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WD 03/098877 PCT/ US03/ 13702 PROTOCCOL | NDEPENDENT
TRANSM SSI ON USI NG A 10 G GABI T ATTACHVENT UNI T
WHRITBRPFARCE TECHNI CAL FI ELD 5 [00011 Enbodi ments ofciiing®s/izze:
invention relate to an apparatus and nmet hod for
transmtting data across an | EEE P802.3ae 10 G gabit
Attachnment Unit (XAUl) bus in a protocol independent
manner . BACK 0T¢ OFSWPNREE’EWS%@ﬂIQH bus
coupl ed bet whtERYG 4B GIEABTWEGINIENT EREL INGFRFAGE a
conmuni cati on bus providing for interconnection

iIEBYrated circuits (for "chip to chip"
comuni cation), Input/Qutput (110) devices, or between
foedint Eohbod intutstofhlainsientionaeate ©@RNGHAIuSs af@YndlgROfol @ansmitting
operate at very high comruni cati on speeds. Mbreover,

4 88rbace THRPP M2and 101dgARURLScHhRt URR!(&TRTH ibﬁg%%i‘ﬁrotocol

us may need to be mninrzed to reduce cost Is

b
: ' the device in, or devices between, which
1?1&%8%%15%&{‘:}%1@%%& ed. Cenerally, a parallel bus wll

not neet the needs of many of today's applications due
to being limted in operation to relatively slow data
transm ssi on speeds of one billion bits per second or
BAGKGRQUNDar a] | el signal. A sinple serial signal
al t hough generally capabl e of operating at faster
[8ipekds. ¢omanuacgandhis ebugded hetwiekt hipghtpenfeahancediyicss, such as a
needs as well, based at least in part 20 on bandw dth
odermnd SatioAbRk Edidian SorlifLAY niBM I oh aHYdeR ifflektatddl Greuits (for “chip to
serial signals operating in parallel to overcone
> > . | . cial. _

el S B9 LS DOEER U BB b viaa

03]. A_bus nerally contains contral |in d data
PR RedReh POt HuEPohRa R Bop shiR e Mot Sntertuce
operating at faster speeds than an asynchronous bus
1%@6 20S B URE s Wapraentingghe byt wayp pegdstorbsquinimiged to reduce cost
Addi tionally, because a fixed protocol typically is

and eamplritnor 08/ ®9IBS 1T, dPATYiIUSOB!WER0 Fhidolimnbn tsdbeatgl. Generally,
data over the bus, the interface logic to inplenent

atplaeallel bisow ndtSnedt tHenbds 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

on bandwidth 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 contro! lines and data lines. A synchronous bus generally

is capable of operating at faster speeds than an asynchronous bus because no handshaking

protocol is required. Additionally, because a fixed protocol typically is used for
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and the bus can operate very fast relative to an
asynchronous bus. 10004) However, a synchronous bus
wiaoliwdgss7a clock in the control |ines and requir e TUS03/13702
fixed protocol for comunicating data over the bus
based on the cl ock. Thus devices 5 connected to the

t the sane clock rate

nchr onous . hus mJ rate
SR RIRA 6 S8 BVSirine e FIe B Eorive 6 St 5Dt 9 Begihcol is minimal
As a result, althou h many di fferent synchronous bus
e LB Y QsTRIR V ey e aelglivathen sayrehramonnbe®l y tied to
a predeterm ned communi cation protocol. This
el e Hewriared spshmmirc s inclupesot dodl indhecdaerad lines and requires a
significant limtation, for exanple, when a device

fimadpprechebbdfol b@nﬁh&ﬁmﬁﬂﬁg dat avéahdBid Bied@bn fHeIRM, Thus, devmes

according to ! o di fferent communi cati on protocols, and

thnb@ed [AMS ug %?{1 i kdf%ﬁaéé %&g?gbﬁﬁe cl@ﬂgfabe} ﬁ{ré‘;&elx Meipate in

because of

b @%@Q@ggé P B OIS B s

ectrical ,and, El ectroni ¢s Engineers (|EEE), has
BrBs e

8B Fistdedpatied aredpiiericbnlischty amedspatiag] enamunication
d| stance of the 10 G gabit Media I ndependent is
nrAtosp aldus predneyinpdeerhinghichiien protboobehudierrysighiéicairteitation, for
of interface signals between the Media Access Control

dxhip)e, arhdn Bhigsice abuplad/ rrthPevs ke da%mmmmﬁrfﬁﬂﬁcﬁi adeoAling to
10 Gogabit Ethernet system (hereafter "10 GbE systent

cﬁffex%hﬂ?éﬂrﬂmm%@at@?l r))toca—l@ EaRIiORPEM smit B REGLEHst 9163%

ratified in md 2, set forth in clauses 47 an

3 | EEE
RSy %?iff%?lﬁéenseﬁﬁm P HETRN e A5 g0 FEr
Col,| Det ect t hod d
§ %Ifni(lm%qﬁuﬁﬁgg’@ gép‘%q?:s ﬁw(g:nsiov?%g ‘?S??Rﬁ,’g P ﬁ’@ bglgect rical
and functional characteristics for an optional 10

€808t he IngtHtg of Fdegecid end Elechprics HagingoXeIEBE) dixg prepesed a
Subl ayer (XGXS) and a 10 G gabit Attachnment Unit
stemtlandffac exténdinl dhespeiatibni usstar(CElod theX'0 GigabXM#dia Independent
represents the Roman nuneral for ten and inplies ten

Iﬂiehhd:@(ﬂ(@MH? 5@ £llleBBGand rediftdly ths nudBegbdakifise ﬂgﬂeﬂs between the
second Gb/s.) 2 WD 03/ 098877 PCT/ USO3/ 13702

l\fg(égiﬂé)lﬁlcg%(stg gfrfl)é %ﬁ@] )&%Ph%s‘i@l SR Qe (PErPRLL Y Rbnts 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
Collision Detection (CSMA/CD) access method and physical layer specifications, defines
the elecirical and functional characteristics for an optional 10 Gigabit Media Independent
Interface (XGMII) eXtender Sublayer (XGXS) and a 10 Gigabit Attachment Unit
Interface (XAUI) serial bus. (The “X” in “XAUI” represents the Roman numeral for ten

and implies ten billion bits per second, that is, 10 gigabits per second, or 10 Gb/s.)
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recei ves a packet byte streamfromthe MAC or PITY,
dependi ng on the direction of packet flow, separates
Woeosgagket byte streaminto nultiple serial binameriusoes137o2
digit (bit) streanms for transm ssion over a

corresponding nunber of physical comunication paths

th { st b
ool ot 1 BB S ime R 4t sniforARON D eSBadatatg XAV bus
8B/ | OB cod| ng schene defined in U S patent no.
§oolses ypykptiiesrem femihe MAhe or PRY. gepardig aoidieriipection of packet

schene translates an eight-bit byte of information
loty oseparatsis iar yactietdiytessifeam intar anBiplssriehbiongrdigit (bit) streams for
el ectromagneti c or optical transm ssion lines. O her

trlsinidsivoneyes @ co@bspofdigf alimdBdo S sRE IR sHtRS J4FR (“lancs™), and
the 8B/1 OB coding schene as well, such as I nfini Band

éh@o{iéﬁﬁe Bﬁls&%@ﬂﬁ?c’%ﬁﬁh&@c%ﬁé&} sﬁﬂ n?eétﬁgéﬁi 8B/10B

0, Volunme 2 - Physical Speci |cat|o

%o'dﬂﬁ SPOINAHOR s ey 0P 5 P

Pntg:,lsgher § %%ergéllg}gthblpgytpﬁﬁgy - ect g eé&%?&“y'd?ﬁs fgl
I nt er connect Special Interest G oup (3G| 0 PC-SIQG
fagemission ey WRirqyeasoidc eveptical enshoeda linewsier, welhknown serial
XAUl bus, heretofore, has not been inplenented in a
st el U escldtccmaosmy tles8B/0 OB eodmpablanods WwelpROCH hhfiniBand
the transm ssion of one or nore different data

(Sté BEREBIAY TaApme%pé gjé&%@@%ﬁ'ﬁ@kaf@ﬁ@ %@ﬁgo Iﬂ%/s%%

Sone” dat a st rearrs circult swtc
SHPBRER T RN &«fﬁ‘?@% o Ehdg @%@é&éﬁﬁ%&ﬁé Aligs 1

ET (Synchronous Optical 20 NETwork
a%rp&%w”%awdaz élthfez@n bieh oncet U Ganerponsesmabbus
T1.105: SONET - Basic Description including Miltiplex
aghiteetue pronRedgaied by theFdrinaGederatBniRrpREODEBFPonent Interconnect
PCT/ US03/ 13702 BRI EF DESCRI PTI ON OF THE DRAW NGS

Speafightefdre Grogs@HIO PRI )qBed latp: Ak WSt padigdoRy, way of
exanpl e, and not by way of Ilimtation, in the figures

[00h7)t PR WRSELMRARKUIBus r&%t@ﬂﬁe I8 W eldn lnh#l%m\r/ﬁ{e@riﬁ AGfevice in such
nunerals refer to simlar el’enents and

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

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

Description including Multiplex Structure, Rates and Formats),
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s Fig. 1 is block diagramof a typical prior art 10

G gabit Attachnent Unit Interface circuit. Fig. 21is
wor@zoesohart of an enbodi ment of the invention. Rcgyuszizroz
is block diagramof prior art 10 G gabit Ethernet

logic and interfaces. Fig. 4 is a block diagram of

"Eertg ok the invention. 10 DETAI LED DESCRI PTI ON
Egggg?i¥¥Q—E%L€£%Q£¥§§%g%§$§set forth in the | EEE

Draft P802. 3ae specification, defines a 10 G gabit

198081 s Eho Brssw dinveniipm sy Bagited Dynvay phernipieend ot by way of
baral l el bus architecture, conprising 74 signals

instiond iim thet igor 1 1hd acdampandny dravangs inrwlach llensfirence numerals
direction, and is one in a receive direction; four

efortio eimitir gl mis aiddn emectel ock signal ). The XGM |

couples the Ethernet Media Access Control (MAC) | ayer

conpopgny id bibex MG ey el r/pRAT gﬁ&%ﬁfo G%%le)fnt @%aag%xgﬁrslt Unit Interface

I nternational Stanhdard anization's
éhryﬁftrconnecti on (OSl) layer 2 Data Link Iayer
protocol) to an Ethernet Physical (PHY) |ayer device
(the PHY, Il ayer evi ce corresponds.to a portion of the
oSl |§9%e? lﬁxgﬂvsﬂge%|ogﬁ%%|;’0f§mwtaefgﬁh?.m‘@ég%om] The 10
CGbE specification further proposes an optional XGM I
ext enBigod s bledadingrainnef nrigs ant0 Ochigabit Ethvetit fogic and interfaces,
| ndependent Interface (XGM 1) eXtender Subl ayers

( XCXFrigah b ablksihliapres: bedmisetimehe mf (itehavéndiphi onal

XGM | extender"; or sinply "XGVMI| extender"), which
provides for extending the XGM I, for exanple, up to
approximately 20 inches in length in Printed Grecuit
A 1 s. The optional 25 XGM | extender

& XGM I in chip-to-chip (integrated

I [.CUj,t

iopic 41

-t0~j ptegrated, .4 WO 03 77 S03/ 13702
o TG PR gt ihnAae SAda 6ot RSt meRuicHgen defines a
rv?g; to PHY interconnect inplenentations. However, it
10 gt BrrpesenstiVirdia ndrppndsat iniptlasrt@d I peradpl usaschitecture,
poi nt -t o-poi nt bus between integrated circuits (1Cs)
cphmptisisig gl stgrabaibludngiyd 32bislatrpaghs, one in a transmit direction, and

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 (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).

[0010] The 10 GbE specification further proposes an optional XGMII extension,
comprising two 10 Gigabit Media Independent Interface (XGMII) eXtender Sublayers
(XGXS) and a XAUT bus between them (the “optional XGMII extender’; or simply
“XGMII extender”), which provides for extending the XGMII, for example, up to
approximately 20 inches in length in Printed Circuit Board (PCB) traces. The optional

XGMII extender typically extends XGMII in chip-to-chip (integrated circuit-to-integrated
4
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PCB, but other environments as well, including

i npl ementing a high speed i nterconnect 5 between
woadsssiei t her directly, or to a backpl ane. [001®tT/US03/13702
Using the optional XGM | extender, a MACto XGMI to

PITY parallel bus interconnection becorres a MAC to

XGML L tq, XGXS to XAUl to XGXS to XGM |

LY EOTISEEPTTIC S QU TRIEERAVAS PR Yitazoomect
streamreceived in parallel from an XGM1 to nultiple
senleraentpiienss Howaer, ot confeamdntied 31404l weg be ithplexanted not only as a
serial bus, ro whereupon receipt at the destination
PEEXSo-fictngt '{BElbieaileebiimtegateda:imuiH @Cepinesingicbdad kisihg taces on a
paral l el byte streamfor transm ssion over an XGM I,

BCB{ it oltes cHeiseirhdiRdlabediDWclh iR &Eﬁpﬂeﬁlehﬁﬁg & lspeed interconnect

ext ender one i nstance Of an S operates as a source

%@Wgaﬁjoﬁugﬁg&t& Bt B&‘Rgfa‘h@nsm t direction (from

he MAC to~ and as a destination in the

Jectio ot.he

@@Ef Y D MR GO ler LR xR B i s

e transm.t dlrecma Xgﬂ@ source in_the receive

YPIESHOR DRERIMCHAMAC (¢ Hite X4maS fe&eilildy X ohpie eMIL to
foun bit-serial |anes. The XGXS uses the sane code and
bdiimgreponestionsAtsherce X (BB c@iveds tal daCoslienn Sodived brparallel from
(PCS) and Physical Medium Attachnment (PMA) defined in
anfGMEED ohle R3QPLHIS aecanpefor frivgdtibNtn oVdehsSHAUIS e EP%Ts,
takes data streans, in particular, byte data streans

WIRPAIpRhL @€belifh ot Wde@%zﬁi’oh @i(;f@ tﬁ@%ﬁ’aﬁ'bﬁ%ttﬂe%s Rat ﬁverted back to a

( striped over four |anes as |ts I nput, naps
ns
ARt b SAAREERRY Prbil %snfgﬁﬁésqesw%oeéaelow
The tlnatlon odes t he XAUl
l@é?ﬁ {Qﬁaﬁﬁg@{f& é’§i§8 > P nfgRAe 0 %@ﬁgé&ﬁmﬁ@é@wﬂo the
any clock rate disparity betmeen sour ce and
7%‘%3‘5% fatapabrin doxgnsandirgetips (Fourthe M i e ekl ase destination

_data and control characters. (Note: the reader is
inr teeeqeit difecBn OBIOGRE A7stRHCE/AIS0 H(RT @Derates ab helestilbon of the
Draft | EEE P802. 3ae specification, sections 48.2.3 and

XQIPdAa bk ih did Refsmid difcefiGRiA L s&}?é’éﬂn tRO %@%%A #S FatIX AUI path
their use in the XGM | extender.) [0013) The U bus

(&a?zsﬁ‘utl &Wr@é&v@%ﬁfpmséseﬂoﬁr bit-GEh1 $6ek A X E&AR3S He@me code and

four seri
coding rules as the 10 GbE Physical Coding Sublayer (PCS) and Physical Medium

Attachment (PMA) defined in the TEEE Drafi P802.3ae specification. The source XGXS
takes data streams, in particular, byte data sireams separated in four parallel
communication paths (“striped over four lanes™) as its input, maps data and control
characters in the streams into XAUI code-groups, and encodes them for transmission over
the 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 (o data and control characters. (Note: the reader is referred
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communi cation paths, referred to as | anes. The

interface conprises 16 data signals in tw 5 sets of
Wouseokshd erential signal pairs. See |EEE Draft  perusosizio:
P802. 3ae specification, Figure 47-2. XAU uses an

8B/ 10B codi ng schene whi ch provides for better signal
integrity in chip-to- chip Printed Circuit Board (PCB)
tortae BEEE IFE g’%%-éalme@ﬁg@mnasec@@gs 4%-88iand ¢ e or further
that generally operates each |ane at 3.125 GBaud, but
odmmotien abeutchée-panes aat theit hey inghe ds8ViHS:xtendbd.), i s PHY

and protocol independent, and can be inplenented in

[eoBP| ERERRANbUERE Blowlfin Q¥ eschiiine® BEHE bOE SepbfaldShio four serial
Bi polar CMOS (Bi CMOS) and Silicon Germanium (SiGe)

SEThGRBHALRES, RIFQC&S8 88 1a11[3% gﬁtﬁ%iggé}gaﬁ%gﬁ%si 13 dap‘i)s?gnais in two

has many advantages over ot ctures,

i.ncludin i mpl.ement at.i op f | il e to_.l.ow pip.

B el Pl DA Bk PYoF Y Sl Pisure 472

% r el ectromagnetic interference (EM), i nproved ., . .
gﬁ B0 3 1918 codiyg pehemiewhigh prayidasdoy lpiter pignal integrity in chip-to-
sel f-clocking, better error detection and fault ‘

dhipoPranted Fixcap dviakd (AEY), raged XADET 2 puledie soiabbusartttecture that
Al t hough typically used to extend the 10 GbE MAC to

detdtally opamoeradchhe st I XOMBud, batvdrhsreate deliesestad oR@r speeds as

i nches over PCB traces, it is contenplated the

Wwdll, & Pave B oReoUaED chPent, M8 CENDE %ﬁ%leﬁféﬁieh Qﬁbérﬁglementary metal
specific integrated ‘circuits (ASICs), Programmable

. | o
P ARG sL b tat oL BHEMOS) B OERES Bhm
Sr essor to an |I/O device, or Media Access Control
(g?FéSW@WP?dW%‘iSH)é?CGSWSDr bet ween PCBs, to name a few

exanpl es. 00151 Fig. | illustrates an exanple ) .
[l orhel X XBVperiad bre hafananhgsiveniepeser ep athepnbeedrpleiéectur g including
for exanple, a MAC conponent, has input and outputs
implenesipoiodi fregitiihtytdue tXEW pin count; beitirmgisa imenmityebet@niliter
transmt-clock, RxC and TxC, respectively, and two

c3Birdll TovRR bR irdmaseiRiheHB8hc3ENIB! BhpreleEiaERfns@RinBr multi-bit
for data, TxD and RxD, and f@o(ljzsr Igarallblel control 6 WO

b@%&é%@@@ P%éi&%”ﬁ% ggg%en‘fﬁk @&@%}é&&?ﬁg@%ﬁg}é &oﬁtﬁﬁg c%ﬁaﬂlities, and

ransmt tgisrectl on rom . . !
R elmimaied R B8 b AR PR B 8 R PGB AC o PV

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,
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.

[o015} Fig. 1 illustrates an example optional XGMII extender implementation. A device
165, 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

comprising: 32 parallel signal paths for data, TxD and RxD, and four parallel control
6
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exanpl e, a PHY conponent, |ikew se has inputs and
out puts corresponding to the XGwH. The XGXS

wWonglobgyaal i ty described above is performed by  peyusossizyoz
conponents 110 and 120. 5 [00161 Wile Fig. 1

illustrates the XGXS functionality enbedded in

conmponents 110 and 120, separate from conponents 105

sigepl paths. thestrammttelnpttmne(d ga fyinndbdce 8poentlylGak converts a 10
integrated circuit (1C chip, may enconpass any
Sordaey shesiti in@at fooncidievbicieyté etrgums, MASYn as tdnes. XGddite 125, for
functionality, and the XGXS functionality. In such

d:mip@@ GRHY Rem®Bhdht] et deaRe inplRd &ﬁpdtb BorfAbbnding tethe XGMIL

GM 1, if present, need not be expose | ndeed, rather

RPRCR A 1y HBbEE ol 0id e S0P /LB SR oA 120
fekboy® isaiEideBby e

e carrying, or- exanpl e over

B850 PR Dy e 3&?%%0 ﬁﬂ%ﬂ%ﬁw@sgﬁééﬁF%aonems 110 and

over each one f t he four te de | anes of. the

MBperarahe Gom mum@n@é% and éﬁ’i’ptﬂs coplpmpiateds gRgigFemponent, or
data streamfor transm ssion across the XAU bus at a
integiaied cirauite(GY clép, a8y GRaugassAnytsharcekleslastiondevion (endMAC),
of XAUI, the XGXS deskews, that is, aligns, the four

tha K@I\/Iﬂqﬂﬂcﬂﬁﬁﬁﬁtﬁ and fHerX @O mcdﬂoﬁ@myl Inysuchivtatee,atleship interface
the serial, 8B/ 10B encoded data streans recei ved over

&&ﬁd bEMd Xﬂlﬂﬁ - el aﬁﬁ gyésgrﬁ 1?50(:19%'955 @J(pd%@@ rIﬁ@ée%r father than an

for transm ssion over t par al | anes

£A0PG 8, 3@1?&1 HP B 2l sr-e%'a@gf LRk s

da natlon

era cordlng to |ndependent cl ocks. 20
QVBBFE?%FHQ UYnvi ronnent, the data stream

contai ns Et hernet packets, whi ch have start and end
(617§ r Elieesoestei RO KSroonventidlatd tayies oncongpbehascters ihesied gpyar cach one
transmtted over the XAU bus between the delimters,
dftiat fous bytbetide éameant tied GMIT intore seléblocked rsex&ﬂdSWlﬁBanboded data
of frame delimter, are used to synchroni ze the XAU

888 Yor kRnitsSon 9&§Asqmlnq HudRES noh @1 Bke 6F 8 hoY q:’rBaud At the
Fig. 1 illustrates what essentially is a 10 gigabit

AR B ORI b B
P ol e e i L L cbBat A G L gy od over the
ﬂ'ﬁ} bi?s 1?1teovclia$c§ 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.

[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
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.

10019] Although Fig. 1 illustrates what essentially is a 10 gigabit per second physical

interface fo transmit 10 GbE data, as will be described below, embodiments of the
7
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is capable of transmtting not only 10 GoE data, but

ot her data, for exanple, SONET data, using the XAU
W398y | s achi eved by nodi fying the operati onpgfrpsosizzo
the XAU bus after the bus is initialized. The

nodi fication involves separating the XAU electrical 5
characteristics fromits functional characteristics, .
ARG o e pratate fise fordiarmitipg seratiedatit insych »wa [elas device
the interface to transport any type of data, whether

pe@pelde iof dnsnottinggiot ouliyt 1 0sUbE ditechut o@2 Okta;THoe example, SONET data,
functional characteristics of the XAU bus are

omid  TheeXIA U0 bius. amsds taclBENETby adidlyihp the dPeedtRef the XAUI bus after
i ndependent manner over the XAU bus because SONET

BRtRs iSiniPlized. THRFSIEELH B qmvotl‘h%tseﬁaasratiﬂ%‘@k el8@rical
I and thus, t

i

start and end of frame delimters,” ar us, ere is

. : i_NGk:- Whi G Q .
PRk bRl B8, i B HeEBERS BTEs M aLU e hbetiona
t herwi se pe used to synchroni ze the XAUl bus, deskew .
hagicindcs el 5te cQeie o rpmon Hy<LgRs ‘P%@ﬁf%éﬁf Bhgfetized, or
source and destination. [0021] In essence, the
ABRNSvalsbxAUl bus operates as a serial communications
bus to 15 transmt only data, and issues related to
Bp2 at hofimofiondhehbasgerigiog of tIxyX&DE bns sretmalifiedpskeanmit SONET
(alignment), crossing nultiple clock domains, etc.,

&dte i £petocolindupdnaenidsneddbidrahé XA Os tetdust BONET data is not
i gnored during bus operation. The nodified XAU

PREE e@?thhﬂs?th%?a% %ﬁ %ﬂtaﬁg%é of ﬁ?ﬁ% %@%}?ﬂgrs and thus, there is no

synchroni zati on etectl code-grotp

rers at.the receiver t.h by al l.ow n ta fhat .
BEERTRe Bhish e St firing S it G¥sEt 55 Sl B oot might
20 transported across the XAU . [00221 In accordance
e igsosedimpachonizgdhe X fthusrdeskeor thedanse at adingt for clock
errors occur on the XAU bus while operating in a
Gigrdicity betwsemthe sotive and destmatiore i sol ated to the bus.

Data received fromthe XAU bus may be checked for
[0zt Edhickycncg e inbdERdSAUI biSosteiteCidserial cdrBmunications bus to
attributed to the XAU bus. In this manner, data

tERSRK Gy @& UNha (W EDRuUled ROJABREN 0 PinARCE .r,g 2 oenization, deskew

signals to validate error free transm ssio

W?@%?bg %1%@13% opo%?c’do%minss, ete., 911‘631‘/8.‘(3)0 fed du7r17ng bus initialization

but then ignored during bus operation, The modified XAUI operates in a mode that tracks

P

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
transported across the XAUL

[0022] In accordance with embodiments of the invention, to the extent any errors oceur 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

extra bus signals to validate error free transmission of the data across the XAUI bus, a
8
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significant advantage over parallel bus architectures

whi ch generally need extra signals to validate that
wat@wasytransnmitted free of error across the papgh @iz
bus. [00231 Note: hereinafter, an instance of a

| OGBASE- X PCS fnction, state machine, or process,
described in | EEE Draft P802. 3ae specification, C ause
sgnitisantadruigsvienparalel bys akgeduiss rihisieenpral EmEedpxgra signals to
P802. 3ae specification, Cause 47, may be referred to
wilidalothatsiata Wias m:rﬁtttmhﬁrd:mf'qrrdr ahtesﬂ@Spaztaﬁbﬁausac hi ne",

or "the PCS process". Furthernore, references to

Ghmy sHstedicramdtdd av tnstdnee bEERIGRARE-PQZ ﬁﬂ@tion, state machine, or
specification my be referred to sinply as "C ause

ﬁ%ces@ NscoffRAYS SEBB | Di g}?%éé%a@&%@ffﬁ;’a@&l @at?s@q@dés'@ﬂgoﬂled in the

of the 1nvention, bus ' is first |n|t|aI|ze

R L] 2?@%?%&“*@8?&%}%@?%@3 R pefaed o

the functi ] Lnitialjzes the bus

HEBBASOR etlf?@é ?‘l%wgﬂ’é%nng@%% sl 1 Ia%’nJﬂEﬁfP%‘%ﬁ Pragees -

code- group sequence. The XAU bus cont i nuousl ) )
Hieanate, wiereneeadntiasesctindgtioibe WDM}%BS%&%W%@%HOH

PCS Transmt process. In particular, 1dle code-groups

maebemitriqito sghylyan dCiaapet 7't :imﬂél(yaﬁseaﬁsm tted whenever

the XAU bus is is idle. Since the XAU bus is a

[bas] ﬁi@t@hﬁﬁg seEhBbdiReats Jrite: mdbiRioROHe SUXTULPSs i8/Rst initialized as per
capable of "being transmitted in both directions. The

ggse%gn Gh gﬁﬂicﬁ% ' &QEH%&&%%% g@g}'})ﬁlf%%l cl CHAfE gﬁﬁlayer (PCS),

e- grou

BECgnE Bt "ttwgﬂw%é%?@%géi&&tbﬁﬁde@éﬁ 4 b By g e

the code- groups to renpve skew between t he_ | anes that
THASOEIOR aillgtr‘?%“'ﬁﬁ%lé@f Byldqeodsrgroupepqueies ThoXdd ks continuously
XAU bus is initialized according to the link

signiats, ait frzwtiieneqicerews gndratad bydhe 808 Treimméaprostsst dn gsrticular,
described in C ause 48, the operation of the PCS

Iflenotit-gnaips ersnatigdodsty dfterefdidlvebusSaristmiti@twhéRet the X AUI bus is
nunber of ways to provide for transmtting any type

1&’11‘3 @ﬁ&é‘th@‘ﬁ@&U% BI?S AU 11 Rk lex%ﬁﬁé}lr!ﬂl's('}ﬂ e [ e ¥8dd- %‘6%8s are Tcagable of

dinments o he |nven I on cri bed
bn})é]%' tlfﬂaggrglotget%ﬁ% eﬁgﬁ%sgtw@%%qﬁ%%gg%gésg cm%ﬁmuously
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.
[0025] Once the XAUI bus is initialized according to the link initialization process and in
an operational state as described in Clause 48, the operation of the PCS functions
embodied in the XAUI bus is modified in a number of ways to provide for {ransmitting
any type of data over the XAUI bus, according to various embodiments of the invention,

as described below. The modified operational state is referred to herein as data agnostic
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node, neani ng data can be transmtted in a protocol

i ndependent nmanner across the XAU bus while the bus

wo osidodsie nodi fied operational state. [0026] Fi g9pcgrusosizn:
provides a flow chart illustrating an enbodi nent of

the invention. The process starts upon power up at

215 and fol]lows to synchroni zing each XAU | ane at

mode, megning daterqan be traREni&UIn b geetega! indspendsn| mASE ggress the XAUI
205. The synchroni zi ng process is responsible for

hetvdrileithd bigs infetleanodined dpihtidmabstats. r eady f or

operation. The process operates independently on each

[bexee, Figriprosides Bloet éhant BiktSyiRg bh efibadiiiednof the abtaatie dhe
on each lane. As part of the synchronization process,

FrhGsXQbls Bk M@Eriuﬁ YPHB4 Yn LOMYGS §S shfth®mis %&{:Cﬁl}{AUI lane at 220,

characters to synchroni zati on code "groups, udi ng
8B/ 10B

! s Rid dar ] for th . .
I L R A PO BT e Sl B Bagos s responsive

Lol || 0027] On i zat i
pESRgriaEe heise enCh A brs BIFERY SF oo (ibh Rt ot oncgnces

.a_deskew and alignnment process at 230. The deskew
ipfependantly entegclnlsae rad it pemplaielwisnssyhehrarizatimi iy obtadzedyon each
for operation, but is capable of presenting valid data
lapo As @xit ol g styhehrbuisatidi oeess f tht ALl Watcaniisudusl yonpets Idle
on the bus at the sane tine, the data needs to be

coutfrdieflatlerd BQyRUSohiSataIn dolE oFARE, hiBingJoddBhb {hel-rﬂ?bit boundaries

deskew process attenpts to déskew the conti nuously
[ = p 10 .

b8 36 b1 P B B Ly R AP Eh R Jong iguument

t of the.bus initializatign.process to ensure
(P2 o Bt SRBAPR S PR 17 Ll ZATop Stag® Famtigs on to a deskew
once the bus is in an operational state and i
apd kgDt PrRyOsPaat 2400 Aha desbawarroesss tpsteariteties thacgdilildws is not only
at 235, initialization of the XAU bus is considered
read pdeiperaiod, bites @@ables fipoesentimgedlid dutesugion exiting the bus. Since
operational stage 210. [0028] Upon entering the
radred dith 0@l beshage tlflis AeaBRAinE The Qfta hERs tH¥E PLIIATOST the bus
di sabl es the synchronization, initialization and |ink

aiirh@tsé&ﬁe 55 S ?JéﬂgTHé QEREFGF0Qhss LAGHRER désﬁe@t e continuously

nbodi nent of the i1 nventi‘on, upon ‘entering e

RSFAL) 808l 4385y S BEBRL B3 By Bh s 1 atimmens
nmanner, th@i} s, transmtting data 25 w thout regard .
pRigre %I%a-rb? P bB%/ﬁ’étFﬁlk?ﬁﬁl‘i%PﬁOS?ﬁséﬁ gR8re @%f‘é‘h@@ta Eﬁ)tf%tted n an

as the variable is set 10
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
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

without regard to code-group synchronization and alignment. So fong as the variable is set
10
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WO 03/098877 PClI'/US03/ 13702 to such value, any data
transmtted across the XAU bus is indeed transmtted

wid ¢3aegs77 checki ng for code-group synchroni zati on e@f/usos/13702
| ane-to-1 ane deskew, or adjusting the transm ssion of

data to account for or resolve any code-group

synchr onl zation or |ane-to- | ane deskew probl ens

Iotsh aplue; 3y dagrsansas e Posss SynEALEmUS # indepdiransmitiedgwithout
continuously validates all received code-groups,

Cheslyinigrfr ¢ddatgrpuopexhioanatisy nchneti-kat ideskevwandadjusting the

| ane-to-1ane alignnent is maintained. For exanple, a
wasneblien oAb @nRbbent fondire@t@SanyaodélztoupgsyasiirbsizaBeeor lane-to-
of operation is enabled over the XAU bus when set to

Riﬁ@ dHS?JeH'%)robl@iﬁg dowah-afe vhe 'Ba§e§f pt9 SZﬁ@ﬁ&ﬂEathfi‘ll ﬁf@cess

29] Even though the XAU bus iI's sy roni zed "and

&%n?mh&%%wﬁ éfa%gt%g gge?{]eél?c?dg (ﬂl% a,slgglﬂ*gl]gah%t%ggf iﬁ{éagynchromzatmn
?ra'}%ﬁ'l%-{to? fie itaganmentaatd. S prob %k@v’%ﬁ@eﬁbﬁﬁw%s indicates

skew can  occur while the bus |stransmtt|n at a
g dita gamosticmradeioh eperaties iscanbleé oy erthel Ked Hyusey glmléet tarfe value,
data recovery circuitry, and XAU deskew logic, in the
208Ul isdbles] ainaiset cinotieer valbr eover, all data transmtted
across the XAU bus is checked for integrity in

Be0Pr BodCoddh the A BBAIOB sileoreRdantiiRllatds Q[iﬁned upon entering the
checki ng. The SB/10B | ane code vi ol ati on chec

(%%?z{tﬁ)ﬂta t% 18t dﬁ@é&%@%ﬁ%ﬂ@@% é@ﬁfoﬂﬂleﬁﬁgf&ﬁpﬁoﬂs‘{e lLBREnperature

I gnment 1 s nal ntaine accept abl'e ranges

PRERE Ree TR nEd R A6 PRLIA Al mamic scow can

w t hout an¥) speci al _code- %:oup transm ssi ons,
QR P tbebug pEanseyiding dafstisprs opugly iaptenersicrarbe sprsedied by clock

normal |y associated with the PCS 20 functions enbodied
dnd dgaUecovstt cinotitryysed XvUl deskhe 1bgis, insho R At imgrdmtecture.
data agnostic node. [0030] In this manner, any type

Mbredagraall Wi tiasmitfedGokosel ﬂie@{ASQﬁEsﬁsl@ﬁ&!él&ddbr DkegitN BY accordance
type of data, may be transmitted continuously across

WilEs AW 184S o i Yo SR cRBEd ThHe 8B'/mBefaﬁ? Bbde ﬁgla‘%h cRécking

alter the data transm ssi on I n any way, for exanple
gﬁ&?ﬁé{&‘%p gle@c {)31615 Egré égo 10%,&&1’1% on%(—:’to g}lﬁeu %S%Lmt@heag{s %%mgamed within
acceptable ranges. Importantly, however, such synchronization and alignment is
maintained by the XAUT bus itself, without any special code-~group transmissions,
interpacket gaps, start- or end-of-frame delimiters normally associated with the PCS
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, ot other
type of data, may be transmitted continuously across the XAUI bus without the need to
interrupt, adjust or alter the data transmission in any way, for example, to transmit the

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



10

13

20

25

11 WD 03/098877 PCT/US03/13702 delimting of packets,

and | ane-to-lane alignnent. This is nmade possible, in

par ds/ooksy7t he clock and data recovery circuitry oriii®s/is7o2
XAUl , which, after initialization of the bus, allows

for near zero bit error rates, and the 8B/ 10B coding

che ed b XAUl  bus that pr.ovi des, very, good
2‘?@%g%g Oft“tpé@l#% §&4118§% lareligients Thivs fpadeepesiding part, by the
fol ]l ow ng discussion specifically points out where

&lpsb andri#e seoveritcuiyvaliths SA Wi Wércgea&aromtltah@tma of ghgdus, allows

state PCS functions, processes, and state machi nes
deseer txed bit mGl saiese aﬂBﬂw'BlBél (Beeditg schemefrsd eylthe3eAET bus that
for a conplete description of the PCS functions and

BRIVEERS dwss@atﬁué‘gaﬁmasatﬁ@ﬁwnpl ated by the | EEE
Draft P802. 3ae specification. to [0032] According to

e

%%Ir]“ ?@%ﬂ ;ﬂgfggggéngsa&ebﬂxﬁgsé§?{5all§ Els)%l? gﬁﬁ&eﬁﬁcﬁcﬂﬁt@ms of the
che raI| orsvvh e the

i et g PO ﬂbonaaterafs%sa%@e@f@a hines

IS e ‘%ﬁll e(ﬂ Rat her the PCS_ deskew state machin

feshe aueAte Ueresdensaefogepiher FiRdPLacemBlct desmon of the

serial comunication paths ("lanes") are aligned with

Pes portionpamhehraspdrsiing sthietkeshinen degdmphaéad bysthe SEER raft

case or not, insofar as the PCS deskew process is

B&ﬂﬂcﬁﬁaempehiﬁ{:ﬁﬁ;&S] Addi tionally, the PCS transmnit
source state machine (C ause 48, Fig. 48-6) and the

[8@ rﬁ@&iﬂiﬁg% BhecBENRa: éﬁl@ﬁ@%ﬂﬁ&l tid Bes 48 s%t@ machine

altered, in an errbodl ment of t I nvention, to not
t t. n
Pl us e g ok PR A 8 R Bl PR Bl A gy e e
t he bus.is er at i in data agpost

%ﬁ}’%@ﬁ? ‘Eﬁ?rtﬂon&w 6%5%110@@@8 %lsgql%@ﬁérgaher the PCS
beg| n upon the PCS deslcew process entering the state
deslranptal %@»@meemm 1a§tamA£1@NgaCQiHR@;D_ilm inghigating all XAUT serial
enbodi ment of the invention, the PCS deskew state

aqeanimimentioa patisy“laned hate adivatEwithirdspetthe eXAbthiyshether indeed that
operating in data agnostic node. The PCS transmt

iS ercase Girdk SnbRENIBe PETRIHRew ProstAlis corndeMadDATA and

does not call the function cvtX _termnate, thereby
66351204 d o EPYE R PRYUP ransmit 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.
Transmission of any valid 8B/10B code-groups can begin upon the PCS deskew process
entering the state ALIGN_ACQUIRED 1, and as mentioned abovs, 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 finction cvtx_terminate, thereby disabling code-group

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

operating in data agnostic node. 12 WO 03/098877

ROTJI08R37 13702 (evtx_termnate is a conversi on poT/us03/13702

function used by the PCS transmt process when the

code- group Termnate is detected in the data stream
o.convert Ldle control characters to _synchronization

icafaﬁamwgﬁ a f%ﬁkfboiﬁ!u%%ns%? bréheptsd prapwny progesgivdien the code-
machi ne, once the XAU bus is operational and in 5 '
geovn Teynbste is detsaied in Ewalatpssticpmde aowyemalike ¢upDE] characters to
according to an enbodi nent of the invention. The PCS
pasbionizappocedsgmops. not, therefore, respond to

detected fault conditions, and the PCS deskew process
poidelildeds, 1P CeRdeide SiagNRlchaRNYLN RE XA VBbISs 8fcratPonal and in
col umm of code-groups over each XAU 1ane so that the

g@a gk ¥R aer I‘Elﬁﬁﬁ?s if A LHREK MEPES Mg?%lgg tbgéent %@i’im&nt of the

iT the signal 1s sent, 1t i's ignore

jve ss...10 However, in,one enbodi nent, of e

SRl T PP RS Reooit R B ol R e tAe e P

as .per nor,npl eration of the PCS synchronjzation

%Mﬁ%’“ﬁé&ﬂﬂﬁ%&%% nigcesgiegher flgeynot sepd g siegal gonypyirg a value of

reinitialization. [00351 Tracking when the PCSis in a

neRdinn ef cofreprrbonvdr esclaké Wdmebe thadbePCSaheive pracegs can check

ways. I n one enbodi nent of the invention, a variable

fac Gedisiobligions) dr ethPEgntYiananjit is ifSors® b ¢its PCL e@ieMe process.

and deskew, state machines can be set to a val ue

Howéeatihbde bh®oREaRr 51 QRSARhIIBY 1d '

For exairrpl 2, aovar inabl e DAM éﬁlgg?ée?’ O?L%gﬁcerg%gfﬁd'n%a@g%m fane,
' . y . set 10 val u f one ..

SRRl MBaguETaene el SRR A St de P TRl e 457

=1.only after. the link initialization process

! é%tér“?%’%‘af@llwﬂét%?@% 48 is conplete, and conversely,

i gnored during the link initialization process. 20
i?"gﬁsél")fa%%wap%életRCf‘oweﬂémiﬂﬁ@ﬂe@ner@fom glaterpae bt peromplished
the XAU bus can operate in a data agnostic node
mpggeyaysaiagenenbodiornt of the Myeaifmnyanariabletacedssib to the PCS transmit
possi bl e, for exanple, in one enbodi nent of the

sOUrYERtdodvs, add dedkR®, BhitahAdincleARBE RS 2 BARA indicating the PCS is
I nput/Qutput (MDIO interface and register set

opE8Ghd inSdhtd BoddsAL §fRadD FoPlxa 1S qLUa}ﬁ%l%%AMi RAASL BN ned 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.

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

agnostic mode under management control. Management contro] 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
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interface. 13 WO 03/098877 PCT/US03/ 13702 [0037]

Altering the PCS functions as descri bed above enabl es
woeomes7of the XAUl bus in a data agnostic, Or pCTAUSe3/13702
prot ocol independent, manner. Normal PCS functionality
requi res data stream fram ng and data delineation in

af 3 Medi ss Cont
BB asfias S Bt aThed Aot RS tistuse R the XAUT bus in
[ nvent| on, such fram ng and s data delineation is not
perip GERRLc, mmBepRdecaenteainew eNpimes PEfabetionwditiisquires data
of the XAU -bus to replace a data agnostic, general
pitaapoSaningand|datl ddbusatsndh sgpodeaffi[RER &Oﬂ.ﬁMedia@;ncbssaBontrol
hnt er net wor ki ng Forum (O F) Physical and Link Layer
(VRPAC) opértakomg I RYRlantd NG th BMOBESRINE diAhe PYEHEMN, BaK®dming and

Interface - 4 (SPI-4) and SerDes to Franer I nt erface

da'@a dél%!}ﬁ@ 1S%Y 1@@@6&? BRSP@N enfsYr t%%?%nt%a@fg&ﬁ@%'of the

Al so, the sel g nature of t

k IS el edded in the da allo t .

T angg%a%% %@ SRRt Pl 5y wesuaﬁ?%d%wd in the
d scal abi | bus in_terms of the nunbe

Gt SR e (DT BErend darin gy e bl iag ro

bus requirenents, depending on the desired

@) preapsabnior §@&3@1Pachetﬂh@rfg@e G (Rili4) apEgerDes to Framer Interface -5

specifications set forth in the | EEE Draft 802.3ae is

(SPE6) phiysatal omspbitdoPSONETYER seapmis] ARS, thbeclPhkskial nature of the
Codi ng Subl ayer (PCS), the Physical Medium Attachnent

X EVAbusS WHAAE the AHKL s REHRIYSI 6 ¥e &%F Pendestn éﬂémn of the XAUT

(PMD) subl ayer. Fiber optics nodul és are | npl enenteée

b%E i {éﬁn? HYP:HQ ﬁhta%@gﬂg ggglab’}%g' olf'{'ﬁe Eg ENP)e 1%bo| er ﬂ?%%f lanes, to

typically provi dmi ndépen ent

to su ort t he e.of aran
@%H?F%‘FC%‘B l?w?fr% %*{?1‘ B @cﬂ b‘%sré%fi“érem%ﬁtf B@PPBWH the desired
anpng 20 ot her things, mapping of code-groups between
ApPEAPEB and PMA, serialization and deserialization
(SerDes) of code-groups for transm ssion or reception
[0§P81t MiettRMD, Gamblit PETYO spectfeativiersgt fortnm clod EEER Oups 302.3a¢
supplied by the PVMD. [0039] Fig. 3 illustrates the
specifivatienahe PHOClaybadontiseOThePh¥ichictbRhg SOMERE (PURS, the Physical

card,
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
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

communicates with, for example, upper layers of a protocol stack, a switching fabric
14
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including the PMXs), PHY(s) and MAC. Line card 300
conprises a MAC 305 that 25 communicates with, for
woaspbes 77 upper | ayers of a protocol stack, a sw teehjusgs/13702
fabric 14 WO 03/098877 PCT/US03/13702 (whether a

cross-bar, backpl ane, or neshed interconnected
The PHY

t.chin brlc proc 0, .
BUI 2P BRE Gl R SO ogipr G BN or processor.
the fi ber optic_ nodul es at the PVD conponent 315, for
ChaRbive’ 1 0aporapiing onpelunerc aiisets, cquples draMA G tuie dber optic
the line card to a fiber optic cable 320. 5 [00401
Fodulegatfthe PNEP comporsit 2t % ot dxmmpleg nd apiesahods, velndh, in turn,
interfaces for a 10 GbE conpliant device. Note: in

dACRATR Dhawed & 4 ﬂ@@%ptmlﬁabl@@ﬁot es 8B/ 10B signal
encodi ng, while the i n 10GBASE- R denotes 64B/ 66B

sopdE gsﬁﬁﬁn}hﬁ;trw R s %ﬁﬁ?
8 eg ﬁgtmor © X F%ter%gke Su ayer%?%?%§kgﬁyg¥ gggcomphmn
r net fr‘ s for .

88 %M@?@f Fiapes. | BolRgey eg%@f%oodm& while

i [tiple V\DM) technolq ,to sen
L 1SR S Fnrch R SnRing frghioe A rindACBAE-3V denotes
single pair of fiber optic cables. [00411 In t he
the Xidaddeaetmiork LWM)S[?It@faC@SDbIQWI(V@Shhkelm,thﬁtwacapsulates
is, inthe 10 GbE protocol stack proposed in the |IEEE
hherhibt IREOE. Bagauspasdifn cadriaONETOMAG? ebaiipleE 0GB ALRL X4 - uses
PHY, either directly or optionally via the XGM I

v e gibn Sl eing Q%Mﬁﬁ%hﬂﬁb %K( chBERHERRVECLSH W@/el@ngths of

XAUl bus). In this case, component conpri ses
gJS(Der/DECoder ( CODEC)
hggﬁcahrﬁ&%qt%%g%é% é%@?ﬁr@gj gack del i neation and a
i.zer/ SerDes) in t .

i driEeeRaE L é%hﬁm%ww eS1B5cF AR5 R gt L0 GbB
cable), the SerDes serlallzes 16-bit parallel data

Ppleeel sﬁaelmrqpsﬁ@d i8dbe ER OB UBRE02 Bacspebificatier il Mg gouples to the
stream for serial optics in the PLAID. 20 [00421 A

PHYheitberdirestip pooplioglly véa the XRETLANERRr Silllayer (roKGXS pair
stack may include a MAC chip coupled to a PHY chip

mFt)dS'_r"abnnmki&JwKAUﬂws%@@mb QL eid HHME cHAY ?oﬁéiﬁ GMHHSGSTJTFCS
chip, in turn, is coupled to an optical nodul e
cd R PHRN SRR/ 818 A ERIPECIRUCODEC) 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 oplic cable), the SerDes serializes 16-bit parallel data
paths (644 Mb/s each) into one 10.3 Gb/s serial data stream for serial optics in the PMD.
[0042] A line card supporting the 10 GbE LAN serial protocol stack may include a MAC
chip coupled to a PHY chip that implements the XGXS between the MAC and XAUI,
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 XAUT implementation may be used as the interface between the

PHY chip and the optics module.
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bl ocks illustrated at 325, nanely, the XGXS function,

PCS 64B/ 66B, PMA serial and PMD serial. A standard
WAWS/0983T enent at i on may be used as the interfacePCT/UsS03/13702
between the 25 PHY chip and the optics nodule. 15 WD

03/ 098877 PCT/ US03/ 13702 [0043] The standard 10 GbE

OGP, PhEQuLER) bug Yoked Ww&ﬁcﬁﬁé&%ﬁ%ﬁiﬁéﬁ%i gtep30

the PNA&];B peed of the serial data stream:i
oneifgy EAPLOPCRETCOrORSS o 4 FreDesinghe PR altherpeed of the
data paths in the PMA are operating at 622 M)/ s each.

spral daimelrgaonis BAoH €/ DB AMET WCS18rmpditent6-bi psrallel data paths in
described in the I EEE Draft P802. 3ae specification,

1k alvbe afeopetringranb2y MdpeaichnThe iR tioM\bvedddmyshd @Vﬁlﬁmp onent is
equi pnent to be conpatible with the Synchronous

depdritalin et KD SEE Bae %ﬁolﬁgatﬁ)ha@ﬁﬁéesﬁj %nfer%ﬁ%beakmg, the

SONET equi prent iS5 commonly used to carry dat

WRITHAE A tﬁgsegﬁlﬁg{en{; ec L GO ngotaﬁgfaéﬁglﬂ% ﬁl@%&%ﬂn %\os?(ggﬂcal Network

format provi

The, WS cons t t he th oughput
@8@%@8@ ARSI Mg e&b‘é’%’&n B R Xb}lﬁP]d to carry
differs fromthe LAN PHY used in the standard LAN
degraogrmppieatses o vetaekdigegess pedithai¥ve 92 frmatpiovidesyn effective
including the WS to provide a sinplified SONET
detadihsnughpie o945 8464 Gb/ss CFen®l® conshraid 4e Wduighpef @ enGIsR to match
to Fig. 4, a non-standard 10 GbE WAN serial protocol

fisd SOKEA00C- 192 spaic Thel aNERY MY T ks SR TR PRFY (1681 in the
invention, is illustrated. The stack 400 uses a is

stsAraBusSN %@1@&?}?&&05&1 sQPEfal: Y4 bl'ilov% o B mnﬁ%ﬁﬁ%wﬁmg the WIS to

manner, in acc¢ordance wth an

onfi } PHY chi p,
Pic%ﬁ%?a‘ offyiref SUPR FRgp e g &8%1? e, s
ph‘?dl& a a XAU. interface to anotlcs modu
[(\leﬁ] Eﬁ;ﬁgp}lgeetg g, Gof REREREMGL V%@hlrg@ﬁ@]rﬁrotocol stack 400, in
foll owed by the PMA and PMD optics. [0045] A line
aqoardpuse pidran angpodhinent ob Het ianediod, sOBBAAN. SEheistdck 400 uses a
protocol stack can use 20 the sanme PITY chip/optics
XribtiHve capatfié gfismtdting ibadid apnbbee hendedBnlabNr8@idealith an
prot ocol stack 325 descri bed above with reference to

ertb@iim3nt dihte Hhti bt SRk WBRRgEAGoEla PreRlip, 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.
[0645] A line card supporting this nonstandard 10GE WAN serial protocol stack can use
the same PHY chip/optics module configuration used in the 10 GbE LAN serial protocol
stack 325 described above with reference to Fig. 3. The XAUI bus between the PHY and
optical module operates in data agnostic mode, at a speed of 3.11 Gb/s rather than 3.125

(3b/s since the interface needs to match the speed of SONET rather than Ethernet at this

point.
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opti cal nodul e operates in data agnostic node, at a

speed of 3.11 Gb/s rather than 3.125 Gb/s since the
WexBrP3te needs to match the speed of SONET rat harCT/US03/13702
than Ethernet at this point. 16 WO 03/098877

PCT/ US03/ 13702 [00461 Bus speed regul ation is

57 *BiR e Rt e Ralln S B MR %Fcfa?w%ﬁ%ﬁefﬁ e 100

kot el Pt @n?%%g?%emf B sl S 459,625 o
GBaud _irrespective of data agnostic node. Wien data
%@?@@PT@%cﬁ’é iT8e nenfrosdate e WIAN RENY out WIS 30@P52 GBaud
| anes carries exactly one quarter of the WS rate.
iBiemgstiab bf dath agnosti8 BlolOBV&ae dale dgnavie modblik endbikel, each of the four
encoded XAl | line rate is 9.952/4 * 10/8 = 3.11 (/s.

XAV 1areg dhitleg exddtly onk At erAWIORRE SALd M1 Bita is 8B/10B encoded
perform ng per |ane clock and data recovery on the per

GRS ATEkPdnchidd AT 31% ﬁé‘c% %%)Ey%%% ’@é Efe ag erl /% ::}i@g‘us L Sgulaies its

mechani Smis descri be I

B B TR S A 38

5&% N seri al ot ocol stack 400, as opposed to fo
SBHERESe KEhe WU EFY 16 castrol mekhausm a4 dq@w@b@dmlhEE P802.3ae

stack 325, due to the fact that the PCS 64B/ 66B CODEC

duely claasesly gdsséd0because that code has al ready been
put on the line at the interface to the MAC. By using

[etae skreee aptanbadhradidodie to dRaig bh theXMUT bils @ a@hanstandard 10
agnostic manner, and is bypassing the 64B/ 66B CODEC in

GUrEWRK bRl ﬂl&%c&%f%kltlbﬁ eas%‘bgsédn@tfoﬁ*{ﬂgég{stxﬁ 1 andard 10 GbE

standard LAN serial protocol stack use
L3UOR0RA Sk OB MANR 8o e POt ts%fséwepoﬁﬁ@
even, conmodi ty el enents.

are st an

YRR PSR TEr Y §5M§g%}vf@+1ﬁ@ae'b@/utrﬂw o fug A Hterlace o the MAC.

Mul ti - Source Agreenents (MSAs). Currently 10GOE LAN 20
Borpeing b spipe oplicdhsrodalel epeelingENRAKN MEAtagignastEmblier, and

XPAK MSA. Both have XAU electrical interfaces. \Wen
by brssiENRABS B BRAKD MBA: itls: miséle the sane hacdanieht sggicts 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
PHY's 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.
[00497 When the line card supporting the nonstandard 10 GbE WAN serial protocol stack

is powered up, the XAUI bus enters the initialization stage as described above with
17
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agnostic WAN PHY node, the WS is attached to the
XENPAK or XPAK optical nodule and the 64B/ 66B CODEC
WO 93 E8EPt i cal nodul e is bypassed. [00491 Wien t HeCT/US03/13702
i ne card supporting the nonstandard 10 GoE WAN seri al
protocol stack 25 is pomered up, the XAU bus enters
L bl i ' age._as cribdab
bbb e sk 85 A Raf e SR TRR et gl redBies
he. o |onal age, e|n it transmts and
5@3&%@@ ﬂ&’a fﬁ%’el‘e@ g e dMPIEVaYes getige. tigy example, a
% Inthls vvay a device, for exanple, a swtch
q}wtr@\:.te:; ]1@0@5;@\7]1%1}3@6 M@selsmpmblb aEsuppsrting multiple
capable of supporting nultiple protocols, e.g., 10

@olcktshegnd§ GusEhgrieh@singths BANerial plotsol stsdilamh@l SANET (using
SONET (using s he nonstandard WAN serial protocol

Isd ealshdard WA NDE@taPERko doNSteRE N froRBN@Hepdn 08 Mdardsr.
illustrated in Fig.” 3, the standard 10 Gbl‘:p LAN 4- Lane

68} O£k E%Wﬂ’% 454 @11d2?§6‘lijg AHSLAR quﬂyg ocf@ctofm 345 uses a

etmeen t wave di vi'sion nu
Ot h@nnﬁ%‘é'a\%ﬁsw PSSR G SRR S (vD
%% ss a XAUl bus into a four |ane optical
I?EwaAn?z@u Fe li"-‘rPé[AQ dehvys herpptraskets to theddhY gpipatdere they are

owering of the signals that were transmtted over
E%B/ S@;B &neddgi lapd pensmitthd kones EPBErbusistobefoor lane hetical module. A
signals are transmtted by lasers via the WM PMD.
rp@BAIR TVIR) rdvivées ¥0r diedn upAN drehbBRETIR Ot tAS Blon sl Ak webe transmitied
proposed in the | EEE Draft P802. 3ae spec:lfgncatl on,

VeSE bHig
A T

architecture.
WAN PHY 4-Lane architecture, specifically

the ; e
rejecting conformance to SONET jitter, clock, and

A I E AN R R

arch|tecture descri be above, which uses a comon
PEORdpnetccigption pisE0E femalbe psepoadriogd 0 GOISBMEY 4-Lane architecture.
infrastructure in support of Ethernet over SONET. 20

TheGBRE PAA2 Sabtdk fent dalfndt peoposy & W ADIRI Y 4-Lisie atigekcaire,

410 in Fig. 4, provides for a
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.
[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 2 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/108,
make up the PHY chip and are the same three blocks used in the PHY chip in line card

described above that supports the 10 GbE WAN serial protocol stack 330. Additionally,
18
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nonst andard 10 GbE WAN 4-Lane protocol stack. The XAU
bus, operating in a data agnostic node, is
WOLR4B¥YTi ng SONET frames, not Ethernet packets AYUS03/13702
SONET. The three bl ocks adjacent the MAC, nanely, the
PCS 64B/ 66B, WS, and PCS PVA 8B/1 OB, mnmake up the PHY

i . . i . PHY, . .
BB o R e e g S TR e P e tine oand
R38R 9P B A T B RR A e o
I nvention, uses the same optical nodule that is used in_
frpdute; ataing the reaes (RBMR A9 WEDAE PYI by daserihadeaboge, and is
GbE LAN 4-Lane protocol stack 325. The optical nodule
eoipled vis XS bstip ties PRTUR) adegniMMAD, al so
descri bed above, and is coupled via MAU bus to the
fBBA] ¢ hi meaahiacimenttdfehdMACention] 8334 UT Bp @ReneilRed A@iktic mode is
of the invention, the XAU operating in data agnostic

fesidient if thd PEYARMpohBattdre 1RO URARER Sl istolib 16 angac
which in turn, is coupled to a MAC conponent”that

ar. i t.ching. fabric,
S oA Ay et 000 e SRR, U B 3 ofter
net wor k . a or interface card installed in a high . .
%@F%‘?Wg@g RBtrs i dn Bt G AR mbiaed in @ high
nefwork as a server, or installed in a 10 desktop

%#L?&E}?@ie OpYEsHhsystan lereripectiurindotcsdortkas alservestondndtalled in a
via a nmedi um dependent interface. Since a XAU bus

dasstop spepatee sysisn drb ogli belcommetthé td theawntvak vessartiual Hependent
is a generic serial bus, it nay be used to connect

ianyfaosindiace 9K AL harBRlopdRIsGE SmbORicl 18 (1RAAPentRAntially is a
or between boards, such as integrated circuit chips,
thetle SRBEGu, : '
D A Bt B A A S B0 BRI IBARE on the same
i he.cl ai.ns that fol.low .19 20 W .S, .
R DYt g b0 RS ?lg%tgdunsnﬁ&gw?% K dgiices,
i nterface capable of transmtting data in accordance
processors, and programmable logic devices. Thus, the invention is to be limited only by

the claims that follow.
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with at | east one communi cations protocol over a
plurality of serial paths; and transmtting data
code-groups in the serial paths in response to
initialization of the interface while inhibiting at
| east the transm ssion of @de-groups capabl e of use
for alignnment of serial pat i n accordance with at
| east one communi cations protocol. 2. The nethod of
wWhitd dindeg iherein initializing the interface conprises
converting a plurality of control characters to a
sequence of code-groups to enabl e synchroni zation of
1.t he fseethad, coradriing: initBilizifghen intetfdve dagbief aansmatngwlgrieadordance
Wltboaﬁtﬁetsttqnﬁ gorampitieatierlsi rgtoast ovso AwluEiity of seratratirss anth }inst'es data
8%5%‘?%9%’”%‘ SerfePgdsUp Espange iriniialzatipop! theiplpdopayhie inpbiling at least
%E gf co % au C@P{ﬁ)ﬁ??fd's% ésﬁlggmrergr?ésenal paths in accordance with
fang ?%ﬁF%ﬁCmm”sa & Pane-to-1 ane al i gnnent of the
ser|aI paths. 4. The nethod of claim 2, wherein
2.CONVIRE trieh@a af Phitr1alvhdrin AfitiaGA the IntePBRf REHAIS c6RBRIY 8 PRirality
of comruiahbmtiers tdwesgaliencabi doye-gbumsantnable sglraraeiten sf th@sealial paths.
sequence of 10-bit code-groups using an 8B/1 OB bl ock
codln schene 5. The nmethod of claim1, where

e{% t’@&n %wermq hepraitly F %régcharacters comprises
char ce raups to enable lane
I e e R
The net hod of

claimb, mhereln |n|t|aI|2|ng the interface further
4, CONMPhe $etodlof gBIMNY wherdd tdnabrtiddya @luraf) AE cet@OLERracters comprises
cobveding e pleciitacl @sgrot hisarsers &l apatlesce gt 10Fhie conetdraghs aking an
SB¢I0RIbivriecodinhesiema. al i gning a plurality of code-groups

transmtted across the seriaI paths conprises

5perTeme tec h e Cf oprises sypchronizin
LB ‘"’d’.ﬁaaﬁ ) oaﬁé B gl Yo
I nter ace a |n|t|aI|z erface 9. The
met hod of cIalntl, further conprlslng preventing the
8. 1 NS&ht in@hoanrd clahaBSWhesih Ofitia0ing ®E Yntereiaé MotheC edheprigesOalising a
pluraitytdfeods @rdupd trapamitisd ack@es frseriaretthod of cl aim 9,
wherein preventing the insertion and transnission of
any ont n ri rSeS Vern5 N S oss the
A Stm%nggg %m“gfgfgﬁiﬁw EFPLRDS efie opoee et gieiis
nsa of 1ane-to-lane skew. 11. The
nmet hod of cIa|n19, wherei n preventing the insertion
8. and Thé afasat 6 ciaim Of fudity c6@pisinglencoding data for transmission across the
interface after initializing the interface.

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

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

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

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



code- groups conprises preventing the insertion and
transm ssion of any control code-groups used to
conpensate for clock rate disparity. 12. The net hod of
claim1l1, further conprising reinitializing the
interface in response to ? ection of a |oss of
synchroni zati on between ser paths. 21 13. The
nmet hod of claim11, further conprising perform ng cl ock
and data recovery on a portion of the transmtted
data code-groups. 14. An apparatus, conprising: |logic
13t 0 iRk thhe@lodZe® caiim 1N FethérampeaRARRmiity tbANSM datd adcavenon a
podioc of tokatrememiited detatode@asibs.one conmuni cati ons prot oco
over a plurality of serial paths; and logic to
transn1t data cod e- roqgs over the Iurallt of sen

Q ara |PQH Q tlialg qndﬁte dlaza in

ac rdance wit t one co icati r h =Yy aI d’ logic to

tra BB; 'm?e Wir ?&gﬁ{ ﬂéi %9 % 8t0{i of serial

I‘%rélrn Erh@sstc!‘a@a'ﬂﬁ% fatls E]Wﬁl e le ansm|85|on at least

of %Sﬁiﬁgr@fpewﬁﬁab&a&&k%beoroéhgh#ﬁ&t fopEeral baﬂ!ﬁmrﬁcc&ﬁan‘é@rwltﬁl at least one
copatuhisatibie (acte@r. dance with at | east one comruni cati ons
protocol 15. The apparatus of claim 14, wherein the

" C o tl 7y Z%4CgPI%$'%lzieezPl 3 Olj'g'é{;'géconvert aIC to convert a
é§§ ﬁ%sﬁghﬁf%‘? it LAY oF SRS AT REGgPFPn o

16. The apparatus of claim 15, wherein logic to
BConVF@é tap SRR b BSIn 991 hetehh ©EIBUEhnvieR&omplidés abdid ¥ &fhvert the
pIEAIL df @bntehaaRCleR 18 at BqenSLHFURTE fros 1€ 0fIdBOLEAcHrEhization and
larerialaheallganent sfthe beriaiatat i on and | ane-to-1 ane
al i gnnent of the serial paths. 17. The apparatus of
cl ai_m 15, mhereln the glc to convert co i ses Io
88%8@%@ FBfIRBE) 188 b SR 5 oo Yeee %%*a?sawg* prom
lif "Kherein the logic to initialize conprises
Ioglc to synchronize signals on the serial paths to
18det ghabpRraBRAR @O WD WheRdRY beis o iAflalizd BEm@REAH@E WSsyBdhronize
sigohlabmihd Serialattisad tetérhihelcogd-grodpmolumtatiesal i1 ze furt her
conprises logic to align a plurality of code-groups
19transmtted acrosasthe serlealIC athsllz 20. Jhe ggparaauswna
plubaéli,yfac;g?%e 8@u Qg}i}% ted acro thtgz s%?aléthyﬁ em?l@% 1 5@95 9

20. The apparatus of claim 18, wherein logic to align comprises logic to perform de-skew.

21. The apparatus of claim 14, further comprising logic to encode data for fransmission
across the interface after initialization.

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

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

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

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



21. The apparatus of claim 14, further conprising
| ogic to encode data for transm ssion across the
interface after initialization. 22. The apparatus of
claim 14, further conprising logic to prevent
insertion and transm ssion _of any control code-groups
in the serial paths. 23. Th@zapparatus of claim 22,
wherein the any control code-groups conprises signals
capabl e for use to conpensate for |ane-to-lane skew.
24. The nethod of claim 22, wherein the any contro
26C 00 erng bEYARSUsCP BRI 1BEG % 85 Bing RPBIRY RerforhDdlockd S da recovery on
a attp ensatransinited dtocddergadups.di sparity. 25. The apparat us
of claim 14, further conprising logic to reinitialize
the interface in response to detection of a |oss of
synchroni zati on between serial paths. 22 26, The
apparatus of claim 14, further conprising logic to
performclock and data recovery on a portion of the
transmtted data code-groups. ABSTRACT OF THE
DI SCLOSURE PROTOCOL | NDEPENDENT TRANSM SSI ON USI NG A
10 G GABIT ATTACHVENT UNI T | NTERFACE A net hod
conprising initializing an interface capabl e of
transmtting data as a 10 Gb/s Attachnment Unit
Interface (XAUI) in a plurality of serial data paths;
and transmtting data code-groups in each of the
serial data paths once the interface is initialized
while inhibiting the transm ssion of at |east sone
speci al code-groups in the serial data paths used for
alignnent of serial data paths in a XAU. FIG 1



