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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 gl | 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

e SatiohAbik pedkidiap SortigdawnABY i oh ®athded iffebtatddl @reuits (for “chip to
serial signals operating in parallel to overcone

cﬁqmn{ﬂltmiéﬁfﬁ@g ,gﬁ?utfblﬁﬁétgpgﬁ Ldg@'é%% ngé[gfé};n gfmt%ﬁ rct)rgtléif; ‘poards via a

signals Is efort serra

03]. A_bus nerally contains contral |in d data
PR RedReh POt HuEPohRa R Bop shiR e Mot Sntertuce
ggera ing at faster speeds than an asynchronous bus
19y 304 By URi B AN P REALINEEhe bt WAy pegdsiorhsquinimaged to reduce cost

Addi tional ly, because a fixed protocol typically is
and eamplritnor 08/ ®9IBS 1T, dPATYiIUBOB!WEE0 Hhich the bus is located. Generally,

a parallel bus will not meet the needs of many of today’s applications due to being limited
in operation to relatively slow data transmission speeds of one billion bits per second or
less per parallel signal. A simple serial signal, although generally capable of operating at
faster speeds than a parallel bus, will not meet today’s needs as well, based at least in part
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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conmuni cating data over the bus, the interface |logic

to inplenent the protocol is mniml and the bus can
woeavss7very fast relative to an asynchronous buscriusesiiszroz
10004) However, a synchronous bus includes a clock in

the control lines and requires a fixed protocol for
comrunj cat i dat a, over .t he bus based.on the ¢l ock. L
e re S Over dug i edtieda 086y A ERP 5T b5 Feothgrd s minimal
operate at the same clock rate and participate in the
dibg bes panacede Vo [ptt s¢laldv to angsmaheengns busl t hough

many di fferent synchronous bus architectures exist

ooy Howlvest, asgchninonabie incluidesh ¢loclainghe dettenl tinaeshd requires a
communi cation protocol. This predeterm ned

fioaipioiocal {08 BorRfmhRathe €80 ob& the Bhdhtséd 6@Me clock, Thus, devices
limtation, for exanple, when a device coupled to the

S ebas 1@k @%@ﬁfd@ug Bs ﬁﬁstfdt'p%gﬁg&?%ﬁﬁg %a[élge: @9({1& Rid hd ar%icipate in

different co nication pro o tran
! the. bus. , Addit.i [ b f
PR BuRTbRaR! etk 40 SRewl DB en g AR i gapeigonous bus

synchronous bus, generally speakjng, the slower the |
@é@&&ﬁ%?s PR t%%éze 31% awsl;lﬁmﬁ@%r H%4 fora redesgrmppteqrpEypication

and El ectronics Engineers (IEEE) has proposed a

etnahrhis predetreneingd pemmibaicetien protasnhtandiest siguéicaft linnigation, for
10 G gabit Media Independent is Interface (XGM 1)

qanpld, ethehusleand cogslediontge bhiehaubefonaittddvrerdn@@Eaccording to
signal s between the Media Access Control (MAC) and

deht@mhtieitidiebetols AlYis 6PARARENGS dbid arokOthe bus.
G gabit Ethernet 'system (hereafter "10 GbE system or

i L " e 0 ted to b
Aoty el ey DR e oo BRE B o2
of ,the | EEE Dr af P802. 3ge, .a suppl enent .tq the | EEE
SERGIrORRS S, GAFAIIE DS Hice TRAFICH HILEL AR S5 G W 20

Col I'i sion Detection (CSMAN CD) access nethod and

[9991s i el Instiyisrof Shecdiigal end ElssonigeEngiagers (IFEE hee prapestd a

and functional characteristics for an optional 10

s@ndatdi for ddchicing theeperatiend] didtatoeroff doel O Gighbit M&ki Bridpendent
Subl ayer (XGXS) and a 10 G gabit Attachment Unit

Thigtfesd @M 1BBS Al rBifing thE QumXer dMnter¥bd signals between the
represents the Roman numeral for ten and inplies ten

Mpddid 'Ag?esg L(L%%g@g)%@? 915@ Ph)tfsl'i‘&tl LaSer D& (@@B?)tc%nfb%rnents inald

secon
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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WD 03/098877 PCT/ US03/ 13702 [0006] Ina 10 GbE system

i npl ementing the optional XGM |1 extender, the XAU bus
Werwsiogery7a packet byte streamfromthe MAC or Pl BET/us03/13702
depending on the direction of packet flow separates

t he packet byte streaminto mul tiple serial binary

(b trearrsf transmss
htty Eb%k‘%bﬁ tlBappl nﬁ%@? @&ﬁﬂ%ﬁ%@iﬁ%ﬁdﬁsﬂlﬁ&m bus
("lanes"), and s encodes the bit streamto be
{epeiiGnt pical e Sie Pamdbe Mg oaRHhdapandingsoreig airgetion of packet
8B/ 1 0B coding schene defined in U S. patent no.
fowu s p7atsitesprstictttytdil mmasingl multiphesesiBl HaBy dgid{(bit) streams for
scheme translates an eight-bit byte of information

tradstnissbnod e b Yodéspohding Bimbbf eNFHIEREI RMAYEEation &aths (“lanes™), and
el ectromagnetic or optl cal transm ssion |ines.

HMRbics4ROWA 58k & be t\?fhﬁﬁﬁ fieBAe Fﬁax?é; 155?# %gh#ﬁs?ﬁ'nélf% ard 8B/10B

the 8B/1 OB codi ng schene as we f
iR AT %@35@ PeL il et s, 13RSm0

Li,nk/ P I nt erface el (See ANSI NCI TS Tl
qoding Sﬁ%‘nﬁﬂéﬁ%ﬁs %% ECLE, ‘?lagyfe %% ?ﬁ%@@f@ gpery st for
110 interconnect serial bus architecture, promulgated

tEpsEssLoTHIviet elerirramani bn oFentiqehiswesmigtemigmesn Other well known serial
I nterconnect Special Interest Goup (30 PCl-SIQG

s{zmbaiht tys: dréhiteatupssise theckBil DB cbBingGOIAle domaly etch bR finiBand
XAUl bus, heretofore, has not been inplenented in a

(S@é’ﬁ zBd?zcﬁ“gpchzt@cM@é/ gﬁcﬁtzQﬁR‘é%B.?@ 8, \%lu Fﬁoolf‘ltl}}sﬂﬂl

ansm ssion of nore fer'ent a a

S B, T OB P BT s

ed to cket sw tched, data streans, do not use
e el Yerdsh duaeatielbhishiiee okl G omeomasy swish e,
for exanple, SONET (Synchronous Optical 20 NETwor k)
aiitactors Emlgﬁﬁﬁbby theddsot GprdraonoferBOMET CospendiiShierconnect
T1.105: SONET - Basic Description including Miltiplex

PG/ US03/ 15703 BRI EF DESCR FT1 O G e DRAW NG

[0007] However, the XAUI bus, heretofore, has not been implemented in a device in such
a way as to be capable of supporting the transmission of one or more different data
streams in a protocol independent manner over the bus. Some data streams, such as circuit
switched, as opposed to packet switched, data streams, do not use or cannot take
advantage of the 8B/10B coding scheme, for example, SONET (Synchronous Optical

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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[0008] The present invention is illustrated by way of
exanple, and not by way of I|imtation, in the figures

Wwio @3hessreconpanyi ng drawi ngs in which |ike referauaeuseszro:
nunerals refer to simlar elenents and in which: s

Fig. 1 is block diagramof a typical prior art 10

(5 gabit Attachnment it Interface circuit. Fig. 2 is
GRUFSIAESGRIPTIONORTHEURAWINGSt of the invention. Fig. 3

i S bl ock di a%r_am of prior art 10 G gabit Ethernet

[08%H c ThmBreseittdpveater is ilmtgptedby @aﬁogewmiﬁiaag naioway of
enbodi ments of the invention. 10 DETAI LED DESCRI PTI ON
figgedgn, T relfpu@soithoposmbanget dfaerings inwlidtelitdaeference numerals
Draft P802. 3ae specification, defines a 10 G gabit

edr s emwilg eMatin® dnddepandent I nterface (XGMI)

paral l el bus architecture, conprising 74 signals

(i ncl pgh 0Gs 18Kk dRpkinl fi@ﬁg'da? 3 arPIPGH W Unit Inter
di rectféon,S andci sg%neoi n ' re@g?%vaé g?ge%??ﬁ?&@g}rlhjmt Interface
Seutrol signals; and one clock signal). The XGM |

couples the Ethernet Media Access Control (MAC) | ayer

0 to. the

conmpopent . (t he C |l ayer corres S,

| nt erhigt 671%150@{\@%8 %“@15%4%%35 Pgtg‘eénVQBB?P-Syst ens
Interconnection (OSI) layer 2 Data Link |ayer

pr ot o¥ig} § s Woelndiggtasy efarriophyisioc@igabipByerich yegic aulintalaces,
(the PHY | ayer device corresponds to a portion of the
CSl | Biged isla Hoylsitinglant afyenbg@liakns off Yhe iRGentid@10] The 10
GoE specification further proposes an optional XGM I
extension, conprising two 10 G gabit Media

| ndependent Interface (XGM 1) eXtender Subl ayers

bus between them (the "optional
%ﬁ%ﬁ@g‘?ggﬂ&or sinmply "XGM 1| extender"), which
vi.des f ext endi ng .t he. for le, up to
L e @B Disgor c%?g@fﬂmxﬁ/gw LepEfie de topigpton, defines a
Bo rd & PCB) traces. The o(%}i onal 25 XGM | extender
1 ;@1‘%&%‘ Pt sesershiisdindmiapendens hrtpripes CHIM1LY patedgl usaachitecture,

circuit-to-integrated 4
comprising 74 signals (including two 32-bit data paths, 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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WO 03/098877 PCT/ US03/ 13702 <circuit) applications
such as occurs in nost Ethernet MAC to PHY
woteressnnect i npl enmentati ons. However, it is PCT/US03/13702

contenpl ated XAUl nmay be inplenented not only as a
poi nt-to-point bus between integrated circuits (ICs)

§93| | e board using traces on ahéﬁép but . ot her
IQNSRUCHAF PCCUT IR TR %@hqrw ety Hilgrenect

speed i nterconnect 5 between boards, either directly,
igplemeniatipnsk Howmiseer, 1t domnienusitng X/Hel wpy boiaplex@vier not only as a
extender, a MACto XGMI| to PITY parallel bus
paittelogmimtdnis ibetwdpecuipmsted chidi@tst (GCXGlal sitigle WEXSubing XAtls on a
to XGXS to XGM | to PHY interconnection. A source
X168 Qe leh Girdiiferiodawal, HRAaiAe ﬁﬁ%ﬁéﬁﬂnﬁlﬁg @Hfgﬁ'sb@éd interconnect
from an XGM1 to nultlple serial bit streans

bus, ro mhereupon
BRERIT P BirRtirob i oX ) b%%%g% , pus, 1o where

recei pt at t estination

P TERE R g looflo%@?ﬂga‘:%sf FRon WBE el

beI OW. 21 In t extender one _i nstance
Rt 5aiearEes &VAC SoHRE (6 AES 15RAUIGR LRSI f

the transmt direction (fromthe MAC to the PHY) and
BRY antgeeonnersionoA soiige BKeXS ewwievte thti dase straam reféizedinhmarallel from
i nstance of an XGXS operates as a destination of the

ansX.ORMII tockat:Rippagdnial bit tthentsrfanamdmisiisecérane HAdT&erial bus,
source in the receive path. Each XAUl path (transmt

vAREeUnBE 8Lt 46 ARk BE8ioh out: dX§' the $&1d13lt sjtx%%?@ aregégvé@é%ack toa

uses the sane code and ing ru eshas t
PRELE S@%ﬁ%ﬁstﬁgﬂ?ﬂ?ﬂ%‘? e YRR qshg P Bgow
TRt Sadeitiy i egg%%@sgg%%s%f@@%@gé?p}}e%t;sgg & 00tce'S the

arallel 20 comunication paths ("striped over four

lAkdaty path ip e ransunt dirpepen tham thb AG i helPHY) and as a destination
characters in the streans into XAU code-groups, and
irethe odmiva dissviibor The @harhssicenfan 6EGXE e erifdlas budsstinthien of the
destinati on XGXS decodes the XAU code groups, deskews

XA dppathlid BeSrakIRERsaseend P58y inthe Fé&efv@t;ﬁth Each XAUI path
di sparity between source and destination XGXS,

t%@ﬁut%@lre@é?%&fr&)&ﬁ@ Back: Qi s 2L :ﬁg@is’&es the same code and
characters reader Is referr

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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5 WO 03/098877 PCT/US03/13702 to the |EEE Draft |EEE
P802. 3ae specification, sections 48.2.3 and 48.2.4 for

Wwergslaeds77 i nformati on about code- groups and their pd§8is03/13702
in the XGM | extender.) [0013) The XAU bus is a | ow

pin count, self tined serial bus separated into four

serial comuni cation paths, referred to as | anes. The
torthe IFEE Dr ¢fo HPFE £892.38 @aﬁlﬁcmogln adosionnid8.-38 ang 4844 fagffurther
four differential signal pairs. See | EEE Draft

B802ulae alspe chié-gatipomd Beigusendlie XGMAUKktagas) an

8B/ 10B codi ng schene which provides for better signal

[oMBE IThd Y AUT beB iPx 1o Ilazﬁ Rbdat Piel MiRed S3ilL bid sdpaatdd i6BGBNr serial
traces. XAU is a scalable serial bus architecture

dahuniGRRE! el?‘ilfﬂLSy QL Ab &S 14 hl‘ﬂl@irﬁ@er%tsc %o&ﬁﬁsei@ﬁ%%ta s?%fYais in two

can oper at anes at Ot er spee

Sl rm‘ﬁffg’fei} TR g o tr G E AT BT DR Bt migure 472
g ol ar é CMOS) .and Si,licon, Germani um aj i
S BesidactRil OB spding sdiswe Wigoh »rovidrs fw&mﬁ%@gﬁl |mtea%ty in chip-to

has many advantages over other bus architectures,
dhérePuiticd § irchiiplcand i itowed. | RATUBIY 4 sqplableesariol basarghitpoture that
count, better noise immunity, better jitter contro

geﬁmﬂy epaatds ensighat k3.1 17 @Bhwt, ®ntear didjic tHelpia\we dther speeds as
conpensation for nmulti-bit 15 bus skew due to

%, ﬁs’ Fﬂi?%id‘lﬁ@to@@tﬂﬁépeﬁdlén@ fand %Ei‘?ﬁé hrﬁﬁleﬁféﬁt@ﬁ@ﬁ'bémglementary metal
i sol ati on capabl itiés, and |ower power consunption

S B RO S RO IO B o

hes over, PCB traces, it is contenplated the
(Fﬂfeérs?lg@é’nﬂ‘éﬁf‘”ﬁé’rﬂ?éﬁst o interconnect application
specific integrated circuits (ASICs), Progranmable
[@ét‘ e Thera4 8/ smizhdys has napny seartaprgyss pihep becaskiticgres moluding
or conbi nations thereof, such as interconnecting a
ippboesstiont fex#nlity/ cﬁed@iﬂ'wcpi,n conntybelita nofedessin@ynbatist jitter
conponent, whether on or between PCBs, to nane a few

coxiadIPloRger eldcB6hagndticAntetfelchtAHNIBL BE x@ﬂe@d@ﬁ@&n@atmn for multi-bit
optional XGM 1 extender inplenentation. A device 105,

bhiO Bl efX G eselfed%ﬁﬁ% %%%ﬁ%} detB@For ARULuR M 1R8LRYSbilities, and

correspondi ng t
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,
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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including a receive- and transmt-clock, RxC and TxC,
respectively, and two 36-bit paths 25 conprising: 32

waralobghr si gnal paths for data, TxD and RxD, andpt@ufsessizyoz
parallel control 6 WO 03/098877 PCT/US03/ 13702

signal paths. In the transmt direction (e.g., from

device 105), the XMM 1 converts a 10 CGb/s data stream
signad prdar Lethghtansiit dirgetonserga diesn devieahORsthe &I converts a 10
Device 125, for exanple, a PHY conponent, |ikew se

Bbas datymtitcsmantd fout gghishicioyte es@ondg kngwh as tdnes. XGdikce 12H)dor
XGXS functionality descri bed above is perforned by

SO NSy tdpansht Ualwidke Ha0Bdfds MVl dupfts Berrébponding to the XGMIL
i | nggt rates the XGXS functi ong%fﬁl ty enlﬁ%dded ¥ S

é?z?gﬁnﬁ;ﬁ?& 1?}2 nef*scrjrgﬁ% b%%’ %rl%l}%g &E]gt%&t glrol‘Qlﬁ 120,
@Eﬁf gm%ﬂ el Gl tfr]atéﬂl @%g ﬁﬁlnPXWz{%g g W%f;(%iedk%%ﬁnpponents 110 and

functionality, and the XGXS functionality. In su
s senecde pReCampqIents 87 pad 25, s cantsmpidied Koo cowenent or

XGM 1, if present, need not be exposed. |ndeed, rather
integratecthoitaiit (@) ¢hip ey erabmpesstdny sohicp/destiration |dpv1@@(ﬂ gl, MAC),
be carrying, for exanple, a SONET payl oad over a

B2 Nl fohedoralityd ahdthle WaGXE FRdctibndlig. Bosuich ensiX& the chip interface
converts data bytes or control characters received

\98198 b@ AT ARA - ¢ % X@mlf@gfes@:%t Fooident @ﬂ?&e@fm&&% rathm than an

into a se cl ock sefial, 813/1 OB encoded
i across he
@i\nﬁ%a S hPlobr BERTRRRLADAER KIS bl PeDair Bayload
of XAUl, the XGXS deskews, that is, aligns, the four
‘P@ﬁ%g b&dﬁﬁ@ﬁ% pEDUSE or ¢l ock dlsparlty, and decodes

the serial, 8B/ 10B encoded data streans received over
[P TosoumesKGXSootuerts daja gener woieh eharediars seseiied over cach one
for transm ssion over the XGM1| parallel lanes. As

ofale foar beteryide hencXGRG e COlpdhemdt s self-elobkedisered) 8 EB,encoded data
are capabl e of operating as a source or destination,

SBOS TBYir AREH & éh AFERMEE RAUIOusRILRERHRN ate bPTH 35 Ghud. At the
fools) In a 10 GbE environnent, the data stream

a%&ﬂ# i a{r}rénggrgr% A }féaf&igg els%g#éﬁc Fhat@ av gh%x‘rcsaﬁfetfogxgl t?‘sggompensates

i%)r ﬁoglnc]ilglga% Y, an decoc?es the serial, 8B/10B encoded data streams received over the
KAUI bus into data bytes or control characters for transmission over the XGMII parallel
lanes. As can be seen, the XGXS components are bi-directional, are capable of operating
as a source or destination, and may operate according to independent clocks.

[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.

100191 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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XAU bus between the delimters, that is, between an

end of frame delimter and a start of franme

velgsfbgser, are used to synchronize the XAU | anegcr/usosi3702
that is, deslcew the |lanes. [00191 Although Fig. 1
illustrates what essentially is a 10 gigabit per

second physical 25 interface to transnmit 10 GbE data,
rvepiion uisdheeans inkafrop EpGinseibog Berssicslalyinsheh 7 wpthat a device
03/ 098877 PCT/ US03/ 13702 invention use the sane

trtapalla oétrimmittimgnetronlyi 19gGge den) it dédtea deta, Hoekaraplea§ONET data,
that a device is capable of transmtting not only 10

Ghirg dat 24 UD Btis. Qthiels atlaibded ByomoXARR ke op2tdifoh o X AUT bus after
using the XAU bus. This is achieved by nmodi fying the

aRanAtd Attidted, ﬁ%eWﬁ@a"éﬁm afdBVes SE;F%E he X AUT electy 1|9]a1

initialized. The nodification involves separating t

S5 60 oG T A0

har ti o al | owthe |nterface to. tra ort

gl?%?a“t A C%F% "’dgltw the fpiegipcs: o faaprost 3wdepe Bf?daf% W%Jﬁr packetized, or
swi tched. [0020] The functional characteristics of the

SOt Bihade nodified to transmit SONET data in a

protocol independent manner over the XAU bus because
BCNET T Hafienctisnah obharatterigins lof €tel X&U] btihae malifiedh@rieaamét SONET
no start and end of frame delimters, and thus, there

dista 00 hidtof ﬁﬁﬁj]@erﬂénﬂ P ekahe mlddifs 'b@@au‘é@ B@INE'Pdata is not
transmt speci al Idle code-groups that m ght

PB4, 4550t SURSBLORA P IE AL B BB KR
e red’ %A%ﬁa%ﬁﬁgg%’bﬁmg[e@ﬂzé o RS E i adsesrges that might
s to 15 transmt only data, and issues related to
STt Rosst 1 HECSI b KA LG werieshe it Bnes. SeERG for lck

(alignment), crossing nmultiple clock domains, etc.
fhﬂé’tnﬁ:ehﬁwwthdmumg abdidestinatioal i zati on but then
i gnored during bus operation. The nodified XAU

[oqzer dnessdnde,Ahd R fTdd HAUI BEeKSperateskemsatatlcommunications bus to
synchronlzatlon through the detection of code-group

t%ggﬁatgang; c(i:agﬁ‘ %rl%g ?éégtbéé 1%'1&68(%\'0 egzgi%ég%lf hy %’Ygﬁge gats?%ﬁtmn, 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
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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20 transported across the XAU . [00221 In accordance

w th enbodi nents of the invention, to the extent any
wWO'Rf8ggegcur on the XAU bus while operating inpgr/usosisz:
nodified state, the errors are isolated to the bus.

Data received fromthe XAU bus may be checked for

integrity, and if an error is detected, it is
senifici rdntezerayer pavellelhus architeqtaios wWirshrasnerallamaed extra signals to

checki ng occurs without the need for 25 extra bus

wilgiat thattdatarads atsmittsd foce dfraer berapstie gaiadal bfs. t he

data across the XAU bus, a 8 WO O 3/098 8 77

[B62B] USBR/ Héafters b fistancant a 20UBARAJE PORefinPiadra kta®d machine, or
bus architectures which generally need extra signals

hi8ced &R ih MBEE %bﬁ Eé ?&%fﬂcﬁﬁ&g ci5Re 48f aseérﬁ@Jdled in the

across the parallel Not e: "herel nafter,

%@2%82(%%&13 A 4 if IﬂléﬁAsﬁ %ggg&gﬁﬂ%ﬁ&%g&ﬁ ‘fﬁaﬁﬂ& e zef%ﬁ red to
et o506 1 FenckoRy S’me%p&é%‘%a%a@? i i F o PreseRs e

47, may be referred to inmply as "the PCS function”
Firtherpos, seferpRooRi Rilayess, 47oa11d S B Beat B802.3ae specification

Furthernore, references to Clauses 47 and 48 of the

hiFke falfafetd tB&ﬁﬁplsae “Spmeseé ﬂ‘V’tatd ‘@Hauseelp”be referred to
sinply as "C ause 47" and "C ause 48". [00241

[ﬁ@QP r Aédoedihg teapstinRs S ee ﬁlb&ltioﬁV@i@X}QUI biidie XWhitialized as per

us is first initialized as per 10 Cl ause 48. In
e R S T S R
‘fﬁ? qﬁ%?#&"&% U SlropBea RO R AL SR i e oy b o e

sequence. The XAU bus contjnuously signals
trangwissionand gergption elsidieendesgrewp sguens. Tﬁ@ﬁ%@r@%ﬁ continuously

process. In particular, Ildle code-groups are _
segmais, am‘mwhytsamﬁefgpmsi genvmteg tyrthe 8aSt Frecsmihprisess: Ih perticular,
XAU bus is is idle. Since the XAU bus is a

T8l dodﬂigﬁiu?& afeRfonBhudilesy aldeptithelcedrmiti@ipBeraier the XAUI bus is
capabl e being transmtted in both directions. The

1@9581§¥@&@W%§ 93 foi %E%% sﬁﬁatﬂu@ Uge fdléf co@EERRDS are capable of

code- groups, obtains code-grou
b%%%%l'glgr?lltge% ih B0th cﬁpectl&?sr.] V’le}}/eSP(tl§] gynchromzaﬁon process continuously

accepts code-groups, obtains 10-bit code-group synchronization, and conveys the
synchronized 10-bit code-groups to the PCS Deskew process, which aligns the code-
groups to remove skew between the lanes that has been introduced by the bus.

[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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synchroni zed 10-bit code-groups to the PCS Deskew

process, which aligns the code- groups to renove skew
wetiameyzst he | anes that has been introduced by thecBysos13702
20 [ 00251 Once the XAU bus is initialized according

to the link initialization process and in an

operational state as described in Clause 48, the

Bpds FiRpne drlagsa bptgnspiiiet ina sroteqad uiependent mpanegaggoss the XAUI
bus is nodified in a nunber of ways to provide for
husavtsleithe burgs iathy modigedbpedatiomabstate. t he XAUl bus,
according to various enbodi nents of the invention, as
[ese rFipediploeldeva fibhechaadilidtRbing pe eabboiRent 6 @k envehtion. The
referred to herein as data agnostic 9 WO 03/098877

6T Ua03d m%wé{%g%t 2R ﬁﬂo@@%@sﬁﬁﬂr&%ﬁé %E?Aggg‘me at 220,

in a prot ocol ! nde endent manner acr oss

b Er oY e oA B0 R RSB Plre BBl Gy rsponsve
di ment of the i ion. The, process, starts upon

fﬁ%@é@ff&ﬂn&eﬁﬁ@l g}?d??}@& gne TF%fPYs,@?ﬁ EPFRRY i § PEYER® tes

lane at 220, s as part of the XAU bus initialization
igdepgedengs onpaeh ppdinddhpomplgtepriomeyschrenizaiiqo obtsired on each
for determ ning whether the XAU bus is ready for

lape Aatplxd of thEsgnghrotiesisoropecat she XiAldepandetittonsbreoaaets Idle
| ane, and is conpl ete when synchroni zation is obtained

cOfirlatbracledd8.syASrOdEAt B collb 8rsiypBGRERMINE AbdaBRg BEOERER boundaries
the XAU bus continuously converts Idle” control

. p Lacl ugl 0
e s Y B e S B SR B P igunacnt.
e to enabl.e serial |ane.synchroni zation, and

(ie Qs PRt i fomp B Gos RERLE el Atoef o Fies g to @ deskew
is conplete, the initialization stage continues on to.

apd gt PERESSAL 28PnEhe dptkewanacess teptsovhethes thpaS R bus is not only
process tests whether the XAU bus is not only ready

rdady fopmestioonbutbsitariableadpadseating v dedpttpangxitaly tthe das.aSince
upon exiting the bus. Since related data is to be put

rédited Heta bu® WRiput be dsab® d: isaniehBndl MadNL RIS tOLE guned off the bus
pul led off the bus is at the sane tinme as well. The

€188 kK BROGEIRIATHS HRSw R ARS KL% BAREY MOl dhuously
peci al alignnent code-groups beilng
trgﬁs%ﬂﬁga gpte%fiai legenrménrt] %o qurotugs gélmg ltriagsnxgﬁt% over the bus to an alignment
pattern as part of the bus initialization process to ensure related data is transmitted in an
aligned fashion once the bus is in an operational state and transmitting valid data, Once
alignment is acquired at 235, initialization of the XAUI bus is considered complete and the
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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pattern as part of the bus initialization process to

ensure related data is transmtted in an aligned

fvasdsiogeyonce the bus is in an operational state apdyusosizre?

transmtting valid data. Once alignnent is acquired

at 235, initialization of the XAU bus is considered
nplete and the 20 hus now transitions to an

Bb‘é’tohtvﬁ@ﬁaﬁ}w@h?gféa@%mq pozshason o &rindepd tpasmitied without
operational stage 210, an enbodi nent of the invention
dheshivlzder CCtdh@reu}mmncbmmizzatibm nr; lahertd-taak idzsditemo or adjdstitgrike
status reporting processes of the PCS. In one

enbadbd@Rnsés dka tohechunit €6t draBso NIy RHé-gfdupdyhbi@onization or lane-to-
operational stage, a variable is set to a value to

1andheaks ﬁr@lﬁeﬂ% SHbR R, ecﬁ@'idn@gaabéﬁ P"’Cg g&ﬁc}ﬁ‘&ﬁgﬁd gprocess

manner, that 1s, t ransm tti ng data W t hout gard

(tzo(}lt{l:lﬁgt?sl 4L g&% e} %ﬂ%@&e {Edz g!: %u%g /laggg%gggtrgmpe%cfat{eo&ygchromzatmn

eISSG

gﬁi@é%?qﬁgl%%n%ﬁgs %gtﬁylg%%e?e50{ q:)gaﬁ d,?a:vggta et f}%ﬂemable, mdicates
checki ng for code-group synchronlzatlon or

1 dia agenstia modd of Rpevation iszapblst prigr the KAW ssvhessebie ask value,
data to account for or resolve any code-group

Fyint bbbl weladn sentcomottieneahie- | ane deskew probl ens.

However, the | ane-based PCS Synchroni zati on process s

o] i th@lttﬁblygh\ftﬁb Ot Esy Ak by kﬂﬁﬁh%@%ﬂ@%qws%ﬁgﬁed upon entering the
| nsuring that proper |ane synchr oni zati on

r| agxﬁfét?%%\/l@eglg:ﬁ?f?&tofs Qérﬁ)n%ﬁgle tgl?g% siny C(@ ﬁﬁgemperature

eration napl ed over t he n, set .t
‘6%9 0% S A BB FEa Vb SEetoboRsemAnfaic skew can
OOZQ% Even though the XAU bus is synchroni zed and
qopdr Whikede B gﬁ%@sab@ﬁgéﬁiaesﬁrewgs 1 Recl ingfapgrsica pe epedied by clock

stage 210, due to factors such as environnent al ‘
mﬁdrddtatﬂemrs( erquitry,taadpeh i deskowagic aittitmZE AUldnyiangpiteMure.
| evel s, etc.), synchronization problens and dynam c

MKI%WV@‘QE]H dee aahsrahied@ctdie tHausA Us bhs Rreasditeti Bgintatidy in accordance
streans. Such instances can be renedied by clock and

v@ﬁ‘tuﬁB/I@BQXr% dbdeiGHidd é’hecﬁlﬂgover BWEYY@ Log ﬁola‘h@n%ﬂ@ckmg

bus architecture data transmt
gﬂ&faglse 5 hlgf laty %mc uémlz lo%ha% e?n%—tfo ane aﬁtgngnr ntt ¥ hiintained within

accor
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
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15 with 8B/1 0B | ane code viol ati on checki ng. The

SB/ 10B | ane code vi ol ation checking guarantees that
Wanseymehr oni zati on and | ane-to-1| ane alignnent ipgT/Uses/i3702
mai ntained within acceptable ranges. Inportantly,

however, such synchronization and alignnment is

nt ai t he us | tself, w.thout an peci a
2‘?&@“&8&?@&5 6?1 ane 3 1&@?%&@&18@%@ POé’t@Pt in P@Ft by the
end- of -f rame deI imters normal ly associated with the
plogk 20d flifasedoypy Siskdoi efdhs hichyafteydnitiabzagiontef fhe bus, allows
the bus is operating in data agnostic node. [0030] In
thirsanzenm it crranyatesy ped e 8Bl 0B cothet fvbemiQisédbily hataA Ul bus that
SONET payl oad, or other type of data, may be

pf@mwbﬁﬁg)o@%tgﬂanﬁ@ég@hyd@ﬁgsqﬁébwe XAUl bus w t hout
the need to interrupt, adjust or alter the data

oh RS oS :tl%lfodlﬂwﬁ{lﬁydﬁ%)émﬁﬁ %Secﬁ%ﬁg? 53?1% wd it éﬂlﬁochlﬁ nts of the

5 speC| a e- groups t Woul erw se nee
fﬂ%?ﬁ%@o%mf@% B B PR 518° B SThereS, PaRgece and stato machines

ane-to- | a}@: nment, This is made possible

B%Pfflbe QRese 48 oche raier bﬁarﬁgirﬁeéém@tpyp 3 P@upltete;ﬁeéwntm of the
XAUl , which, after initialization of the bus, allows

PGP finsdiony snedstaspending staiatesshines donthiep BB/IIYRhe SEER draft
schene used by the XAU bus that provides very good
B(riede spedifigutiony across the bus. 5 [0031] Note: the

foll ow ng di scussion specifically points out where

R dAEE%JE‘&i% 29 ohd8mbbOMRAL bQRe Fﬂv\éﬁﬁ&? tild PO tdl?ﬁ(e\ﬁasrtétg YUchine

state PCS functions, processes, and Stat'e machi nes

afsh '4§elgi 4% ng‘ gﬂlso%ltd'e% so-I‘EHfﬁ c?(%aeg Fot ‘f:}&’é{ ? reag{%%gmﬁgper eg Qhile the

or a conpl et escription 0

ondl ng state chi nes conterrpl ated by th EEE
RIS sgnsh @&E@[m %é%wffem@zﬁe J&@ela?lagf%at@@a the PCS
one enbodi nent of the |nvent| on t he PCS deskew state
Gealeqiy plate maghaipswenydns mﬁ@t%Lﬁ)‘rN.LéC@HRﬂﬁItd sulicating allEXAUT serial
does not check for alignnment errors while the XAU
dousnitscationtpathsdflened’) aralligastdgh angectab aadgstast whettideed that
is enabl ed. Rather, the PCS
is the case or not, insofar as the PCS deskew process is concerned.

[0033] Additionally, the PCS transmit source state machine (Clause 48, Fig. 48-6) and the
PCS receive state machine (Clause 48, Fig. 48-9) are altered, in an embodiment of the
invention, to not modify the data stream as otherwise required under Clause 48 to indicate
idle and data frame boundaries, when the XAUI bus is operating in data agnostic mode.
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 function cvix_terminate, thereby disabling code-group

synchronization functions while the bus is operating in data agnostic mode.
12
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deskew state machine remains in state ALI GN_ACQUI RED1,
indicating all XAU serial comunication paths

Wd @ness7y are aligned with respect to each ot her ,per/usossi3702
whet her indeed that is is the case or not, insofar as

the PCS deskew process is concerned. [0033]

Addi ti onal | the PCS transmt source state nmachine

(i degrnge g EPRVASIOE iluaﬁ&?w%d bty 3 Brymnia prgpess when the code-
machi ne (Cl ause 48, Fig. 48-9) are altered, in an '
sravsdichehnteds detsetediimibemtatarcamdo aonvenldid spntihbeldagcsers to
stream as ot herwi se required under Clause 48 to

pymghesaization dbde-gmdpglat a frame boundari es, when the
XAUl bus is operating in data agnostic node. 20

mosmshikesieNtiePCRecviat slidBichifBos@d8e KAUPSysGRBperational and in
begi n upon the PCS desl cew process entering the state

, ' b N ,
A AU 85 BN ORI RORE 1 Epboiment o e
i ' i.n that stat il t he XAUI [
eI R LR NG W T MR

{sjoglér ce stngtf %%2{ nIe r emai ns_f'en_ state SEND_DATA and
dopgranddng SELFVERIOGFTS CFRS! dogs ARtriene 2 sigmak wmycying a value of
di sabl i ng code-group 25 synchronization functions

pnlanplf eodrusrouss opereach X¢ Uldagaodhaighe BESernicteprodds can check
WO 03/098877 PCT/ US03/13702 (evtx_terminate is a

oo fandircenditiohsie i tha sigaelds benttibi (BTt bafisaPCS psceBR$Bocess.

when the code- group Termnate is detected in the data

Béwean ih @né embetimdnlbetHeadenibn, qgs%rc?f%%ﬁiﬁoﬁigaﬁon n any XAUI lane,
synchroni zati on code-groups). [0034J Likew se, t(iwe FXCS

d: j . ' h U._bus is . )
et bt AP S oD R P (g 1, Fis 487
state TA- , .according to an enbodi nent of the
rﬁW@@Hfﬁﬁ%?maﬁiﬁaﬁﬁgnreceive process does not,

therefore, respond to detected fault conditions, and

Qe Pesskiswhon Bredtes i iajampadifiefbensratimabeta can b geromplished
conveying a value of a column of code-groups over

ey hwayaUln bamembodititeat of the iiRERioe aaiaviebleraoegsiblectanhe PCS transmit
check for fault conditions, or if the signal is sent,

sotirce, Sede@e) bR dB3k b 6taRGRadhaRe cMELPEARGE §Sfalu%9nd'i|9é%ﬁ1\gqﬁe PCSis

in one enbodi nent of the invention, |l0oss o

oBNBERY BHARL RO PhodBY FEAHanlp®G variable DAM enable (named for “Data
Agnostic Mode enabled”) may be set to a value of one to indicate data agnostic mode
operation. DAM_enable =1 only after the link initialization process described in Clause
48 is complete, and conversely, ignored during the link initialization process.

[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,
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as per normal operation of the PCS synchronization

state machine (C ause 48, Fig. 48-7) results in link
wa asdosslri zati on. [ 00351 Tracki ng when the PCS i $drg$s3/13702

nodi fi ed operational state can be acconplished nany

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

ssibl.e t.0 PCS transm 1s source, e, )
DR 2 uieene b B i o oty 8@ el (ieger He XAUL bus in
indicating the PCS is operating in data zgnosthc node.
Eoria@gaeRbiceor molpapl iaensndypisrarist. eNewastd S Bmctiowalisy requires data
Agnostic Mdde enabl ed") nmay be set to a value of one
steeaimlinoigendatea dejinesiondn sapert FPEEBRS003. MBAN Aaradsl Gontrol
=1 only after the link initialization process
A0 bpedtibis. Gl ausRiandSwith cfOIMLAIE o ARG HHeMYA!, $&1Yfaming and
ignored during the link initialization process. 20
cﬁa@@@@ne@ﬁ&?i’s%?ﬁeﬁf&r&ﬁ?}iﬂg@&megﬁrgftl?éc in@@xﬁ'dﬂ‘éﬁ%ﬂ%‘tﬁ@use of the
the XAU bus cah operate in a data agnos%lc node

? nt, control . Managenment control is .
AL o RIEE Loafirieht e, o MR TR rheR s o as dofined in the
invention, via the Et Managenent _Dat a .
43%%? iﬂéiﬁﬂﬁmoﬂgw%%)m Eﬁ@ﬁ’%’é{é‘éﬁéﬁé LiggTayes(PLk) Working Group
%ﬁécified in Cause 45, or an equi val ent managenent
(Wigkpoaesals 3 Sygend? obgdntereT/ U604 3n0 SerlD @08 Framer Interface -5
Altering the PCS functions as descri bed above enabl es
(SRESpsteysixfal trivespXalibr OB HEINatestitaind. ABOOGE is€lf-clicking nature of the
protocol independent, manner. Normal PCS functionality

X&Uﬂbﬁ@%&?&i@tbé&l&ﬁ@i@eﬁb@&@é&gn%bddéi’@taﬁo%ltﬂé‘?ééﬂs dffthe XAUI
support of |EEE 802.3 Media Access Control MAC

HRP&{ @hhg’ BPtand ﬁﬁt@?&t@ raﬂéggaganbgfi@%g g]%nég@ugieiiq}?%égsﬁ ]:glﬁé %tfugn?% tof lanes, to

i nvention, suc ramn
rfor . Enbadi.nent s aof e invention enable the use,

BT iR o L rﬁ%ﬁ&ﬁé’éf@r@s ERUHoRiSH s SR g g tap desired

pur pose, parallel bus such as defined in the Optica
appliHARt wor ki ng Forum (O F) Physical and Link Layer

(PLL) Working G oup (W5 proposals for System Packet
[a0d]edd Heel 0- GabisPHY ppeaiftbaBensDesfdrth ikt EER Dt BOT.Bae

-5 (SFI-5) physical transport for SONET data streans.
si¥lcHvatibehs BHIY Riyackinigisaaidmaysital®Rling 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
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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ro XAU bus, wherein the clock is enbedded in the

data, allows the extension of the XAU bus in torn-is

W I3apes7data rate and scalability of the bus in teemnes 13702
of the nunber of |anes, to address both | ower and

hi gher speed dat a bus requi renents, dependi ng on the

sired a atl 003 I.Ln the 10 G [t
g"g@@i‘?@&&‘i’ cb ?l%ﬁv meﬁmegﬁgteacgg@cﬁdaw? C@H@ 1P ggc},, gl processor.
ecification, the PHY | ayer conprises the Physi cal
Kb raypisiPes) or mpks dbinpets cestuplomsla My At the Hibeneptic
(PMA) subl ayer, and the Physical Dependent Medi um
EP@ps atshbPAAI2 comporeat 3 by tforcscampthy e sptrsambdyié,onisnh dd turn,
at the Physical Dependent Medium (PMD) subl ayer. The

RMBlds i 8ed dayd By DEbelesptia cABEizpor | ndependent neans for
the PCS to support the use of a range of

@&d0] aﬁigk@ Tmﬂ{ek ﬁﬁisﬁgtepméss'téfﬁbrdrmg#l@c e8Ik ?51’?10 GbE compliant

am)ng 0 ot her things, mapplng e groups bet wee

B R PSSR g v
D BB Ry S R 2 BByt ot

IeveI bl ock lay out of a swtch or router line
Qéﬁﬁémﬁ ArercNefehonky (WHeNANDEEY s SPhhyye (VERYinMAGicelthaiencapsdlates
300 conprises a MAC 305 that 25 comunicates wth,
Hibernetaamdselpor trppetisdiary eva adfONEPIQAT-G6Dkhainet KOGBASE-LX4 - uses
switching fabric 14 WD 03/098877 PCT/ US03/ 13702

W REVISEn SIS Link QWDM?%%@B%}; tPdendBBRER over four _lwﬁvelengths of

i nterconnected swtching fabri or processor.

e PRI By PR oL P B conponent

Ctot

3, 0 R B B B o B0 o

[ 00401 Fig. 3 further illustrates the standard bl ocks
piafeeq] Aieek Pirpesed ioriha HigE G B8 Piramecifligation éhe M@ couples to the
in 10GBASE- X nedi a types, "X' denotes 8B/ 10B si gnal
PENG sttherglirestiy loe opmdamlly Ria fhe XGGRASTEeR el artdsyes (SARBER)air
encodi ng and the "W in 10GBASE- W denot es
interconnected by a XAUI bus). In this case, the PHY component comprises a PCS
component with a 64B/66B enCODer/DECoder (CODEC) in the PCS that performs
packet delineation and a serializer/deserializer (SerDes) in the PMA. In the transmit
direction (from the MAC to the fiber 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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the Wde Area Network (WAN) Interface Sublayer (WYS)
interface that encapsul ates Ethernet frames for
WORPAFESi on over a SONET OC- 192 channel . | OGBASEBOIA#403/13702

- uses io wave division multiplexing (WDM technol ogy
to send signals over four wavel engths of |ight

[ ve i-ngle. pajr fibe I c. cabl es
6% 18 4T 16 AR iR T oudlervonk SRR pf B oot 320
stack 325, n the 10 GbE protocol stack
ErEpte ot R %%&@EE@ ipytia FChgupl aa%RéB%@cth@ PREYi Bhe spgsd of the
MAC couples to the PHY, either directly or optionally
sprial datesivaant is GI6h Gbr's (SEBNEY 1C-192) HNEX® Habit pasille] data paths in
i nterconnected by a XAU bus). In this case, the PHY
tbe iphh ere opeortingias 632 MbRGSChC Qhp Gnetibn pidvided 15486 §BIB component is
enCCDer / DECoder (CODEC) in the PCS that perforns

RAGKRY ideld ma% P85l ALdiBR! CHRSES]. @dndBily speaking, the
(SerDes) inthe P Inthe transmt direction {Pom

seri 21{?% Iz esGﬁ)g%ﬁL{p%&r %I% (i%ng%? L%)Wlt ﬁl% S?@@%%’r%%}s O%%cca]l]s\letwork
PP e Sofreoiat EARLEh GSEaRF prodge cary

the 10 GhE LAN serial protocol stack may include a MAC

daky GomuBuRPatpns §ver lpngydistanpes; piad the S-S hR Furaat providexgn offective
bet ween the MAC and XAUL The PHI' chip, in turn, is
d@tﬁdbl‘@@hpld d9.58864 Cals. MiictiWeS thstrane maeruimc&ghpﬂrteaf 10 GbE to match
rightnost four blocks illustrated at 325, nanely, the

tKGEONEUINOCH 012, spR¥aSTRE B SREyH PMFrsie flod] the 'Ld\N P used m the

serial. A st andard XAUl i npl enentation may be used

staeati L0 kace RALUBEACK AEecrifs 1[3/% g]e "
e 8 R Slch BB e S BByl A Rl tﬁéWIS o
_ Ar ea seri al
i r 0 g%%ﬁlp }1?1 Cg%%%d g%ﬁ‘bﬁ XVZ{ E’ Cé%%m@b)EC int he
V@nl?@_g SerDe .in the PVA. The sgied of the ser
O30 P 19 T Ao NeBrE il SONENC BE M b seripkprofeo! Sack 400, in
16-bit parallel data paths in the PMA are operating
agpordgpoe Withsineadtodinmng of threcinvantiopy svlladtddy Theetadk 300 uses a
conponent is s described in the | EEE Draft P802. 3ae
XepHdiusicapdtiloof oferaligan 2Qatanestdd hymspgakcoddatdayith an
embodiment of the invention. In this configuration, a PHY chip, comprising the PCS,
WIS and XGXS components, is coupled via a XAUI interface to an optics module, which
comprises a corresponding XGXS component, followed by the PMA and PMD optics.
[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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WS allows 10 GbE equi pnent to be conpatible with the
Synchronous Optical Network (SONET) OC- 192

WOEA88i on format. SONET equi pnent is conmonl y ReI@ak03/13702
to carry data conmunications over |ong distances, and

the OC-192 format provides an effective data

{0%&2 UQH? %%eeﬁf'eg?%éﬁg&sg%{e ‘g Ihcflgl\ﬁ{(ﬁ £o~ ﬁere the 10.0

PHY differs fromthe LAN PHY used in
@ﬁ@qﬂé‘%@ﬁ ATHANCrREns gate ﬁ?ra&og Epprdgt eRPpES e Hap GBaud line rate
above rimarily by including the WS to provide a
Qi W @ 188N Gﬂrrt@ﬂ@er@md)fﬂmWNPﬁ%@KhWSew 952 GBaud
[0044] Wth reference to Fig. 4, a non-standard 10 GbE
wedpeare af dgn egrastt neidacWhéd Qataiagnostic @ardddsn eeabiéd, bacdrof the four
enbodi nent of the invention, is illustrated. The stack
HOUTUSRS carries eXedy oh@%u&@ﬁ%@'ﬂ% WS eRErAhéd ] ddta & atiﬁﬁ@B encoded
agnostic manner, 1 n accordance with an enbodi nent of

(%:Vlgﬁp}ﬂrﬁlﬁglle %é . dédg)g}\fﬁﬁ W%‘R{Ré m& QMyg/ 82?] g#t\fs@lws PXAUT regulates its

Rt ity LRI - R

fallaowed by the PVA and PVMD optics., [0045] A lj
S@ﬁﬂ&”&%}fﬁ&m {Thg WA BHERGTREe envde e s eseres) in TEEE PS02.3ae

rotocol stack can use 20 the sane PITY chip/optics
olassesdntitgod 80). on used in the 10 GbE LAN seri al
protocol stack 325 descri bed above with reference to

[6t4g. Therd e oXAUhrdetligodie toveiRitighief Ble A B dus Rizhe ﬁ@;hs‘{andard 10
nodul e operates in data agnostic node, at a speed of

GoELy AX/s8riA135 BB Eo1shRR 480 la?sEb g@ggdstosfbtﬂ%o&@‘?n m“et d%ﬁﬂo GbE

needs to match the speed of "SONET rather than erne

b At G i

dat a t hs ere t 0.0 .CGb/s Ethernet MAC
OYRgSF ?ﬁﬂ&sergf’fec% ﬂfwf éreafiﬁ bEFIHR adhe lipp ar the inferfaregg she MAC.

GBaud line rate of SONET OC-192. The interface rate
Byrustngethpspmpeiticeh nodes, ppergiinsg AGBaud dateragsegizcniver,aid

dat a agnosti c node. Wien data agnostic node is
bepezbing dic €4B106BCOMECTintite module, the same line card that supports the
standard LAN serial protocol stack may be used to support the WAN serial protocol stack
as well, when operating in a data agnostic manner.
[0048] Optical modules are standard, even commodity elements. Their standardization is
governed by multi-vendor Multi-Source Agreements (MSAs). Currently 10GbE LAN
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



10

15

20

25

s XAUl | anes carries exactly one quarter of the WS

rate. Since all data is 8B/ 10B encoded over XAU, the
BREBIBEETXAI | line rate is 9.952/4 * 10/8 = 3. 11 r&/8s03/13702
XAUl regulates its line rate automatically by

perform ng per |lane clock and data recovery on the per

rd: al, DI rea Th N P rate control .
e BT 2, Ahd bR et sl Sheeh ™ R i peaives
an 0).. 10.[ 00471 There are only. three bl ocks
?Q@ﬁ&%’?@@ﬁ@s éFS%nggﬂ R tprﬁg.r?e Iﬁ&%ﬂ"éﬁwﬁﬂaﬂ% for example, a
GbE WAN serjal protocol stack 400, as opposed to four )
By i@ rppter e eardrheaing aongip EAUNNss isrdansblp pbsupporting multiple
stack 325, due to the fact that the PCS 64B/ 66B CODEC
pratochls, e.by paidiEhecruénigtiat Ladtsriabprotddobstdyk)kad@ SONET (using
put on the line at the interface to the MAC. By using

lidweorsaugard P ACRéeriPpok R0l SRE) Bl 80O inklBpeRd&dt@anner.
agnostic manner, and is bypassing the 64B/'66B CODEC in

. ' t r
0 TR By, RATS. 0BG 1o I L AMPRILGS It s 45 s o
t N serial prot st ac as . wel |, e

SHEREED o M g8 L BipeB s 25 ot A pte Rigmilelex v
é{\?{%l es ﬁre st andar d, %en commodity el ements. Their

epicah padylgnt heMAgoddpiesdEthgngipackety énihsrPHY chip, where they are
Mul ti-Source Agreenents (MSAs). Currently 10GE LAN 20
G048 gpedded enéirahamittad henosres XAENRAK IMBA, fonr lans nplidaémodule. A
XPAK MSA. Both have XAU electrical interfaces. \Wen

reti@cBUMK) provikRAKoMBen 1 asBdpdWemaoSthaBigasld thal afefe transmitted
agnostic WAN PHY node, the WS is attached to the

XENDHteRalXPAK neR d PR S efRDehel pd rﬁﬁ@g i
in the optical FTDdLII]%?OIpS byps)agsed. eﬁ%‘%lﬁé@\ﬁgﬁst e Gylasemvm
' hosupporting the nonstandard 10 GbE WAN seri al

dﬁ)érgﬁ%lg%l‘ stack 25 is powered up, the XAU bus enters

KL gl [ e as described above with 17 WO

y3foothe Becitig Sl Taan e Pend eek tPrapered 31 g FE Lraft

t hen the operational stage, wherein it transmts and
Pe@¢éng anpciicaipy missing Semaibe peencstlied 10iGHE Pesldekartequrchitecture.

rig. 2. In this way, a device, for exanple, a
The IEEE P802.3ae task force did not propose a WAN PHY 4-Lane architecture,
specifically rejecting conformance to SONET jitter, clock, and other SONET optical
specifications. Instead, the task force opted for the standard 10 GbE WAN serial
architecture describe above, which uses a common Ethernet PMD to provide access across
a SONET infrastructure in support of Ethernet over SONET.
[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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switch or router |line card, having a single XAU bus,

i s capabl e of supporting nultlple protocols, e.g., 10
WOHO30%EY net (using the LAN serial protocol stackCTaiad3/13702
SONET (using s he nonstandard WAN serial protocol

staclc), in a protocol independent manner. [00501 As

loh Hﬁ%cﬁfn%gt 6{(1}1% Lfgfentff‘on Lde t%%ﬁ%%rgﬁc%ﬁn OttTe Hal Cﬁslﬁ?& the line card

pr ot OCO sta uses a

PHY_ chi. ion
AR BET el aﬁseﬁﬂoglf%ﬁsq@ﬁ%ﬁgwe Fafpiitienkfadikcor de opticl
to .t e PHY c g . Where they are 8B/ 10B encoded and
foghiifoptaing the Fegiaer ARYMB) 45d VDM BMD fabanr daserecdspore and is
nodule. A 10 retimer (RTMR) provides for clean up and
pappdadevin A\ GK buste tlad I ahip idjsconethe MAGnsmitted over
a potentially 20 inch | ong copper bus before the
piogph alisora eentiardanent df tiedinbyntl oas @l SKAURop drbign MM aBMnostic mode is
[0051] Wiile the 10 GbE LAN 4-Lane prot ocol stack 1s

REBRS8 thd PHYNQnlJalEntldr %fﬂne cR&0 %‘hﬁaﬁn & isfdoﬁgfeﬁ e MAC

m ssing fromthe proposal is a
SRRl T SRR R AR e

ct, 0 nr mance.ta SONET jitter, .cl ock, and
%ﬁﬁ@ @&f«éﬁe ot EaY ress%ée PETCRK PEARLST O aledacs o hiisiaie in & high
force opted for the standard 10 GbE WAN seri al
R ORMARE (O Wi Sy P onpviestinioemetmenk aa acermenror installed in a
Et hernet PMD to provide access across a SONET
dasktopsbmputeu spstém st ppobe cametttd &r thetncovak vEONREdiua0dependent
[ 0052] An enbodi nent of the invention, illustrated at

ebfatd) Fings a KAPIsi tH@opbRltesds eﬁﬁ@&ké@ﬂ%ﬁn&&xtﬁ%@sé@ﬁ%ﬂy isa
4- Lane protocol stack. The XAU bus, operating in a

%ﬁ%ricr %egitgpgﬁ t&l%@ﬁ@ﬁé&@@%ﬁ%{é}ﬂdti]rgaregeg}@?feg%ﬁ%@élcey Qh the same
RS B R ot sURLR Btoel b sa g Pt HE Guises

three bl ogks used in the PHY chip in line card 25

P&%%eé%ql%éa REsanpRale lagip geyices. tT%élSthhe apEntipnistertedimited only by
otocol stack 330. Additionally, 18 WO 03/098877
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one enbodi nent of the invention uses the sane opti cal
nodul e that is used in the line card described above
as supporting the 10 GbE LAN 4-Lane protocol stack
325. The optical nodule contains the retinmer (RTMR)
and WDM PMD, al so descri bed_above, and is coupled via
MAUI bus to the PHY chip adf@cent the MAC. 5 [00531 In
one enbodi nent of the invention, the XAU operating in
ngtsajaa%qgr c node is resident in the PHY conponent
aline card, which in turn, is coupled to a MAC
corrponent t hat exchanges data over the backpl ane or
1.sW tAchethep, Eadprisiog: ditistizimgoart ieterface Abjabematransaityng dataen Bidyrdance
withegy leagtsing eornmuniestionsrikoterhpiee p piyraliyrof eqriabiathse amditransmitting data
corfrrgtﬁwsrfretre S?f'aapahh RAEY ForiRifiRtieatien PR Blprfac shiginhipiling at least
@%ﬁﬁne mmumct %ﬁ%%&e%{éﬁ%%@t&% 1 opperiahying| ' 8gFO[eANg Wit
aionsf)rgr %ystemthat can be connected to
t he netvvork via a nedi um dependent interface. Since a
2. XAUIThB lisetHoR @t claPer ah&8in aftia@0é Rtkribdd doRRrided\c8MchBg a plurality
of esweitharattéry td Sseauerge biclbtE greaisitabnabla Synchitonia@ipn bethelseidl paths.
to connect any nunber of different devices, on the
or be tvveen boards, such as integrated

ard cla w@?t ¥ Pty of ﬁ‘? r@ %g:gﬂcgrs rises
R e
Imte n e ese Mhat foIIow 19 20
What is clai ned | s. 1. A net hod, conpri si ng:
4.1 ni tiinalnetiod @f adini Ntvaletart Corap@aph elurdity tof af8wl EdatdagrOaidrises
convertmg cior claradte of woitivi abardatas tto @req@atauhil Gait icodesgroups using an
8Bhi0Bhisclotodng eshemepl ural ity of serial paths; and
transmtting data code groups in the seriaI paths in
resprgnse t mt a her nqt ef her ri hronizin
s BOLPALL é Sl r'% B B Xl o
use or & of "Ser al paths in
accordance with at Ieast one conmuni cati ons protocol .
6. 2. The mugtohad cafm 6] ahdreid initsnetgeing interface dbrihgi Bgniribes aligning a
plirgityef tale@ravphipImiswiéisd axepsdiretserig pathpl ural ity of control
characters to a sequence of code-groups to enable

nchr on f th rial h
Sy °rﬂe %e ho c?atm 8 whtere?n a rgningaa p!Br%ﬁty gf' code-groups transmitted across the
serral paths compr;ses performing de-skew.

8. The method of ciaim 1, further comprising encoding 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,



3. The method of claim2, wherein converting a
plurality of control characters conprises converting
the plurality of control characters to a sequence of
code-groups to enable | ane synchronization and
| ane-to-1ane alignnment of tgg serial paths. 4. The
met hod of claim 2, wherein nverting a plurality of
control characters conprises converting the plurality
of control characters to a sequence of 10-bit
code-groups using an 8B/1 OB bl ock codi ng schene. 5.
13The Thetnn@dbdaff celindi1Mfultherdd@ipReinl paMotnhidd tiddiknghdt difa recovery on a
portiot efrtheatcamsihitied des caclewpupses synchroni zing signal s on
the seriaI pat hs to determ ne code-group boundaries
e nethod of cl |n15 wher ei n |n|t|aI|zrn

Qyisip Witigljz spjt data in
cord nce WI at ee%’.t one com rﬁi’?%on [)proiocgl éﬁl Ir Qé{am%atsp and logic to

t éBéﬁt AR Rat f
& %W%IOS toctlra%me ca RS e rvgrélr A Aol

of Cce&taegrarpe WRgablel SN bt gna&H @5 sertahpethssaracaérdmta Rh at least one
coponpitatisesorgedof. or M ng de- skew. 8. The nethod of claim

1, further conprising encoding data for transm ssion
across the |nterface after initializing the

15 Raratep pihedPds @rtlalrfze“ce gjses logic to convert a
ply g%@‘ ' °§P‘h°é C?ﬁ’%%eéﬁ £ ﬁ&"’%‘ﬁ&c‘t ‘Hs(’é’ TPOH &”Pﬁ%ﬁé‘lﬂ‘@%?}'ﬁ” of the

50 any control code-groups in the serial paths. 10.

18The ﬁﬂ@tabﬁl—ﬁlatﬁ’éc of kg 9, wheh@ 8hiB (B1BMBAtdoRPrideB8ogic to convert the

plUrdliSedf kbridndl rﬂrﬁﬂacﬁefs&ﬁ%@e&%nﬁmof dafryuRab bfiddle lafOSBcREHaS and

lareagorane slgsmprtefieatdrapatise i nsertion and transm ssion of
any control code-groups used to conpensate for

| ane-to-1ane skew. 11. The nethod of claim9, wherein
Ssﬁogiﬁﬁrﬁgﬂwt@f PGl (MG ANt (U onfLLT b e Sempae To perform
CORtIro Bde groups conprises preventing the

insertion and transm ssion of any control code-groups
18Usedhé przriRe sahe 14, WhehakKioiatLindhisP adrhdries Bdic toldyBehronize
sighels brottle edriatdatisd dsterinetcher-grog@mpurdatigyy reiniti ali zi ng

the interface in response to detection of a | oss of

synchronlzatlon bet ween serial paths. 21
19. The apparatus of ciaim 18, wherein the logic to initialize further comprises logic to align a

plurality of code-groups transmitted across the serial paths.
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.



13. The nethod of claim1, further conprising
perform ng clock and data recovery on a portion of
the transmtted data code-groups. 14. An appar at us,
conprising: logic to initialize an interface capable
to transmt data in accordance with at | east one
communi cati ons pr ot ocol ovef? a plurality of seria
paths; and logic to transmt data code-groups over
the plurality of serial paths in response to
initialization of serial paths, wherein the logic to
26t I ansFhppatauseRPER! @, fifndr E@RNSEING (0YBtd Rerfbrihdidek Bhd\ghtd Reovery on
a fiort®n 8Mths BarBmittal ddteasie-graps.code- gr oups capabl e of use
for alignnment of serial paths in accordance with at
| east one conmuni cations protocol. 15. The apparatus
of claim14, wherein the logic to initialize conprises
logic to convert a plurality of control characters to
a sequence of code-groups to enabl e synchroni zati on of
the serial paths. 16. The apparatus of claim15,
wherein logic to convert conprises logic to convert
the plurality of control characters to a sequence of
code-groups to enabl e | ane synchroni zati on and
| ane-to-1ane alignnment of the serial paths. 17. The
apparatus of claim 15, wherein the logic to convert
conprises logic to perform 8B/ 10B bl ock codi ng. 18.
The apparatus of claim 14, wherein the logic to
initialize conprises logic to synchronize signals on
the serial paths to determ ne code-group boundari es.
19. The apparatus of claim 18, wherein the logic to
initialize further conprises logic to align a
plurality of code-groups transmtted across the seria
pat hs. 20. The apparatus of claim 19, wherein logic to
align conprises logic to performde-skew. 21. The
apparatus of claim 14, further conprising logic 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 seria
pat hs.



23. The apparatus of claim 22, wherein the any contro
code-groups conprises signals capable for use to
conpensate for |ane-to-lane skew. 24. The nethod of
claim 22, wherein the any conégﬁl code- groups
conprises signals capable fo se to conpensate for
clock rate disparity. 25. The apparatus of claim 14,
further conprising logic to reinitialize the interface
in response to detection of a |oss of synchronization
bet ween serial pat ABSTRACTQF THROISSHUREUS of claim
14, further conprising logic to performclock and data
recovery on a portion of the transmtted data

| NDEPENDERT TP RARPEa TS R tss O (SR o Sioair
ATTACHVENT UNI T | NTERFACEMENHSNGOH TEBDAER | si ng

initializing an interface capable of transmtting data
as a 10 Gb/s Attachnent Unit Interface (XAU ) in a
plurglit f serial data paths: and, transmtti dat
Rode - yPalissk o EaE R4 T ETdcs CoRabie &' PRSI e
i nt erdogofdtackyment Hnit ingerfagee@AWR i @pllnalty b seiix gate ivaths; an_d
t r anghsiitifgdd ce-grRR8 In SRITE! (BPEFhAataGRIE vBEOM Tidrfce is
the seri al % ta ..th% sed for ||gpnent of.ﬁerlal ,
dat a ”}5‘5{':{%1 W ﬂe ng&ﬁﬂ f egfl@mlslsmn of at lgast some special code-groups in
the serial data paths used for alignment of serial data paths in a XAUL

FIG. 1



