WD 03/ 098877 PCT/ US03/ 13702 PROTOCCL | NDEPENDENT TRANSM SSI ON USI NG A 10
G GABI T ATTACHVENT UNI T | NTERFACE TECHNI CAL FI ELD 5 [0001] Enbodi nments of
t he i nverwD®d/o9s8rat e to an apparatus and net hod for trans®Crtiseg1370at a
across an | EEE P802. 3ae 10 G gabit Attachnment Unit (XAU ) bus in a protocol
i ndependent manner. BACKGROUND 10 [0002] A communi cati on bus coupl ed

bet ween hi gh perfornmance devi ces conmuni cati on bus prOV|d|ng

for interconnection betwe ﬁoFﬂ?Q F%QF@@NPWEE‘E% g FONchl to chip"”
communi cation), | nput PSNGAL0 GIGEBITATTAGMENE Uy :QE@ﬁFﬁ? nted circuit
boards via a connector, may need to operate at very high conmmunication

speeds. NBEEBNKL FIRLBrface |ogic and pin counts for inplenmenting the bus
may need to be mnimzed to reduce cost 15 and conplexity of the device in,
or devj cepodipt Be®Odinvdhtscdt thdimvbntion rlatecoo ahagpartien andbleyhod for pransalittizlg bus
will not neet the needs of many of today's applications due to being

limted §f, QR8s ]@EE‘FSUZeja%tlb\Cﬁké[bﬁA&%lﬂ?én@Iﬁﬁﬁm511.@111 asflﬂema of one

billion bits per second or |ess per parallel signal. A sinple serial
si gnal I |1y capabl e of operating at faster speeds than a
paraIIeI %h§&%ﬁmW%§ iam&*et today's needs as well, based at least in part

20 on bandw dt h demands Applications today may r equi re multiple serial
signals operating in parallel to overcone these |Iimtations. A parall el
arrangenment of serial signals is henceforth referred to as a "serial bus".
[ 0003] A BAECKGBAENB| |y contains control lines and data |lines. A synchronous
bus generally is capable of operating at faster speeds than an
asynchs onpoee] bus cirematieatiorobusandsled betwgen Aighpreofonnabcei devices)sicleas a
Addi tionally, because a fixed protocol typically is used for WD 03/ 098877
PCT/ US03/ detd@dnication bus providing for interconnection between integrated circuits (for “chip to

chip” communication), Input/Output (I/O) devices, or between printed circuit boards via a

connector, may need to operate at very high communication speeds. Moreover, interface

logic and pin counts for implementing the bus may need to be minimized to reduce cost

15 and complexity of the device in, or devices between, which the bus is located. Generally,

a parallel bus will not meet the needs of many of today’s applications due to being limited

in operation to relatively slow data transmission speeds of one billion bits per second or

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

faster speeds than a parallel bus, will not meet today’s needs as well, based at least in part

20 onbandwidth demands. Applications today 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

25 protocol is required. Additionally, because a fixed protocol typically is used for



comuni cating data over the bus, the interface logic to inplenent the
protocol is mnimal and the bus can operate very fast relative to an
asynchr ormw03loess77 [ 0004] However, a synchronous bus incl uses/usopiaek in the
control lines and requires a fixed protocol for comunicating data over

t he bus based on the clock. Thus, devices 5 connected to the synchr onous

bus nust oerate at sa ok ra art|C|p fixed
comuni caf IBW“BI%T'F& s O‘Egr{]ge l?‘@s@ﬁtmteﬁfe‘faﬂ ﬁ tF‘S P’éc?ii?co Wﬁlﬂlgﬁ]ous
bus architectures exist today, they are |nt|natel t|ed to a predeterm ned
communi cattidghe b B$@¥UHEW“GYWW?X%F@H@FEPﬁpﬁéﬂx%ﬁﬁﬁﬂﬁ Wation protocol can be a
significant limtation, for exanple, when a device coupled to the bus has
dat a f or nfaba4sg dHoweWrameyhchmusjbwg'nclud«taﬁ dodlf imrtbercortminimes @ukrieguirgsraot ocol s,
and is to transmt the data across the bus. Additionally, because of well

known cl ofikedtdtodat for Sk@mupicatih©d®a oVérahé bideisedion tHentdvko s, duvives
general | y speaki ng, the sI ower the speed of the bus. [0005] The Institute

of Electr] ard for
ext endl ng Th %C%%ﬁ%‘?%?%ﬁ S pEr G %45t%@a‘ﬁg@‘§a i %L?éé%. e s
I nt erface ar al redu interf gnal s
bet ween ¢ e TR EoREEesE eniRsel! Ar ittt Afhobaf el At bt
conponents in a 10 G gabit Ethernet system (hereafter "10 CGbE system or
sinply " 18rchiggotyres gl tgqlafypgseware ingmstely e tos pedsterninedepMMUpicfiono2, set
forth in clauses 47 and 48 of the |EEE Draft P802.3ae, a supplenent to the
| EEE St d. p®@RoB, Tltia pradetergined eombiunioatien prstesst cag hea signiiepntilsmitasionefosct i on
(CSMAJCD) access nethod and physical |ayer specifications, defines the

el ect ri caéxanijde,fwhitatd i cobipleded ieibat hessdaftoforaattapdi fenndd ddofdigafoi t Medi a

| ndependent Interface (XGM 1) eXtender Sublayer (XGXS) and a 10 G gabit

AL t achreng; sl c?ﬁﬁﬁlﬁfcfaﬁ&? fo%%gis) alft?f @ rafiihSit th(a-ﬁla?a actbss tiE buAUl " T epresents

the Ronman nunera for ten and Inplies ten billion bits per second, that
is, 10 gi gggluto%a ecAuse ofd Wcal?fmoxgn gl% ﬁaﬁd gata skew problems, the longer a

synchronous bus, generally speaking, the slower the speed of the bus.
[0005] The Institute of Electrical and Electronics Engineers (IEEE) has proposed a
standard for extending the operational distance of the 10 Gigabit Media Independent

15 Interface (XGMII) parallel bus and reducing the number of interface signals between the
Media Access Control (MAC) and Physical Layer Device (PHY) components in a 10
Gigabit Ethernet system (hereafter “10 GbE system” or simply “10 GbE”). The proposal,
expected to be ratified in mid 2002, set forth in clauses 47 and 48 of the IEEE Draft
P802.3ae, a supplement to the IEEE Std. 802.3, Carrier Sense Multiple Access with

20 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.)



WO 03/098877 PCT/US03/13702 [0006] Ina 10 GoE system i npl enenting the
optional XGM | extender, the XAU bus receives a packet byte streamfrom
t he MAC owomBl9ssdependi ng on the direction of packet floRCTASpRIEIES t he
packet byte streaminto multiple serial binary digit (bit) streans for
transm ssi on over a correspondi ng nunber of physical comruni cation paths

("l anes") 5 es the bit streamto b m.tted on | ane
Usi ng- an Dok FLCRHGS R ampmstbag A oy PioBRl ok GMIEMebdi® APt on o
4,486,739 issued to Franaszek, The 8B/ 10B _codi ng sche transl ates an
ei ght - bi tTepgIves apackakRyfteritsaghiromtee ¥ GprBHY , depsndmerqaythe dprgsiion of vpelet over
el ectromagnetic or optical transmssion lines. Oher well known seri al
si gnal anfowispamtehitheguacketdytaieamhiotdBrlip® ssudl vigarychghthigstreashd forsuch as
I nfini Band zo (See Infini BandTMArchitecture Specification Release 1.0,

Vol une 2 trarBhysionadver dpefedpoadihg dtmbeleradiysicalromhikédtion patis€rhase), andi br e
Channel (See ANSI NCITS Tl 1 Fibre Channel Standards), and the 3d O high

speed 1/ Oedceaé%rtﬁﬁm@ﬁ&arﬁ%i)@iralﬁﬁﬁue@&psuch%{etﬂsﬁlg N AT Sdaf8E/MeB Thi r d
Gener ation Peripheral Conponent Interconnect Special Interest Goup (3G O

PO SIO) L BLLR: W) 81 G SoTk. 4 186 FAORL B IRNRL o H KB U

her et of or €, vice Th suc a way as to be

capabl e of supporting the transn ssion_of one or. nore . different data
streans idelﬁﬁcg?%eman?l?‘m%ﬁé?ﬂ&&%“grﬁtﬁﬁéinfﬁwtlopﬁ’étobl@ inagy HeisdPh st reans,

such as circuit swtched, as opposed to packet switched, data streans, do
not use ofransmigsian avek electaeivagnetiger opfticahbagBlisim beasi (¥herohelgnowmseriek anpl e,
SONET (Synchronous Optical 20 NETwork) data streans. (For a description of

SONET, seggtiNahd Bus drOhitechitbiaisethd8B110B cogihgrscidmons welt;Isuch agnkiuiBand! ex
Structure, Rates and Formats). 3 WD 03/098877 PCT/ US03/ 13702 BRI EF

DESCRL PTI @é‘e %nyﬁgzaaaﬁ%ﬂ%ure Specification Release 1.0, Volume 2 - Physical
Specifications, Chapter 5: Link/Phy Interface), Fibre Channel (See ANSINCITS T11
Fibre Channel Standards), and the 3GIO high speed I/O interconnect serial bus
architecture, promulgated by the Third Generation Peripheral Component Interconnect
Special Interest Group (3GIO PCI-SIG) (see http://www.pcisig.com).

15 [0007] However, the XAUI bus, heretofore, has not 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 manner 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

20  NETwork) data streams. (For a description of SONET, see ANSI T1.105: SONET - Basic

Description including Multiplex Structure, Rates and Formats).



[ 0008] The present invention is illustrated by way of exanple, and not by
way of Ilimtation, in the figures of the acconpanying drawi ngs in which

| i ke ref eworgmossanerals refer to simlar elenments and i npPemiushs/1BoFig. 1
is block diagramof a typical prior art 10 G gabit Attachment Unit
Interface circuit. Fig. 2 is a flow chart of an enbodi nent of the

i nventio Fi 3.1s bI ock di amof prior art 10 Ggabit Ethernet |ogic
and inter é‘:@gl—clﬂ 10D QF TH ]g‘.g‘?m agram of enbodi ments of the invention.
10 DETAI LED DESCRI PTI ON [ 0Q09] .The 10 GbE proposal, set forth in the |EEE
Draft P80B0sheThyprepent dnvention isdbustatad by Wq;oowgml% 2pe ol ohedi a

| ndependent Interface (XGMI) parallel bus architecture, conprising 74

si gnal s (limhtiahi, iytheigusd-dfithe atabmppating dragmegsiin vich Liresiefarenemaoteiain,  and
1s one in a receive direction; four control signals; and one clock signal).
The XGM | regupk@silar ehgndntdmidrigtvhiédi a Access Control (MAC) | ayer corrponent
(the MAC | ayer corresponds to the International Standard Organization's
Qpen Systens | pj i?@ﬂ@@l@fiia@fhn(&ﬁléyg @Y fifiorart f@a@?gabwhtak&y@ﬁtm%ﬁ&@i& to an
Et her net Physic ayer dev he PHY | ayer device corresponds to
a portion .of . he OSI | ayer 1 Physi cal Iayer protocol). 20 [0010] The 10 &E
speci fi catfSt furt her proposes an opti onal XGI\/I | extension, conprising two
10 G gabit Medja | ndependent I|nterface (XC%\/I eXt. ender Subl ayers (XGXS)
and a XAU busFife i Hoyraast ﬁ’éeméﬁé:m%?ﬁw) ReMvendst-ender " or sinply
"XGM | extender"), which provides for extending the XGM1, for exanple, up
to approxi mat Bigy3 20bloek tegrannof esingtart §0nGizebit Ederet legi¢ m@@@fﬂwéﬁPCB)

traces. The optional 25 XGM | extender typically extends XGMI| in

chi p-to-chi p (Figt ¢d¢ abedk diagedn bf ¢rabodimentsalf € indention.

10

DETAILED DESCRIPTION

[0009] The 10 GbE proposal, set forth in the IEEE Draft P802.3ae specification, defines a
10 Gigabit per second Media Independent Interface (XGMII) parallel bus architecture,
comprising 74 signals (including two 32-bit data paths, one in a transmit direction, and

15 one in areceive direction; four control signals; and one clock signal). The XGMII couples
the Ethernet Media Access Control (MAC) layer component (the MAC layer corresponds
to the International Standard Organization’s Open Systems Interconnection (OSI) 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).

20 [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

25 XGMII extender typically extends XGMII in chip-to-chip (integrated circuit-to-integrated
4



WO 03/098877 PCT/US03/13702 circuit) applications such as occurs in nost
Et hernet MAC to PHY interconnect inplenentations. However, it is

cont enpl awewM3Xgd8r7 may be i npl enmented not only as a poi nt PCOAS03/M70bus
between integrated circuits (1Cs) in a single board using traces on a PCB,
but ot her environnents as well, including inplenenting a high speed

i nterconnect .5 bet ween boards, either direc r a, backpl ane. [00111
ot o ¢ NS BRic e a2t Berern Mo AEBetrt XA RO P PRI B ol bus

i nterconnection becones a MAC.to XGM I to XGXS to XAUl to XGXS to XGM 1 to
PHY i nt erEemeraentpigons. Howsyerc iseortsreplpioe MUk ey bBatmaplsmestsdnebony 9edl i n

parallel from an XGVMI to multiple serial bit streans for transm ssion
over the poibi-tosmrintdiusbetyeeth Ontegrated wironity @Ce)iipta satgld beard esing matésom XGXS, t he
serial bit streans are converted back to a parallel byte streamfor

t ransm sspgB, Bitefhed Ruvitdrhent9gs Well, ilidife sapleRestiied Biwh sheilidterdoanédie XGM |

extender, one instance of an XGXS operates as a source to the XAU data

path in URWLLASIL ch&SHELAN of 1d PBUREAYRC Lo the PHY) and as a

desti nati on n the'receive di'rection. e other instance of an XGXS

oper at es esti.nation 9 Ul i n transmt

directi onl%gﬂg §s1§gﬁl?eccg>t}or1}a1?%gm28%ﬁe{} er,paa]k/ﬂ\.a(]j %’a)gﬁﬁ\&&lfﬂ ngﬁ?_?ral?e(l ?’gﬁsn‘i t and
receive) conprises four bit-serial |anes. The XGXS_uses the sane code and
codi ng r uingEcomestinn begorsta PhySite SCNHIP AP0 el to PESKS i X AP cal

Medi um Attachnment (PMA) defined in the | EEE Draft P802. 3ae specification.
The sour cRHX@xSrconakamndAtsause DEaKE convertpdine datustogam topeiwediant paralial anms
separated in four parallel 20 conmunication paths ("striped over four

| anes") agn KGMII fpbHultiple peiall bit dtradick £ RbnidhissiehavaeheXa Ulieiiibus) r eans into
XAUl code-groups, and encodes them for transm ssion over the XAU bus. The

dest TP legtn desires, A Xots suaeudsaiaiadn it ares,
XGOS s HRRorP VR of SR L B RERE o7
[0012] Inthe XGMII extender, one instance of an XGXS operates as a source to the
XAUI data path in the transmit direction (from the MAC to the PHY) and as a destination
in the receive direction. The other instance of an XGXS operates as a destination of the
15 XAUI data path in the transmit direction and a source in the receive path. Each XAUI path
(transmit and receive) comprises four bit-serial lanes. The XGXS uses the same code and
coding rules as the 10 GbE Physical Coding Sublayer (PCS) and Physical Medium
Attachment (PMA) defined in the IEEE Drafi P802.3ae specification. The source XGXS
takes data streams, in particular, byte data streams separated in four parallel
20 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 XAUI 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



5 WD 03/098877 PCT/US03/ 13702 to the |IEEE Draft |EEE P802. 3ae
specification, sections 48.2.3 and 48.2.4 for further information about
code- gr ouwe oanestheir use in the XGM | extender.) [0013] TPha/usssfi37bus is a
| ow pin count, self-timed serial bus separated into four serial

comuni cation paths, referred to as |anes. The interface conprises 16 data

signals in tw se differential .si pai.rs. e | EEE Draft
P802. 3ae @d@%—a?ﬁfggf?f%fﬁﬁéi"gﬁ#{éaeﬁ’?%‘.1"3%9?s tige” {'E&-é@“? 4%@"?@"& Zchere
whi ch provides for better signal integrity in chip-tq- chip Printed Grcuit
Board ( PaBformetienabouksefe-groups srdiihgibuse indhe XICMUSxtenden ) ect ur e t hat

general ly operates each |ane at 3. 125 GBaud, but can operate the | anes at
ot her spepais] afhe XAUI bus & Hldw pindoprtosebimned saiabbndseparatedidtocfanr $psial

i npl emented in conplenentary netal to oxide sem conductors (CMOS), Bipolar
CMOS ( Bi GdnShusbstiodi pakiorefésesd o s lifies. ( BhéRjertrecoapssst1ondtdyigedsiagso

[ 0014] The XAU serial bus has many advant ages over other bus

ar chi t ect yresy, fo{lﬂﬁfféﬂthﬂ%esi %rfeﬁrpbﬁi@ @E@EEE‘DP%?B@&% eﬂﬁ@aﬁdﬁ, RPN count

better noise immunity, t Jitter cont (0] el ectromagneti c

interfer EM ), od oved c ensation for | ti-bit 1 .Skew .due to
sel f-cl og%ﬁl&,(“s%se%%@/ T@é%&mgé{;}é § lcgﬁgvf%ﬁlf%eitgf gltg]lLl %lﬁétgglgtgﬁﬁllélﬁ i'tg's, and
| ower power. caonsunption. Although typically us to extend the 10 CGbE MAC
to PHY i ?hl@?@@ﬁﬁ@fqua@qaxd\ﬂql%% tracetn KALME 1 ?F@%gée F6iabbnS FeHiECEs Bt pep
traces, it is contenplated the interface may be used to interconnect

appl i cat i gmeslyopeiatesieatielpnaatd 125 GBeud, tbait ¢aasimesdte therlarpsatntiist speedt as Arr ays
(PGA5), Field PGAs (FPGAs), processors, 20 or conbi nations thereof, such as
i nt er conngell,iinBHY fidysensolintiepeadedt/ Addan be émplemeediia coiplearataConittadl
conponent, whether on or between PCBs, to nane a few exanples. [0015] Fig.
L i 1T ystr atigs seficSiRiih & (DS Bibo MEMMOS B RIMOE) il i#ieBA (REh&flumA devi ce
105, for exanple, a MAC conpohent, has input and outputs, corresponding to

t he XGM |

(SiGe) semiconductors processes.
[0014] The XAUI serial bus has many advantages over other bus architectures, including
implementation flexibility due to low pin count, better noise immunity, better jitter
control, lower electromagnetic interference (EMI), improved compensation for multi-bit
15 bus skew due to self-clocking, better error detection and fault isolation capabilities, and
lower power consumption. Although typically used to extend the 10 GbE MAC to PHY
interconnection (XGMII) from three inches to 20 inches over PCB traces, it is
contemplated the interface may be used to interconnect application specific integrated
circuits (ASICs), Programmable Gate Arrays (PGAs), Field PGAs (FPGAs), processors,
20  or combinations thereof, such as interconnecting a processor to an I/0O 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 XGMII,
including a receive- and transmit-clock, RxC and TxC, respectively, and two 36-bit paths

25 comprising: 32 parallel signal paths for data, TxD and RxD, and four parallel control
6



including a receive- and transmt-clock, RxC and TxC, respectively, and two
36-bit paths 25 conprising: 32 parallel signal paths for data, TxD and RxD,
and four wearoalopssi7 control 6 WO 03/098877 PCT/ US03/ 13702 psirgrsas/1et hs. I n
the transmt direction (e.g., fromdevice 105), the XM3d 1l converts a 10
Go/s data streaminto four eight-bit byte streans, known as | anes. Device
125, for .exanple, _a, PHY conponent, |ikew se .has,inpu d out put
correspo nﬂg‘i‘fg peist Huthr dpppmit d*l*ﬁ%“%?@'nﬁ?ﬂ% 3%&%?9%31&?@‘6@0 odngﬁ%gl 20 is
perfornmed by conponents 110 and 120. 5 [0016] Wiile Fig. .1 illustrates the
XGXS f uncﬁbér@lﬁ staeamripiodfeBrieish-kibbye saerms, kll@waﬁﬁlanwoge@@eph%%tf@ from
conponents 105 and 125, it is contenplated a single conponent, or

i nt egr at eekaniplewi RHY IcGinpohér, lilresyiseehas dmpésandaongpus aowespaeding trathe GMEN | ce
(e.g., MAO), the XGMI functionality, and the XGXS functionality. In such

i nst ance, ThOKENE RmchbilitRaascriveidsdvh e prriélby coinbene@M 10 andf120r esent ,
need not be exposed. Indeed, rather than an to XGMI| internal to the chinp,

the chip @g{ﬁ{]ﬂd\xﬁﬁlecl? Bﬁlli}]]'ﬁgtﬁ]tre%e W@g@%%ﬁl%b%(#gQQ@omﬁgﬁémﬁl RPardi t

i nt er nal bus. e source erts ta bytes or control

char acter ecei ved over each he. four byte:w .de | an f e XGM |
into a se %d’ SPREXE ,on‘é‘éqm%qrfen'@%%? aéﬁ%%égﬁézant(?% ated g Flgglr%cpgﬁ’%fl%ghé% ssi on
across the XAU bus at a nom nal rate of 3.125 GBaud. @% the 15 destination
end of XAegratadcivepIg) shipyay epempass any soyrrs/desiatiop devics (g ensat es
for clock disparity, and decodes the serial, 8B/ 10B encoded data streans
recei ved theefGMikfunxiddiality; sind tHeoX @ESLuhstiomslityr Incsneh insitanshhe chipristeriage
transm ssion over the XGM | parallel |anes. As can be seen, the XGXS

conponent goaldebdthe XATELL the GMITalfdreseni hbed 1t be pepesed Ngdedds rahes thanca or
destination, and may operate according to i ndependent clocks. 20 [0018] Ina

10 G i j j h
1 Ve U R i s aeoter pufol hove

, Speci al code-groups

transmtt 89er%v3ezr-bi% &?ernal data bus.

[0017] The source XGXS converts data bytes or control characters received over each one
of the four byte-wide lanes of the XGMII into a self-clocked, serial, 8B/10B encoded data
stream for transmission across the XAUI bus at a nominal rate of 3.125 GBaud. At the

15 destination end of XAUI, the XGXS deskews, that is, aligns, the four lanes, compensates
for clock disparity, and decodes the serial, 8B/10B encoded data streams received over the
XAUI bus into data bytes or control characters for transmission over the XGMII parallel
lanes. As can be seen, the XGXS components are bi-directional, are capable of operating
as a source or destination, and may operate according to independent clocks.

20 {0018] 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
XAUI 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

25 interface to transmit 10 GbE data, as will be described below, embodiments of the
7



XAUl bus between the delimters, that is, between an end of franme delimter
and a start of frame delimter, are used to synchroni ze the XAU | anes,
that is, wevkesrhe | anes. [0019] Although Fig. 1 ill ustr@CegSesiai7o2
essentially is a 10 gigabit per second physical 25 interface to transmt
10 GbE data, as will be described bel ow, enbodi nents of the 7 WD 03/098877
PCT/ US03/ 1370 i nvent i onng%gﬁ1 e sane.i.nterfac {or transm ti n% %gnerl C
data in sUEFTHORASP HRSMGIERIACR LT tags &bﬁ 58“6611" adHéH?}{%Wﬁﬁ GAEY 10
GoE data,  but other data, for exanple, SONET d usi ng the XAUI bus.
This i s aitiaedd osgraﬁ%rtmmombreloc{é@ Q@%wt@rher Héta@UPX%HEIeé@@ET daffe bus

isinitialized. The nodification involves separating the XAU electrical 5
char act er bsing tise XAbhbus.SThisis@chieved byciadidying thesepecaionad thaB AUl pus gftethe
functional characteristics to allowthe interface to transport any type of

dat a, whetuspsink@ilizé® Theqfiodificdtivuiibvdvdstsepaating B8 204 UTTélecttivalct i onal
characteristics of the XAU bus are nodified to transmt SONET data in a

protocol h@@&@ﬁ'&ﬁ@ﬁoﬁ?ﬂ@ﬁﬁlc@&ﬁ[ chdifotetfides, g r&ﬁﬁ%ﬁ%ﬁh@%ﬂoﬁlﬁt aisnot to

packetized, that I1s, there are no start and end o rame delimters, and

Lhus, et b aa0l B S0 IS RmAOb SRR 1,008, SRS UG DybRebda e ™ ¢

XAUl bus, deskew the | anes, and adjust for clock disparity between the
source an@irelEETWiEhefon. [0021] I n essence, the nodified XAU bus operates
as a serial conmunications bus to 15 transmt only data, and issues related
t o oper at 09201 ofThe fiendbiosal chargeteristyasoif thenX AkM bus aredeediged to tadrisyatinEONET
crossing multiple clock domains, etc., are resolved during bus
initializdhiadma phatbcdl edepegieat entkovagthd KA BPeIsdiccarse SONETOath fis mad XAUI
operates in a node that tracks deskew and synchroni zation through the

det ect; On el cGOLE t1EH ALl EheRS 419 "n% st dnld®ntl @F Glak R\ delinkifRR! SRYthak |th%e Mdnglat a t hat
has no encodl ng, e.g., SONET data, to be transparent(y
interframe or interpacket gap during which to transmit special Idle code-groups that might
otherwise be used to synchronize the XAUI bus, deskew the lanes, and adjust for clock
disparity between the source and destination.
[0021] In essence, the modified XAUI bus operates as a serial communications bus to
15 transmit only data, and issues related to operation of the bus, e.g., synchronization, deskew
(alignment), crossing multiple clock domains, etc., are resolved during bus initialization
but then ignored during bus operation. The modified XAUI operates in a mode that tracks
deskew and synchronization through the detection of code-group errors at the receiver,
thereby allowing data that has no encoding, e.g., SONET data, to be transparently
20  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

25 extra bus signals to validate error free transmission of the data across the XAUI bus, a
8



20 transported across the XAU . [0022] In accordance with enbodi nents of
the invention, to the extent any errors occur on the XAU bus while

oper ati ngwpDre3mossotli fi ed state, the errors are isol ated toPChaShs/si7oDat a
received fromthe XAU bus may be checked for integrity, and if an error is
detected, it is attributed to the XAU bus. In this manner, data checking

occurs w t.haut the need for 25 tra s.signals to validate error.free

Cr ansm <TG Arusas 2t PR Betforiid Wich Pl s b us it &

PCT/ US03/ 13702 _significant advantage over parallel bus architectures which
gener al | yvaf*’é’é@tb%tfgéﬁ‘é’ﬁﬁg‘f‘iﬁlsgnﬁ%ﬁ tree.0f; cgeor acropmithe garallelRis: t ransnitted free of
error across the parallel bus. [0023] Note: hereinafter, an instance of a
10GBASE- X0p235 Naotec hereinaftst, an énsteactiphiz | 0GB ASEr ¥ P& fundiéys siatestadhing, BEE Dr af t
P802. 3ae specification, C ause 48, as enbodied in the 5 XGXS described in

| EEE Dr af proBé&2dedaeblia dEEE Iy @802 Ghabmeiffedtioniiaine 48eisdmiwdiédinshepl y as .
"the PCS function", "the PCS state nmachine", or "the PCS process".

Fur t hey moke;xd &deHERCRIERS ﬁaﬁiﬁ?éﬂ%ﬁ;ﬁicﬁﬁoﬂfcﬁﬁ% 47ERGy BealiEBRY - 3ae

specification may be referre as "Clause 47" and "d ause 48".

y
00241 Acc( i NQ.4 di ts i L 5,01, I is first
(00241, Acgarsl 0ok o UL IR ¥ AN s RS, 5,1 18 e
Physi | Codi Subl P , ich h i i f the XAU
el g R e b e ML i P BB Mot "

| dl e code-group sequence. The XAUl bus continuously signals, or transmts,
code- gr oumsy fe refemektd simplyes ‘CtmsgAdnend tClpnscd8Ss. In particular, Idle
code-groups are continuously and repetitively transm tted whenever the XAU
bus is 15[00z4) eAcSirding td bmbidiientyust thesin@erftion| thedBPAEX beeisifabt ihitializddrs perll e
code-groups are capable of being transmtted in both directions. The PCS

Synchrpni galkOR. PRAEeERISOM InRtAsSsthe 20 CRB! BnysRIECEdiRY Babla@RI(RLCB) 10- bit
code-group synchroni zation, and conveys the

which controls the functioning of the XAUI bus, initializes the bus based on the

transmission and reception of an Idle code-group sequence. The XAUI bus continuously
signals, or transmits, code-groups generated by the PCS Transmit process. In particular,
Idle code-groups are continuously and repetitively transmitted whenever the XAUI bus is

15 idle. Since the XAUI bus is a full-duplex serial bus, the Idle code-groups are capable of
being transmitted in both directions. The PCS Synchronization process continuously
accepts code-groups, obtains 10-bit code-group synchronization, and conveys the
synchronized 10-bit code-groups to the PCS Deskew process, which aligns the code-
groups to remove skew between the lanes that has been introduced by the bus.

20 [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 transmitting
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



synchroni zed 10-bit code-groups to the PCS Deskew process, which aligns the
code- groups to renove skew between the | anes that has been introduced by

t he bus. WO )BOXBIL Once the XAU bus is initialized accor @cagso®i1d’he |ink
initialization process and in an operational state as described in C ause
48, the operation of the PCS functions enbodied in the XAU bus is

nodi fied in.a _nunber vide for .tr dat a
over t he St TSR e debnsettth il A frasfin) AR P AR B AT Y2
descri bed bel gw. . The modi fied qgperational state is referred to herein as
dat a agnd@ﬁﬂ@ﬂbﬂbiﬁﬂ%ﬁeg§87?0¢@ﬁ¢EEﬁﬁmﬁgkﬁﬁw node, meani ng data can be
transmtted in a protocol independent nmanner across the XAU bus while the
bus is injoezse Figd2 providespdton clomtillusttading anc0dREimedit gf the ipyemiionicbhea f | ow
chart illustrating an enbodi ment of the invention. The process starts upon
power up ce%iﬁtaﬁ@dpémbmmpta@ 2%y A fdlozite gyhedhi XAkbadhaXiaUsland20220,5 as
part of t XAUl bus initialization stage 205. The synchroni zi ng process is

responsi b g)artfd}fthéjﬂéﬁﬂr’ﬂug hﬁlﬁal%ﬁ%ﬂ% $56s. Xﬁw syRbBrohSidgsfdvest Psrre%%éﬁlé on.

The process operates independently on each lane, and is conp et e when

h f
Sy on GRSt AT RN 57 o OO b BB 2 L
Bynccn a1 50 e gLotpe, e hin |ceting Lhe o oy bl o

| ane-to-1ane alignnent. 00271 Once synchroni zation is conplete, the
initializlané.dvs partafahe sync tiom progess, the Skl bwnan‘il@wlmmmpm)@é%s at
230. The deskew process tests whether the XAU bus is not only ready for
oper at i ongonkxol chasactép ébéydichionjragsie tddengonsl indludatgal ocatimg th i 0-bitGotundariess.
Since related data is to be put on the bus at the sanme tine, the data

needs,;f 0 ReHRWR/E0B e&ﬂest iy séﬁaménetégfﬁcﬁaﬁgaﬁdﬁrﬁn@fﬂn@%hanemgmqe&k ew

process attenpts to kew the continuously transmtted special alignment

code- gr 0“@627? ebig gyﬁ@‘l%ﬂlzﬁttl&gls%gﬁﬁﬂetta ehPifidiZah s%ée%ﬂﬁﬂ&es on to a deskew

and alignment process at 230. The deskew process tests whether the XAUI bus is not only
ready for operation, but is capable of presenting valid data upon exiting the bus. Since
related data is to be put on the bus at the same time, the data needs to be pulled off the bus
15 atthe same time as well. The deskew process attempts to deskew the continuously
transmitted special alignment code-groups being transmitted over the bus to an alignment
pattern as part of the bus initialization process to ensure related data is transmitted in an
aligned fashion once the bus is in an operational state and transmitting valid data. Once
alignment is acquired at 235, initialization of the XAUI bus is considered complete and the
20 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 set to a
value to indicate the bus is operating in a data agnostic manner, that is, transmitting data

25 without regard to code-group synchronization and alignment. So long as the variable is set
10



pattern as part of the bus initialization process to ensure related data is
transmtted in an aligned fashion once the bus is in an operational state
and transwptoBiosrg7val i d data. Once alignnent is acquired 2CTABS3/13702
initialization of the XAU bus is considered conplete and the 20 bus now
transitions to an operational stage 210 [00281 Upon enteri ng the

operational stage 210, i ment nvent di sa

synchr oni PaUFR glu? rﬁné’ldﬁglr}?ﬁ %daﬁ%osfs H%lsrlg%??att{aﬂ@mﬁ ¢ g?él of the
PCS. In one enbodi nent of the invention, upon entering the operational
stage, a wheekiaBifer oslomoun synghropigpiien eilanerte-lage desksw, pradipsingdhs ating in a
data agnostic manner, that is, transmtting data 25 without regard to
code- gr oufrarsymsshorooi datet iocaccand fal ar gesviret any Sodé-grogrpaynetrenizatranadyl land-©- set

10 WO 03/098877 PCT/US03/13702 to such value, any data transmtted across

the XAU hus désketviieslemt IBowaver thel lantbased PCS Besdhirtidzdtioh preckes gr oup
synchroni zati on or | ane-to- | ane deskew, or adjusting the transm ssion of

data t ag&fﬁ'ﬂﬁs%s'fl}%alﬂfa %ﬁ%é’e?veﬂ%df gﬁglpg g\.g'm%%ﬁ&tg rzfﬁfe' $9RcHRbniz&NGr t 0-

| ane eskew pro wever t he chroni zation process 5

continuou all .rece de- g S ps | ane
synchr on| gﬁﬁa %[ngl{tés ]inglﬁlgan&?ch #ﬂp‘fg aﬁ@flﬁ?ﬁ gg/l %éleélil gfr%% e(sa a
vari abl e, DAM enable indi cates ,a data agnost] de of operation is
enabl ed o¥@#tagaeosfinoiods af opgration iscenabled qucrhe %ﬂgﬁd"}&?ﬁ OB WREN: set to
anot her val ue. [0029] Even though the XAU bus is synchronized and its

| anes al i gnbdisahkﬂﬁWhmmrm@qthﬁevahg oper ational stage 210, due to factors
such as environnmental conditions (e.g., tenperature variations, varying
EM | evel pp29pt Bvgn theygicihie 00AUabuDIS spiichibdrares] anddtsdymes miignakewneatering i r
while the bus is transmtting data streans. Such instances can be renedi ed

by cl ggk o snsigai ﬁa%%?l@v gLy tocfaEt%Ps' JuEl as 8RFrotifldhtatl 8StERM6sQB G terhperhtife XAU

bus archltecture redver, all data transmtted across the XAU bus is
checked f%natlo%s? ot | t1¥g ElQ/IIef VG?S ce!ff’(\‘rﬁc?ynchromzatlon problems and dynamic skew can

occur while the bus is transmitting data streams. Such instances can be remedied by clock
and data recovery circuitry, and XAUI deskew logic, in the XAUI bus architecture.
Moreover, all data transmitted across the XAUI bus is checked for integrity in accordance

15 with 8B/10B lane code violation checking. The 8B/10B lane code violation checking
guarantees that lane synchronization and lane-to-lane alignment is maintained within
acceptable ranges. Importantly, however, such synchronization and alignment is
maintained by the XAUI bus itself, without any special code-group transmissions,
interpacket gaps, start- or end-of-frame delimiters normally associated with the PCS

20  functions 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

25 special code-groups that would otherwise be needed to maintain synchronization,
11



15 with 8B/ 10B | ane code viol ation checking. The 8B/ 10B | ane code vi ol ation
checking guarantees that | ane synchronization and | ane-to-|ane alignnent

i s mai nt aWoed/ogdsthi n  accept abl e ranges. I nportantly, howeCeEmSoyLTMN
synchroni zation and alignnent is naintained by the XAU bus itself,

Wi t hout any special code-group transm ssions, interpacket gaps, start- or

end-of -fr elimters no |l y.associated-wt.h the PCS 20 f I HNS
enbodi ed ?%%Rg ,°¥]Bﬁ‘§‘eﬁsoﬁn{;§§8rt v qnieélﬂ%e e‘ug\ﬁ? 55 (%%ng %‘?’E}le’i 1Hp§§ﬁ5 a‘y g‘g@nost‘i c
node. [0030]. In this manner, any typ f data, whether 10 at a,  SONET
payl oad, 6100]6@%11“3F%@erdf"lr&%%’,(’fﬁ%‘%&@iﬂt WSW n?ffaffélﬂtlél&ﬁ’flf)ﬂ%ﬁ?l Seo8Ss t he
XAU bus without the need to interrupt, adjust or alter the data

transm ssif@meanzeamyit weagr rates; ankihaBBél 0B endingsebaine us¢iebyptie SpdUl bis that

code-groups that would otherw se be needed to maintain synchronization, 11

WD 03/ 098 8ok e TetySibdd k3HaRintabeity airbssitbie biis. packet s, and | ane-to-| ane
alignnent. This is nmade possible, in part, by the clock and data recovery

circui §ry gasyt ReteXhd foltblidedis@kdish g%é&iﬂéaﬁ& béitd AR wHerd dfbdiimentdlobaws  for

near zero bit error rates, and the 8B/ 10B codi ng schene used by the XAU

bus that ; eﬁl?f&{jc?l%r\ég%ngﬁl%q'aﬁbﬁg'&llteﬁ@gﬁ?ﬁ@&égﬁﬁ)geﬁest Q?V&]Q%'m%gg?’l]

Note: the fol'Tow ng®discussion speci out ere e I ments of
the inventiap djverge fr t he variqus state PCS functions, progesses, and
state muchrssaged it The reria SreeothatRdarmronaciudrinbidior o 1 or
a conplete description of the PCS functions and correspondi state
machi nes EE&Stfengions end pgrreshendimrstaerpgchinepgorenplatesiducibe [IBEE i[gﬁf.f to [0032]
Accordi ng to one enbodi nent of the invention, the PCS deskew state nachi ne
(Cl ause 4B30EBg sp8eifipation. nodi fied so that it does not check for alignnent
errors while the XAU bus is in the operational stage and data agnostic
nmode i;5 epak)edccdiaidpab onk BRbE&ment of the invention, the PCS deskew state machine

(Clause 48, Fig 48-8) is modified so that it does not check for alignment errors while the

XAUI bus is in the operational stage and data agnostic mode is enabled. Rather, the PCS

deskew state machine remains in state ALIGN_ACQUIRED 1, indicating all XAUI serial

communication paths (“lanes™) are aligned with respect to each other, whether indeed that

15 is the case or not, insofar as the PCS deskew process is concerned.

[0033] Additionally, the PCS transmit source state machine (Clause 48, Fig. 48-6) and the

PCS receive state machine (Clause 48, Fig. 48-9) are altered, in an embodiment of the

invention, to not modify the data stream as otherwise required under Clause 48 to indicate

idle and data frame boundaries, when the XAUI bus is operating in data agnostic mode.

20  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

25 synchronization functions while the bus is operating in data agnostic mode.
12



deskew state machine remains in state ALIGN ACQU RED |, indicating all XAU
serial comunication paths ("lanes") are aligned with respect to each

ot her, whwoleadsnteed that 15 is the case or not, insofar Pa3/USh&1PCS deskew
process is concerned. [0033] Additionally, the PCS transmt source state
machi ne (Cl ause 48, Fig. 48- 6) and the PCS receive state nmachi ne (d ause

48, Fig. 48-9) are altered enbod nvent i

o £y i EVRASLTH IR GOV GEioB Fef “éﬁ‘weﬂ’& Pﬂﬁ%%?nsal LERSER 5B ot o
idle and data franme boundari es, is operating in data
agnost i c EioYB Tepminptedf defreled Hhthéidaﬁrﬂ»"e%rﬁlt‘i’ HOYB’BﬁJIé]B contel drEesds an begi n
upon the PCS deskew process entering the state ALI GN ACQUI RED I, and as
ment i onedsyushrosization oode-gobpsli ment of the invention, the PCS deskew state
machine remains in that state while the XAU bus is operating in data

agnosti c woskp. Like®iRChePCR0tive statemschiicabrcethe KIATH hierisopaationabimi i@  SEND
DATA and does not call the function cvtx term nate, thereby disabling

code- gf ouaatgég@éﬁe bRl ZatakRNn SURCHATAS MBIDECadcBRIIBLS drserPRRiabARG the) dat a
agnostic node. 12 WD 03/098877 PCT/ US03/ 13702 (cvix termnate is a

conver5|on f nct e r ode- grou
Term nat e nivgn Z@? gg& g e?%eérga? %réog%ﬁ S%chg’ngsg)%?l df %\Iﬁéecct%% ru gl cha?act grs
to synchronjzation co oups 00341 i kewi se, the PCS receive state
machi ne, EMRCAIQNEANEA %ﬁééeﬁlge%éw%is.eéh% Og%R0t 5704 B StgRpLconyRYEE .aafawﬁ&?

remains in state DATA MODE, according to an enbodi nent of the invention.
The PCS r aceluma of codegrougs eserregch ngrlm@oéhatrtbg BoRdecctvedupesss ean ¢hegkt
conditions, and the PCS deskew process either does not send a signal
conveyi ngfa fadt eomdirions pord Hthersignaf isceteit gy ign@msd by ¢hic BES hecéiMalproase so t hat
t he PCS receive process can check for fault conditions, or if the signal

i's senf, HoweSerl BNRHREMHMIhAR JPER 15@&@1'014 S0l &%ﬁ&noﬂ@aﬁﬂﬁﬂﬁi’ﬁy XAUI 4R,
enbodi nent of the invention, |oss of synchronization on any XAU | ane,
as per normal operation of the PCS synchronization state machine (Clause 48, Fig. 48-7)
results in link reinitialization.
[0035] Tracking when the PCS is in a modified operational state can be accomplished
many ways. In one embodiment of the invention, a variable accessible to the PCS transmit
15 source, receive, and deskew, state machines can be set to a value indicating the PCS is
operating in data agnostic mode. For example, a variable DAM_enable (named for “Data
Agnostic Mode enabled”) may 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 initialization process.
20 [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/Output

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

interface.

13



as per normal operation of the PCS synchronization state nmachi ne (Cd ause
48, Fig. 48-7) results in link reinitialization. [00351 Tracking when the
PCS i s i rwaonksfi1 ed operational state can be acconpli she@CTrmsny13me3/s. | n
one enbodi nent of the invention, a variable accessible to the PCS transmt
15 source, receive, and deskew, state machines can be set to a val ue

i ndi catin ng. i n .dat. nosti ¢ .nogde.

vari abl e @gkreﬁg %ﬁgﬂg%%ptpgmﬂggsmnﬁaﬁ%gpegn%gg% 8&3%?%@”?&ﬁ§y&§1nset to
a value of one to .indicate data agnosti c node eration. DAM enable =1
only af t e? d4tpasnastic, Qrpretogelindgpendeny mrnees 18%%93 5 friqnaliysrequize data

conpl ete, and conversely, ignored durlng the link initialization process.
20 [ 0036 1stenoiratnmg and detaaleBntasignrie suppoft of KBEE 02 AtV edia Adsesswirobus can
operate in a data agnostic node under managenent control. Managenent

control i@JIa0Yspéthtionst Of aksAlptEwith emboditheatuddha@Rtntivh, bivd franiepthdn, vi a
t he Et hernet Managenent Data Input/Qutput (MDIO interface and register

set speci fliedelifdafibPidsRt 6§vf019{edaﬁm%S&ihiéﬁfs%ftthé%(}é’rﬁfcﬁf‘éﬁ’éble'tﬁlé fage 13 WO
03/ 098877 PCT/US03/13702° [0037] Altering the PCS functions as descri bed

above en h S I col

i ndependegﬁ%ﬁr?%ngoefiﬁﬁg ﬁﬁg@ﬂcﬂg&%ﬂl ufp%ts %%%gg?t?%ssh P 3 881 r{%flglléﬁ% % r ani ng
and data delin atl on i ort EEE 80 di a e ol MAC
oper at i onép I‘Palll HEES MR hics (Q%&J&Wﬁ‘ﬁﬂt@%&fm’%\/ﬁ@ qrﬁétfd a?cf’ﬁkm AUR r gm n)g
and 5 data delineation is not perforned. Enmbodi nents of the invention

enabl e t heVG3 erappsalhor Syatom Packet Ipteriaps at SH-Dand Segdesstoifeamerdnter@re -5

pur pose, parallel bus such as defined in the Optical I|nternetworking Forum

(O F) Phy@&FE3)) physicdl 'trahslioayfer SORIH]) dadbstkdanty. Atsouthe s€MElockingnasat sf fher
System Packet Interface - 4 (SPI-4) and SerDes to Framer Interface -5

(SFI-3) PRASIGAS, WhGEARRE Eloblels caP¥idedidltRe 8ith, 9A0Hs thY &QensidifofdBé kAtIOCKi ng
nature of the
bus in terms of lane data rate and scalability of the bus in terms of the number of lanes, to
address both lower and higher speed data bus requirements, depending on the desired
application.
[0038] Inthe 10 Gigabit PHY specifications set forth in the IEEE Draft 802.3a¢
15 specification, the PHY layer comprises the Physical Coding Sublayer (PCS), the Physical
Medium Attachment (PMA) sublayer, and the Physical Dependent Medium (PMD)
sublayer. Fiber optics modules are implemented at the Physical Dependent Medium
(PMD) sublayer. 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
20  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,

including the PMD(s), PHY(s) and MAC. Line card 300 comprises a MAC 305 that

25 communicates with, for example, upper layers of a protocol stack, a switching fabric
14



10 XAU bus, wherein the clock is enbedded in the data, allows the
extension of the XAU bus in terns of |ane data rate and scalability of

t he bus iwotoeness7pf the nunber of |anes, to address bot hPCoewsos/a@toz hi gher
speed data bus requirenents, depending on the desired application. [0038]
In the 10 G gabit PHY specifications set forth in the | EEE Draft 802.3ae 15

f t he PHY | the Ph | bl PCS
P, Phys: CUPLR AT ORI Of BRI BT aye St S TEh B oRepnont

Medi um (PMD) __subl ayer. Fiber optics _nodules are inplenented at the

Physi cal BepRHISHO, Merapusing ore) mexaphinsels, copples fo-the fperoRiif des a
medi um i ndependent neans for the PCS to support the use of a range of
seri al - bi moduleeaittbel PYHY sompbnangdl B, forexdmpds, o optics modulg, wizich,an fem, t hi ngs,
mappi ng of code-groups between the PCS and PMA, serialization and

deseri al i Zafpleanhd Hes £88 Yo ofibeositic@abled20f or transmi ssion or reception on
the PVMD, and clock recovery from code-groups supplied by the PVMD. [0039]

Fig. 3501}y rﬁ%ﬁ@ fﬁtlﬂ?errfﬂ&l&a{egﬂ?é sgaQJdQﬁi(blbéléé aﬂﬁtmt@itfa&ssm‘ 3 P('S‘G%E dofiplight | i ne

card, includi the Line card corrprl ses a MAC
305 that ,25 ¢ ol exa er col
stack, a S6ifi% zﬁﬁ%ﬁZ\S e ao%%s?’ﬁ%#%%@%%%%e et hBleS
cross- bar t‘)‘ackpl ane shed i nt erconngct ed WItC

pr ocessor the “Rpdn B AR R%%W eth(§oB Facostng kb sl@t@é%g@%%éﬂ%%s MAC
to the fiber optic nodules at the PVD conponent 315 for exanple, an
optics notheVEidewkree Networkt(WAN) Interfask Sublapier (WIS intarferetthatentiptsalataspt i c
cable 320. 5 [0040] Fig. 3 further illustrates the standard bl ocks and

i nt er f aceBthkatet fahBs B franenizkionnter dSONET. OCK9R chiimel. I0GBYOEE-XXvedisas t ypes,
"X" denotes 8B/1 OB signal encoding, while the "R' in | OGBASE-R denotes

64B/ 668 epgRdiRgicndukiiptexitd (WDM)ABASM S 88AlBhals over four wavelengths of

light carried over a single pair of fiber optic cables.
[0041] In the standard 10 GbE LAN serial protocol stack 325, that is, in the 10 GbE
protocol stack proposed in the IEEE Draft P802.3ae specification, the MAC couples to the
PHY, either directly or optionally via the XGMII extender sublayer (an XGXS pair

15 interconnected by a XAUI bus). In this case, the PHY component comprises a PCS
component with a 64B/66B enCODer/DECoder (CODEC) in the PCS that performs
packet delineation 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.

20 [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

25 PHY chip and the optics module.
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the Wde Area Network (WAN) Interface Sublayer (WS) interface that
encapsul ates Ethernet franes for transm ssion over a SONET OC-192 channel .
10GBASE- L0 03/098828 10 wave division multiplexing (WDM te®omaiSoyy370d send
signals over four wavel engths of |light carried over a single pair of fiber
optic cabl es. [0041] In the standard 10 GoE LAN serial protocol stack 325,

speci 11 capah, Trasengaes LEGRFRERe KRR RRRNBRY hal pRaccol otk St i onal 1y

via the XGM | extender subl ayer (an XGXS pair 15 interconnected by a XAU
bus). | n qompsisens 64B{66B CPREEOHIMBAS., @drﬁp‘iq@e%mathpwcghﬁén’?éﬂp € h a
64B/ 66B enCODer/ DECoder (CODEC) in the PCS that perforns packet

del i neat i seniakduda sireper isdl. 3 8464 Gés@GONET 0f5-19Dembdhy 16-hitphmllpMbata paths ine
transmt direction (fromthe MACto the fiber optic cable), the SerDes

seri al i zege biNiate AREAINg) 692N/ Peichs The fthchibh prRaddi)byi tht WIS @nifdnent@/ S

serial data streamfor serial optlcs inthe P 20 [00421 Aline card

Suppor | sttt b SPRA s R BLAR oS egdh%éw Aty pBIiCHeChi P

coupled to a I npl enen e XGX et ween t C and XAUI .

The PHY iS.cou dtoan C le t | sthe
ri ght most flga]rlowi)ﬁ‘ggi’??‘h“ﬂ?%?‘% edcozi?p %ﬁ?lé}%dﬁrﬁ B(JC?(@ 3&%{\7 4k

64B/ 66B, PMA serial and PM serial. A standard XAUl i npl enent ati on nay be
used as t(SONFRDREAR trwsmission iamnatSSONFY coRmmenhis CORBIGHY 1ol tRGaY e. 15 WO
03/098877 PCT/ US03/ 13702 [00431 The standard 10 GbE Wde Area Network
(WAN) serdaid conotsicationstaveklopg distaneay pid the QC 4B/ fooBt CODEESian effigelieCS, and

a SerDes in the PMA. The speed of the serial data streamis 9.58464 (b/s

( SONET OGiat9throiihgut 6%9.464+0ai Gb/paTiad WIS comdtainahd throupghptihef FIMBbREEmaRhr at i ng
at 622 Mo/s each. The function provided by the WS conponent is 5 descri bed

it Ret he, | BRE BN OC89% k4 SRRCWIN BiTvON fefs! RS trelOANGEME L i tBPeaki ng,

standard LAN serial protocol stack described above, primarily by including the WIS to
provide a simplified SONET framer and X+ X° + 1 scrambler.
[0044] With reference to Fig. 4, a non-standard 10 GbE WAN serial protocol stack 400, in
accordance with an embodiment of the invention, is illustrated. The stack 400 uses a

15 XAUI bus capable of operating in a data agnostic manner, in accordance with an
embodiment of the invention. In this configuration, a PHY chip, comprising the PCS,
WIS and XGXS components, is coupled via a XAUI interface to 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

20  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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WS allows 10 GoE equi pnment to be conpatible with the Synchronous Opti cal
Network (SONET) QC-192 transm ssion format. SONET equi pnent is conmonly
used to caOrog/o9ssat a conmuni cations over |ong di stances, amdTiuse3/ (3202192
format provides an effective data throughput of 9.58464 Gb/s. The WS
constrains the throughput of 10 GbE to match 10 the SONET OC- 192 speed. The

WAN PHY dj rs. fro the AN. PHY, rd,.LAN seri al r ot ocol
St nck teoloeboBus i ol if Tl e Wittt Wﬁ?ﬁde\% heliedo.®

Si ITp|Ierd SONET franer and X + X6 + 1 scranbler. tg}g41 Wth reference to
Fig. 4, aCheftherastddAd mmplepentyyete mnoam ‘Rﬁd@‘théBPP%”f - Agd B lingtats dance
with an enbodi nent of the invention, is illustrated. The stack 400 uses a
15 XAU bofsSSQNBADE-162. dpe irerfang rate oéthaWM@I‘Wsmchﬁ&'m%%Z GBawdcor dance
with an enbodi mrent of the invention. In this configuration, a PHY chip,

conpri si nigrebhetiPESt dat¥\bnoaticl myGESVBenata apihdstic infodeds!phablidy edcha A dour
interface to an optics nodul e, which conprises a corresponding XGXS

conmpongnt x Al alihpeedriey e&atb@lc}ir éEﬁ RYRORLS Eate. Slﬁ&oﬁﬁdatf‘lsl SHYE01 Bhddbded

supporting this nonstandar WAN serial protocol stack can use 20 the
same PHY chi 3{ /g@f S t $ n al
pr ot ocol S\Q { 4¢ ;1% ¢ ggge:ﬁl %Agﬁa 0\9}%{5\% % ggtr/gf gl(raegncg 1'?0 %)9 )@? %%ykﬁ%&h bus
bet ween tgn PHY and ﬁ hacal dul e oper ?WE dat a a%nost de, at a
speed of Huerptegyimaticaty by PRERrAING Pt la‘é%? 3 daty FReoy Yy ORriAg ReTasys ¢t o
mat ch the speed of SONET rather than Ethernet at this point. 16 WO
03/ 09887 7sePabitsioaint S7he WAN FAEY rmgorépéemh@gunaﬁd%mbeﬁ indBEB(P882 8¢ t he
MAC-to-W S data paths where the 10.0 Gb/s Ethernet MAC i nplenents rate
control idrafirctbesedd 44wppco). the 9.952 GBaud line rate of SONET OC-192. The
interface rate of the WAN PHY and WS is 9.952 GBaud irrespective of data
agnostj ¢ A THNGE ArddSIp RIS ElsGo ARAESTt D f eRaRA Bl bue Acthe AbndthiRlaf LY

GbE WAN serial protocol stack 400, as opposed to four blocks in the standard 10 GbE

LAN serial protocol stack 325, due to the fact that the PCS 64B/66B CODEC may be

bypassed because that code has already been put on the line at the interface to the MAC.

By using the same optical module, operating XAUI in a data agnostic manner, and

15 bypassing the 64B/66B CODEC in the module, the same line card that supports the

standard LAN serial protocol stack may be used to support the WAN serial protocol stack

as well, when operating 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

20 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

25 is powered up, the XAUI bus enters the initialization stage as described above with
17



5 XAUl | anes carries exactly one quarter of the WS rate. Since all data is
8B/ 10B encoded over XAU, the encoded XAU line rate is 9.952/4 * 10/8 =
3.11 Go/ swoxalpssregul ates its line rate automatically byPpenfSos/m7ny per

| ane cl ock and data recovery on the per lane serial bit stream (The WAN
PHY rate control mechanismis described in | EEE P802. 3ae draft clauses 4,

44 and 50 Ther e e onl ee ocks o th ht . of the XAU
bus in th")gfeﬁfﬂ?&%ﬁ arf’gtli“tﬁ’@ 151@3}15 %) f&?rg@d %1158’(}% aﬂggeceévse Sopposed to
four blocks in the standard 10 GbE LAN serl al protocol stack 325, due to
the fact SONETmylontss desoribelvihmrspertdy Fits 2. By His ¥y peeviess OrexanPleote has

al ready been put on the line at the interface to the MAC. By using the
sane opt i svtchmydoiiter lingperdthaniggdAingle XA Ihais ais agpabde oicsuppeming mudtiple 15
bypassi ng the 64B/66B CODEC in the nodul e, the sane line card that supports

the st angletodolsANgS €0 IGHE Piheinec@kingttRek ANByeriEprotRd] dtacks upd SONETh@sHAN
serial protocol stack as well, when operating in a data agnostic manner.

[0048]; Oppd &ﬁistaﬁmalwmeﬁagwmr #ack?vlﬁ SRRIdhidhe Rl B MBer. Thei 1

standar di zat1on is gover ne ti-ven or Mul ti- Sour ce Agreenents

(V55), ATt K A C%bzﬁela?»“‘ﬂﬁé% ot CQF%%%%G ’QPXL

or XPAK NBA_is used in non-standard, dat nosti ¢ WAN P gog

i s at t ach8AUIHUS Fecommppirals PetysaR tapf Weve dRigiongaulgn §ﬁ> c . n
the optical nodule is bypassed. [004%& V\hen the line card supporting the
nonst andaPMDIepticeEmpdinie sEird MIA(daeiversdtthemaiackets to the PN chig, wheretthry sxaul

bus enters the initialization stage as descri bed above with 17 WO 03/098877
PCT/ USO3/ 88/10B ent®iedragd tranimited gerods a XAUTHR fintb hefomplanabdptivabimodtiiag &\,

wherein it transmts and receives SONET payl oad as described with respect

to Fig Zetihfdr OTHRYDYovi@esdBVEIES uff MMd RYSFBy ofthe signals that were transmitted
over a potentially 20 inch long copper bus before the signals are transmitted by lasers via
the WDM PMD.
[0051] While the 10 GbE LAN 4-Lane protocol stack is proposed in the IEEE Draft
P802.3ae specification, missing from the proposal is a 10 GbE WAN 4-Lane architecture.

15 The IEEE P802.3ae task force did not propose a WAN PHY 4-Lane architecture,
specifically rejecting conformance to SONET jitter, clock, and other SONET optical
specifications. Instead, the task force opted for 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.

20  [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 8B/10B,
make up the PHY chip and are the same three blocks used in the PHY chip in line card

25 described above that supports the 10 GbE WAN serial protocol stack 330. Additionally,
18



switch or router line card, having a single XAU bus, is capable of
supporting nultiple protocols, e.g., 10 GbE Ethernet (using the LAN seri al
pr ot ocol woaskdssand SONET (using 5 he nonstandard WAN ser iPEIT/UysO®1356D|
stack), in a protocol independent manner. [0050] As illustrated in Fig. 3,
t he standard 10 GbE LAN 4-Lane protocol stack 345 uses a XAU bus to

communi cat e be en t PHY chip and wave di.vi,Si 0 | £4 plex. ( P

oot cal _mbrEbodan\ngefiEodl theRiEE Blifa b eyt s siini P e gt
they are 8B/ 10B encoded and transm tted across a XAU hus into a faour |ane
optical neRgrBed 2bovg ap surnesting the NMRGYS Lapeprofacabfachy’Zon dl heepbiGRlr i ng of
the signals that were transmtted over a potentially 20 inch | ong copper
bus bef or madhke contpinsithe watinar (RAMYR)tand WM PAERradsodescrihddeaboiiviapiVizs [ 0051]
Wil e the 10 GbE LAN 4-Lane protocol stack is proposed in the | EEE Draft
P802. 3ae spated vie MAUNbusToskd PHYchipnadjhenpthepdsd. is a 10 GbE WAN 4-Lane
architecture. 15 The | EEE P802. 3ae task force did not propose a WAN PHY

4- Lane; ar glghd; &l SHEomBRBR LAt F3hd MvERIRCTHeIEATPB) Qh RN atLaghOMeTmbid fser
cl ock, and other SONET optical specifications. Instead, the task force

opted for ] ri chi.tectur [ above,
ohi o use SRR AEY, dhidhed RGBS IERpRE TS S VR
infrastructure in_su rt of Etherne ver SONET. .20 [ 005 An enbodi ment
of the | nGUTPITSHE (ot PAsammess dalan cuiie DpsKAmS or A PG HEE T ioRter nonst andar d
10 GbE WAN 4-Lane protocol stack. The XAU bus, operating in a data

agnost i ¢ Adigmativelys tha REPomeay mepiSONEEtWork pdapternstinrfhes ¢red instedled isa bighr
SONET. The three bl ocks adjacent the MAC, nanely, the PCS 64B/ 66B, WS,

and PCS Ppéf@BlahBcompetkuesysient foe chiiéctitn fo ausdwarkeastadsersa oy ihdilesd ihlaocks
used in the PHY chip in line card 25 descri bed above that supports the 10

COE WAN S@édkitdp dohiuls @ystetanit can Be chtttcled @0 e nbtworkS/i¥PnlahP 88/ ehdent
PCT/ US03/ 1370

interface. Since a XAUI bus that operates as embodied in the invention essentially is a
generic serial bus, it may be used to connect any number of different devices, on the same
board, or between boards, such as integrated circuit chips, high speed I/O devices,
processors, and programmable logic devices. Thus, the invention is to be limited only by

15 the claims that follow.
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one enbodi nent of the invention uses the sane optical nodule that is used
inthe line card described above as supporting the 10 GoE LAN 4-Lane

prot ocol wWDaskIsB25. The optical nodule contains the reti mer/USRIMY2 and WWDM
PMD, al so described above, and is coupled via XAU bus to the PHY chip

adj acent the MAC. 5 [00531 In one enbodi nent of the invention, the XAU
operating Jjn data agnostic node is resident in the PHY conponent of a line
card, whi *turn, is coupled to a MAC conponent that exchanges data
over the backplane or switching fabric of a router. Alternatively, the PHY
may reside in pet r%.ada ter or interface card installed in a high

per f or mance co%ﬂ%,\%rcaé for connection to a network as a server, or
installed in a 10 desktop conputer systemthat can be connected to the
network via a nediﬂq%de endent interface. Since a XAU bus that operates
as embodi &d i nftREedFARPFSHEessential Iy is a generic serial bus, it may
be used to connect any nunber of different devices, on _the sane, board, or
bet ween biaigings lheigabit persgranddd0 Gbfy ditiackmepdnihingrfass bus berainadisyi ces,
processors, and progranmabl e | ogi c devices. Thus, the invention is to be
limted orfgrrddyto ads XAl owsapnd t hat fol l ow. 19 WO 03/098877 PCT/ US03/ 13702
CLAIMS: What is clainmed is: 1. A nmethod, conprising: initializing a 10

gi gabi t pginsERGRABGN(AplaRdiEy oAldtaebdeioupdddross MK ART ®ub bice e RAUBDIser 5
referred to as a XAUl EUS' and transmtting only a plurality of data
code- gr oupg agfiRgs the XAU bus once the XAUl bus is initialized. 2. The

nmet hod of clarm 1, wherein initializing the XAU bus conprises initializing

2. The method of claim 1, wherein initializing the XAUI bus comprises initializing
the XAUI bus in accordance with a 10 Gb/s Physical Coding Sublayer process, hereafter

10 the PCS process.

3. The method of claim 2, wherein initializing the XAUI bus in accordance with the
PCS process comprises converting a plurality of control characters to a sequence of code-

groups to enable synchronization of a plurality of serial lanes comprising the XAUI bus.

4. The method of claim 3, wherein converting a plurality of control characters to a
15 sequence of code-groups to enable lane synchronization comprises converting a plurality
of control characters to a sequence of code-groups to enable lane synchronization and

)

lane-to-lane alignment.

5. The method of claim 4, wherein converting the plurality of control characters to a
sequence of code-groups comprises converting the plurality of control characters to a

20  sequence of 10-bit code-groups generated by a 8B/10B block coding scheme.
20



the XAU bus in accordance with a 10 Gb/s Physical Codi ng Subl ayer process,
hereafter to the PCS process. 3. The nethod of claim2, wherein
initializwog3npss7XAUl bus in accordance with the PCS pro®esasodmint ses
converting a plurality of control characters to a sequence of code- groups
to enabl e synchronization of a plurality of serial |anes conprising the
XAU bus. 4. The nethod of claim3, wherein converting a plurality of
control characters to a 15 sequence of code-groups to enable | ane
synchroni zati on conpri ses converting a pluralit of control characters to
a sequenc@® of Ekriecdod @bslaing 3oRbgseia 1m§ﬁlé21§g,ﬂ}§|»?£%w bug inpscardance giffetheo- | ane
alignnment. 5. The nethod of claim4, wherein converting the plurality of
control cP@s acicessfuttheracongepae synehwhiziugiemcl voe pSthe phipritiyed lasaterti ng t he
plurality of control characters to a 20 sequence of 10-bit code-groups
gener at eddamﬁng&sde@owggﬁd@ﬁe&ng schenme. 20 WD 03/098877 PCT/ US03/ 13702
6. The nethod of claim3 wherein initializing the XAU bus in accordance
with the PCS process further conprises synchronizing each one of the
plurality of |lanes to determ ne code-group boundaries. 7. The nethod of

cl aim 6, erein injti.aldzing the XAUL.bus | r.dan W PCS
process furt hellrﬂ% |d§£ § Fagfl?sg W?‘ﬁrﬁlrémbtfai?f?gﬁgitﬂ?/%%f(iﬁcbglgél? g‘%"é’ ﬂ&paﬁslcé ?/gt%lst% tted

across the lanes. 8. The nmethod of claim 7, wherein aligning a plurality
of codé- gPeR pEocersiiEhey qosprisse pligung %EluFag]ﬁiéngPWaé‘gm& %naﬁrcgs ﬁ?eur ality
of code-groups transmtted continuously across the |lanes to an alignnent
pattern thneenove cl ock skew between the lanes. 10 10 9. The net hod of
claim1, further conprising encoding data for transm ssion across

8. The method of claim 7, wherein aligning a plurality of code-groups transmitted
across the lanes comprises aligning a plurality of code-groups transmitted continuously
across the lanes to an alignment pattern to remove clock skew between the lanes.

10

0 9. The method of claim 1, further comprising encoding data for transmission across

the XAUI bus after initializing the XAUI bus.

10.  The method of claim 9, wherein encoding data for transmission across the XAUI
bus comprises encoding data as a sequence of data code-groups for transmission across the
XAUI bus.

15

15 11.  The method of claim 10, wherein encoding data as a sequence of data code-groups
for transmission across the XAUI bus comprises encoding data as a sequence of 10-bit

data code-groups generated by a 8B/10B block coding scheme.
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the XAU bus after initializing the XAU bus. 10. The nethod of claim?9,
wherei n encoding data for transm ssion across the XAU bus conprises
encodi ng wetoaoges7a sequence of data code-groups for trans®CI4iSon136r oss t he
XAUl bus. 15 1s 11. The nethod of claim 10, wherein encoding data as a
sequence of data code-groups for transm ssion across the XAU bus

conpri ses,encogin at.a .2 sequence of .10-bjt data code-graups generated
by & 58/ 188 bl SRRTEHRR RetE SRt a gl s sk uns] 195 GRS eSS
met hod of claim 10, wherein _encodi ng data as g. sequence of data_code- groups
for transfrdEngRission3eross Hie XAUI bys conensisps F%Cé’gmé maowewih@t}%oréou cal
Network data as a sequence of data code-groups for transm ssion across the
XAUl bus. dat3 as Thequentoidatd casleagromiss, fonvranseiissian zomessithe Xad/Idnksy a plurality
of data code-groups 5 across the XAU bus conprises continuously
transmtting only a plurality of data code- groups across the XAU bus. 14.
The method of claim 13, wherein continuously transmtting only a plurality

of data g¢gde- ghOHRMAITREFmIY) Fh&Rk ter‘x's'ﬁliftH{gtdﬁﬁfaﬁ%ft&%?&atﬂ"c@&@@ﬂoi%ﬁﬂ the
insertion and transm ssion of any control code-groups. 10 10 15. e

met hod_of _cl ai ; rei event i [Asert i L 1 ssi.on of
anycont FOr kA B Sy B o o3 By BEEA S5
transm ssi on of any control code-groups used to synchronize the plurality
of seri al g‘l"&ﬁ%%‘?m%he%%@ﬁﬂshod of claim 14, wherein preventing the
insertion and transm ssion of any control code-groups conprises preventing
the insertion and transm ssion of any control

14.  The method of claim 13, wherein continuously transmitting only a plurality of data
code-groups across the XAUI bus further comprises preventing the insertion and
transmission of any control code-groups.

10

0 15, The method of claim 14, wherein preventing the insertion and transmission of any
control code-groups comprises preventing the insertion and transmission of any control

code-groups used to synchronize the plurality of serial lanes.

16.  The method of claim 14, wherein preventing the insertion and transmission of any
control code-groups comprises preventing the insertion and transmission of any control

15 code-groups comprises used to compensate for lane-to-lane skew.
17.  The method of claim 14, wherein preventing the insertion and transmission of any

control code-groups comprises preventing the insertion and transmission of any control

code-groups comprises used to compensate for clock rate disparity.
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15 code-groups conprises used to conpensate for |ane-to-1lane skew 17. The
nmet hod of claim 14, wherein preventing the insertion and transm ssion of
any contwolo3oesse? gr oups conprises preventing the inserti @aTArsd3/13702
transm ssion of any control code-groups conprises used to conpensate for
clock rate disparity. 22 WO 03/098877 PCT/ US03/ 13702 18. The met hod of
claim 14, ergin eventing .the insertion and transm ssjon aof .an control
code- grou ﬂ)@h c oﬂ}‘? F@@?%&@iﬁé‘ﬂt%“n&hﬂ‘?&l RIRYEE g]ﬁe ?TPIP]P ﬁ?fi lfﬁ]lorb%/f ANy
control code-groups while transmtting the plurality of data code-groups.
19. The neamiod Cofe-EOHPHEOMPISGS Preyen ¢ insprtignagg HansaIssion 9§ amheoni ]l bus
if aloss of 5 synchronization between a plurality of serial |anes
conpr i si ngodehgodgsUvhibeigansitliegdiot gldralityyofl dada 00¥gtgrbups. 20. The net hod of
claim 19, wherein reinitializing the XAU bus if a loss of synchronization
between a plurality of serial |lanes conprising the XAU bus is detected by
the XAUl bus conprises reinitializing the XAU bus in accordance with a 10
Go/s to Physic i y : r i.SjfNg a
*E;v’. 20 2?1:‘1;6 g&ﬂioﬁ%f%%hﬁ,%f%@?&ﬁ s1n%?e1mt1’§ﬁil\1/§%% %bﬁzﬁ'ﬁ%és%f g

first IEE conpliant 10°gigabit per Secon I um | ndependent

I nterface t ender Subl ayer S). _conponent coupl ed i 10 G it per
second A PAEHRCHATORRFbIeE dapial of st copgiRe B X ABIES Biln: "ro
transmt only a plurality of Is 8B/ 10B encoded data code-groups across the
XAUl bus MH@XA@IM| bus is initialized; the second XGXS conponent
coupled to an | EEE 802. 3 conpliant Physical Medium Attachnment (PMA)
conponent to convert the plurality of 8B/ 10B encoded data code- groups into
an unencoded parallel data streamfor transm ssion to the PMA conponent;
and 20.  The method of claim 19, wherein reinitializing the XAUI bus if a loss of

synchronization between a plurality of serial lanes comprising the XAUI bus is detected
by the XAUI bus comprises reinitializing the XAUI bus in accordance with a 10 Gb/s

10 Physical Coding Sublayer process.

21.  An apparatus, comprising
a first IEEE 802.3 compliant 10 gigabit per second Medium Independent Interface
Extender Sublayer (XGXS) component coupled via a 10 Gigabit per second Attachment
Unit Interface (XAUI) bus to a second XGXS component to transmit only a plurality of
15 8B/10B encoded data code-groups across the XAUI bus once the XAUI bus is initialized;
the second XGXS component coupled to an IEEE 802.3 compliant Physical Medium
Attachment (PMA) component to convert the plurality of 8B/10B encoded data code-
groups into an unencoded parallel data stream for transmission to the PMA corﬁponent;
and
20  the PMA component coupled to a fiber optical transmission module to convert the
unencoded parallel data stream to a serial data stream for transmission to the fiber optical

transmission module.
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20 the PMA component coupled to a fiber optical transm ssion nodule to
convert the wunencoded parallel data streamto a serial data streamfor

t ransm sswonsiegssrhe fi ber optical transm ssion nodul e. 2BRCWDSOBI1008877
PCT/ US03/ 13702 22. The apparatus of claim 21, wherein the XAU bus
operates at a bit rate of 3.125 billion binary digits per second. 23. The
apparatus of claim2l, further conprising: a Synchronous Optical Network
(SONET) framer and scranbl er conponent coupled to the 5 first XGXS
conponent to receive an encoded packet data stream and encapsul ate the
encoded pa&ket The pRRAEIIHPL dloighainvdsream the oA Uj bagaperates pfe bibistg of 3.125
communi cation nedium and a 64B/ 66B encoder/ decoder (CODEC) coupled to the
SONET f r abilioraridarycligitagieg secondnponent t o encode t he packet data stream
received by the SONET franmer and 10 scranbler. 24. A network interface,
conprising: an optical nodule, including: a first |IEEE 802.3 conpliant 10
gi gabit per second Medium | ndependent Interface Extender Subl ayer (XGXS)

conponentzgouptﬁggﬁcga@a 15 PeRIfReCoRpAGNE: 15 Attachment Unit Interface
(XAUl) bus to a second XGXS conponent to traRsmit only a plurality of

8B/ 10B ded data code- h b o '
i a1 | 260 RGBSR (RATERT b ol ol PR3 PR IR
Physi cal _Medi um Attachment (PMVA t t the plurality of
BB/ 108 2013 KSHEHCORD D Bt B IERNG B e GRS AL S St 1 oam

for transm ssion . o
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 scrambler
component to encode the packet data stream received by the SONET framer and

10 scrambler.

24. 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 a 10 Gigabit per second
15 Attachment Unit Interface (XAUI) bus to a second XGXS component to transmit
only a plurality of 8B/10B encoded data code-groups across the XAUI bus once
the XAUI bus is initialized;
the second XGXS component coupled to an IEEE 802.3 compliant Physical
Medium Attachment (PMA) component to convert the plurality of 8B/10B
20 encoded data code-groups into an unencoded parallel data stream for transmission

to the PMA component; and

24



to the PMA conponent; and 24 WO 03/098877 PCT/ US03/ 13702 the PMA conponent
to convert the unencoded parallel data streamto a serial data streamfor
transm sswor3nessar fi ber optical transm ssion nodul e; and &Cphuses/cxb2 | ayer
device coupled to the optical nmodule to transmt a SONET data streamto
the optical nodule. 5 5 25. The network interface of claim 24, wherein the

physi cal |ayer_deyjce includes: a nchr ono i cal twork (S

franer and scrtgﬁg c%ﬂ%‘?‘i’gﬁ% couy! ﬁ?du{eﬁchréfg P%E‘Ff@%? L\%?Bh{oea %eg%l%%%/ert
data packets into a SONET data streamfor transmission to the optical

nodul e. 26. Thdrepmtfppirrnsmissen Weelilar optieal fapsmissign medules adthr i si ng an | EEE
802.3 conpliant 10 Media Access Control device coupled to the physical

| ayer devd pleystdablayerdeniricosplk\@ thd aptica) avldetestottmnsing afYNE € alatal siigam tolevi ce.
27. An information handling device conprising: a switching fabric; a nedia
access comk bpficd Mydhledevi ce coupled to the switching fabric to receive data
15 packets therefrom a physical |ayer device coupled to the MAC device to
recei ve data packets therefrom an optical nodule coupled to the physical

| ayer "devi ce, the nodule including: logic coupled to the physical |ayer

device to,recejyve data .ppackets.therefr ._encode. the dat a. pac .as a
pl ur al’i t y?of gg}el?f%wgﬁclgﬁé}éc?i%ﬁ algbgég-vg}%}ﬂ?@wéﬂy S1C a¥ef’ré1tﬁ¥’t%8tm°§§ e)gl' t he
encoded data code-groups _across a_10 G gabit per cond Attach n& UBit
I nterface? %WUFQHOB%QPB%INQW@k)@QN@sﬁ%ﬂiaﬁfltsi’r&m gomponent coupled to the

optical module to convert data packets into a SONET data stream for transmission to the

optical module.

26.  The network interface of claim 24, further comprising an IEEE 802.3 compliant
10 Media Access Control device coupled to the physical layer device that transmits MAC

data packets to the physical layer device.

27.  An information handling device comprising: -
a switching fabric;
a media access control (MAC) device coupled to the switching fabric to receive data
15 packets therefrom;
a physical layer device coupled to the MAC device to receive data packets therefrom;
an optical module coupled to the physical layer device, the module including:
logic coupled to the physical layer device to receive data packets therefrom,
encode the data packets as a plurality of 8B/10B encoded data code-groups and
20 transmit only the encoded data code-groups across a 10 Gigabit per second

Attachment Unit Interface (XAUTI) bus once the XAUI bus is initialized.
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25 WO 03/098877 PCT/ US03/13702 28. The device of claim27, wherein the
logic is further coupled to an | EEE 802.3 conpliant Physical Medium

At t achnmerwoO(0Bi¥887conponent to convert the plurality of 8BCIOBo®mrored data
code-groups transmtted over the XAU bus into an unencoded parallel data
stream for transm ssion to the PMA conponent; and s the PMA conponent

converts e unhencoded ral lel .data,streamito.a serial dat m for
t r ansni ssl&gn t@ﬁ%&?‘f“ﬁee?focg?}m }Cﬂglwqefeé%g}?ilg%lf’ &h %?O&Pi%F’ %@Egg@?ge of
claim 28, wherein the XAU bus operates at a bit rate Of1§'l% billion

bi nary di gemeRlgssPhysiesd Apdiu Atgghmen(PMA)COMROREHYte cagvert e Rlurgler 0802, 3
conpliant 8B/ 10B Physical Coding Subl ayer conponent coupled via a 10

G gabi t p8B/1§Bcmnodebt datectndergrousi trankmitted foxrerethe XoAI] bisuigta an ensnopdeidcal
nodule to transmt only a plurality of 8B/ 10B encoded data code-groups

across t hparXidlldallstre@fiqor frit@mid¥idn tohlSPVAA tdthporehi;z8d. 31. The apparatus of
claim 30, wherein the XAU bus operates at a bit rate of 3.125 15 billion

bi nary, di afétM% SaGR donvists tﬂ@ﬁnéi‘l_@&i’erdﬁ}akbﬁlei)ﬁatﬁ k@b Bla sithg tgh Rirbdie
nodul e co | |

optica rises a wave divisio mul ti pl ex optical conmmrunication

medi um co nent. . A S £i.8l.ng. switching fabric; 26 WO
03/ 098877@%%%%%?76@% 3&2@\/\%?%%5 Sgﬁgg%%ul%oupl ed to the switching
fabric to exchange data packets therewith; the network interface

i ncl udi ng:

29.  The device of claim 28, wherein the XAUI bus operates at a bit rate of 3.11 billion

binary digits per second.

30.  An apparatus, comprising:

10 alEEE 802.3 compliant 8B/10B Physical Coding Sublayer component coupled via a 10
Gigabit per second Attachment Unit Interface (XAUI) bus to an optical module to transmit
only a plurality of 8B/10B encoded data code-groups across the XAUI bus once the XAUI

bus is initialized.

31.  The apparatus of claim 30, wherein the XAUI bus operates at a bit rate of 3.125

15 billion binary digits per second.

32.  The apparatus of claim 31, wherein the optical module comprises a wave division

multiplex optical communication medium component.

33. A system, comprising:

a switching fabric;
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an | EEE 802. 3 conpliant Media Access Control device coupled to a physical
| ayer device, the physical |ayer device including a Synchronous Opti cal
Net wor k (V8ONB/Y88%7 f r amer and scranbl er conmponent convert @ataispackers into
a SONET data streamfor transm ssion to an optical nodul e, the physical
| ayer device coupled via a 10 G gabit per second Attachnent Unit Interface

(XAU') bus to the optical ule tg t.ransmt only a lurality of.8B/10B
bhcoded dapa et gRss souREs LS shBeBigRs o Sheinr MiRbshels oty e
initialized. 10 10 34, The system of claim 33, wherein the XAU bus

oper at es B¢twarlpinterfage éncdyding:11 billion binary digits per second. 35. The

system of claim 33, wherein the optical nodul e conprises a wave division
mul ti pl ex opti ealEEDROLBIcompliant Metla Acces Gootrehdevi@toupled to a physical layer

device, the physical layer device including a Synchronous Optical Network (SONET)

5 framer and scrambler component convert data packets into a SONET data stream for
transmission to an optical module, the physical layer device coupled via a 10 Gigabit per
second Attachment Unit Interface (XAUI) bus to the optical module to transmit only a
plurality of 8B/10B encoded data code-groups across the XAUI bus once the XAUI bus is
initialized.

10
10 34.  The system of claim 33, wherein the XAUI bus operates at a bit rate of 3.11 billion

binary digits per second.

35.  The system of claim 33, wherein the optical module comprises a wave division

multiplex optical communication medium component.
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