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Enbodi nents of the invention relate to an apparatus and method for
transmtting data across an | EEE P802.3ae 10 G gabit Attachnent Unit

( XAUI ) vixwes/doss7a prot ocol i ndependent nmanner. BACKGR@JNWmS03/m37¢4200021 A
communi cati on bus coupl ed between hi gh performance devices, such as a
comuni cati on bus providing for interconnection between integrated circuits

(for "chip to chip" ﬁm‘runi ciéli)or%b | nput / OJtBut (11O devices, or

bet ween printed . cjrcuiROIAEILINPRRELDENT YPN may need to operate at
very hi gh communi cHSNGA 1 feIGA8IT ABTACHMENT UNIT INFERFACE | gic and pin counts
for inplenmenting the bus may need to be mnimzed to reduce cost 15 and
conpl e@wﬁwevi ce in, or devices between, which the bus is |ocated.
Generally, a parallel bus will not neet the needs of many of today's
applsi c s nEmblodiments o&ihe gnveiition reldte to an apparadns and mashaddbpirangmitiing | ow dat a
transm ssi on speeds of one billion bits per second or |ess per parallel
si gnal datdaciosindEBE Pisad. 35 IPrGikabibAtdvhmeght (Gean@fAlT) pucmpgivbtecadf operati ng at
faster speeds than a parallel bus, will not neet today's needs as well,
based gidep@dadt main@art 20 on bandwi dth demands. Applications today may
require multiple serial signals operating in parallel to overcone these
limtations. A parallel arrangement of serial signals is henceforth
referred to as a "serial bus". 100031 A bus generally contains control

I i nes R&Sﬁﬁ i nes. A synchronous bus generally is capable of operating
at fas t han an asynchronous bus because no handshaki ng 25
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chip” communication), Input/Output (/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 fo reduce cost
15 and complexity of the device in, or devices between, which the bus ié 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 seriat 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 containé 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 ﬁxéd protocol typically is used for



and the bus can operate very fast relative to an asynchronous bus. 100041
However, a synchronous bus includes a clock in the control |igpes d
requires a fixed protocol for conmunicating data over the b b§EEd2@H'the
cl ock. Thus, devices 5 connected to the synchronous bus nust operate at

t he samwoabk@eds7r ate and participate in the fixed commpor/esdsierzpr ot ocol . As
a result, although many different synchronous bus architectures exist
today, they are intimately tied to a predeterm ned comuni cation protocol.
Thi s predeterm ned conmmupi cation pr.otocol, can be signifjcant. limtation,
for exeqmnBnicaRgdata oyenihe bus, g ftafece g’gfcﬁtg %ﬁgmﬁﬁ@hﬁﬁlgg’c?iolF \i:lae flcllj or franed
according to 1o different communication protocols, and is to transmt the
dat a actuskibe buscap gperate Xy fast siafIveyo asYRGEROE Pi%e| | known cl ock and data
skew probl enms, the longer a synchronous bus, generally speaking, the

sl over tobed] sPeecrenf syhchrdnoys busGadedes Felock inghe eontiol Bresppd gaquires?  and

El ectroni cs Engineers (I EEE) has proposed a standard for extending the
oper at i fixel protosd] dnreemafunidating datGrgathe budvbatedon thdslskddhes, dévidest er f ace

(XGM'1 ) parallel bus and reducing the nunber of interface signals between
t he ; Medinfeddalio 3 REHr6us blaRst apetatlaythi emhe dlogkemtelnd iparicipéfeliY) conponents
in a 10 Ggabit Ethernet system (hereafter "10 GE systent or sinply "10

OE" ) . il BRePERRRS AL ation BYRRBL EAl 4 RsHIE afiRfubh by Uifferérd sRRBdnosbusf or th in
clauses 47 and 48 of the |EEE Draft P802.3ae , a supplenment to the | EEE

Std. 8%5;Iﬁtec&;?ers lekil to?ﬁg gﬁg% ihdifhtBly e d RS SprélidtdindibdRinhiidafiodet ecti on

( CSMAI access ne physi Cal | ayer specifications, defines the
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synchronous bus, generally speaking, the slower the speed of the bus.

[0005] The Institute of Blectrical 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 ipterface 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 (XGMIT) 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.)




flow, separates the packet byte streaminto nmultiple serial bihgy Qg me
(bit) streanms for transm ssion over a correspondi ng nunber of physica
comuni cation paths ("lanes"), and s encodes the bit streamto be
transmtted on each |lane using an industry standard 8B/I OB coding schene
def i nedwigiizfebs®77 patent no. 4, 486, 739 issued to Franaseeksosfiaw28B/ 10B

codi ng schene translates an eight-bit byte of information into 10 binary
digits for transm ssion over el ectromagnetic or optical transm ssion
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NCI TS T1l1 Fi bre Channel Standards), and the 3G O, high speed 110

i nt er coflevactpasates the pasket bylg stepmdato multiplp pesislbigary déeihpr) siesamifory Gener ati on
Peri pheral Conponent Interconnect Special Interest Goup (3@ O PC-SIQ
(see htirgushissienvopariagiogesponding kEnber of piays]calmupamicatiph patkn\(lanes hand

heret of ore, has not been inplenented in a device in such a way as to be
capabl eneddes tebay srieiy td Beetransmiittedionshdrland usingeandnduwby stadddrd 8BAGB dat a
streans in a protocol independent manner over the bus. Sone data streans,

such aso@ing@thene dRhéCREYS. pafenPRNAHB0,780 ipwedko Franwszek hEhk 8B/A0R st reans, do
not use or cannot take advantage of the 8B/1 OB coding schene, for

eXAD| Goqirhbbde RAMCORP St Tai bt iEGrbBoNais L0 baizty aighiefns. (For a -
description of SONET, see ANSI T1.105: SONET - Basic Description including
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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 (3GI10 PCI-SIG) (see http://www.pcisig.com).

15 [e007] However, the XAUI bus, herctofore, 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

) - sireams in a protocol independent manner over the bus. Some data streams, such as circuit

switched, as opposed to packet switched, data sireams, 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).




Fig. 2 is a flowchart of an enbodi nent of the invention. Fig. 3 is block
di agram of prior art 10 G gabit Ethernet logic and interfaces. 2K @E&lziaaé a
bl ock di agram of enbodi nents of the invention. 10 DETAI LED DESCRI PTI

[ 0009] The 10 GbE proposal, set forth in the |EEE Draft P802. 3ae

speci f i watdzoegs7def i nes a 10 G gabit per second Medi aPCRIEPHIIENt | nterface
(XGM 1) parallel bus architecture, conprising 74 signals (including two
32-bit data paths, one in a transmt direction, and 1s one in a receive

directign: four iﬁ&é@%@ﬁfnd one clock signal). The XGM | coupl es
the Et h&?‘-ﬂ@fﬁ%@ (MAC) | ayer conponent (the MAC | ayer
corresponds _to the |nternationa t andar.d Organi zat i.on' en Systens

| nt er colPAEt TRAPreseRAIPVEROR IS lgusqﬁk?fliyﬂw?ffﬂé%ﬁe’ P%tcba{] ‘Yasytot()ao an Et her net
Physi cal (PRY)_ |ayer device (the PRY | ayer . device coLresponds to a portion
of the @%‘aﬂ%&mﬁﬁgﬁ%‘ﬁm aqcava%nm&f{%‘g"&sw °t[]g‘ﬁﬁ16f°ref‘ﬁgn%e‘ E
specification further proposes an optional XGM | extension, conprising two
10 G gatsifar tosidiilar ¢leente whight er f ace (XGM 1) eXtender Subl ayers (XGXS)
and a XAU bus between them (the "optional XGM 1 extender"; or_ sinply
"XGVk| ext erifigrl is bloskidigramm of4 ypisalfpsior axt 1@ fdgahy AttschweiUnit IntgFfacexanpl e, up
to approximately 20 inches in length in Printed Crcuit Board (PCB)
traces.cidda. opti onal 2s XGM | extender typically extends XGMI in
chip-to-chip (integrated circuit-to-integrated 4 2 It SEP 200$ WO 03/098877
PCTI US03/ 137g, Xisla@léiwt dhaitoPhi Eabédimentff e identi@rur s in nost Ethernet MAC to
PHY interconnect inplenentations. However, it is contenplated XAU nmay be

i mpl enent ed y39t3 8Biotk AMefhm HGridk at 20 REAI Hibkind Bigieaid ivRife@sat ed circuits
,')(ICs) in a single board using traces on a PCB, but other environnments as

wel |, incluGkpg i h&ﬁqu Ferbl@AnSReshd i &fioannect s bet ween boards,
ei ther di re???&lh%? to a bacl0<pl ane. 100111 Using the optional XGM I
exte”pder, a MACto XGM | to PHY parallel bus

DETAILED DESCRIPTION

[0009] 'The 10 GbE proposal, set forth in the IEEE Drafi 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 2 transmit direction, and

15 one in a receive 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 {OST) 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 Circnit Board (PCB) traces. The optional

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




i nterconnection becomes a MACto XGM I to XGXS to XAUl to XGXS to
PHY interconnection. A source XGXS converts the data streamrec .VF(SEHI]ZUU
parallel from an XGM1 to nultiple serial bit streanms for transh ssion L
over the XAU serial bus, io0o whereupon receipt at the destination
Wigtospdaseans are converted back to a parallel BOT/ESESUIS®AM f or
transm ssion over an XGM 1, as further described below 100121 In the XGM I

seri al

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

XGM |

XGXS,

ath in the transmt direction (fr th P nd as a
gestinaFF&H)qﬂﬁcéﬁﬁsﬁﬁ%é?ngﬁvp gn% S oﬁhgpﬁ?ﬁ% %%%ggof an XGXS

to

t he

dat a

operates as a destination, of the zs dat Eﬁgﬁ'glh i het Hansm’ t

di r ect | Beplementations, Hopgeverait dsgonieay, t‘iféa%{ﬂ way AT e(i)ﬁ? Y& Pansnit and
recei ve) conprises four bit-serial |anes, The XGXS uses the sanme code and
codi ng Paifiteie-paint busbetweeaintegated cirenits 58} g single byaed uyngis§ces Ay phy si cal
Medi um Attachment (PMA) defined in the | EEE Draft P802.3ae specification.
The souPE€B, buGxBer enaicosmetds & wall, dwhdingiimplsmenting 4 high spapd antergennesl r eans

separated in four parallel
| anes" ) baawednit®aids wither dilpidy, datoo teaokblamnt r ol

20 conmuni cation paths ("striped over four
characters in the streans into

XAUl code-groups, and encodes themfor transm ssion over the XAU bus.

destin

ajob@ VEmEShE esistaEX GVET dddlldet ateAQIOKGMIT tePH¥ yardlakbus our
conpensates for any clock rate disparity between source and destination

| anes,

XGXS,  affbreofBRfonBidonfed s ST RIREMIBEKI GRS GaKAUIRS XUNB fod{GMIRpact er s.
the reader is referred 5 2 4 SEP 2004 WO 031098877 PCT/ US03/ 13702 to
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er.

our communi cat1 on pat hs, rred to as |
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chitectur t .
[0012) In e%(éluﬁ 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
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 Draft P802.3a¢ specification, The source XGXS
takes data streams, in particular, byte data streams separated in four parallel
comrﬁunication paths (“striped over four lanes™) as its input, maps data aﬁd control
characters in the streams into XAUI code-groups, and encodes them for transmission over
the XAUT 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




generally operates each lane at 3.125 GBaud, but can operate the |anes at
other speeds as well, is PHY and protocol |ndependent and can? e SéP

i npl emented in conpl ement ary netal io oxide sem conductors (CMXS), gp%
CMOS (BiCMOS) and Silicon Germanium (Site) sem conductors processes.

- [00141 wWioasaeet; seri al bus has many advant ages over orOBDSI3013702
architectures, including inplenentation flexibility due to | ow pin count,

better noise inmunity, better jitter cont roI I ower el ectromagnetic

i nterference d conpensatign e skew due to
sel f - cl R %Ii%é%it}:@ E@ﬁ&%g ecf’g?cgg‘fa%?fs ‘ﬁﬁ’ %%??Ul i gt i olglﬁlétgpabl lities, and
| ower power consunption. Although typic sed.tqQ extend the 10 GbE MAC
to PRY infammetiensbauiereraropniamd It#e"f‘f‘sﬁﬁi‘ﬁhﬁ ;;@ger Yo 20 inches over PCB
traces, it is contenplated the interface my be used to |nt er onnect

appl i capian FredAW] tusiisa loyrpin eeimt, splf-timed seriahbysssparatod dnip fome s Gate Arrays

(PGAs), Field PGAs (FPGAs), processors, 20 or conbinations thereof such as
i nt er coconeminicaiompgihs ofereairto bolanes. (Thoimtenfice eompriser/Badata sigaels BWoont r of
conponent, whet her on or between PCBs, to nane a few exanples. [00151 Fig.

1il}y uws@wwafﬁmmi@mmmlmmmmﬁ@xmmm@ediﬁ@ﬁenﬁigm #58. A device
105, for exanple, a MAC conponent, has input and outputs corresponding to

the XG\ﬁdxm nded &h BOI108 cading Scdiee whidhthréviaesson Bettel Higdal ifgfityincthibde:;
respectively, and two 36 it paths 25 conprising: 32 parallel signal paths

for da@%{%ﬁ H) Ydbesd XA iSh scaibld @lialtbud afchBbdRra @ad WO
03/ 098 13702 Si gnal paths. In the transmt direction (e.qg.

from deyp %g}ateskéa& G 3 ERVIEh S cé:polpeg?é &e@ﬁk@aﬁiﬁ&%&eﬁ@i@wf our ei ght

~ bi t bytge nown as anes. Device for exanple

| 5&20? Sﬁ%{’v&o?&;f ﬁ@”&%@@r‘{l“g@%&%@@‘gﬂ (%gtbgerﬁlgirh %‘éﬁég rlrpone Sd élggz\aﬂn::l. 1;8?
100161 F
Comlon e S50 tora@édbéiyéeo SEPHOS Pies eni%ﬁ‘%%g‘f* $FBEEL o

conterrpl ated a si e conponent, or int egrat ed circuit (10 ch| p, may
encompd® @%ﬁ?‘“ﬁﬁlﬁﬂ TSPEGENSTSt | on devi ce (e.g., MAO),

[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 mulii-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/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 XGMII,
including a receive- and transmit-clock, RxC and TxC, respectively, and two 36-bit paths

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




the XGM I functionality, and the XGXS functionality. In such i&stagﬁg, t he
chip interface would be the XAU - the XGMI, if present, nee fhoPk Be2004
exposed. Indeed, rather than an to XGM 1 internal to the chip, the chip
could be carrying, for exanple, a SONET payl oad over a 32-bit internal
dat a bugo 0304871 The source XGXS converts data bytes PCT/USIIIB®E characters
recei ved over each one of the four byte-wi de |anes of the XGMI into a
self clocked, serial, 8B/1 OB encoded data stream for transm ssion across

the XAUL bus at a nominal rate qof 3.125 GBa t 1 lspat i on end of
XAUl , t¥ign - B dhetpsmt cqogie.g.k ﬁ&ﬂél,e‘”f?lzgﬁ)b@?)@g ]gs?,%m%gérr%égsat es for
clock disparity, and decodes the serial, 8BJ1 OB ﬁ?codelg gt?)ta streans

r ecei vegbisdate strenm imoriopr pight-hithyte fegams.pewe 23 Jangs, 11sviie IetaPhct ers for -
transm ssion over the XGM | parallel lanes. As can be seen, é@&]XGXS
conponeetasiple; & PHIY- aimpooernt Jikevise drsinpeip ansd Quipits efsecspandpy to the X rce or
destination, and may operate according to i ndependent clocks. 20 100181 I na
10 GHE ERVXGHS faitiondlite desatisedsboedspabnmai hy c@npanentstl 1 aadk 2%, whi ch have
start and end of frame delimters. Additionally, special code-groups
trangm #)il@]d WHBS Figheilludbdtks the X GXSt furetionilite enibtddeil irecapponbats 11Gandbet ween an
end of frane delimter and a start of frame delimter, are used to -
synchr opy R bothpetRsts 109ad 125, it Geskeiipldial 4 dngs corfBiEA) ol t hough Fi g.
1ill ugﬁogt&g?la{\%hat esﬂslent lally is a5 10 gi?ggi t pe?ﬁ%econd physi cal 25

of - e B P e Bl o venty o5 wsc  ho same

of the | US03/ 13702 invention use the sane

- capan aubHL R, wRGHIELPLS By Ry e B e R *axam .
oper at | B pe 1R oCA R i SONpiLBresch sied ot BE CLRNEE TR BRINARALTE, o
Fundé | oRAMIL Risrs Eeer Sfipos i TR bt PP FRBPEREA SONFT sl 12, o, o

to allowthe interface to transport any type of data, whether packetized,
or ci rever & 3%hit m&%@.ﬂata bus.

[0017] The source XGXS converis data bytes or control characters received over each one

=)

of the four byte-wide lanes of the XGMI into a self-clocked, serial, 8B/10B encoded data
stream for transmission across the XAUI bus 2t 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
XAUT bus into data bytes or control characters for transmission over the XGMII paraliel
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, speciat code-groups transmitted over the
XAUT 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 -



[00201 The functional characteristics of the XAUl bus are md?f%e%p&gé
transmt SONET data in a protocol independent nmanner over thé Q
because SONET data is not o0 packetized, that is, there are no start and
end of franme delimters, and thus, there is no interframe or interpacket
gap durwo@smdssh to transmt special |dle code-groupsPETBitSHs§ht ot her wi se
be used to synchroni ze the XAU bus, deskew the |anes, and adjust for clock
di sparity between the source and destination. [00211 I n essence, the

Y 0B e e T it (rorer
e O et S TDIRE s SRR T BB, SOR A e

operation. The nodified XAUl operates |n node th S eskew and
synchronﬁn&@ﬁﬁlﬂﬂ%tﬁﬁsFﬁ@“ﬁ@@@&ﬁ@#%%@%%ﬂgﬁ%m‘ﬁ?ﬁ e receiver,
thereby allowi ng data that has no encoding, e.g., SONET data, to be

t r ans patheibith is isitializedsBisanadification yelveswepsealng the E@dH elacficak cor dance wi t h
enbodi nents of the invention, to the extent any errors occur on the XAU
bus whi tlerspeistds frun itnfiactiodl dhasgtesstios eand minstifying dhesfugetionpk o] ated to the
bus. Data received fromthe XAU bus may be checked for integrity, and if
an err Ophdrfetciieticab allow thie interfacatid tradspore dny typ¢ bilappwhethespacketizedios manner ,
data checking occurs without the need for 25 extra bus signals to validate
error fresisttangd ssion of the data across the XAU bus, a 8 24 SEP 2004 WO
03/098877 PCT/ US03/ 13702 significant advantage over parallel bus

archite ?ﬂ&e?he%&%&nﬂ%ﬁﬁ:ﬁ&bﬂiﬁicgﬁﬁﬂe RAUTBS @ Baddbfidddo tAdnkilBONEThat data was
transmtte ree of error across the parallel bus. 100231 Note:

her ei “aéﬁﬁaﬁ%éﬁﬁﬁgﬁﬁgﬁ%%mbém SORETHeAtiens@mChi ne, or

process, des P802. 3ae specification, C ause 48, as

mbodi ed in.t S ' | ; R hpfication,
O Y e S e e S S
36 of | OwerPEmeToRh s Gipeyhich bR el RISl Rubhgtpes 47 and

otherwise be used to synchronize the XAUI bus, deskew the lanes, and adjust for clock

disparity between the source and destination.
10021) In essence, the modified XAUI bus operates as a serial commumications 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  transporied across the XAUL
[0022] In accordance with embodiments of the invention, to the extent any errors occur on
the XAUI bus while operating in 2 modified state, the errors are isolated to the bus. Data
received from the XAUT bus may be checked for integrity, and if an error is detected, it is
attributed to the XAUI bus. In this manner, data checking ocours without the need for

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




may be referred to sinply as "C ause 47" and "C ause 48". 100241 According
to enbodi nents of the invention, the XAU bus is first initigl%z@ . per
to Clause 48. In particular, an instance of the 10 GbE Physi €a di 4
Subl ayer (PCs), which controls the functioning of the XAU bus,

i ni ti al woagsnbdser bus based on the transm ssion and reeepUs@GN3®k an [ dl e
code-group sequence. The XAU bus continuously signals, or transmts,
code-groups generated by the PCS Transnmit process. Jn particular, Idle

code- groups, are,conti nuousl nd repetitivel r ] er the XAU
bus 1o FEngH adnfes oy pasilelbun et esfwhffl?/geélﬁ%?i%ésdtee%lﬂ% ﬂg&’ the Idle
code-groups are capabl e of, ?(fei ng. transmtted in both directions. The PCS
Synchr o¥isateitit data s Sansfy §F9ra°é?§éil}ﬁp§m&18h®-sgroups, obt ai ns 10- bit
code-group synchroni zation, and conveys the sgﬁr&chr oni zed ég bi t
code- gr B0d3b N@eth@m@nmﬂ@mﬁ?ﬁf&k@%@p% BiMTL RS ASHES Yr oups to
renove skew between the |anes that has been introduced by the bus. 20

[ 00251 flocess,tdescritédlin IWEE HraftiPROZ.Bad specificationdrlavsedB8: 45 embedieql jithe
initialization process and in an operational state as described in C ause
48, thexXopay@bdrided &f IREEDRGPSDNAa specificationiCidiseci7, may hercRated thus i s

nodi fied in a nunber of ways to provide for transmtting any type of data

over t hgmfld “Bie PCHRAGIET, MehelFTShith MidchinethotithePCS ptesshe invention, as
descri bed bel ow. The nodified operational state is referred to herein as

dat a agfRfleiors, réftrenbesdd @4l 308 I8 87 the FEEE DPeB PG/ 12 spificatioani ng dat a

can be transmtted in a protocol independent manner across the XAU  bus

whi | e tlgﬁg?é{l’%f. ditglsig#ﬁ,;{;&@iafug@gya%gr@iahm»_ state. 100261 Fig. 2 provides

_ ')a flowc i TTustrati'ng an enbodi nent of the invention. The process

TSLATS AP ARk o dand b8 ookt 12 PXDPEARKAL BektRRduptH) | ane at

220, . . us initralization stage 205. The synchroni zi ng
oS S ARG o BT S MBI e sy 200 T
e YOS SRR ok S PR 62 S B BBE L, 1
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 continuousty and repetitively transmitted whenever the XAUI bus is
;5 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 contiruously
) 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.
0 [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



control characters to synchroni zation code groups, including |locating the
10-bit boundaries to for the 8B/1 OB codes, to enable serial [2aheSEP Zgﬂ[]’f
synchroni zation, and | ane-to-lane alignment. [00271 Once synchroni zation
is conplete, the . initialization stage continues on to a deskew and

al i gnmegbh opoegess at 230. The deskew process tests wheCTiB$03415#02 XAUl 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 sane
time, the data.needs t e pulled off. the | ' as wel | .
The deﬂ%@?’mgg%\? - e‘ggjs?%wof%emceﬁ?\ dleﬁtu]%ngl%g&r%?gﬁr?s%g?ed speci al
al i gnnment code-groups being transmtted over the bus to an alignnent

pat t er rbugavhijg the lstlﬁéh"dﬂg‘gﬁ‘?ﬁ{?ﬂeﬁt’ioﬁlsfa% process to ensure related data is
transmtted in an aligned fashion once the bus js in an operational state
and trapeei (g Aprovdese floar chartdiustrating Wﬁ?ﬂ@é%@am"f%@% 935,
initialization of the XAU bus is considered conplete and the 20 bus now
transi tirecess dtartsampon pewertupahal 5 andfglowsiio sypdoomizing gash XAd{Idmet 224 e
operational stage 210, an enbodiment of the invention disables_ the

SyNGhr aiipabf he XA tus aliiidtienstage05i fike selirosizingporcessigrespusdlises of the
PCS. In one enbodi nent of the invention, upon entering the operational
stage, 8 Jdrnfth@whéthérahe XAUR buy/is ety fer oparition The phoeedsuwperates oper ating in a
data agnostic manner, that is, transmtting data 25 without regard to

COde'QERdZégeﬁdé 59 BB Sk Ohd 3 ebr 1616 Wi kync@nizam i8 sbialned wdedchbl e is set 10
2 4 SE 0 03/098877 PCI/ USO3 /13702 to such value, any data

transmfleqds it 8Fo %hro%éyt!io:ﬁéﬁcésé MRS RREMdutIgQomveitBTnE  checking
for coc}e-gro p synchroni zation or l'ane-to-|ane deskew, or adjusting the
transm ssi gn, of _data : t QN80 iM e HRAD-1E Rdari
synchr&ﬂ?‘fotcp%rﬁaorrs%?}rﬁle- 0_&74’%{’8&%@5 sﬁvfr%?oa”e%s wever, theanlegne- based

con ol he B AR Pleshoane stisE AR %ﬁﬂ%ﬁiﬁq\@?h&ﬂéﬁe@ﬁ,ﬁé algfgh

cod¥-g pfoper I-ane syn oni zat 1 on ane-to-I| ane
alignnment is maintai ned. For exanple, .a.variabl fpﬂgl lRdi cates a
dat a adM339t c%ﬂ@@ﬁ'Bm%ﬁgﬂﬁﬁ%ﬁ&es&gﬁ%ﬂl% Og\f‘gatggfﬂe %ék &?e\sl%egﬁ set to

one v alagg élignma rl:(rjlt gl'lmsseasg latez% 0. 2 dessi:[swtpl(')oc%snsotgstt]se vrvhé/tﬁgr "ffl:?é 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 at the 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 XAUT 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 variableis set to a
value to indicate the bus is operating in a data agoostic manner, that is, transmitting data

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




100291 Even though the XAU bus is synchronized and its Ianesgell [ ggsd upon
entering the is operational stage 210, due to factors such a 4 2004
environnmental conditions (e.g., tenperature variations, varying EM

| evel s, etc.), synchronization problens and dynam ¢ skew can occur while
the buswhgshdsgsmi tting data streans. Such instances pemusw/iiseeedi ed by
clock and data recovery circuitry, and XAU deskew | ogic, in the XAUT bus
architecture. Mreover, all data transmtted across the XAU bus is
checked for integrity in accaordance s . w.th, 8B/l | an 0 i ol ation
checki nig.sudthealgpamodats W’E@éé‘%’ﬁﬂﬁ%w b@ﬁ@dﬁéﬁ?@%ﬁ%ﬁ?’gﬁ?\{t hat | ane
synchroni zation and | ane-to-lane alignnment is maintajned within acceptable
r anges. cHerlgng foanedeygrotpsyavkienizasion ot ipadortana deskeV obf 2digtng ty@ nment i s

mai nt ai ned by the XAUl bus itself, w thout any special code-group

t r ans i sais@ission of ddtetopmcke fog apesolse amt codegrosp dyrshranizahien eilppgrior er s

normal |y associated wth the PCS 20 functions enbodi ed in XAU , but not

used Wizhéddskéy Problehs. Bpeevat, ildaiebsed BCS §muhtanizatiompmeess 00301 I n this
manner, any type of data, whether 10 GoE data, SONET payl oad, or other

t ype; of colahfuslFRitidfestall 3eceiel todt-Goms| Mgty that peopesnt Hmchtbhizatiors Wi t hout
t he nee O Interrupt, adjust or alter the data transm ssion in any way,

t
for exaRlige thPark" Lk id H8nBed FRE balmf8 d8=A5Ks AN alabDinditates her wi se be
neededa%mélﬁn’gitﬁ?aa‘{er?ﬁ%ﬁﬂynécrﬁ?oniﬁ'ziat B 004 pOr US0311370 2 WO

031098877 .del i m ti f I ddt @RNMalue hi s 1s made
possi bl %S ‘ﬁ?ﬁ“ﬁéﬁcq‘?ﬂﬁg?ﬁgg&% Oa&&ﬁ%gélgtﬁg?z% g’&ibta‘?shgl? The XAUl .~ whi ch,

after inittial,xatia n,of the s, clock and data rec rY the XAU bus that
~yzero bi@dﬁs?@ﬁwg%?ftoa%aﬁ%‘éﬁ%! | OB coding scheme used by for near
JProvi des N e e 300t tnd AUt Bk Sy hinto RS R itk el Hifuned upon entering the

10 operational stage 210, due to factors such as environmental conditions (e.g., temperature

variations, varying EMI ievels, etc.), synchronization 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 XAUT bus architecture.
Moreover, all data transmitted across the XAUI bus is checked for integrity in accordance

;5 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. Fmportantly, however, such synchronization and alignmeﬁt 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

» functions embodied in XAUTL, 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
intefrupt, 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
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- a a to not
gn idle and data frane b nglfy

s ar 1003k,
t he PCSQdM:T Pl’Ocess of an
o d:?ﬂ%fv%ﬂammws e 8§es§k|a@smmam
'ment of the StatgsAE?ENbegln upon
ACQUID |,

an thvassioneh
ove in
der is referred thereto for a complete description of the

described in Clause 48. Therea
contemplated by the TEEE Draft

) PCS functions and corresponding state machines

P802.3ae specification.

o [0032] According fo oné embodiment of the invention, the PCS deskew state machine
(Clause 48, Fig 48-8) is modified so that it does not check for alignment exrors while the
KAUI busis in the operanonal stage and data agnostic mode is enabled. Rather, the PCS

deskew state machine remains in state ALIGN_ ACQUIRED_1, indicating all KAUI serial
communication paths (“lanes”) are aligned with respect to each other, whether indeed that

cess 18 concerned.

{rapsmit source state machine (Clause 48, Fig. 48-6) and the

;5 isthecaseor not, insofar as the PCS deskew pro

[0033] Additionally, the PCS

9) are altered, in an embodunent of the

PCS receive state machine (Clanse A8, Fig. 48-

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

XAUI bus is operating in data agnostic mode.

in upon the PCS deskew process

5  Transmission of any valid 88/ 10B code-groups can begin

jdle and data frame poundaries, when the

UIRED 1, and as mentioned above, in one embodiment of

entering the state ALIGN_ACQ
g in that state while the KAUL bus is

the invention, the PCS deskew state machine remain

erating in data agnostic mode. The PCS transmit SOUICE state machine remains in state
terminate, thereby disabling code-group

SEND _DATA and does not call the function cvix

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



entering bus is CS deskew state nmachine remains in that state while the
XAU the invention, the Pin state in data agnostic node. Tige/PEEPtsasm t
source state machine renains e operating code-gr P A and does not call the
function cvtx term nate, thereby disabling SgENDUBAN3702erating in data
agnostic node. 25 synchronization functions while the bus is op 12 24 SEP
W}omuso3ll3702 WD 031098877 transmt process when the {evt)term nate
is a conversion function used by the PCS code- Las-mnate is
detected in the data stream te(@ %%\P@Strdndbépa?ﬁﬁsr“g} characters to
S nchtreﬁﬁhgtgggmn&&rd@n us i s operational and in 34Li kew se, the
recel ve state machi ne oncet tBevertAliBlcontiol chattge BN enbodi ment of the
dat a T&nﬁﬁ gdmdedm’@ﬁﬁ?tﬁém?aﬁl Stat e DATA MODE, according s and to detected
f gHgTP nvention. The PCS receive process does not, therefore, resp

process e| tnh(ﬁfde-%ﬂﬁfﬁs)nm send a signal conveying a vaI ue 8t condi tions, and
t B2 U He " s6

at the PCS recel ¥ aﬁ(m}pmsﬂmupﬂﬂ@@@ Wonditions, or if
t he sigpal S Pk redetveisttd YOG & PCS receive p for fault XA A
| 00841 8‘5@“8 odi ment of the |nvent|on0r9j)n%§§a@émqummt@ f%at i on on any 10
However, in B }ngﬁsggatsBMB\ MOYE 38

mode
- agnosnc , therefore, respond to detected fault

s over each XAUI lane so

that the PCS seceive process cail check

fDI fi“'llt C:ndltlcxls’ EI 1f thE Elglil'l -"S 5C t? lt ls 1 :tE i t) t 1€ WE : E ] ] p D C€ 8
4 gl
EI'S p EI nDIIna'l DP Erzltlcn Df tlle E :S E)IIChI ]nlz I'tl:lll's tata InEl:hl[lE (:1E“' S€ !E’ Il g I i ;)

m li initialization. |
results in link reinity | o
king when the PCSisina modified operational state can be
jo03s} Trackmng

one embodiment of the inven

it
ntion, a variable accessible to the PCS transmt

P (
g
m'ay

Agnostic Mode enable N

able =1 only aiter the link initialization Process describ
jon. DAM_enable = .
. ly, ignored during the link initialization process.

. ersc .
48 is complete, and con¥ the XAUT bus can opetate in a dat2

i i tion,
[00361 According to one embodiment of the inven! . N
20 | - |
der mapagement control. Management control 18 poss axm
i er
agnostic mode um

thernet Management Data Input/Output

E
in one embodime ent of the invention, via the | .
et specified in Clause 45, or an equivalent

(MDIO) interface and register S
interface.
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operati :
agcessi glngl tgt ?Le can be acconp enbodi nent of the invention, a i
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48 is conplete, and conversel i '

: . ' y, 1gnored dur t ' ;

i nvent , e hin Qdisment of the

: 25%&33%@%%3{%%@” mﬁfﬂ Igzrﬁﬁ gﬁfa?lsﬁb?%f Z‘?’gﬁz’ﬁbﬂ?géq%or ? ing to one

o ndet Ral@lideanet i Y qy%ox nple, agnosti
%&mﬁi&ﬁ&ﬂer %el“tlhd dafiet in soptiopuatf TERE 8 3@'%!‘??@7’7’[6 fhe i nventgi 8?\, '

via t
Mauag | ent managenent (MD10) interface and regi ster set

speci fi ' ; ' i i
Spec @E’e& %g,a%,qaﬁl} Ee%pﬁ@%%% A enftineats of therifreantion, gcipfrmidgdtd 004~ WO

data delineation is not performed. Embodiments of the invention enable the use of the

5

X AUI bus to replace a data agnostic, general purpose, parallel bus such as defined in the

Optical Internetworking Forum (OIF) Physical and Link Layer (PLL) Working Group
(WG) proposals for System Packet Interface - 4 (SPI-4) and SerDes to Framer Interface -5
(SFI-5) physical transport for SONET data streams. Also, the self-clocking nature of the
1o XAUI bus, wherein the clock is embedded in the data, allows the extension of the XAUIL
bus in terms of lane data rate and scalability of the bus in terms of the number of lanes, 10
address both lower and higher speed data bus requirements, depending on the desired
application.
[0038) Inthe 10 Gigabit PHY specifications set forth in the TEEE Draft 802.3ae
;5 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

50  other things, mapping of code-groups between the PCS and PMA, serialization and

deseriatization (SerDes) of code-groups for transmission or reception on the PMD, and
clock recovery from code-groups supplied by the PMD.

[o039] 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 2 MAC 305 that

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




[ 00371 Altering the PCS functions as descri bed above enabl tgﬁf\@ﬁﬁm t he
~XAU  bus in a data agnostic, or protocol independent, na nér. | PCS
" functionality requires data streamfraning and data delineation in support
of | EEE 802.3 Medi a Access Control (MAC) operations. In accordance with
enbodi nents of the invention, such framng and 5 de¢eUSEIB®2ati on i s not
per f wormed88Enbodi nents of the invention enable the use of the XAU bus to

repl ace a data agnostic, general purpose, parallel bus such as defined in

the Optical Tnternetworking m Packet Interface -.4.(SPl-4).and SerDes to
Framer, %ﬁlﬁ‘e&ﬁrcfcgg-ﬁaﬂ Backplod, oﬁmeqhh@it@ra¢nﬂ9?t§§§‘15‘5ﬁ’fﬂgff8€né) Qr “dat a st reans.
Al so, ]? e selt-clocking nature of the to XAU bu% ggeg N the clock is

e nbeq,ggijgiy?s 6}[52‘?05‘?}8*52’(? Ak bPmbretchipseis tcomplisihe MAG fR sinterms of

| ane alability of the bus in terns of ,the nunber of I anes,

to address po | Fe X meadolﬂ'asamﬂulgawbiﬁhﬂ‘?%nts, dependi ng on
t he Wkéattgﬁ‘sw g&aﬁéogﬁﬁgﬁga%s] axlng the 10 G gabit PHY specifications set

forth in the | EEE, Dr af.t 3hp specification, the PRY |ayer conprises
t he MW¢%$I%W$E%%%?§%C%?%$), t he Physical Medium Attachnent (PMA)
subl ayer, and the Physic &%ﬁﬁgéks%diﬂ#éﬁa(c&ﬁtﬁ))lo Gbisiomplptt Fi ber optics
modul jeeo)aFig. B oS iPe PR ysi cal Dependent Medi um ([IND) subl ayer.
The PMA. typically provide Neq | heefpnee shnaracsidgwhilte PCS to

BB SR et g, T e o,

suppaietictNoterge 1 rifal’-bit-oriented physical nedia, and

perforns, anong 20 other things, '! Pgﬂ] fyecdeoagBAasBsSWhieheteen t he PCS
and %‘R’SEHDM-R@B@M4M§a |o§1) Ser Des) of code-groups for

transm ssion or reception on the PLAID + ESapM@stys from
code- gg GHBS Afdpnvedt (AN Haterfaog Fb ﬁyﬁb@g@%}%ﬂ%gﬁ I us?r ates the high |evel

bl ock lay out of a switch or router Li card hAc] AlGH. t heesPMD(s) ,
PHY( Sﬁ?&ﬁ@tﬂ‘%féﬂmsﬁnm 2SO 9@21693 eg(}gat% F?al%ﬁ ﬂgg co%m cZat es
with,

or exanpl e, upper layers of a projqQco Staf%.rwgva&ﬁgh&wng fabric 14
§ over 1o

2 4 SER A4 RN OaBsVDM) Crhudos e 3PE S e

Light cérried over a single pair of fiber optic cables.

joos1] Inthe standard 10 GbE LAN serial protocol stack 325, that is, in the 10 GbE

protocol stack proposed in the IEEE Draft P802.3a¢ speciﬁcaﬁon, the MAC couples to the

PHY, either directly or optionally via the XGMII extender sublayer (an XGXS pair

s interconnected by a XAUI bus). In this case, the PHY component COmprises a PCS
1

component with a 64B/66B enCODer/DECoder (CODEC) in the PCS that performs

. 1 . it
packet delineation and a setializer/deserializer (SerDes) in the PMA. In the transmt

direction (from the MAC to the fiber optic cable), the SerDes serializes 16-bit parailel data

paths (644 Mb/s each) into one 10.3 Gb/s serial data stream for serial optics in the PMD.

»  [0042] Aline 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

. . d
blocks illustrated at 325, namely, the XGXS function, PCS 64B/66B, PMA serial an

PMD serial. A standard XAUL implementation may be used as the interface between the

55 PHY chip and the optics module. N




(whet her a cross-bar, backplane , or nmeshed interconnected sw tching
Jfabric), O processor' The PHY 3 10, conprising One O nor@ @h%;etﬁjzr
couples the MACto the fiber optic nopdules at the pMD conponent g for
exanple , an Optics nodule’ W' chin turn' couples the line, card to a
fiber optic cable 320. 5 joeal Fig. 3 fiuther ill ustwesdd3®he st andard
bl ock®OA#8Tt erfaces for a 10 device. Note: in 1 OGBASE-X nedia types,
"9' denotes 8B/I OB signal the -,W in | ()G 3ASE-R denotes 64B/ 66B
encoding and the "W in 1 o0oGBASFW denote i he Wde Net wor k (\WAN)
Interqoa@]e T}élg&ha&ﬂrlo(ebﬁsﬁhieeﬂcreaﬁetwoﬂﬁﬁvmié‘%’ﬁgﬁl"%&g%ﬁ ﬁ%rnet frames for
ft2usinisrion over a SONFT OC-192 channel . [B%B SE- L>égl wpalSes 10 wave
di vi sion i1 gééjﬁjﬁgﬁ@@Dﬂd/@mRG&hnéhSQPeﬁmtbéﬁ i@ﬁ’aﬁpge RFEhe 't our

S I g

C . 7 . . .
wavel BAgt ht carried over a single pair of fiber gptic cables.

[ 0041 M(Ettah%%éﬁgg?gm@o/s GRTRPOCSER) aid the be-bitorallel AR P8 M that is, in

the 1 ocol stack proposed in the y via the XGM | extender

subl ayer n XGXS..pai ' f, CPhdR@E R provigedby)tae WIB cpgpyRent ISy thi s case,
t he Ml\é‘gﬁ‘ﬁc?ﬁﬁ?f]ﬁ %{%ﬁgﬂe@éag PCS conponent with a 64BlI 66ﬂ|? enCQODer / DECod"
(CODEQ in the PCS that RaRkLICIARE 50.85denily sprakiag, the

seri aﬂ%ﬂ@%%ﬁé&-ﬁ%@ﬁ%&ggﬁ@g@ﬁ the PMA. In the transmt direction
(fromthe MAC to the fiber tic | B the B6nchoRbieGptival Netwodes  16- bi t

par al WﬁBaﬂaW%ll%ﬁfbﬁﬂ‘PB@ﬁm%B co ggﬁﬁgviﬁ%%‘goﬁ% 0.3 Gbls serial data stream

for serial optics in the PMD. I 1081 SkHoRyRRARS taity t he. 10 GoE
LAN SQ(DMETWG{IQQ@I@W&%‘PPWti %@mﬁfggq‘gbﬁg%%lscai p0 cgupl ed to a PHY clup

that inplenments the XGXS between the -des ahlRfedt Chip,, in
turn, dhﬁc@ﬁnphbaﬁdmoawl@}ﬁqlwceﬁﬁﬁ‘iﬁ’& %g??%gmrrp ses the ri ghtraost four

bl ocks illustrated at 325, nanely, the, X f | Ploamatét B/ 66B, PMA
seri alga@foudihit oféx.584b4 Gb/ss T (5“”96551‘3’rns(‘3;< é‘%@ﬁtgﬂboﬁbnay be used as the.

interface between the 25 PHY chip and the i ULl 2 It SEP 2004
i P n
VIO, 03 ASRRNIFT ORCT92 9. TRYBAN DY Sfiors fioea (8 LARY HR4
rimarily by including the WIS to

standard LAN serial protocol stack described above, p

provide a simplified SONET framer and X7+ X+ 1 scrambler.

o044;  With reference to Fig. 4,2 non-standard 10 GbE WAN serial protocol stack 400, m

accordance with an embodiment of the invention, is iltustrated. 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 2 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

;0  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

i i than 3.125
optical module operates In data agnostic mode, at a speed of 3.11 Gb/s rather

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

i6




[ 00431 The standard 10 GbE Wde Area Network (WAN) serial prot c['olégkt %m
330 conprises a 64B/66B CODEC in the PCS, and a SerDes in t™he s
speed of the serial data streamis 9.58464 Gb/s (SONET OC-192) and the
16-bit parallel data paths in the PVMA are operating at 622 Mils each. The
function proyided by the WS conponent is s descri bedTiusoy13g02] EEE Dr af t
P802. %sz%gs\cl?h I cation, Clause 50. Cenerally speaking, the WS allows 10

GoE equi pnent to be conpatible with the Synchronous Optical Network

(SONET) QG192 transm ssion format. E i m?ﬂé | pnly used to
carry foodejt zBusepﬁnﬂimMD@ﬁésoéﬂfﬂwl@ﬁ‘Mig‘@fWg%?p%ndwtl eeﬁl -192 f or mat
provides an effective data throughput of 9.5 8464 . Ih S constrains
t he t gy BtheEt MTACLﬁlpﬁnEntSO’atﬁﬁOl@,ﬂ‘p? W@P@OW‘&?-&%@%‘E@E‘% he WAN PHY
differs fromthe LAN PHY used in the standard LAN serial protocol stack
descr ic?g@m%e,wm T tdrfachptd of cha WANPHN anhMEStis 9-99¢ GBAYL a sinplified
SONET franmer and X + X6 + 1 scranbler. 100441 W&f)}leéef %;{afgéz;fato Fig. 4, a
non- st:andand, %ng@%ﬁeaé,whenrdaﬁaagnﬂsﬁsmdkis@ oled, gac Whce with an
errbodil%g%t of the Invention, is illustrated. The stack 400 uses a js XAl TI

s canabl oy e CRRIA LAY oo Gufte S ROWIS kite SimentirataiinsREBeeheded with an

enbbdi e invehtion. In this configuration, a PHY chip, conprising

the PCS,  _\vg and X%@&%(&ﬁf‘ﬁ&é‘l%{ét@a%ﬂwqom£§i.1vm/saXAXKtrkguﬂmseitSf ace to an
opti cs""ﬁbﬁm,tﬁwcg conpri ses 1a correspondi ng XGXS conponent, followed by
the PVA and PLAID i CS, .00 ila]_élc' Emg@ga%ﬁ,u&wbﬂn@pemm nonst andar d
10GE mﬁt§é??ﬁ'ﬁn?ﬂﬁ§5’388r@rg%‘§ﬁ:é§can Ejge zo the same PRY chip/optics nodul e
configuration used int Gh . QiRe Y rerH ok 3325 descri bed
above Wﬂt’?ﬁ%ﬁ@?éﬂ@%v‘%ﬁgpé&a?co ég%g%ﬁ%rﬁgs%gt ween the PHY and opti cal
nodul e operates in data agnostic node, at a speed of 3.11 Gb/s rather than
3. 125 drgbtleuvses Ack aWHS0)-nt er f ace needs to match the speed of SONET rat her

than Ethernet at this oint. 16 2 4 SEP, CTI US03/ 13702
10 [00471 There are only threepblocksto e right of%Ea X&B?éusvg tﬂgﬂ&géﬁiﬂd 1 ’[

GbE WAN serial protocol stack 400, as opposed to four blocks in the standard 10 GbE
LAN serial protocol stack 325, due 1o 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.
joo4s} Optical modules are standard, even commodity elements. Their standardization is
governed by multi-vendor Multi-Source Agreements (MSAs). Currently 10GbE LAN
;0 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 XPAXK optical module
and the 64B/66B CODEC in the optical module is bypassed.
[0046] When the line card supporting the nonstandard 10 GbE WAN serial protocol stack

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

25



100461 Bus speed regulation is isolated to the MAC-to-W S dat Qaﬁg %wre
the 10.0 Gb/s Ethernet MAC i npl enents rate control in order to’s Eo 0% he
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 agnostic node. Wen data
agnost {y% 3R6k_77 s enabl ed, each of the four s XAU | aresuserisies exactly one
quarter of the WS rate. Since all data is 8B/ 10B encoded over XAU, the
encoded XAUl line rate is 9.952/4 * 1018 = 3.11 Gb/s. XAU regulates its
line rate automatically b erf.ornmin r lane claock an a recovery on
the pereféranss to Eigy 2.0d ghep %&é@ﬁ?ﬂﬂ?‘ﬁ*ﬁ%ﬁ&ﬂ%ﬁ%‘{%&é‘aﬁ 6(rggl{lélgstrnec hani smis
described in | EEE P802. 3ae draft clauses 4, 44 an&l 50) ioatt&ﬁ047l There are
only tRONETaglordas deserfhed migrespett 19 1ig. 3o this wav; 3,09viRs: RERARIGA d 10 E
WAN serial protocol stack 400, as opposed to four bl ocks iﬁ@ahe standard 10
GOE  Létchar miterpinemdohavmgatﬂ’mg@m%gh& israpaide plppperHag mulRlCs 64B/ 66B
CODEC may be bypassed because that code has already been put on the |line
at t heploRicokf &€ £10 GbE Btheb{usinByhefsAN geriah proterebstagk) pehSONBAUPENE oper at i ng
XAUl in a data agnostic manner, and is bypassing the 64B/ 66B CODEC in the
MOyl e AdHBtaSEHE W AN Serield pbtdcdBétack)l i@ piotocohindersndenti eradndr AN seri al pr ot ocol
stack maybe used to support the WAN serial protocol stack as well, when

oper at jopgy | AFRO3! {6 ARMAEI0 GbB AN Dahd protocondark8dS5 asss ast andar d,
even c@md&t@ e eﬁlelg?{isg_) zI'heisr standardi zation is governed by nulti-vendor

Mul'ti -ggf%ﬁﬁﬁ%&%& ge%hemmﬂ%dwhmasbmaﬁp&wm lize either

it o Pgces  When e MK g OB A5 B i B SRy b ot 3

conoe FERRARAIET VE gt Bl St TPREBERR SRS o e
When tﬁ%ﬁ{}_gﬁ%""gﬁfﬁﬂsm g otHe n@%g aliﬁg)arfg%H&E%N. serial protocol
deger | EmerGINDHOR os i SEp b 6 s B Bl pRla 645 20 o

over a potentially 20 inch long copper bus before the signals are transmitted by lasers via

the WDM PMD.
[oos1] While the 10 GbE LAN 4-Lane protocol stack is proposed in the JEEE Draft

P802.3ae specification, missing from the proposal is 2 10 GbE WAN 4-Lane architecture.

;5 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 SONE/T.

20 [0052] An embodiment of the invention, illustrated at 410 in Fig. 4, provides fora
nonstandard 10 GbE WAN 4-Lane protocol stack. The XAUI bus, operating in a data
agnostic mode, is transporting SONET frames, not Fthernet 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




reference to Fig. 2, and then the operational stage, wherein it transmts
and recei ves SONET payl oad as described with respect to Fi @. /25FEPmgyi s
way, a device, for exanple, a switch or router line card, having a single
XAUl bus, is capable of supporting nultiple protocols, e.g., 10 GE

Et her ng} Hglgw the LAN serial protocol stack) and SOERusosrsi7og s he
nonstand%r serial protocol stack), in a protocol independent nmanner.
[00501 As illustrated in Fig. 3, the standard 10 GbE LAN 4-Lane protocol
stack 345 uses a XAUl bus to co ni cat.e betdvﬁﬁﬁatt he chY Cg_‘i;é)c d wave

di vi si omewmbedimensoftirinyentionpsesshs @me oppehl meduisihat {HEed ) AP her net
packets to the PHY chip, where theg are. 8B/1 % engfng,ﬂ}eandmt;ransmtted
across describaibdyass supportiagthet0 Goin EAN-Lang prafgerlisiack 223. othedpifd + (RTMR )
provides for clean up and repowering of the signals that were transmtted
over a peiukndontidsytheRtimec® TR yarcloWpPat PMIY alsefdesceibehabosp.gndliss are
transmtted by lasers via the WDM PVMD. [0051] Wiile the 10 GoE LAN 4-Lane
pr ot oc QoySlbdeik N APRRROHRPHchip edjbdsRthBMAC. P802. 3ae ecification, nissing
fromthe proposal is a 10 GbE WAN 4-Lane architecture. is The |EEE

P802; 3g6ys3jt &pknd @it of'BE ifeRRSH theBX AV TIing i it agostii med isr e,
specifically rejecting conformance to SONET jitter, clock, and other SONET

optical . ithd FAY dopst £BEb cakd) WHisk nfAyis eovpidas af@ACt he standard 10
"GhE V\Alﬁessl‘gerg?%ltﬂégrr??h@?]gg?ure desccri be above, which uses a commpn Et her net

PMD id inf . ; f Eth
over SORERSEHGEERRR HaE vl I THRCIL G SR b by RHRRY ted at 41011
19, AR oS, B, RS SR RS AN bRl e phigs ack, The

XAUl b a agnost e, Is transporting SONET franes,
not Et hernet packets over SONET. The, three J 5 -+ he MAC,
nanel y,Pe{fH‘E“WW;%ﬁﬁ%a@\?gco%e&ug& ﬂﬁ%&? gggé}%rﬁgﬂk]g&%géd t 2 PHY chip and
are the sanme three blocks used in t PHY chip in _Line car descri bed
above tdssietoncamMier SYSIFR bcf’@gE W"Eﬁgﬁ? %“ﬁ%‘b?&“&?‘@%a&%&&é‘l\ddi tionally,
18 2 4 SEP 2004 WD 03/098877 PCT/ US03 /%1%302 . . N

interface. Since a XAUI bus that operates as embo in the invention essentiallyisa

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 /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 GbE?L#“Sﬁg}Eﬁ?f
protocol stack 325. The optical nodule contains the retinmer ( and
WDM PLAI D, al so described above, and is coupled via XAU bus to the PHY
chip aq&@&@%sﬁ he MAC. s [0053] In one enbodi ment of piclraisbamsen2t i on, the
XAUl operating in data agnostic node is resident in the PHY conponent of a
line card, which in turn, is coupled to a MAC conponent that exchanges
data over the backplane or switching fabric of a router. Alternatively,

t he PHCLAEMS:r esi de in network adapter or interface card installed in a high
per formance conputer system for connection to a network as a server, or
installed in a mdesktop conputer systemthat can be connected to the

net wor k via“ﬁmﬁﬁﬁk@ﬁﬁhﬁbendent interface. Since a XAU bus that operates
as enbodied in the invention essentially is a generic serial bus, it may
be used to connﬁgt any . nunber of different devices, on the sone board, or
bet weer- boafidecthad, e é%“ﬂ%tegrated circuit chips, high speed 1/0 devi ces,

processors, and progranmmabl e | 0gj evi.ces.. . Th the inventikon is to be

| i mi t ednitiatizingis10 gigebitiper %qcan%féogﬁziﬂ if%?hn%ﬁﬁ? Ung T‘%“ﬁ“%%ﬁs’%ﬁ’ﬁﬂl 03/ 098877
PCTI USO3 /13702 CLAIMS: \What is clainmed is: 1. A nethod, conprising:

i ni t5i aéfenadgo as X Adfldaiandper second (10 Gb/s) Attachment Unit Interface
bus, hereinafter s referred to as a XAU bus; and transmtting only a

pl ur al itasnofting atly apdeliyroddas cods-grespstamesstheX AJldus gaes the EAALES bus™ i s
initialized. 2. The nmethod of claim1l, wherein initializing the XAU bus
conpr i sSaitiakded] al 1 zing the XAU bus in accordance with a 10 Gb/s Physi cal
Codi ng Subl ayer process, hereafter to the PCS process.

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 coﬁverting a plurality of control characters to a sequenbe 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



3. The method of claim2, wherein initializing the XAU bus in accordance
with the PCS process conprises converting a plurality of co t{;o%P 00
characters to a sequence of code- groups to enabl e synchronizati En o2f él
plurality of serial |anes conprising the XAU bus. 4. The nethod of claim
3, mg{@&%ﬁﬁ?"”“ ng a plurality of control characteraso®m13ae2 15 sequence
of co e-g#oups to enabl e | ane synchroni zati on conpri ses converting a
-plurality of control characters to a sequence of code-groups to enable | ane
synchroni zation and |ane-to-lane alignnment. 5. The nethod of claim4,
wherein converting the plurality of control characters to a sequence of
code-groups conprises converting the plurality of control gcharacters to a
20 secwenc&h@fneﬂfﬁdbfclaincbme?ghdniﬁgh@%@fsa&égbb‘?%“&?%’%lam(%m@@Sk codi ng
schene. 20 24 SEP 2004 WO 03/098877 P CTIUS03/ 13702 6. The nethod of claim
3 whengigprbdisd fdthbZdofigrisdsaynthtinidingedch oneefohaineli@ e R PCS process
further conprises synchroni zing each one of the plurality of lanes to

det er A6, & fegadsries. 7. The nethod of claim®6, wherein
¢ Sgﬁ%é‘%

initialrzin bus in accordance with the s PCS process further
conprises aligning a plurality of code-groups transmtted across the
| anes. 8. The nethod of claim7, wherein aligning a plurality of

code- gy oupg., tr apsni £33 iditdBizh R MRS ADIPiS in@scalingaivity the pl urality of
code-g{'oup' angﬁ‘gﬁloﬁlg g’g‘ﬁ%l nuously “across the |lanes to an alignnent

pat tery Lo r.empue. ol ock, sieu HEL YRR DRoi@iRps EhmdfeucroBoret hod of
cl al mPLS prpgesh, ‘éfdi?B}PF‘E‘fsnkag‘\gélﬁg% |ng1t%gfca F&r Fransm ssion across the XAU

bus after initializing the XAU bus. 10. The nethod of claim9, wherein
. encodiligsdata for transm ssion across the XAU bus conprises encoding
) data as a sequence of data code-groups for transm ssion across the

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 {ransmission across the XAUI

bus comprises encoding data as a sequence of data code-groups for transmission across the

XAUI bus.

15

;5 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.

21



XAU  bus. 15 15 11. The nethod of claim 10, wherein encoding data as a
sequence of data code-groups for transnission across the 2AY SBRs2004
conpri ses encoding data as a sequence of 10 bit data code-groups generated
by a 8B/ 10B bl ock codi ng schene. 21 24 SEP 2004 WD 03/098877 PCTI US03
/13702 3/03-43‘?7 nmet hod of claim 10, wherein encodi ng gar@asemasmzsequence of
data cOde-groups for transm ssion across the XAUT bus conprises encodi ng
Synchronous Optical Network data as a sequence of data code-groups for
transm ssion across the XAU bus. 13. &ge met hod off%aiégg w@erei n

t r ansnilet i nghemethod ofleirnl(, persin epseding daRR 247 frgpence o dalg GUCFHWS \AUT bus
conpri ses continuously transmtting only a plurality of data cqde- gr.oups
acr 0ss fifiemdtiiskionarsoss T XAHEbysxompdisesfeneddin g Fghroppes @plp ?Wpﬁ%ousl y
transmtting only a plurality of data code-groups across the XAU bus

f ur t helgae QIR Edqaece RF AMe Bbdergoisdor tnsemission acmss the XKAAHMgsi on of any control
code-groups. 10 10 15. The nethod 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 code-groups used to

synchr qgi zerhdiGoiba bRl Yol irasmitBnsnly 4phurding offedthostioafiowdsai m 14,
wherei n " preventing the insertion and transm ssion of any control

code- grou C i ks LasKidol Apkrdlitposdatassiden of any
cont’r oF°?%%E%g‘5@3:b§sﬁ‘§°§'pﬂc‘§¥£%{§@g’“ﬁi§gr§hto cﬂéglrgg%ynsg& for lane-to-1ane skew
17. The nmet hod aqf im 14, wherein preventing the insertion and
transrrﬁ?é‘?%?’?r?f‘f‘wﬁig]ﬁrol code- groups conprises preventing the insertion
and transm ssion of any control code-groups conprises used to conpensate
for clock rate disparity. 22

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.

1o

w 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 larie-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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2 4 SEP 2004 WO 03/098877 PCT/U S03/13702 18. The net hod oé ilﬁi;n Jnénl
wherein preventing the insertion and transm ssion of any céntr 2004
code-groups conprises preventing the insertion and transm ssion of any
control code-groups while transmtting the plurality of data code-groups.
19. Th%&ﬁ},@g& of claim1, further conprising reinitimtgoseghe XAU bus
if aloss O % synchroni zati on between a plurality of serial |anes
conprising the XAU bus is detected by the XAU bus. 20. The nethod of
claim 19, wherein reinitializing the XAU hus if a .l oss .of synchronization
bet weenl& plTheaistiod ofclaine A #.avhoreinprsversing thednsrgiqn And ARFIISSIAN 9380 ot ect ed by
the XAU bus conprises reinitializing the XAU bus in accordance with a 10

@b/ s i ooRityitodaEroGpditongpriSespranentingiho gnssrion and trasmissioarefenscotiBhpri si ng a
first | EEE 802.3 conpliant 10 gigabit per second Medi um I ndependent

| nt er f a@@e-pfoupEWHRE trDishiitdie the PHENBY ofdatpandengroupsupl ed via a 10 G gabit per
second Attachnent Unit Interface (XAU ) bus to a second XGXS conponent to

transmt only a plurality of 15 8B/ 10B encoded data code-groups across the
XAU bus once the XAU bus is initialized; the second XGXS conponent

COUDl €0y 0y 189 2 § b B 1alVol UK AT s of P

component to convert the plurality of 8B/ 10B encoded data code- groups into

an unencoded .par aj | ¢l ; i Ynch ARMEAHOR AT Hub s Begonponent
and 20 YH 8%%%?58’%@@5%5@%%% ae%l er optical transm ssion nodule to
convert tst{}m%ncoded parall el data streamto a serial data streamfor

t r ansmi % PHe fiber optical transmssion nmodule. 23 2 4 SEP 2004 WO

03/098877 PCTI US03/ 13702

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.  Anapparatus, comprising |

a first IBEE 802.3 compliant 10 gigabit per second Medium Independent Interface

Extender Sublayer (XGXS) component coupled via a 10 Gigabit per second Attachment

Unit Interface (XAUT) bus to a second XGXS component to transmit only a plurality of
;5 8B/10B encoded data code-groups across the XAUI bus once the XAUI bus is initjalized;
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 component;

and

2 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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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 apparat up ;of5pel gmm 21,
further conprising: a Synchronous Optical Network (SONET) franer an

scranbl er conponent coupled to the 5 first XGXS conponent to receive an
encoded @gﬁ% data stream and encapsul ate the encededsypaskst stream for
transM® over a SONET fiber optic comrunication medium and a 64B/ 66B
encoder/ decoder (CODEC) coupled to the SONET framer and scranbl er
conponent to encode the packet data streamreceived by the SONET framer and
10 scranbler. 24. A network interface, conprising: an optical nodule,

including: a first | EEE 802.3 conpliant 10 gigabi} r.s Medi um
| ndependentrhé Ripatdhat clafin L mdereistis PeAldl bus REXEIFS E‘U’n@g’f"i‘gh‘ﬁ%%pl ed via a 10
G gabit per second 15 Attachnent Unit Interface (XAUl) bus to a second XGXS

conpo Bi‘ﬁalé]r &t sec@il. y a plurality of 8B/ 10B encoded data code-groups
across%?lglh% XA [&%us@eonce the XAU bus is initialized; the second XGXS

conmponent coupled to an | EEE 802. 3 conpliant Physical Medium Attachment
(PMA) conponent to convert the plurality of 8B/ 10B 20 encoded data

code- gL,oupsy, i Nt ofegmeabmplighg:dat a stream for transmission to
the P 'CO?BS%%%{a;q&an E%% 24 SEP 2004 WD 03/098877 PCT/ US03/13702 the PMA

conponent to conyert §@$E £ aRa Al kebkmbRt orspcneatootigedtoathe i al dat a
str earﬁsfyé‘FhIP?‘&ﬁ%%ggli%ew?%rﬂa I g}ear optical transm ssion nedule; and a
DS XS cormonct toFSUaRe 88 ehdabdPacRB dafitrediR e encepsulatehem t 2 SCNET

encoded packet stream for transmission over a SONET fiber optic communication

medium; and

a GAB/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 c(;upled 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 initiatized;
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
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the optical nodule. 5 s 25. The network interface of claim24, wherein the
physi cal |ayer device includes: a Synchronous Optical Networ QS@EIﬁTmM
framer and scranbl er conponent coupled to the optical nodul e to convert
data packets into a SONET data streamfor transmi ssion to the optical
nmodul ewozlﬁwégt?? network interface of claim 24, furthecTwsesusiki ng an | EEE
802. 3 corrpflant to Media Access Control device coupled to the physical

| ayer device that transmts MAC data packets to the physical |ayer device.

27. An information handling device conprjsing,,.a swtching,f.ahric;, a nedia
access contmermm)p@eMit%@W%&eé@eﬁcgﬁﬁdr@Ig%l ftm PLREPE Q18 5F altd%!ar ecei ve data
i s packets therefrom a physical |ayer device coupled to the MAC device to
receive datg:remq‘&armsmhsimfcra)ﬁberOaﬁpabﬁms@éﬁﬂoﬁﬂlﬂ“&é’&fhpl ed to the physical

| ayer device, the nodule including: |ogic coupled to the physical |ayer

devi ce, Pﬂysi&j:ﬁ%é{-@leﬁaé eovphd keths optiel sioddato trantddeSQNET date STt ®et s as a
plurality of Bl 10B encoded data code-groups and 20 transmt only the
encode . roups across a 10 G gabit per second Attachment Unit

I nt erfg’c?g’%‘(aﬂx%ﬁjﬂe%us once the XAU bus is initialized. 25 2 4 SEP 2004 WD
03/098877 PCTI1JS03/ 13702 28. The device of claim 27, wherein the logic is
furfher coupled to an | EEE 802.3 conpliant Physical Medi um Attachnent

(PMA) gconpogent  to, ¢ ; icaBla}QRietioe adidedat a

codé- g§ ups er’%?ﬁvg?ﬂ‘tnfqglﬁa%%%‘%ﬁﬁ]g’)%Jk%}le%%g%%stlo g%&ur?encoded paral l el data
stream for _transm SSi t PRANG R L@ daefgeonent
converf§ﬂ%@%ﬁ%%%ﬁgwgﬁ%{s@f%a§%sp rea%%bé@rgggzpi al c%a stream for
trans mopstisclaloxrx}oéu?e t% Jolmtr)e?tr datd) galcﬁgsl, inbd aagéﬁhi‘%a&@tr@g \#dr8ransmission to the

optical module.

76.  The hetwork interface of claim 24, further comprising an IEEE 802.3 compliant

1 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 (XAUI) bus once the XAUT bus is initialized.
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29. The device of claim 28, wherein the XAUT bus operates at a bit rate of
3.11 billion binary digits per second. 30. An apparatus, conpri ig X l;o a

| EEE 802. 3 conpliant 8B/l OB Physical Coding Subl ayer conponent#c ﬁe&ﬂ@#a
a 10 G gabit per second Attachment Unit Interface (XAU ) bus to an optical
modul ewqub mt only a plurality of 8B/ 1 0B encopedus@atiazozode- gr oups
across the | bus once the XAU bus is initialized. 31. The apparatus of
claim 30, wherein the XAU bus operates at a bit rate of 3.125 is billion

binary digits per second. 32. The apparatus of cl.aim ein the

opt i cal8.nodlikedevisapf tlaios2% Whetein e %%M?QW%FZQ%%%%OWM cation
medi um conponent. 33. A system conprising: a svm'tgtgLn f B’ri ; 26 2 4 SEP
2004 \V\@:HRiaeRBEitaRddiusAtatiznen (BMAQ compaentip SpEEdng d®to the

swi tching fabric to exchange data packets therewith; the nefwork interface
i ncl udgPADR AAcddBEEAt8 08dc3gromHtanamilted/byir sheiEA UE busdptetandmersedete coupled to a
physi cal |ayer device, the physical |ayer device including a Synchronous

Opt i cal,, Neh wak ktréSOF Insiniésici® thePMAsompaixngrand onponent  convert data
packetS 1nto a SONET data streamfor transm ssion to an optical nodul e,

t he, physi \ Eslie baraBel HRtaGlreabid a @einl daegiean At t achment
ﬁ%% ge;ﬁ%;%%f@b&?s tROMRnEsHeN baraBel Hata

Unit | bus to the optical nodule to transmt only a

plural ity of .8 @;}Q Al aseRARdaoUPS across the XAU bus once the
XAUI bf?§ mlfsﬁél{ﬁo%b?g . 10 to 321. The system of claim 33, wherein the

XAUl bus operates at a bit rate of 3.11 billion binary digits per second.

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

binary digits per sccond.

30. An apparatus, comprising:
o alEEE 802.3 compliant 8B/10B Physical Coding Sublayer component coupled viaa 10
Gigabit per second Attachment Unit Interface (XAUTI) bus to an optical module to transmit

only a phurality 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 XAUT bus operates at a bit rate of 3.125

75 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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35. The systemof claim33, wherein the optical nodule conprises a wave
division nultiplex optical comunication medi um conponent. 27, SEp 2004

WO 03/098877 PCT/US03/13702

a network interface coupled to the switching fabric to exchange data packets therewith; the

network interface including:

an TEEE 802.3 compliant Media Access Control device coupled to 2 physical layer
device, the physical layer device including a Synchronous Optical Network (SONET)
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

1 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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