%ﬂ a?é%%gﬂl%%%# Gf@\?@%ﬁ%ﬁ&% conmponents, is

oGP B 5 e 10 R e R TR 8 e 10 o
or ek AR A LA B PO meckarsh. 6 S Eptsles o e

stack can use 20 the sane PHY chip/optics nodul e ]
PEDSrfithgudinedtlyror eptiandlly vidthe BOGIEcttsnles eublayer fan X606} pair
- stack 325 described above with reference to Fig. 3.
intéenmddidd s Xoaivesn nhthiskele, #dPH ¥ mohp@herteditipeises a PCS

operates in data agnostic node, at a speed of 3.11

coggbﬁer{t Hifed 6ABRBBBInEID erBH ot [CODIET ih e ER 8t PaEHARas
to match the speed of SONET rather than Ethernet at

pact',lge't AetiR3tiBY and a serializer/deserializer (SerDes) in the PMA. In the transmit

direction (from the MAC to the fiber optic cable), the SerDes serializes 16-bit parallel data
paths (644 Mb/s each) into one 10.3 Gb/s serial data stream for serial optics in the PMD.
[0042] A line card supporting the 10 GbE LAN serial protocol stack may include a MAC
chip coupled to a PHY chip that implements the XGXS between the MAC and XAUL

The PHY chip, in turn, is coupled to an optical module that comprises the rightmost four
blocks illustrated at 325, namely, the XGXS function, PCS 64B/66B, PMA serial and
PMD serial. A standard XAUI implementation may be used as the interface between the

PHY chip and the optics module,
135
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20

16 WO 03/098877 PCT[ US03/13702 10046] Bus speed

regulation is isolated to the MAC-to-WS data paths
woreessthe 10.0 Gb/s Ethernet MAC i npl enent s r atP€T/US03/13702

control in order to support the 9.952 GBaud line rate

of SONET OC-192. The interface rate of the WAN PHY and

5 e A RS QAT oy

four s XAUl |anes carries_ exactl

compsisess AASSRAOREL HASESS B et OHe M, The sprep of the
the encoded XAUl line rate is 9.952/4 * 10/8 = 3.11 )

sednl/ data staam s SiRdad &8/4 SONET Q-1 9% )end o Hurbit paratipl @aga paths in
perform ng per |ane clock and data recovery on the per

thé BNVEA ameipesdtinigiat 633 Mbdeach.T Mae WaldtiBhifravadeel toothe WIS component is
mechani smis described in | EEE P802. 3ae draft clauses

deferitft iR R BEE D,la? ; PRIBOE sgéﬁﬁ@atﬁhecmké/so T @eraly g&ﬁcmg, the
to the right of the XAU bus in the nonstandard 1

Wi i S B et ySt ?1 o0 82 SHAPABEGL Opff i Nevwork
SEAFEROC 97 sttt Suudt SOREL soibrisdt a.cpﬁé%{ﬁ%ﬁ%%cm

put on the line at the interface to the MAC usi n
dataromemwricafss OxFr lang disencep andithe Y-y format arcn%ﬁlea an effective
agnostic manner, and is bypassing the 64B/ 66B CODEC in
datathrougtiphtenf O 38466 &3tws. | TheeWER cohstiadts thefhparghpuit ¢fdl 0 GbE to match
standard LAN serial protocol stack may be used to

th& SORETE OCh?JZVéﬁ%dS Ghi 37 ARY PHYCRITeiS ek thedSANPIH Y uhiEin the

operatl ng in a data agnostic nmanner. [0048] Opti cal

stagi?an J%?]g aLh ]ﬁﬁ@f&g&rsgack%\é?&l %@%&%‘ g@nﬁﬁludﬂkeﬂé WIS to

|za I'on 1's governe tr-v

I\/UI ti -So nt s rren 10GhE LAN 20
4§ }@gmgaﬁwrﬂ’%@i%ﬂ% g \ér a snal | er

XPAK MSA. Both have XATJlI electrical _interfaces.
1004 Wathyeafkrepee sodfiR. dmmonsstandarl 1G,GREW ANhseaial protassl %tack 400, in

agnosti ¢ WAN PHY node, the WS is attached to the
acOFRIRAK wath Mmﬂiﬂﬁnt&df thothywkrtiona milltétet &l BIIEGBBE0@ses a

in the optical nodule is bypassed. [0049] Wen the
XAUDBusc del%@@péxﬁuﬁgmt F@utd OnfsaO fanter]H 0&dUAdY Wik bl

prot ocol stack™ 25 1s powered up, the XAU bus enters

endoB8inhdd bF AleliGAIHBR. B RS ATigHRSioh! PEEYARGY Sotptifink fhe PCS,

WIS and XGXS components, is coupled via a XAUI interface fo an optics module, which

comprises a corresponding XGXS component, followed by the PMA and PMD optics.
[0045] A line card supporting this nonstandard 10GE WAN serial protocol stack can use
the same PHY chip/optics module configuration used in the 10 GbE LAN serial protocol
stack 325 described above with reference to Fig. 3. The XAUI bus between the PHY and
optical module operates in data agnostic mode, at a speed of 3.11 Gb/s rather than 3.125

Gb/s since the interface needs to match the speed of SONET rather than Ethernet at this

point.
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WO 03/098877 PCT/ US03/ 13702 reference to Fig. 2, and

then the operational stage, wherein it transmts and
WPOd3EP88EE SONET payl oad as descri bed w th respe®@CT{Es03/13702

Fig. 2. In this way, a device, for exanple, a swtch

or router line card, having a single XAU bus, is

oBEh BB B s LIRS s e oo
U NN R .

illustrated in Fig. 3, the standard 10 GbE LAN 4-Lane
ofpYGNBE 41C-dP2c khgirferfase satg of Shr 0V AN BHY candorid i @832 GBaud

bet ween the PHY chip and wave division nmultiplex (VWM
infefidctipé ofddta agmbstiemolbeWkiCdale bgwestis nistdaés el qula chobtaf the four

to the PHY chip, where they are 8B/ 10B encoded and

XA 518k Chieids 8£4clly Dna qididr o use WIS eaté Jifde all ®ALisEB/16Rkncoded
nodule. A 10 retimer (RTMR) provides for clean up and

ovef R | nlgéde%lgféﬁjg %ﬁ? bte I P58 %9 ol 28BS G‘ﬁ/tg.ﬁ)éA@Y Foulates its

a potentia ong copper bus before

.signals are transm.tted by |asers vi t he WWOM PND,

g PRy REDTE e PYNEAE At i (AP ey gty o lane
proposed in the | EEE Draft P802.3ae specificatiqn

serpkt siepamy 6Fha WAN) PEbowd coniroh meghanism wxfesorihesiia [EEE P802.3ae
architecture. 15 The | EEE P802. 3ae task force did not

drpft olonses 4a4¥%and BB)Y 4- Lane architecture, specifically
rejecting conformance to SONET jitter, clock, and

[o@th ETheROME bnppthteedlocle pe thefright bt X AUNBaeiddhe hbgstdmdakd 10
force opted for the standard 10 GbE WAN seri al

Git WAN%Eﬁwp%oﬂe&acsH&%ge%v oWl 16 HoHISel@ iﬁﬁig_lg‘i’&dard 10 GbE

Et hernet PND to provi de” access across

a SON
L 50 Sk s e e T s W B S B o
byRB8 BoqH R WEbhods it Rrcay GesoAn GB\IGS Ly e FHEF AR 1 the MAC.

data agnostic node, is transporting SONET franes, not

- Byredieg thetsapa oktital npdaite, spiEing XAdJ1 in hdeta agnosticsmanner, and

adj acent the MAC, nanely, the PCS 64B/66B, WS, and

byPasSinigNRe 848B/668, CODEKEN e inbguleHKe eith@liddclard tieat tshpp@ ke
three bl ocks used in the PHY chip in line card 25

stAERA T AR SeRAPYSob il Black YRR e RPsubPofetie WAN $8idIrotocol stack
protocol stack 330. Additionally, 8 WO 03/09887

as ‘E)V%ﬁ{ VL}]?Q]:% {);:)Le?fgt?gg in a data agnostic manner.

[0048] Optical modules are standard, even commodity elements, Their standardization is
governed by multi-vendor Multi-Source Agreements (MSAs). Currently 10GbE LAN
PHYs utilize either a larger XENPAK MSA or a smaller XPAK MSA. Both have XAUI
electrical interfaces. When the XENPAK or XPAK MSA is used in non-standard, data
agnostic WAN PHY mode, the WIS is attached to the XENPAK or XPAK optical module
and the 64B/66B CODEC in the optical module is bypassed.

[0049] When the line card supporting the nonstandard 10 GbE WAN serial protocol stack

is powered up, the XAUI bus enters the initialization stage as described above with
' 17
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one enbodi nent of the invention uses the sane opti cal

nmodul e that is used in the line card described above
wWeD3YMSPorti ng the 10 GbE LAN 4-Lane protocol st &ER/US03/13702

325. The optical nodule contains the retinmer (RTMR)

and WDM PMD, al so descri bed above, and is coupled via

i O BB B P AR s
SR A e Wt S SRR el

conponent that exchanges data over the backpl ane or .
svaifght aghiputer lingorard, having a gugle XKAUuseissapable pysupppdingapuliiple
may reside in network adapter or interface card
prottebB| ¢.20 10 GbHE Bihgmep@ringrihmbAd woiabpriotycobstatldrmi SONET (using
connection to a network as a server, or installed in a

helfbrdRa#4ra W AN RHaPhroits! §RK) Nala el cHEn8 &6t Shrindr.

the network via a nmedi um dependent interface. Since a
| . ¢ . . he. i :
00 AP HEplolel i B 3 62 oo TIBRIE L AR 4 Rl GR6Eo Bk 345 uses o
onpect any. nunber of different devices,.on the
X AR B0 Rl B et e iFisifaglox (WDM)
circujit chips, high speed 1/ 0 devi ces, rQcessors,
PMEtepsicalgredanite Moy delivets Bhemetmpagkets t\theili{ ¥ shivg ihess they are
to belimted only by is the clains that follow 19
SE00B ¥haideil and transmitted scrods a ZAkH Hue dnto adipr lasé opfical module. A
initializing an interface capable of transmtting data
reliMeATCINTRI PESiddsior cladn P afl rePHReraBRLAE Sigh4le Bfat were transmitted
protocol over a plurality of serial paths; and
ovet ARS8 S8k RrfitBoe 8 SBR[l ihahht RanfiEEa bY Rasrs via
i ahi bi .t at least the transm ssion of code-groups
m%%ﬁw use for alignnent of serial paths in
accordance with at | east one conmuni cati ons pratocol.
00511 TWhilptherl bR LM frkvane pitiesal stack i nrpaesed imge JREE Draft
interface conprises converting a plurality of control
P2OB Aea speeification,anissing drovethefpromdal-ig p d 0§3bE ¥ ANabLane architecture.
synchroni zation of the serial paths. 3. The nethod of

THe! TREM ER02\3a6 tRk To1ee Aibridtiphéhode RIWAN PITY Df agodrbhiitdcture,
characters conprises converting the plurality of

D B e DO R A B0 PR BONEE opica
spgc;ih Q{g,gg‘_t In%Iea&,hcﬁe sk iféarlce B&teg Yor the standard 10 GbE WAN serial
architecture describe above, which uses a common Ethernet PMD to provide access across
a SONET infrastructure in support of Ethernet over SONET.

[0052] An embodiment of the invention, illustrated at 410 in Fig. 4, provides for a

nonstandard 10 GbE WAN 4-Lane protocol stack. The XAUI bus, operating in a data

| agnostic mode, is transporting SONET frames, not Ethernet packets over SONET. The

three blocks adjacent the MAC, namely, the PCS 64B/66B, WIS, and PCS PMA §B/10B,
make up the PHY chip and are the same three blocks used in the PHY chip in line card

described above that supports the 10 GbE WAN serial protocol stack 330. Additionally,
18
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4. The method of claim2, wherein converting a
plurality of control characters conprises converting

WOHS/OMBET al ity of control characters to a sequen®€Tdfs03/13702

10-bit code-groups using an 86/106 bl ock coding

schenme. 5. The nethod of claim11, wherein initializing
oﬁé‘&h&&iﬁ%ﬁ@é‘f%& eﬂtﬁfn &sg?p{e' safne oiﬁ@% 0F S #4130is wRLORANS tine card
on the serial paths to determne“code-group

boupdari es. 6. The met jm5 erein .
APRHPEE 0T a Semmriye B Aoty ANt pr e ails 325 Ty optioa
a plurality of = code-groups transmtted across the .
modplegpniginsitie refimer RRTVEDod WPM PMIpm adso dgeetikadiabove, and is
aligning a plurality of code-groups transmtted across
coupdedsan PGAUI ipsti sheckiifigrahgesdjment the MAG. de- skew. 8. The

nmet hod of claim 1, further conprising encoding data

003y Iy @sembTiRehtdE tRsBvEdiRn NeSLABT 8perdidgSin data agnostic mode is
initializing the interface. 9. The nethod of claim1,

residEAA the BT éo?iﬂg%)elx&ro?‘é%feicﬁﬂi, g)gfcﬂ il 36l is%u{'i‘%ﬁ to a MAC

transm ssion o control code- groups 1 n e seri al

' .. Wher.ei. vert.in
EfiotRn AR R 4 EbRPalp R Elifle PieET Ot
roups conprises preyventing the insertion and _, . .
Aﬁ?@ﬁ Yﬁ%éﬂmm%’fs A5 ‘Eléé‘éﬂiﬁ‘?rdlﬁ ﬁ%teﬁfé@ocaf‘@)mmued in a high
conpensate for |ane-to-lane skew. 11. The nethod of
pesfoainan@, coptpartarispstpmdorentinactianie ainetworkiasa sarwgr, or installed in a
transm ssion of any control code- groups conprises
dggkepetinpn@r ysten ek Chn o caidcoted &nthginesyaal vid a Arkdium dependent
control code-groups used to conpensate for clock rate

infHrBPaT Sih¥e a AUTTING (HBIMRFhiQ as Chbofed in tdili&Hion essentially is a

conprising reinitializing the interface in response to

o a8, A 5 U O PR BB e ome
ST b BSRERLILTS, Lt SO SRS EEDELY 08 e

apparatus, conprising: logic to initialize an
prpgasents, apd pregrabinabledogicalsgises. Bausathieinvention itartedimitedonly by

at | east one comuni cations protocol over a plurality
thotlabey thal folatvhs; and logic to transmt data

code-groups over the plurality of serial paths in

response to initialization of serial paths, wherein

the logic to transmt is capable to transmt while

i nhibiting the transm ssion at | east

Cc

!
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of code-groups capable of use for alignnment of seria
paths in accordance with at | east one comrunications
protocol. 15. The apparatus of claim 14, wherein the
logic to initialize conprises logic to convert a
plurality of control charaggers to a sequence of
code-groups to enabl e synchroni zation of the seria
paths. 16. The apparatus of claim 15, wherein |logic

Wha isoaleiwe@Yi§: conpri ses logic to convert the plurality of
control characters to a sequence of code-groups to
enable | ane sy nchronlzatlon and | ane-t o-| ane

mpsipin Hl’éflag q0ﬁ§ap ofﬁrﬁréq Eﬂ dance with

! th i tt t de-

f%’”@ﬁ %ge “Sgﬁg“itéy% %}r" Q%Sréi“ i 1:g§?tﬁe
f seri pé‘tﬂ@ﬁi with at

|ag &bﬁb&%um&ﬁ@&ﬁh&o oglc to it allze conprlses
logic to synchronlze signals on the serial paths to

det erm ne code-group boundaries. 19. The apparatus of
2. dhaimetpg of gkiey i wherdireinltigiging thepinterfpas edmippiessfqgnyerisg a plurality of
COB'fH'rHM@&S P Egrevenes Arrdgrareups i aapkie pnghretizatisriel thi Siig Saths.

transmtted across the serial paths 20. The appar at us

3. Ol'fhecrlné%cm grfg l Whgr %éﬁ'elh J%h&er&ng uganty cjnltrﬁle(% EQ%HC c(gn(?prises
oRBHHGTR SRrals e con ScraRbar équ&cg of "o enable lane
syhdiFdnR8ton GANRA-BLIAG JigEitt sfthetRENPRngat a for

transm ssion across the interface after

initialization. 22. The apparatus of claim 14, further
4. dyapmeteddngl Flaigi @ woerpip ewevﬂrtmsr%@fufahtynofamtr?'r%WE%F%W"S%
co W”‘”Eﬁ%ﬂ ety f conftrb coareipss 19 A seReenseof 4P-bjhgefirsoroups using an
AE PRBHIRe §&'°BE- ¢l ai m 22, wherein the any contro
code- groups conprises signals capable for use to
5. GROPRARAL S ddth 1I Em@retno|n|t|§[1f1:9|g Sk Wteridbe fuFREr E@r‘iﬂﬁ@éi @fnchrontzmg

sighbifbilhg Beria\hu2isab BetbhiheaBYe-GOUH idhdaeiege- gr oups
conprises signals capable for wuse to conpensate for

clock rate dlsparlty 25. The apparatus of claim 14,
6. Thermeieqd of elar 3. sihaginl wiElidng e intarfage fudher semnriaes Jlignieg ¢ plirality of
code0rpips Yapritiad ferogehe &ttt Sf a | oss of synchroni zati on
between serial paths. 22 26. The apparatus of claim

7. iLhAé' méthtJﬁ 95.m‘363 m:]éljeﬁ 'a&ﬁh nlg%%ll.ﬁahtﬂaf Q@trefg(%.g’s frgl%mﬁtea Qg'o&‘ﬂl@senal
pathS 6ENVRIEYs RRormhingRRLkiwN Of etransmtted
code- groups. ? A nmet hod, conpri sing:

8. The method of claim 1, further comprising encoding data for fransmission across the interface
after initializing the interface.

9. The method of claim 1, further comprising preventing the insertion and transmission of any
control code-groups in the serial paths.

. 10. The method of claim 9, wherein preventing the insertion and transmission of any control code-
groups comprises preventing the insertion and transmission of any contro! code-groups used fo
compensate for lane-to-lane skew.

11. The method of claim 9, wherein preventing the insertion and fransmission of any control code-
groups comprises preventing the insertion and transmission of any control code-groups used to
compensate for clock rate disparity.

12. The method of claim 1, further comprising reinitializing the interface in response to detectlon
of a loss of synchronlzatlon between serial paths.



initializing an interface capable of transmtting data
as a 10 Gb/s Attachnent Unit Interface (XAU) in a
plurality of serial data paths; and transmtting data
code-groups in each of the serial data paths once the
interface is initialized wiile inhibiting the
transm ssion of at |east sone special code-groups in
the serial data paths used for alignnent of serial
data paths in a XAU . 28. The nethod of claim 27,
wherein initializing the interface conprises
13 Wi methedzgf glgim hdurthegogpfigraererfarmiracdnc ant ¢atqwiepdyery op@ portion of
thehansmidie date 5pde@hWPhg Subl ayer process, (PCS process).
29. The nethod of claim 28, wherein initializing the

14I %eggp@l%s‘ Q:o@lﬁr%%d @o@ﬁeto\N’nE QIEZE: hﬁ P%acep Q&d@@sto transmit data in

acRIRHCE FRP atlQURVSHe cbin@ucARbid RdtbdoVovef a alglgrféﬁtp 61 sefd) BEBE LRl Ryic to

trnEmit.d &€ goRneeupe fova keI gaay BiSsehl pa@idam ke@ponse to initialization of serial

pathg nelleramihz &lgicomtra®mit keasabid talradatitavhpainhibiting3Be traismission at least

of peddgrdunsfcapilig of 28 fonplianmem of oenebpathadn accpidancal withyatd¢ast one

copgwpiedionerigett ers to a sequence of code-groups to
enabl e seri al data pat h synchronization conpri ses

150V, !ar'a{ﬂsg fﬂ:lal Hrvﬁl&eﬁryt og%%’] le ((‘SWrégl §to Bndrt a Qpiurahty

of G HYERS B t&Q @qugﬁéétb@éo Bé‘ dnabi@d BfncRbhl uBr‘PGf'tKé‘&én Ibaths
and | ane-to-I|ane al |gnnent of the serial data paths.

163The aph&ratie bidiim a6, viHeimb@Oio caherteomnpisen 168 td ctgvdrtrde plurality of
coptralichadracteys ©fa sequEncobf colmgragtsde enable lane ssadueirgi@na@hd lane-to-lane
alignypet of thepsdal @etpri ses converting the plurality of

control characters to a sequence of 10-bit

C deea aragjg %ene‘{Sa L ﬁergln){l?ea!o / 1o%gerp t%ac;)'ng)iﬁsecsqgg;icng perform 8B/10B

|n|t| lizing the interface in accordance with the PCS
process further conprises synchroni zi ng each one of
181 Tiee ppparaalsi défycladh 19ewhadin diat mgipad htiatie codetisrsnbgie to synchronize
signgelen te eerfz! brohatd deteredne c8@:-grddmeboredanes] of cl ai m 32,
mherein initializing the interface in accordance wth

process further c rises

e of SRR fheioiane ﬁ’”ﬁg?ﬂ%& ey 88 iies ogp fypion =
aa code houps %sm acr the eo %im 33, wherein
allgnlng a plurallty of code groups transm tted across

20! IR sealalls SfadiampPal Rbe@RNBgit S Slighl @bt BgiPltdl haldriyde-skew.
of code-groups transmtted continuously 23 across the

serial data paths to an alignnment pattern to renove
21 cThe@pprarrisgyoheaifiedn furthes comprisilo leig @ enﬁgﬁeh@ta for transmission across

the interface after initialization.

22. The apparatus of claim 14, further comprising logic to prevent insertion and transmission of
any control code-groups in the serial paths.

23. The apparatus of claim 22, wherein the any control code-groups comprises signals capable
for use to compensate for lane-to-lane skew.

24. The method of claim 22, wherein the any control code-groups comprises signals capable for
use to compensate for clock rate disparity.

25. The apparatus of claim 14, further comprising logic to relmt{ahze the interface in response to
detection of a loss of synchronization between serial paths.



35. The nethod of claim?27, further conprising

encodi ng data for transm ssion across the interface

after initializing the interface. 36. The nethod of

cl ai m 35, wherein encoding data for transm ssion

across the interface conprisges encoding data as a
sequence of data code-groups for transm ssion across

the interface. 37. The nethod of claim 36, wherein
encodi ng data as a sequence of data code-groups for
transm ssion across the interface conprises encodi ng
26 ahtaawraajsspéqlglghtflef@ﬁermmgrlqngdmlgtoa)@ﬂ@'m qack apssdata recovery on a
Pagionof RE Eanspifted daB LAB@HPSck codi ng schene. 38. The

nmet hod of claim 36, wherein encoding data as a

28 CAURRER P of@sAgcode-groups for transm ssion across

t he |nterface conprlses encodi ng Synchronous_Opt i

Net VvioiiZipg g infertace cpehlfo Rt dapmiting dotR fged dP FESs Aftathme"f Unit
interfaeg XA YIS in@pluedityes seribltatd patrerdndce. 39. The net hod of

cl a't@n%ﬁtxn&"@@fae&o@e bgﬁpsn'ﬁt &Qﬁi é)‘zf LtHet Qa‘? 5l @é?enBéth§ ﬁce the interface is

reventin e insertion transm ssion o
*"'@% At e 6%&?5'“% g RSS! Ot‘t?éaté%arsf sAmeERpc! ﬁ%@t@rﬂgoupa@ thepyial data
pathstusetfoodligroheant ohs8@a| dath paties in apideN.ent i ng the i nsertion

and transm ssion of any control code-groups conprises
5P €V ntin the insertion and transm ssion of any
cont 1§ Mg qu p?g . Ugeé'am |ratlaé|6|% g‘haslategaqeo?ompnses initializing the
interéave irt e@ccbraenee glteavi0 @li/s PRysealtxding $uldfyec pratass,3IBCS wloeess). n
preventing the insertion and transm ssion of any

cont od roups conprises preventing the
29 nseﬁ"ﬁ."bﬁtm&ﬁg B it r%ﬂ'tfeF'"aﬁv esHeseal ARWFENes Bilfpthe PCS
pragsedednpriessmoevesap @ ;ﬁt@ahtscdnfomktrqt ahaeacthrs vaa sdquencd 2f codeagroups to

enﬂiﬁé%ghrgrt[za@lbr%fme@nalmg ghfl preventing the insertion
and transm ssi on of any control code- groups conpri ses

preventing the insertion and transm ssion of any
30contThe| meliodiecfgelgupa. witerdire convarisgniat plumaljy toheoaad gharacters to a

se@tﬁeﬂ@e gf %Q%rouﬂeg to gmler%tlgod%té:’t)atﬁls?n(:‘ﬁ}olwzatfoH rctoanﬁses convertlng a

interface
P PG TSI B I G| e Bt DO pee BlcaetiEtion and
lar@4o-land alighiment wethé ealiabdfatactagtism 43, wherein reinitializing
the interface if a |l oss of synchronization bet ween

serl hs .is detected co |n|t|aF|Z|n

3 e THOBIEA D BT ARoBPSERCE TR B PRGOS Sopte) Shuaros © a
seQenienyf cSiexraype rcopprizee swverting the plurality of control characters to a sequence
of 10-bit code-groups generated by a 8B/10B block coding scheme.

32. The method of claim 29, wherein initializing the interface in accordance with the PCS
process further comprises synchronizing each one of the plurality of serial data paths to

determine code-group boundaries.

33. The method of claim 32, wherein initializing the interface in accordance with the PCS
process further comprises aligning a plurality of code-groups transmitted across the serial data

paths.

34. The method of claim 33, wherein aligning a plurality of code;groups transmitted across

the serial data paths comprises aligning a plurality of code-groups transmitted continuously



45. An apparatus, conprising a first | EEE 802.3
conpliant 10 gigabit per second Medi um | ndependent
Interface Extender Sublayer (XGXS) component coupl ed
via an interface conprising a plurality of serial
data paths to a second XGXSgonponent to transmt
8B/ 10B data code-groups across the interface once the
interface is initialized while inhibiting the
adrosa tiersedd taa pafis takn bigagienipetien ppecnalclocicsde-bgmeepthe s¢rial data
pdiufde serial data paths used for alignment of serial
data paths in a 10 Ggabit per second Attachnment Unit
Interface (XAU ); wherein the second XGXS conponent is
3% ouplhednatimdant cleBEE/, 30 ReB coamiphg andodiPh yista derl tranbBidsiomacross the
intBtdca GREFE M4V infeRRgRONENt to convert the 86/106 data
code- groups |nto an unencoded parallel data stream
for transm ssion to the PMA conponent; and wherein the
36PVA Thempatired it clagn §audleetdn eacoding idbterforotmnisrniai;ion across the interface
coHpﬁéé% Ndne&diNddP Y| £ stQier@N¥Cldta chiiEgrbkiiR oL U8mRIA! dcflss the
ta streamto a serial data streamfor transm ssion
'"tf "Fhe fiber optical transnission nodule. 46. The
apparatus of claim45, wherein the interface is
STg_apaI’Qle %deﬂfo_d QP&4iRLIeNGhatbin @n&lgihg _Eli_é‘tta Qs @fseql%Féezé datd dobi@Broups for
I nar I git,s .per_se . appar at us |
wegneych, Tp YR G FROP s &FRERP GrBaS Scpriecar NGt e code
gr{LBONEEYatdd by BB/ 18R dlogic ecdlimglsehegwnponent coupled to the
first XGXS conponent to recei ve an encoded packet data

4gStT late .t oded pa t
6 B EUPO R OB b TR Tt BRAAE PEORisTR. Cih Piporoues for
trangrofssinm acensel the ivaddce B8MeNRSd @ewﬂme GunhronoGCRRTH! NeSupk deta as a
sefienbd & dsielolbdb-dréb PRI tramiehistfoh aBBLsthe infeAFRRONENt t 0 encode
the packet data streamrecei ved by the SONET franer
and scranbler. 48. A network interface, conprising:
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41dat ghPabisd biRlain 36) whb@RlPrdveP®E the insertion and transmission of any control

code-groups comprises preventing the insertion and transmission of any control code-groups
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used to compensate for clock rate disparity.

42. The method of claim 39, wherein preventing the insertion and transmission of any control
code-groups comprises preventing the insertion and transmission of any control code-groups

while transmitting the data code-groups.

43. The method of claim 1, further comprising reinitializing the interface if a loss of

synchronization between serial data paths is detected.



second Attachnent Unit Interface (XAU ); 25 wherein

t he second XGXS conponent is coupled to an | EEE 802. 3
conpl i ant Physi cal Medi um Attachnment (PMA) conponent

to convert the plurality of 813/ 106 encoded data code-
groups into an unencoded panall el data stream for

transm ssion to the PMA conponent; and wherein the

PMA conponent is capable of converting the unencoded
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data code-groups and transmt the data code-groups
across an interface conprising a plurality of serial
46dat dhpardastust dislaimmtavhaee the inkefacaip abdableal oparatogiabaibi gete of
3.128 biftiod BnarfAiigediet sk8hd. second Attachnent Unit Interface
(XAU'), once the interface is initialized while
inhibiting the transm ssion of at |east sone speci al
47 c oddhgyampartusiohclgimetSsfertien borgisiag:pat hs used for
al i grsyREdrorRlis ®BfidaPNetd8ikasSORENSHdntr andéihmble component coupled to

the first XGXS component to receive an encoded packet data stream and encapsulate the

encoded packet stream for transmission over a SONET fiber optic communication medium; and
a 64B/66B encoder/decoder (CODEC) coupled to the SONET framer and scrambier
component to encode the packet data stream received by the SONET framer and scrambler.

48. A network interface, comprising:

an optical module, including:

a first IEEE 802.3 compliant 10 gigabit per second Medium Independent Interface
Extender Sublayer (XGXS) component coupled via an inteiface comprising a plurality of serial
data paths to a second XGXS component to transmit 8B/10B data code-groups across the
interface once the interface is initialized while inhibiting the transmission of at least some special
code-groups in the serial data paths used for afignment of serial data paths in a 10 Gigabit per

second Attachment Unit Interface (XAUI);



52. The device of claimb51l, wherein the logic is

further couple to an | EEE 802. 3 conpliant Physi cal

Medi um Attachnent (PMA) conponent to convert the

86/ 1013 data code-groups transnmtted over the

interface into an unencodedsparallel data streamfor
transm ssion to the PMA conponent; and the PMA

conmponent converts the unencoded parallel data stream
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oofigh

s of cl aimb54, wherein the interface is
capabl e of operating at a bit rate of 3.125 billion
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phgsnsplayeedevice57. A system conprising: a swtching
fabric; a network interface coupled to the swtching
fabrActOECIFr]@eddata acketstherevvlth t he
*het mé‘r"ré"ﬁ“ﬁ WIPLTS FREe 8 Fr’1'r5'ngan | EEE 802. 3 conpl i ant
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nous Optical Network (SONET) framer and
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I nt ?orgfcac%uplec} %he ;g}\tyggal %yer cféwgg) {o recelv% da ta packets therefrom, encode the
data packets as 8B/10B data code-groups and transmit the data code-groups across an interface
comprising a plurality of serial data paths, the interface being capable of functioning as a 10
Gigabit per second Attachment Unit Interface (XAU!), once the interface is initialized while
inhibiting the transmission of at least some special code-groups in the serial data paths used for

alignment of serial data paths in a XAUI.

52. ‘The device of claim 51, wherein the logic is further couple to an IEEE 802.3 compliant
Physical Medium Attachment (PMA) component to convert the 8B/10B data code-groups
transmitted over the interface into an unencoded parallef data stream for fransmission to the PMA

component; and
the PMA component converts the unencoded parallel data stream to a serial data stream

for transmission to a fiber optical transmission module.



plurality of serial data paths and bei ng capabl e of
functioning as a 10 G gabit per second Attachnent

Unit Interface (XAUl), to the optical nodule to

transmt 86/ 106 -data code-groups across the interface
once the interface is initiakizing while inhibiting

the transm ssion of at |east sone special code-groups

in the serial data paths used for alignnment of serial
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[ion binary digits per second. 59.
The system of claimb57, wherein the optical nodul e
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serigigetatpatak ingndit i nformation in the egress serial data

pat hs anong the data code groups when the devi ce IS

operatlng ina first nmode to process data fra
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3. Ebtdion nhayrdgitopoisecoasthd | ogic circuitry to omt the

insertion of alignnment information in the egress

seri_al data paths anong the data code groups when t
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multipdegiopirdl dompnmicéiien medins rpsganent. medi um according to a

non- Et hernet protocol. 61. The device of claim®60, the

device further conprising: logic circuitry to receive
5dat £ ¥ FBUFY on each of a plurality of ingress
ser iagwitchartodabripat hs; and logic circuitry to align the

dat % r%gﬂ'ﬁk ﬂfeﬁgo%scoﬁﬁé:@{o\&ﬁedsﬁf&hlt‘;& @abp& 1 @(kl‘latnéfe 9£ta bB&KER IRerewith;

hserl a]f % based upon alignnent information
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accendEhlg &02.3tdeepkEnhdlediet Aqoesst Gooilol divine donpgied &v acrdysisal layer
de\QRﬁ ﬁr@tdhpsgca" @yérhﬁwéé |ﬁ§&d|ﬂ§néj§ync§r%nouylﬁ)taga¢mbﬁ)%eréOﬂiEﬂ' ffBmer and
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optical module, the physical layer device coupled via an interface, the interface comprising a
plurality of serial data paths and being capable of functioning as a 10 Gigabit per second
Attachment Unit Interface -(XAUI), to the optical module to transmit 8B/10B data code-groups
.across the interface once the interface is initializing while inhibiting the transmission of at least
some special code-groups in the serial data paths used for alignment of serial data paths in a

XAUL

58. The system of claim 57, wherein the interface is capable of operating at a bit rate of 3.11

billion binary digits per second.

59. The system of claim 57, wherein the optical module comprises a wave division multiplex

optical communication medium component.



groups received on the plurality of ingress seria

data pat hs independently of alignnment information

i nsertion anong the received data code groups

according to the non-Ethernet protocol when the

device is operating in the sgecond node. 63. The device

of claim®62, the device further conprising |ogic

circuitry to align the data code groups received on
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63. The device of claim 62, the device further comprising logic circuitry to align the data code
groups received on the pluraiity of ingress serial data paths based upon the detection of errors in

the reception of data code groups,

64. The device of claim 60, wherein the alignment information comprises special code groups
inserted in each of the egress serial data paths among the data code groups between an end of

frame delimiter and start of frame delimiter.

65. A device comprising:

logic circuitry to process data code groups received on each of a plurality of serial data
paths; '

logic circuitry to align data code groups received on at least two of the serial data paths

- based upon alignment information inserted in the serial data paths among the data code groups



logic circuitry to insert alignnent information in the

egress serial data paths anong the data code groups

when the first device is operating in a first node to

process data franmes received fromthe transm ssion

medi um according to an Etherget protocol; and | ogic

circuitry to omt the insertion of alignnent

information in the egress serial data paths anong the
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29 72. The system of claim®68, wherein the first
68devifcwsttmcehrrtsingonpri ses: logic circuitry to receive
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and
logic circuitry to cause the first and second devices to operate in the second mode.

70. The system of claim 69, wherein the second device further comprises logic circuitry to
provide content data based upon the received data code groups, and wherein the system further

comprises a SONET framer coupled to the second device to receive the content data.

71. The system of claim 68, wherein the system further comprises:

a third device to receive data from the transmission medium according to an Ethernet
protocol; and

logic circuitry to cause the first and second devices to operate in the first mode.



protocol when the first device is operating in the
first node. 74. The system of claim 73, wherein the
first device further conprises logic circuitry to
align the data code groups received on the plurality
of ingress serial data pathsgbased upon the detection
of errors in the reception of data code groups. 75.
The system of claim 66, wherein the alignnent

i nformati on conprises special code groups inserted in
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73. The system of claim 72, wherein the first device further comprises logic circuitry to align
the data code groups received on the plurality of ingress serial data paths independently of
alignment information inserted among the received data code groups according to the Ethernet

protocol when the first device is operating in the first mode,

74. The system of claim 73, wherein the first device further comprises logic circuitry to align
the data code groups received on the plurality of ingress serial data paths based upon the

detection of errors in the reception of data code groups.

75. The system of claim 66, wherein the alignment information comprises special code
groups inserted in each of the egress serial data paths among the data code groups between an

end of frame delimiter and start of frame delimiter.

76. The system of claim 68, wherein the second device further comprises logic circuitry to
provide content data based upon the received data code groups, and wherein the system further

comprises a switch fabric coupled to the second device to receive the content data.



