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[ 0001] Enbodi nents of the invention relate to an apparatus and nethod for
transmttiWQOJ8MWEH across an | EEE P802. 3ae 10 G gabit At PEHHSAS8700NI t .

{XAUl') bus in a protocol independent manner. BACKGROUND 1o [O
communi cati on bus coupl ed between hi gh perfornmance devices, suc Ilm IMIJ"”"IEN
communi cation bus provi di pgekééor, bEROENACERANIVRSEEEN | Nntegra
(for "chip to chip" Wﬂ?ﬁﬁz , ﬁﬂEM@%&’fJ@i@cﬁew ces, or'lg&fween

printed circuit boards via a connector, nay nee 0 operate at very high
connunicat% &mDNbreover, interface logic and pin counts for
inplenentiﬂgﬁﬂﬁggggs—ﬁay need to be mnimzed to reduce cost 15 and
conplexity of t evi ce in,.or devices betweep, i C e bus js |ocated.
Gonor a1y 108ty ibrofietSoreh ot 6 YoE T & spiatis 480 Bethod Ay TBHSERng, <
applications due to_being limted in operation to._relatively slow data
transm ssi 4 apess s IREE B§2.39¢ 10 GigabgiAttachypent Liit (XALH) bus ipaprgiesol par al | el
signal. A sinple serial signal, although generally capable of operating at
faster specidependpmhmannisaral [ el bus, will not neet today's needs as well,
based at least in part 20 on bandw dth demands. Applications today nmay
require multiple serial signals operating in parallel to overcone these
limtations. A parallel arrangement of serial signals is henceforth
referred tBa@erOUNDeri al bus”. [0003] A bus generally contains control

| ines and data |ines. A synchronous bus generally is capable of operating
at) fasier [speeda conanniatichtos coupdiheswded hidlarifoftaite dbdadshekang 25
protocol is required. Additionally, because a fixed protocol typically is
used for “dshidfhicatioBusPaévi@RP for interconnection between integrated circuits (for “chip to

chip” communication), Input/Output (I/O) devices, or between printed circuit boards via a
connector, may need to operate at very high communication speeds. Moreover, interface
logic and pin counts for implementing the bus may need to be minimized to reduce cost

15 and complexity of the device in, or devices between, which the bus is located. Generally,
a parallel bus will not meet the needs of many of today’s applications due to being limited
in operation to relatively slow data transmission speeds of one billion bits per second or
less per parallel signal. A simple serial signal, although generally capable of operating at
faster speeds than a parallel bus, will not meet today’s needs as well, based at least in part

20 onbandwidth demands. Applications today may require multiple serial signals operating
in parallel to overcome these limitations. A parallel arrangement of serial signals is
henceforth referred to as a “serial bus”.
[0003] A bus generally contains control lines and data lines. A synchronous bus generally
is capable of operating at faster speeds than an asynchronous bus because no handshaking

25 protocol is required. Additionally, because a fixed protocol typically is used for
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WO 03/098877 PCT/ US03/ 13702 conmuni cati ng data over the bus, the interface
logic to inplement the protocol is mnimal and the bus can ope0dt/d ¥£RYP0O5
fast relative to an asynchronous bus. 100041 However, a synchronous bus

i ncl udes, awol0&e48877n the control lines and requires a fiRrRedugmasmdzol for
communi cat i ng data over the bus based on the clock. Thus, devices s
connected to the synchronous bus nust operate at the sane clock rate and .
part|C|pate ln ti0 coalt-hough many
different SYHEY paﬁ%%gﬁggver rc i@g ur acg{ogic%?&?le@%mqh{ﬁl%%célrlg""ﬁ' %?rat ely
tied to a erm ned co tion r ot hIS predetermned

comuni cat%ﬁﬂﬁéﬁcﬁ%werﬁgﬁ T ‘?t’dﬁltcﬁ":g ?'Fq 1P W% on, for exanple, when
a device coupled to the bus has, data tted or fr dacordlngt0|o
different 1 VESHER, 8 AYRSOERGBL S inclis p eloglsin the cantiol LRes e RAMITERE oss ¢ he
bus. Additionally, because of well known clock and data_skew probl ens, the
| onger a Exed@noteded for communisating data gves the hus baged emtheslogkeThusadevdgssed of t he
bus. 100051 The Institute of Electrical and El ectronics Engi neers (| EEE)
has pr oposeetnectedso dreciamehrénmus bis rovsd opegate htthe pammextlock rate agil paddinipetedt t he 10
G gabit Media Independent 15 Interface (XGM 1) parallel bus and reducing

t he nunberthefixeddommhunieation grotdes!. biss avesuit, alttough/riny differsns synichwonows| bug MAC) and
Physi cal Layer Device (PHY) conponents in a 10 G gabit Ethernet system
(her eaf t erarchifcttdel efiyttbdyl they afelifffithately lied fadpredetekiitinddrcop@amicatioexpect ed to
be ratified in md 2002, set forth in clauses 47 and 48 of the |EEE Draft

P802. 3ae, rotdbdlP TREPRIdeichnined coramictidn Nﬁlﬁﬁ&oﬁcm%rarmgﬁﬁéﬁﬂmﬁﬂ&t fop! €
Ac ess with 20 Collision Detection (CSMN CD) access nethod and phy5| cal

yer specly gl%t#v A ddifeh! 'cﬂgp;l%c} ﬁo'lge %Js%ﬁ%&dt& %hg?t% dr el Eb%kmn to

char acteristi or an opti I a Indepen ent nterface

fﬁ%%ace@ﬁ%&%mﬁﬁwg@ué% m%QM%%Pk&F%% esgn gs“ t ﬁgl }?onan
S?’Sﬁﬁ?l o 8@““%'%%’8%?23’“%‘? &fow@};:g) bZ" o 1Bt i 15@’%%‘? 88%%")‘%@%& U503/ 13702

00061 1nq 10, COE, B S SR b QB P KGN | extender, the AU

=

—

j0005] The Institute of Electrical and Electronics Engineers (IEEE) has proposed a
standard for extending the operational distance of the 10 Gigabit Media Independent

15 Interface (XGMI) parallel bus and reducing the number of interface signals between the
Media Access Control (MAC) and Physical Layer Device (PHY) components in a 10

) Gigabit Ethernet system (hereafter “10 GbE system” or simply “10 GbE”). The proposal,

expected to be ratified in mid 2002, set forth in clauses 47 and 48 of the IEEE Draft
P802.3ae, a supplement to the IEEE Std. 802.3, Carrier Sense Multiple Access with

20  Collision Detection (CSMA/CD) access method and physical layer specifications, defines
the electrical and functional characteristics for an optional 10 Gigabit Media Independeht
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.)



recei ves a packet byte streamfromthe MAC or PHY, depending on the
direction of packet flow, separates the packet byte streamint81nM03/gI0d5
serial binary digit (bit) streanms for transm ssion over a correspondi ng
_nunber of YWHOWSNWAT? comruni cation paths ("lanes"), and s eaTUSSH310Re bit .
streamto be transmtted on each | ane using an industry standard 8B/ 1 OB
codi ng schene defined in U S. patent no. 4,486,739 issued to Franaszek. The

8B/ 10B i . i i j_nf i i nt 10
COfbdsP 1HGHEHE %&?leﬁ%gé%e@g?ﬁgggéﬁ&iai XBXIE eRbndel tgéﬂg;[ B i nto

binary digits for tran tromagnetic or ‘optic

transm ssi . i I i ' . ' tures
use the SB%Q%ESCQ 3’3?1%385 g?ﬁgxrf@ {é{%‘!ﬁmqg%%g rcpﬁ%%’sd%b %@ﬂ% ﬁgﬁ%gﬁ%u?ééﬁg#géi ni Band
r** Architegture Specificatjon Relegse 1.0, Volume 2 -  Physical

Spect 11 cat FOHSePAtE e packel e stremmgnto sitis st Pppy ot T HeRms e ans

NCI TS T11l Fibre Channel Standards), and the 33 O high speed 1/0

i nt er connFANSIBFIPR PVEsacorrgsnonding aumbe of physiagl @jmre'anw?mp pathyflangs"Gandr at i on
Peri pheral Conponent Interconnect Special Interest Goup (33O PCl-SIG
(see htt p: meedenthsditsitigan derpe trapmited®n]ca¢holans esing aadysayistandasd 8BHOBt of or e,
has not been inplenented in a device in such a way as to be capabl e of
suppor t i ngroding sehemesiefined inlJ.8f patentno 4,486,789 ihshidddo Erenastek.aThes8B/20Bs in a
prot ocol independent manner over the bus. Sone data streams, such as
circuit ooilingseltmeamnsipipaareightchifinikeftinfornstiondnto 10dimrg dighafos, do not use
or cannot take advantage of the 8B/ 10B codi ng schene, for exanple, SONET

( Synchr onatisraission aver 2lectibmiagetio orbptival HafigisEion lided! Othel @21 kheWwh SdtiaDf SONET,
'SR:P ANSI T1.105: SONET - Basic Description including Multiplex Structure,
te

S and shARlEd Bhs ardhitcbhide va0 B 8AA (B3¢ ARBEEleri/ W) Sch3é Bekintirial
DESCRI PTI OF TAE DRAW NGS [ 00osl The present invention is illustrated by

f f.o | i i ' 4 f th
Becompiny e B Ak e RS Reupcod koo, Vb PEED Do T o

o et SRRt e Eutulel e LRES LRI R L T 20
ermbodi Mentp0f 4 0o el e iis kind the 3GIO high speed VO interconnect serial bus
architecture, promulgated by the Third Generation Peripheral Component Interconnect
Special Interest Group (3GIO PCI-SIG) (see http://www.pcisig.com).
15 [0007] However, the XAUI bus, heretofore, has not been implemented in a device in such
a way as to be capable of supporting the transmission of one or more different data
) " streams in a protocol independent manner over the bus. Some data streams, such as circuit
switched, as opposed to packet switched, data streams, do not use or cannot take
advantage of the 8B/10B coding scheme, for example, SONET (Synchronous Optical
20 NETwork) data streams. (For a description of SONET, see ANSI T1.105: SONET - Basic

Description including Multiplex Structure, Rates and Formats).



Fig. 3 is block diagramof prior art 10 G gabit Ethernet |ogic and
interfaces. Fig. 4 is a block diagram of enbodi ments of the in@dnt03A200Fb
DETAI LED DESCRI PTI ON [ 00091 The 10 GoE proposal, set forth in the | EEE
Draft P802WO8/09488Ti fj cation, defines a 10 G gabit per PETHHB/IIENE a

1 ndependent Interface (XGM1) parallel bus architecture, conprising 74
signals (including two 32-bit data paths, one in a transmt direction, and

1 [ | d ; trol si | s; d | ock si ).
Lo 00" Bpipm RO PR RHaC T oL SLgnal s, and one el ock ot gna)
t he MAC | . g.he | t] t i zati '

(1o M1C. | R PR SMER ek Bl o Bl SRR IR R 221 0
AT = R MY R NG AR T R

specificatign further proposes an_optional XGM | extension, conprising two
10 G gabi t REL smilarelearniaend inghisty ace (XGM 1) eXtender Subl ayers ( XGXS)
and a XAU bus between them (the "optional XGM | extender"; or sinply

"XGM | &xt enderFig, 1 igthlack diageam alastypisal nsier attdf figabitAtiechment UnitIntesfasepl e, up
to approximately 20 inches in length in Printed Crcuit Board (PCB)

traces. Thercojdti onal 25 XGM | extender typically extends XGM| in
chip-to-chip (integrated circuit-to-integrated 4 01/03/ 2005 WO 03/ 098877
PCT/ US03/ 13702 FKigsZXisiatflowaghattiof ad ermbslimertiof e imventiols i n nost Et hernet MAC to
PHY interconnect inplenentations. However, it is contenplated XAU nmay be

i npl ement ed notFigrd i bivgk diagR@i 6f prioPar® 00 Gigdbit Eilphettupic indlig@ffadegd Circuits
(I.}:s) in a single board using traces on a PCB, but other environnments as
wel I, i ncl udi narijg.ais @Wedek ditgratn 6f @tbodReeih dMhEheatoACt S bet ween boards,
either directly, or to a backplane. 100111 Using the optional XGM I
extendgyf, a MACto XGM | to PHY parallel bus interconnection becones a MAC
to XGM| to XGXS to XAU to XGXS to XGM | to PHY interconnection. A source

XGXS conv%itl.[suiﬁl)g%ﬁgﬁb&eam received in parallel from an XGMI to
mul tiple for transm ssion over the XAU serial bus,
[0009] The 10 GbE proposal, set forth in the IEEE Draft P802.3ae specification, defines a

10 Gigabit per second Media Independent Interface (XGMII) parallel bus architecture,
comprising 74 signals (including two 32-bit data paths, one in a transmit direction, and

15 onein areceive direction; four control signals; and one clock signal). The XGMII couples
the Ethernet Media Access Control (MAC) layer component (the MAC layer corresponds

) to the International Standard Organization’s Open Systems Interconnection (OSI) layer 2
Data Link layer protocol) to an Ethernet Physical (PHY) layer device (the PHY layer
device corresponds to a portion of the OSI layer 1 Physical layer protocol).

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

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




10 whereupon recei pt at the destination XGXS, the serial bit streans are
converted back to a parallel byte streamfor transnission over 0dd 0&XR005
as further described below 100121 In the XGM | extender, one instance of
an XGXS op¥0&3/e988%s a squrce to the XAU data path in t RET/USQIHETRL
direction (fromthe MAC to the PHY) and as a destination in the receive
direction. The other instance of an XGXS operates as a destination of the

is XAU a&-g}lmaﬁ% i | G ' he receive
pat h. Each h%aﬁl E%%cgﬁggn&@samngdo:sﬁ%é@%ﬁgg&gﬁ ses &Foure it-serial

| anes. The X ane.cod e E Physi cal
Codi g SubrRERaERRs M PaT it afmv@gﬁdﬁﬂkfrﬁgéﬁwﬁfm%&%m SEVREG 1t he
| EEE Draft P802. 3ae, specification The ce XGX kes data streans, in
particul arP “%J’L’é’m&gt’%fﬂ’ff‘?'% e%‘@tﬁgf”é‘f%ﬁ s? m%a%ﬂ%m cation
paths (" strl do er four lanes") as_ifs.in maps data _and control

char act er ?fr‘f?ﬁ{uh ether qnyizoRments 3§ welunc}s@wglpgmsg tinga-high spesd atercomngets or
transm ssion over the XAU bus. The destination XGXS decodes the XAU code .
groups,’ dehekwsess bosrds.feither diteetli or tocchaskriang: es for any clock rate disparity
bet ween source and destinati on XGXS, and maps XAU code-groups back to
data and dealr dlslnﬂthte}mcma@(Gm@HmdbneM@@@eXthﬂ’HY paralisl g/ 03/ 2005 WO
03/ 098877 PCT/ US03/13702 to the | EEE Draft | EEE P802. 3ae specification,
secti ons A4fiteftofinertich Udtoiesla MAC taXGMI to XGXS terKAlUI o XIGNE tocX@eHoups and
their use in the XGM | extender.) [00131 The XAU bus is a | ow pin count,
sel f - ti MePEFE initértorRYctionC ARDRCE N GIE Converty the gdts ftteamr@E8IvEd ifi Phriallél ot hs,
rgferred to as | anes. The interface conprises 16 data signals in tw 5

séts of f cauoce!uilfts&xﬁﬂﬁplekerm ﬁﬂ@&eaﬁ@lfé&an&ﬁsxbﬁ&%r e AUPSR A iR

speci fication, Figure 47-2. uses an 8B/ 1 OB codi ng schene which

provi dgs fvﬂferé%ui&Aﬂ FeEe@iﬂ'ﬂ?JdeFt!&gﬁGﬁ Wik, el HhiQ céiﬂé e Chiyd ht@cﬁjbgkrt(?h” t Board

(PCB) traces a sca e serral bus arc |tecture t general ly

pecas. as el R &%@%‘ﬁ%@?& %80%?@%0%@?&5%%%85@%@ ?Ep?te'é%g i
and i1 cofti, FRAR xoi i dde” G IR SR X prbsde ot S (5 O

XAUI data path in the transmit direction (from the MAC to the PHY) and as a destination

in the receive direction. The other instance of an XGXS operates as a destination of the

15 XAUI data path in the transmit direction and a source in the receive path. Each XAUI path
(transmit and receive) comprises four bit-serial lanes. The XGXS uses the same code and

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

Attachment (PMA) defined in the IEEE Drafi P802.3ae specification. The source XGXS
takes data streams, in particular, byte data streams separated in four parallel

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

maps XAUI code-groups back to data and control characters. (Note: the reader is referred




[ 00141 The XAUl serial bus has many advant ages over other bus
architectures, including inplenentation flexibility due to | owdpi/) 368005
better noise inmunity, better jitter control, |ower el ectromagnetic
interferer®@O}E7, | nproved conpensation for nmulti-bit PCI/BWS/1EWEW due to
sel f-clocking, better error detection and fault isolation capabilities, and
| ower power consunption. Al though typically used to extend the 10 GbE MAC
to PHY !%%eclﬁﬁﬁ%gﬁwﬁﬁ i‘gﬁﬂ%}ge sPé&ﬁ@a 105, GEctioRSPES 3 R4 482 e RRngVer PCB
traces, it is contenplated the fnterface nay be used to interconnect
application ific inte e |- A I granmabl e Gate Arrays
(PGAs), Fi goilggﬁ&salbﬁ—tﬁ e-g{oﬁésr%gégé%?sgﬁ%%%%?%@i ons thereof, such as
i nterconnecting. apr.acessor. to.an |1/0O . device, . Medi Access Control
conponent , 98flet P&)‘ﬁﬁ’ lsd’elf’Wé’é?]c%flg’ﬁB‘eﬁ5??5’%“%%&?@)?%?{%?Jgoél.r Sf00151 Fig.
1 illustrates an exanpl e gptional XGVM 1 extender i npl ntatiqn, A device
105, for &RBMpIcation pks, @At langga Thp %ﬂ?acaﬁe}naﬁ%ﬁggme $PdH8i ng to
the XGM 1, including a receive- and transnt-clock, RxC and TxC

r espectsi vesets of fave diffeesntiel signel painsSee JEER Dipk P802dpe sperifipation, Figure#hdal pat hs
for data, TxD and RxD, and four parallel control 6 01/03/2005 WD 03/098877
PCT/ US03/ T8XUPyses a8/l 0B sodivg scheme whishtprewidesifor bttersignabintegrityin chiprtom devi ce
105), the XM3 |l converts a 10 Gb/s data streaminto four eight-bit byte
streans, |chip@rintel CiconitBoafdPIOB) trads, XIAAT] is @ xaalablesserial basfatchiterpoeathat |

| i kew se has inputs and outputs corresponding to the XGMI. The XGXS

f unct i onalgehstaltiesperdtddeactnlany/ st 3l 125GB4ud) tue darhoperatethe tunes st oitied spoeds 4620, s
[00161 While Fig. 1 illustrates the XGXS functionality enbedded in

conponent syelilf3 FANandlptOtocSieRdpaident siR10a6 PeRAaMeRtSted coaplendehbary inktal S
contenpl ated a single conponent, or integrated circuit (1C chip, may

eNcConpPass Rk ssiid f&ﬁ{ % RES), Biboie ID?G CM M%ﬂ 1 A

functi j(:)bnal [ ty,s anB t cfeé’ S %’G%@% | o\r(lja |ts§ﬁ‘ I nOEUC@Siﬂrl]cgygegé the chip

i nterface . l.o.the XGM1, if present, need not be exposed.
SRR BB Bt

| ndeed, r an an | internal to the chip, the chip could be

i ng, , T | gad 32-hit Lnte bus.
[0017] " Thateh, THE Rk b bl o unel Sl S st PR BB 01V
el - i ockBemeaian oty g8¥ ioB ool §euc noid fmiutity, bell s

control, lower electromagnetic interference (EMI), improved compensation for multi-bit

(=

15 bus skew due to self-clocking, better error detection and fault isolation capabilities, and

lower power consumption. Although typically used to extend the 10 GbE MAC to PHY
) interconnection (XGMII) from three inches to 20 inches over PCB traces, it is

contemplated the interface may be used to interconnect application specific integrated
circuits (ASICs), Programmable Gate Arrays (PGAS), Field PGAs (FPGASs), processors,

20  or combinations thereof, such as interconnecting a processor to an I/O device, or Media
Access Control component, whether on or between PCBs, to name a few examples.
[0015] Fig. 1 illustrates an example optional XGMII extender implementation. A device
105, for example, a MAC component, has input and outputs corresponding to the XGMII,
including a receive- and transmit-clock, RxC and TxC, respectively, and two 36-bit paths

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



stream for transm ssion across the XAU bus at a nom nal rate of .12/5
GBaud. At the is destination end of XAU, the XGXS deskews, tha®li¥93/2005
aligns, the four |anes, conpensates for clock disparity, and decodes the
serial, SBVOOYBSY¥iAcoded data.streans recei ved over the BANSBEF0I.nto data
‘bytes or control characters for transm ssion over the XGM | parallel

| anes. As can be seen, the XGXS conponents are bi-directional, are capable

of operatl a gto
mdependengéI 8‘%%? ﬁ%%ﬁﬁ@fﬂgﬁg{‘@(ﬁﬁ"gﬁ@, ron tﬁ@ ﬁc at a g??eam
cont ai ns acket d. 8 elimters.
Addi ti ona:_:(ltﬂ? qoaﬁllmg)otggr%%’?}sb ?Pé‘&ﬁ glgﬁ&t %?fqgﬁs bet ween
the delimters bet ween, a end of fr dellm t.er a rt of
frame del i FERle;a g&%%@@ﬂn‘f"&v@ﬁ B?)‘HPE‘ES e cqrriﬁ%?dmtgﬁ% ﬁgrgs kew
t he | anes. [00191 AItho h 1 ill ust ate what esse al |sa10

gi gabi t peFhegtE¥S hg)é‘lle“‘%?dlah‘?‘@r‘?ﬁﬁﬂ’ Y&‘?EPﬂnfmfgtlQﬂE{ ta, as will
be descri bed bel ow, errbodl ments of the 7 01/03/2005 WO 03/ 098877

PCT/ USCB/ 1emel2 WhileFig. lustmesitheX GXSdimqtionality embedded in commonents M) &dner i ¢
data in such a way that a device is capable of transmtting not only 10
GoE dat a, 120} sepirhterfrotn¢ampdnents $&5band 125, iSispmtenalated a singleeprepenent/@n bus.
This is achieved by nodifying the operation of the XAU bus after the bus
i s initialihegdted tirenin@0) Ehip,ahdycsncompast mysonrepidestinbtion ddviceXegl MA@kt ri cal s
characteristics fromits functional characteristics, and nodifying the
functi onalthe Kb‘mﬂxﬁﬁm&htﬁ anct fie ?dGXS/\fuhEtﬁ)naliﬁyehfs&ﬂeuﬂsmée; theshiprihterfage t ype of
dat a, whet her packeti zed, circuit switched. [0020] The functi onal

charact er 'v%&il&ﬁetﬁém %ﬁé&e@m 1@1?r€seﬂpﬂbéd'rﬂ>@bé exploké) Hitlebd, SN Ehanckat @ i n a

pr ot ocol ependent manner over the XAUl bus because SONET data is not ro

packet %oz eGeaMiRhtetrl 1ol HEER 5 Fre%or coll@bé ¢ £ eﬁﬁmﬁlé aSOKErpaylb&AT s, and

thus, there i's no Inter nt er packét gap during which'to transmt

special I1d| %&Wl{ﬁ%&#ﬁaﬁ% m ght otherw se be used to synchronize the
S

XAUl bus, i anes, and adjust for clock disparity between the

dd
25 a cor Ao e RS XGKS enrt e BYERB corbf ot Blded dyepHRn BRE ™ o
related t Oof (t)lxrzsei%ur by(t)e-w? e 1;[111he§ op H\% X&dﬂ'iﬁto %%Ql?—gfogﬁédf getria? S8/ ﬂstencoded data

stream for transmission across the XAUI bus at a nominal rate of 3.125 GBaund. At the

15 destination end of XAUI, the XGXS deskews, that is, aligns, the four lanes, compensates

for clock disparity, and decodes the serial, 8B/10B encoded data streams received over the
) XAUI bus into data bytes or control characters for transmission over the XGMII parallel

lanes. As can be seen, the XGXS components are bi-directional, are capable of operating
as a source or destination, and may operate according to independent clocks.

20 [0018] Ina 10 GbE environment, the data stream contains Ethernet packets, which have
start and end of frame delimiters. Additionally, special code-groups transmitted over the
XAUI bus between the delimiters, that is, between an end of frame delimiter and a start of
frame delimiter, are used to synchronize the XAUI lanes, that is, deskew the lanes.
[0019] Although Fig. 1 illustrates what essentially is a 10 gigabit per second physical

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



(alignment), crossing nmultiple clock domains, etc., are resolved during bus
initialization but then ignored during bus operation. The nodi Dile/d XAROOS5
operates in a node that tracks deskew and synchroni zati on through the

det ect i on WD 03/098877gr oup errors at the receiver, therebyPel/Usoai1sm2dat a t hat
-has no encoding, e.g., SONET data, to be transparently 20 transported
across the XAU . (0022] In accordance with enbodiments of the invention, to

Sta g“ ¢ Etemg@ﬁ%?”sg g e féfrﬁiﬁg%#nﬁ‘%%ﬂ %%%Eﬁf‘gw R0 bus
A1 1 but et PO 2ot 1D O CHEHRE b Gt o provt o SONEL 8% nou

the need for, 25 extra bus sjgnals to valldate error free ansm on of
the data abiibsdedHiUSbue Thigls acke e R A ewrsedana) 13702
significant advantage over parallel bus archltectures whi ch ?enerally need
extra si gniedus is inifialized a¥he mogdificatign inviplyes sapaigting theccAWhddestidml er r or acr oss
the parallel bus. [00231 Note: hereinafter, an instance of a | OGBASE-X PCS
function, chamacteristiestfrone jis ﬁmcthnabdmtend@@cmdbmﬂlfymgl thefanChicpl  P802. 3ae
specificatlon Cl ause 48, as enbodied in the s XGXS described in | EEE
Draft P802cliwastesistiasitb ataw therintesthamuts Gradkport any type of ddte whethet pecketizeghloy as "t he
PCS function", "the PCS state machine", or "the PCS process". Furthernore,
r ef er encescitaitGhvitoleedls 47 and 48 of the | EEE Draft P802. 3ae specification
may be referred to sinply as "Cl ause 47" and "C ause 48". [00241 According

to enbodi nRpjef e ﬁﬁ&lohﬁl\bﬁ%bt@ﬂsucﬁ BEhEARAUTINS ateSmédifisd totfahdniBSOKET as per
JL}bG ause 48. In partlcu ar, an instance of the 10 GbE Physical Coding

layer (f ﬁﬁl ;g %lgg&ggﬁdeﬂé IENH@FOJC'II el 201 B Hebauks&'SONRY! daliy

not
initialize on t transm ssion and reception o? an ldle

code- grp B ;tﬁat b r{%yhg%&fﬁ&’@ﬁd SRR &élmﬁée&”:ﬂ{dsuhuso{hefe igpsm ts.

I(FI
code- groupg ansmt process. 1n partrcular, Idl e

cote, "o g R e AR PN LTRSS i,
e S A g e T b A e T

code-group_synchroni zati on, and conveys the
g pd slglanty between the source and destmat(ieo);:

)

[0021] In essence, the modified XAUI bus operates as a serial communications bus to

15 transmit only data, and issues related to operation of the bus, e.g., synchronization, deskew
(alignment), crossing multiple clock domains, etc., are resolved during bus initialization

> ) but then ignored during bus operation. The modified XAUI operates in a mode that tracks

deskew and synchronization through the detection of code-group errors at the receiver,
thereby allowing data that has no encoding, e.g., SONET data, to be transparently

20  transported across the XAUIL
[0022] In accordance with embodiments of the invention, to the extent any errors occur on
the XAUI bus while operating in a modified state, the errors are isolated to the bus. Data
received from the XAUI bus may be checked for integrity, and if an error is detected, it is
attributed to the XAUI bus. In this manner, data checking occurs without the need for

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



synchroni zed 10-bit code-groups to the PCS Deskew process, which aligns the
code- groups to rempve skew between the | anes that has been int Padt2426¥5
the bus. 20 [00251 Once the XAU bus is initialized according to the link
initializawoesogscess and in  an operational state as deeTusdsgarozrn Cl ause
48, the operation of the PCS functions enbodied in the XAU bus is

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

over the . j ' [+ | , as
descri bed BEHBRTVAREE0Y Ban 4RL kiR R F neealy bcdforliBRIL AN, 2
data agnosti.g 9.01/.03/ 2005 WO 03/ 098877 PCT/ LUS03/ 13.7202 node, neani ng dat a
can be tramﬁf’tf d?tﬁwﬁng?ﬁ‘Bﬁ@lséqeﬁggﬁ%éwwglbé’ér oss the XAU  bus
while the bus is in the nodified operatio . [ 0026] Fig. 2 provides
a flow chal®§23] Iﬁ?fﬁ‘t aftst4h n@%ﬁ?ﬁ?@%ﬂf@é‘@ (?éwg‘@ﬁ'hno%?t]eﬂ?ﬁﬂmﬁr%cess
starts upon power up at 215 and follows to synchronizing each XAUl | ane at
220, 5 asprpesss describpdindKEE Iygh PROZ.3aespeoifigation, Causgd48x55m %ﬁ#Ehroni zi ng
process is responsible for determ ning whether the XAU bus is ready for
oper at i on. XGKS doscribed in IRFE Braf P02 depecifentiop, ClaussAThmpyherefared o s conpl et e
when synchroni zation is obtained on each |lane. As part of the

synchr oni zsiiplyras ffthe PESsfundtion”, XePUS state machimeYoorsfthe PCShprocess”. 1 dl e  contr ol
characters to synchroni zati on code groups, including |ocating the 10 bit
boundar i esFulthefntdre,lrBforhbéd t6B4estaty andl 48 oNth TEEE Brifa P8023ue spacifivatiomi zat i on,
and |l ane-to-lane alignnment. [0027] Once synchronization is conplete, the

i ni tializahhpbe efcied t6iiply Tl 47 aad d€RksIMgand al i gnment process at
23). The deskew process tests whether the XAU bus is not only ready for

oper ati on, oilef A ofd@iAB!embBAimdhiE DE e ikeniiGH, kit XAURLUIS RrsbitidliRgH dsiiRer bus.
Since related data is to be put on the bus at the sanme tine, the data

pr ocesd” arven S fo rceldym i oo 1S AROMR bl Rty Siaree O a0 et

of the. busmind piiol A7 kPl QYR £ OTl Pub Pl Bl atRE b, CET, 7 PP
Tansr ¢ \FRGSRRPPA S EECPUeR oL Y LD pe gt P A AR ePbEor Bl 1 2ot 1 o
O X o 5 SR 10 PP A 3ol b Rbldon @ 2

Idle code-groups are continuously and repetitively transmitted whenever the XAUI bus is

15 idle. Since the XAUI bus is a full-duplex serial bus, the Idle code-groups are capable of

being transmitted in both directions. The PCS Synchronization process continuously
_ ) accepts code-groups, obtains 10-bit code-group synchronization, and conveys the

synchronized 10-bit code-groups to the PCS Deskew process, which aligns the code-

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

20 [0025] Once the XAUI bus is initialized according to the link initialization process and in
an operational state as described in Clanse 48, the operation of the PCS functions
embodied in the XAUI bus is modified in a number of ways to provide for transmitting
any type of data over the XAUI bus, according to various embodiments of the invention,

as described below. The modified operational state is referred to herein as data agnostic



[ 00281 Upon entering the operational stage 210, an enbodi nent of the

i nvention disables the synchronization, initialization and IinR1gt®3(8005
reporting processes of the PCS. In one enbodinent of the invention, upon
entering tWOOHMBBHL i onal stage, a vari.able is set to a VEIY8H37R2ndi cate .
‘the bus is operating in a data agnostic manner, that is, transmtting data
25 without regard to code-group synchroni zation and alignnment. So | ong as

the vari abpgyd &eﬁﬁﬁ%&&a Eah %&Qﬂéte&‘ﬁ}%ﬁ/g%ﬁﬁ%@@ﬁ%%%& 0% th&'XI\@JIZ uch

val ue, any dafa transmtted across I's 1ndeed transmtte

w t hout I for . - lzation or | ane-to-|ane deskew, or
S SR She 1R 160 W HERHE SHRERLAN SR

adj usting ransm ssion o 0 account for or resolve any

code- group nchrqni zati on, or .l ane-to- | ane deskew probl ens. wever, the

" ane- base o BHS Tk Adne it 3 hevt shsfn Bl A roei o8 pverBiom 484

recei ved code-groups, insurin at oper | ane sy.nchronj I on d

| ane-t o- | dﬁgcegngprp\gerdgiagggﬂ@&g{l@gﬂo% ‘P”é,m%\"%’g%‘g@f]@?e ﬁ&%ﬁ’enabl e,
indicates a data agnhosti ¢ .mode of operation i s, enapl ed over the XAU bus
when set tapamer %P&“e‘ﬂ bug injtiglization wegeAfen The syTCRORKMBPEIcESIS TRSPOSIRI® 01 Even
t hough the XAU bus is synchronized and its |anes aligned upon entering the
i 0 oper at i fordatermining whathér the XAUS bpsistready for apgration.die prosaseaperttescondi t i ons
(e.qg., tenperature variations, varying EM levels, etc.), synchronization
probl ens dndependeatly an edchanesand iDcampleteiwhier syrichrobirstionsis pbtainedon eachg dat a
streans. Such instances can be renedied by clock and data recovery

ci rcui try,laenAs ¥Atbf e syehrohizgiich process, tige XAUI b sontineuslyeohvetts Idle Mor eover ,
aly data transmtted across the XAU bus is checked for integrity in

accor danceohtol\bhirict&Btd SR chrefigatioadtody %ﬂ,hp&, iludedpaedating the NocbiBoundRids ane

code viol ation checking guarantees that |ane synchronization and

| ane-t g- | FpEhe BBAOBRBYes! f HEBIE betalRle Wrichiohizafiéi; R RA-R-FaAdARSment.
| mportantly, however, such synchronization and alignnment is naintained by

the XAU Qypeni Gheb bynchfoh2Ritn i@%@@@%@ﬁ@@ﬁﬁﬁrﬁ% chitRfeSHER ddbskew

I nt er packet gaps, start- or end-o rame normal ['y associ at ed

wth the FERdRddiGbans AROIL ibn s lbbninb dERAUB 8 nbbGup s 1o
ready for operation, but is capable of presenting valid data upon exiting the bus. Since
related data is to be put on the bus at the same time, the data needs to be pulled off the bus

15 at the same time as well. The deskew process attempts to deskew the continuously
transmitted special alignment code-groups being transmitted over the bus to an alignment

) pattern as part of the bus initialization process to ensure related data is transmitted in an
aligned fashion once the bus is in an operational state and transmitting valid data. Once
alignment is acquired at 235, initialization of the XAUI bus is considered complete and the

20  bus now transitions to an operational stage 210.
[0028] Upon entering the operational stage 210, an embodiment of the invention disables
the synchronization, initialization and link status reporting processes of the PCS. In one
embodiment of the invention, upon entering the operational stage, a variable is set to a

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

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



100301 In this manner, any type of data, whether 10 GbE data, SONET

payl oad, or other type of data, may be transnitted continuousl §1ladd342001%
XAUl bus without the need to interrupt, adjust or alter the data

transm ssiwo oyopsgmy way, for exanple, to transmt the 25pcpesisai7oz.

-code- groups that would otherw se be needed to mai ntain synchronization, 11
01/ 03/ 2005 WO 031Q8877 PCT/ US03/ 13702 delimting of packets, and

| ane-to-1ane alignnment. This is.made bossikhhe, . i | ock and
data rec Ov&sg}&c\{aﬂ&ﬂyr(g;taotfwwgt%%gp?s Rﬁﬁ?‘?ﬁﬁ b§§ %Séﬂdqggﬁ%?ha "%&a |o°r??of t he
bus, allo f.or _.neay zero bit errpor rates,. an he 8B/,10B codi ng schene
used by t Heresking fop, %%%{PS%P‘HW&@?%? e'z)‘b' eg?s A% oTiafuSiRE 8 acr oss t he
bus. s [00311 Note: the follow ng discussion specifically points out where
enmbodi ment angmisgigw of data toraceaimt for peregRlve Wrﬁofi?réfc\?als}”&fg@nﬂa&?‘@qﬂ&e'ﬁ% ncti ons,
processes, and state machines described in Cause 48. The reader is
referred tlaerdeskew problems.dipveves thidena-based BOS Synchranizapgisprogesst i ons and
correspondi ng state machi nes contenplated by the | EEE Draft P802. 3ae

speci f ixcatdontinuously valplaRs alcaeived ngde-groupseinewrbgdhatprapenkane synchnonizatidnon, t he
PCS deskew state machine (C ause 48, Fig 48-8) is nodified so that it does
not check dndiang!to-amealignnesnt fyrmaintained. Fob exampié)la viatisble, DAM_érmblepindicates onal
stage and data agnostic node is enabled. Rather, the PCS deskew state
machi ne r ef\ditd ¥gnbdlic ol ©f Opdra®dnAseAdbiRdBvbr the NAUIdus WYerbdet todidlvahie] i al
communi cation paths ("lanes") are aligned with respect to each ot her,

whet her i nglgaikabibdivhésSset & dnbfhefdse. OF not, insofar as the PCS deskew
ngcess is concerned. [00331 Additionally, the PCS transmt source state

chine ( Qs véBimobiditine KA5bud Whyhliffonifédinl 35 ElrCatndl BpdtRilita el ause

A
48, Fig. ) are altfe , I'nan ment I nvention, o not

dify the dat.a st ] ls 1o 4 ndi
Tl ot eRPRnpL RSO0 e ok Ry S At Baldof 0, Vimblabety P71 ©
ti de. 20 Tr. I SSi | i.d 8 OB code- begi
pon_ the PaSime et B EeR ke, sFprifration Aoblems ped HRBa e s 5 s
rachi ne.  GREIGilefhe ATS GOABRGR N HoREs AR BRSSP Rl HLOY Hotlat o

agnostic node. The PCS transmt source state nmachine remains in state
and data recovery circuitry, and XAUI deskew logic, in the XAUI bus architecture.

—e)

Moreover, all data transmitted across the XAUI bus is checked for integrity in accordance

15 with 8B/10B lane code violation checking. The 8B/10B lane code violation checking
guarantees that lane synchronization and lane-to-lane alignment is maintained within

) acceptable ranges. Importantly, however, such synchronization and alignmeht is

maintained by the XAUI bus itself, without any special code-group transmissions,
interpacket gaps, start- or end-of-frame delimiters normally associated with the PCS

20 functions embodied in XAUI, but not used while the bus is operating in data agnostic
mode.
[0030] In this manner, any type of data, whether 10 GbE data, SONET payload, or other
type of data, may be transmitted continuously across the XAUI bus without the need to
interrupt, adjust or alter the data transmission in any way, for example, to transmit the

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



SEND DATA and does not call the function cvtx term nate, thereby disablin
code- group 25 synchroni zation functions while the bus is operatgﬂug'Q:’n/aQ@%
agnostic node. 12 01/03/2005 WO 03/098877 - PCTI US03/ 13702 (cvtx term nate
is a convavy@ougesgiancti on used by the PCS transmit procesBRCHMBS¥1IM2e code-
.group Termnate is detected in the data streamto convert Idle control
characters to synchroni zati on code-groups). [00341 Li kewi se, the PCS

Lg‘n’ﬁis_tviecs%%%@? AR Ry -l eyt THRAEER: PO Ry et o
et ect od 1 PR ol B chosR s SHENHT of 1B 3580 ARRD, ARk b IRRECATho HENARAE 12
ot hat 1 i peaki bl e ot 1 i odthe AR SRR BRERC ' T2

signal is sent, it is ignoLiSd b%'the ch recei ve process. Jo However, in
one enbodi Prewdeswery god;sigpakintegHty acissthgPusy nehr oni zati on on any XAU | ane,
as per normal operation of the PCS synchronization state nachine (C ause
48, Figf 418031) Natesdhe folowing diseussias;speaifioplly paintssyt whengspodimentsiofthenhen t he
PCSis in a nodified operational state can be acconplished many ways. In
one enbodi imention flivetge flonythavaxious stata RS fupptionamsecessel) andistpte MechPES t r ansni t
is source, receive, and deskew, state machines can be set to a val ue

i ndi cat i ngdestribe®EClansect8e 'Ehicirenger is refarre theretoSor accampdete désvriptionofithe, a

vari abl e DAM enabl e (nanmed for "Data Agnostic Mdde enabl ed") may be set to
a val ue of pCB\fimbtions fld edttespairing stgemadhines comtemplated bethaKEEPdfienabl e =1
only after the link initialization process described in Clause 48 is
conpl et e, pyod.3698pésitie/ion. | gnored during the link initialization process.
20 [ 00361 According to one enbodi ment of the invention, the XAU bus can

operat &, i ﬁo@zld%g?rgﬂ@mhé EmbRIB et 3 Ble iNRARSE MRIBCE Qetk&w btateYRitAHR TEN!

control is possi for exanple, 1n one enbodinment of the invention, via

the Et her el MBARSETENE (251 e e Binos AL R ih 6 BB 51 o

set specifie or an equi val ent managefent I1nterface. 13
XAUI bus is in the operational stage and data agnostic mode is enabled. Rather, the PCS

deskew state machine remains in state ALIGN_ACQUIRED _1, indicating all XAUI serial
communication paths (“lanes”) are aligned with respect to each other, whether indeed that

15 1is the case or not, insofar as the PCS deskew process is concerned.

[0033] Additionally, the PCS transmit source state machine (Clause 48, Fig. 48-6) and the
) PCS receive state machine (Clause 48, Fig, 48-9) are altered, in an embodiment of the

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

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

20 Transmission of any valid 8B/10B code-groups can begin upon the PCS deskew process
entering the state ALIGN_ACQUIRED _1, and as mentioned above, in one embodiment of
the invention, the PCS deskew state machine remains in that state while the XAUI bus is
operating in data agnostic mode. The PCS transmit source state machine remains in state
SEND_DATA and does not call the function cvix_terminate, thereby disabling code-group

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



01/ 03/ 2005 WD 03/098877 PCT/US03/ 13702 [0037] Altering the PCS functions as
descri bed above enables the use of the XAU bus in a data agno8&i/®362005
prot ocol independent, manner. Normal PCS functionality requires data
stream fr MO AY098BA dat a del i neation in support of | EEE SPOITESOR3MA0%L Access
-Control (MAC) operations. In accordance with enbodi nents of the invention,
such framng and s data delineation is not perforned. Enbodi nents of the

i nvention @oableinihbie it'# gﬁamﬁh%mcé&%sea%? REPCE RARRR Rodbed ﬁh?ﬂﬁ@&ﬁd'ec ,

general purpoSe, para bus such as defined in the  Optica

(V6 pr opcE L P Rdlle delebba P LT o AiftocoiVept i Bontolcieac s 0?1 Y e

Interface -5 {’FE‘IF:I.-S) &hgﬁic | transport for SONET data streanms. Al so, the
sel f - cl ockPH OB CBY-PRBPY XAU bus, wherein the clock is embedded in
the data, allo t he extension of the XAU  bus_j erps of .|lane data rate
and scal abif3k ;,f‘%‘?mf%gh‘ﬁ@ TeRCIY SRR mé‘f’hlf‘?’lgn?ﬂfﬁ'ﬁg‘ﬂ&tbuf L5 pperatipnal andim, o o
bot h | ower and hi gher speed data bus requirenents, depen%i ng on the desired
appl i cat i offte 3gnostigmqds, temainsan eplg AV TA MY DEy accordingfojan gmbedimenipfithe i ¢ he

| EEE Draft 802.3ae is specification, the PHY |ayer conprises the Physical
Codi ng Subingspdipn.(TheBCS reprivanrgesistdges nple thetphorat respondriardetectadfyult ub| ayer, and
t he Physi cal Dependent Medium (PMD) subl ayer. Fiber optics nodul es are

i npl ement exdnditions) endthy PICSaleskowiroctentithkbdiics not sefb/Dyigsal isbuyeying aMaliePl/A
typically provides a nedi umindependent neans for the PCS to support the
use of a racohenodf cddeigedupbover eicheXiABTlapdycsthatcthe PES reveivapebepsichmelgk anong

20) ot her things, mapping of code-groups between the PCS and PMA,

s€ri al i zatfoPfauR Behditit8Sdriifihk Sighdl @sehSRTiERAIred by BRI PSproedss.t I ansmi ssi on
or reception on the PVMD, and clock recovery from code-groups supplied by

the PMy [f@akr, i She edntiodirkét bAhE fvkifonlogdof! sﬁg{&ﬁmﬁia‘%ﬁ oh @iy RAUI®dnea swWi tch
or router Tine ¢ard, including the PMDs), PHY(s) and MAC.” Line card 300

I
o 8 pr ot GRBT e bueffion of e FESTR R AP g Blng OB &, rpRE) | 2verS

results in link reinitialization.

[0035] Tracking when the PCS is in a modified operational state can be accomplished
many ways. In one embodiment of the invention, a variable accessible to the PCS transmit

15 source, receive, and deskew, state machines can be set to a value indicating the PCS is
operating in data agnostic mode. For example, a variable DAM_enable (named for “Data

. ) Agnostic Mode enabled”) may be set to a value of one to indicate data agnostic mode
operation. DAM_enable =1 only after the link initialization process described in Clause
48 is complete, and conversely, ignored during the link initialization process.

20 [0036] According to one embodiment of the invention, the XAUI bus can operate in a data
agnostic mode under management control. Management control is possible, for example,
in one embodiment of the invention, via the Ethernet Management Data Input/Output
(MDIO) interface and register set specified in Clause 45, or an equivalent management

interface.

13



WO 03/098877 PCT/ US03/13702. (whet her a cross-bar, backpl ane, or neshed

i nterconnected switching fabric), or processor. The PHY 310, cOBMgfd3/2§05
one or nore chipsets, couples the MACto the fiber optic nodules at the
PMD conmporneawns/@ss;7 f or exanpl e, an optics nodul e, which, PCFUS0AMBT02 coupl es
‘the line card to a fiber optic cable 320. 5 [0040] Fig. 3 further
illustrates the standard bl ocks and interfaces for a 10 GhE conpl i ant

\Z@;: ge thgﬁ)&lg | n&ﬁ% erlllgta% éﬂ’fﬂé@%‘r encodi n %i hﬂ\'@.\?\?{ls ﬁnCOdi "
ASE- W S

I nterf acE ?e éaesﬁ%tazp(s’rtﬁmggd %P R ;2%%?11 Vrr\g"s\%\;l E{%{éﬁ@%négweﬁﬁgéseéa\% )SO\IET
OC- 192 1

Cochnl gy Pum SemPE g areyeaion iy Pongit A TER A2 st pinebe i o over o

single palr of fiber optic cables. [0041] In the, standard 0 WE LAN seri al
pr ot ocol @2@“0%3‘139‘@ dapge withembpdipents ofrthe uention: such IgMEs8dy in t he
| EEE Draft P802 3ae speC|f|cat|on t he MAC couples to the PHY, either

di rect |3y ofatasislinestiah isnof performed SEmhodirasateefths inversionpasble the usenédherai r 15

I nterconnected by a XAU bus). In this case, the PHY conponent conprises a

PCS conpcXaAYl busito lnepdacezamﬁ&Bn@tié;@Bmml[ﬂﬁﬁome; rpatalleDEEsu¢hastdefinddds theh at
perfornms packet delineation and a serializer/deserializer (SerDes) in the
PVA. | n t h@pticaHintepictworking @otiino (OIF) Physidahand\liak Layer (BLI)i WerkingGroap cabl e) ,
the SerDes serializes 16-bit parallel data paths (644 Md/s each) into one

10. 3 Gb/ s (3WG) pabpadals forSystemPakket Inerfical 4 ¢SPI4)and Seilves tdMamer Biierfad®421 A
Iwﬁe card supportl ng the 10 GbE LAN serial protocol stack nmay include a MAC

i p coupl(sg SIE’AJJ\&aﬁéyoR 5 SONETBAE §B&HnTs. ARG, HERSH-bRtMBLfatirdof MRC and
XAUI . The P Ip, inturn, is coupled to an optical nodul e that

Funct i B ’E@%‘%%%%Eﬁ‘%{ﬁ“éke’? Plapetingn i Bie Bl Bl cisoRBGE AT 7
the opt 1 c ook BfHRorfie hgaf nl Aot S Bue SR Selid i s 2P0

standard 19dress|‘:bo¥l\1l f(j)wer an%ahllg\ﬁar speeg dStV\ﬁJ\Q recsp?'&érr?eln (rig]}eg&nlg o {3 Hssirta”

application.

[0038) Inthe 10 Gigabit PHY specifications set forth in the IEEE Draft 802.3ae
15 specification, the PHY layer comprises the Physical Coding Sublayer (PCS), the Physical
Medium Attachment (PMA) sublayer, and the Physical Dependent Medium (PMD)

: ) sublayer. Fiber optics modules are implemented at the Physical Dependent Medium
(PMD) sublayer. The PMA typically provides a medium-independent means for the PCS
to support the use of a range of serial-bit-oriented physical media, and performs, among

20  other things, mapping of code-groups between the PCS and PMA, serialization and
deserialization (SerDes) of code-groups for transmission or reception on the PMD, and
clock recovery from code-groups supplied by the PMD.

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

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



corrprl ses a 64B/66B CODEC in the PCS, and a SerDes in the PMA. The speed of
the serial data streamis 9.58464 Gb/s (SONET OC-192) and the QQAQf/ZOOS
parall el data paths in the PVMA are operating at 622 Md/ s each. The
functi on P¥FO0IePE87by t he W S conponent is s described i nPEWESISEETO2 Dy af t
-P802. 3ae specification, Cause 50. Generally speaking, the WS allows 10
CGbE equi pment to be conpatible with the Synchronous Optical Network

(SONET) Oltwhethet  ABSMaR HaBRhIbR SFthoshe Mfcledtfbt Bitlching AR LYockR6H ¢ O

carry communi cat I’ons oveF | 'ong di st ances, f or mat

provi des Qugh tha- constrains
t he througﬂbfﬁlﬁgigﬁgegég’%g #&igﬁﬁﬁeg g‘%‘ﬁﬁ% sp egg r\%ﬁe WAN PHY
differs fro A used ndard LAN | r ot ocol stack
descri bed @ %*atb’tﬂmﬁ P?‘P%V“ ﬁé}’?ﬁﬁ ﬁ?j“li R dn\Apcy igo “‘S 381“"&’2%”5‘1 'mpl i fi ed
SONET franer an % i__lscranblbgec 0044] Wth reference to Fig. 4, a
non- st andfOHPIEY e%& to & fibef|oPRF 64 3% stack 400, in accordance with an
enbodi nent of the invention, is illustrated. The stack 400 uses a,is XAU
bus capiabl 18048} FigSrfathardll ysfratgs %ﬁ@é@ﬁb@ﬁk%ﬁ#ﬁéﬂm for adOGhEieomndialf ¢ h an
enbodi ment of the invention. In this configuration, a PRY chip, conprising
the PCS, deviged¥ale iGIOGBASECR aredis, types, ‘GO shelds §B/408 signa) enceding, while t o0 an
optics nodul e, which conprises a correspondi ng XGXS conponent, followed by
t he PVA artbe TR*AinDOGBASESR dehdi&AHB/G6H émsading antl the f5rit 1 0GBASEsWnisnetesandar d |
OCGE WAN serial protocol stack can use 20 the sanme PHY chip/optics nodul e
conf i gur atthoWidesAfta Netwérk (WANIhtetfAde Sublayat (WISY imerfice tisit andapsidatesdescr i bed
ﬁtgove with reference to Fig. 3. The XAU bus between the PHY and optical
d

ul e opediRdrRst fiathe§l Br dran&thigsibn Svei B SONET O€-19pRRshnef. 16GBASEN X4 L adeber than
3.125 /s since the interface needs to match the speed of SONET rat her

t han Efjher Miﬂg hifdRs /13702
[ 0046] ;oBusv{;thggéjm?ﬂe.%Ellugt lon is I s%lgat eog%qo t he%ﬁ%%&é&ﬁ\?@gﬁi?ﬁs wher e

0. 052 Coalib | SR P e IS es T r Tace rate of the VAN PHY

and WS | ﬁoogllgi%he Stan &la.rd 10 GbE LAN serial protocol stack 325, that is, in the 10 GbE

protocol stack proposed in the IEEE Draft P802.3ae specification, the MAC couples to the
PHY, either directly or optionally via the XGMII extender sublayer (an XGXS pair

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

) packet delineation and a serializer/deserializer (SerDes) in the PMA. In the transmit

direction (from the MAC to the fiber optic cable), the SerDes serializes 16-bit parallel data
paths (644 Mb/sj each) into one 10.3 Gb/s serial data stream for serial optics in the PMD.

20 [0042] A line card supporting the 10 GbE LAN serial protocol stack may include a MAC
chip coupled to a PHY chip that implements the XGXS between the MAC and XAUL
The PHY chip, in turn, is coupled to an optical module that comprises the rightmost four
blocks illustrated at 325, namely, the XGXS function, PCS 64B/66B, PMA serial and
PMD serial. A standard XAUI implementation may be used as the interface between the

25 PHY chip and the optics module.
15



Irrespective of data agnostic node. Wen data agnostic node is enabl ed,
each of the four s XAU |anes carries exactly one quarter of th@lW0S/2085
Since all data is 8B/ 10B encoded over XAU, the encoded XAU line rate is
9.952/4 * WONH98873. 11 Cb/s. XAU regulates.its |ine ratRCTAURIYMIOZ cal | y by
-perform ng per |ane clock and data recovery on the per lane serial bit
stream (The WAN PHY rate control nechanismis described in | EEE P802. 3ae

gt of aﬂ@ﬁﬁxgbf AR 10 Bk V‘i@%%?%ﬂ%ﬁé‘m;&%%*‘?%@% B ool st Qﬁlk
400, | . '

s ackaizgfh%%%ﬁﬁsegta%ﬁ%ﬁ??@@ﬁﬁi? h@@%@%ﬁ%ﬁ%ﬁsﬁ%ﬁ% ot £ 225“:
VRC. By detsgasdeescaing-5aot ohis on oCarRa et Al partfer s BOORS oo

manner, and is bypassing the 64B/66B CODEC in the dul he sane.line
card that thaRrarsonertingst 632Mbes cpotN %@WO&PW@@%Y&GM FRPORERt IS od t o
support the WAN serial protocol stack as well, when operating in a data
agnost isc deseribed in[tiGOVREE Pyarfi RROR.3apehsrifisationeClonseridaCanerallyspeding g t v

el ements. Their standardization is governed by nmulti-vendor Milti-Source
Agr eenent WISMHAw} 10 GbEregnipient]10 G Eompatibkowittite Syo¢hironoss Oiptited Netwdrkr ger
XENPAK MSA or a smal |l er XPAK MSA. Both have XAU el ectrical interfaces.
Wien the XSORBEK) OC-19R2Atanihidsio:ns fonetd SONEF@quiptmenttia canmdalyaisedtgreasy i ¢ VAN PHY
node, the WS is attached to the XENPAK or XPAK optical nodule and the

64B/ 66B CghlsComuiioationdoverdbngdistuces, iafd HeiBG1 82 forh@#EYidaretlebtivel | ne car d
sypporting the nonstandard 10 GbE WAN serial protocol stack 25 is powered

, the Xﬁ%tt%%hgﬁtt&fﬁs&hﬁdbm trihe W B 2bhdins (RIGrGAEhsR £ 10 GBH teodaae Wi th 17
01/ 03/ 2005 WO O 98877 PCT/ US03/ 13702 reference to Fig. 2, and then the

. rl : . vl oad
oper at J,0nge ﬁ?gg%@sﬁgé%%gwjﬂmﬁggﬁ%ﬁ%WPmmﬁﬂy oad as

de_scrlhbed Wlﬁ _ _ | way, a device, for exarrp:ce, a
T S e A
Dt ack) i ARttt N R e 1 Shesmble. P

[0044] With reference to Fig. 4, a non-standard 10 GbE WAN serial protocol stack 400, in

accordance with an embodiment of the invention, is illustrated. The stack 400 uses a

15 XAUI bus capable of operating in a data agnostic manner, in accordance with an
embodiment of the invention. In this configuration, a PHY chip, comprising the PCS,

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

comprises a corresponding XGXS component, followed by the PMA and PMD optics.
[0045] A line card supporting this nonstandard 10GE WAN serial protocol stack can use

20  the same PHY chip/optics module configuration used in the 10 GbE LAN serial protocol
stack 325 described above with reference to Fig. 3. The XAUI bus between the PHY and
optical module operates in data agnostic mode, at a speed of 3.11 Gb/s rather than 3.125
Gb/s since the interface needs to match the speed of SONET rather than Ethemnet at this

point.
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[00501 As illustrated in Fig. 3, the standard 10 GbE LAN 4-Lane protocol
stack 345 uses a XAU bus to conmuni cate between the PHY chip QEdQA?&(/%OO5
division multiplex (WOM PMD optical nodule. The MAC delivers Ethernet
packets t ovVOWK#09WEIY chi p, where they are 8B/l.1 OB encodedPGFUSBAXNEZM tt ed
-across a XAUl bus into a four |ane optical nodule. A 1o retinmer (RTMR)
provi des for clean up and repowering of the signals that were transmtted

o TP Sl AR IO WG BRI R o
L SR SRR 6 SRS R o P PRI e
R0z 30 LS alBE O i R A R B G e, coner

optical specifjcations. Instead, the task force qQpted for the sfandard 10
ChE WAN sPmective ot dppagmsiieiads JWheddlaiagnestio paders e led ach SRTBAERE hor net

PMD to provide access across a SONET infrastructure in support of Ethernet
over SCNEFKAUDlapersaries gxactlyione nwasier offhe WIS rata. Kinge; adl atg is ﬁﬁﬁpﬁap%leét 410 in
Fig. 4, provides for a nonstandard 10 GbE WAN 4-Lane protocol stack. The
XAUl bus, aypeXAULthe encodediSART lingratesis POSHEE0/8 = 3114 L ZAWLregudtedHls f r anes,
not Et hernet packets over SONET. The three bl ocks adjacent the MAC,

namel y, tHimelPiESafiématicaly b\péforatp peCEnPllack Bid ddfs reconey onithephicladdHY chi p and
are the sane three bl ocks used in the PHY chip in line card 25 descri bed
above t hatsefalpRattan.t(The WANEPE YN chftiolahechiiriirg txdescibad kn BB PsAd3ad i onal | y,
18, 01/ 03/2005 WD 03/098877 PCT/ US03/ 13702 one enbodi nent of the invention
uses the siafeclagbs 4,44 ax@guj.e that is used in the line card described above
as supporting the 10 GbE LAN 4-Lane protocol stack 325. The optical nodule

contai ps i7" TherfRke drity iHrde A6k WANE B of MeSRA UEBEY ih Biechohb@ivRrd BN 1S
coupl ed via U bus to the PHY chip adjacent the MAC. 5 [00531 In one

eI Tt YO A ko S o R T
a MAC LAN serial protocol stack 325, due to the fact that the PCS 64B/66B CODEC may be
bypassed because that code has already been put on the line at the interface to the MAC.
By using the same optical module, operating XAUI in a data agnostic manner, and
15 bypassing the 64B/66B CODEC in the module, the same line card that supports the
standard LAN serial protocol stack may be used to support the WAN serial protocol stack
) as well, when operating in a data agnostic manner.
[0048] Optical modules are standard, even commodity elements. Their standardization is
governed by multi-vendor Multi-Source Agreements (MSAs). Currently 10GbE LAN
20 PHYs utilize either a larger XENPAK MSA or a smaller XPAK MSA. Both have XAUI
electrical interfaces. When the XENPAK or XPAK MSA is used in non-standard, data
agnostic WAN PHY mode, the WIS is attached to the XENPAK or XPAK optical module
and the 64B/66B CODEC in the optical module is bypassed.
[0049] When the line card supporting the nonstandard 10 GbE WAN serial protocol stack

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



conponent that exchanges data over the backplane or switching fabric of a
router. Alternatively, the PHY may reside in network adapter ofli/t3f 2865
card installed in a high performance conputer system for connection to a
network aswaoye8®r, or installed in a 10 .desktop conpuP€FUSBAE®A t hat can
-be connected to the network via a nedi um dependent interface. Since a XAU
bus that operates as enbodied in the invention essentially is a generic

seri al buﬁﬁgegérngmigez ;Aﬁmgglrelﬁ gaggggrgﬁsﬁal Yo, WHBHRRY it RinsHiifs bfd RBdiyéeVi ces, on

t he sanme or °bé such”a&s Integrated circuit chips, high
hvent i on SONET BhdorPLEERRR B AOPe R LB LR NE skl fov B o Bhmpl D45 | 11
i 1 al 1 2 O T e st hanBadigle RAUT by bR af iR 5ol ¢

Cr anar t 1 IO EothAs DS (bins s TR pona miofaed]serd sy SONET GRS« ho

interface is initjalized while inhibiting the transm ssion of at |east sone
speci als  cisqengandap WAN serial pretocel stagk), ip sprotpsol independsnt Bpnnghnent of seri al
data paths in a 15 XAU. 2. The nmethod of claim1, wherein initializing
the inter 60581 GriPusteated in Figi 3.ithe standard 101GLE hAd 4-haue protogelstackdhrusedpat h a 10
Go/ s Physical Codi ng Subl ayer process (PCS process). 20 3. The nethod of
cl ai m 2, \iK&UEbus tb comimahicate begtwekre thie PHEY €hip end waweodivisida nudtipix (WDM)e PCS
process conprises converting a plurality of control characters to a
sequence HMD@ftical hivdple. The MAddctivay Biermenpackets eonthe PHIYe¢his evhiesd thelpsra pat hs.
25)4. The nmethod of claim 3, wherein converting a plurality of control

cHar act er 8B/106B éhco @682 4RN&hitt6PER0oE AAATI b1 iR ATb & 18R dptibal@RdaleP A h
synchroni zati on conpri ses

10 retimer (RTMR) provides for clean up and repowering of the signals that were transmitted

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

[0051] While the 10 GbE LAN 4-Lane protocol stack is proposed in the IEEE Draft
P802.3ae specification, missing from the proposal is a 10 GbE WAN 4-Lane architecture.

15 The IEEE P802.3ae task force did not propose 2a WAN PHY 4-Lane architecture,

specifically rejecting conformance to SONET jitter, clock, and other SONET optical

) specifications. Instead, the task force opted for the standard 10 GbE WAN serial
architecture describe above, which uses a common Ethernet PMD to provide access across
a SONET infrastructure in support of Ethernet over SONET.

20 [0052] An embodiment of the invention, illustrated at 410 in Fig. 4, provides for a
nonstandard 10 GbE WAN 4-Lane protocol stack. The XAUI bus, operating in a data
agnostic mode, is transporting SONET frames, not Ethernet packets over SONET. The
three blocks adjacent the MAC, namely, the PCS 64B/66B, WIS, and PCS PMA 8B/10B,
make up the PHY chip and are the same three blocks used in the PHY chip in line card

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



converting a plurality of control characters to a sequence of code-groups
to enable |ane synchronization and |ane-to-lane alignnment of t8a/453/2005
data paths. 30 5. The method of claim4, wherein converting the plurality
of controlwoebeasst ers to a sequence of code-groups conpPCEESNIUOYErti ng
-the plurality of <control characters to a sequence of 10-bit.code-groups
generated by a 8B/1 OB bl ock coding schene. 35 6. The nethod of claim3
wherei n i npbd Glioainiht b ilVemidnikes t'}l]JE' sﬁﬁ&%{tféfﬁh’}iéﬁ‘dg}! thid is bd2Q i G 04ESS

further conprises synchronizing each one urality of serral data

7l R SR R e R RS TR
COMr 155 SbE i B s i S5 RS, AR S S, L1

of code-groups 21 1 March 2005 5 transmtted across the serial data paths
conpri ses QUPKAviRgKAUp busta the BHY chipadiscent hedMALr ansni t ted conti nuously
across the serial data paths to an alignment pattern to remove cl ock skew
bet weens t hB053k rJngne embedimenties thegnventien,the KAYI eperating indata agagstipaode npr i si ng
encodi ng data for transm ssion 10 across the interface after initializing
t he i nt er f resident iothe PHY enmponentof a dinecard Syhiolhiarteinpisenupdet] togp MaACa f or

transm ssion across the interface conprises encoding data as a sequence of
dat a code- gmpopent fleat exchmages dats svarthalsackplsnd drawitoliing fabrie of 4 foutét. The net hod
of claim 10, wherein encoding data as a sequence of data code-groups for

transm ssi AherastiveBsthe PETY ke fesiie én BaWDIK sdeptecordieifitg ceifstaleddn a hiphuence of
1(} bit data code-groups generated by a 8B/1 0B bl ock coding schene. 20 12.

The met hodpepfonfiaride GorkPuterdySteifor RRAQMOA®H 4AdHoRSs A B9 et 8P Staléd iHlal a

code-groups for transm ssion across the interface conprises encoding

Synchr gnougeskBp boAbutdieiMeh tha BlrPoonfect &b SRRk Yl An EARE ddpaidaR T or
interface. Since a XAUI bus that operates as embodied in the invention essentially is a
generic serial bus, it may be used to connect any number of different devices, on the same
board, or between boards, such as integrated circuit chips, high speed I/0O devices,
processors, and programmable logic devices. Thus, the invention is to be limited only by

15 the claims that follow.
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transm ssion across the interface. 25 13. The nmethod of claim1, wherein
the nmethod further conprises preventing the insertion and transm ssion of
any control code-groups in the serial data paths. 14. The method of claim
13, wherein preventing the insertion ang transm ssion of any control
_.code-groups conprises preventing the insertion and transm ssion of 30 any
control code-groups used to conpensate for |ane-to-lane sygw 2085 The

nmet hod of cI aim 13 wherein preventing the insertion and transm ssion of
any control’ cddlMBoups conprises preventing the insertion and transmi ssion
of any control code-groups used to conpensate for clock rate disparity. 35
16. The net hoqlvﬁgt élaaringa 3, Wwherein preventing the insertion and

transm ssi on any ¢ontr ol code-groups conprises preventing the insertion
and transm ssion of any control code-groups while transmtting the data

code-gr oups 40 17. A;ﬁ@mombmgﬁg if claim1, further corrpri si ng
reinitiall I nter

0SS nchr e en seri al
dat a pat hs qa'h%]'é'egéaa 'nter%§e ca]%g%r%[r%ammg %Yaa"i‘srﬁ 1%7&%3\% ”tm’ﬁni tializing
the int erface Interfacel (¥4l) mfa ghitallly dftseddl d@&0@Bths;mndynchr oni zatl on between
serial data paths 't?angrﬁﬁtﬁmﬁtdgg cs&ur@ué%%em'omhb'saﬂ.al aaltagatw&ce'mat erface in
accordance with a 10 %/“elc | ayer
I

process.
appar at us, corthPff%‘iehb'”%la'FFﬁ’g '”9(5'?"?"&'6%‘? %frﬁ“eiﬁsgmﬁé'b‘?cta' per second

Medi um | ndepenadedgroufin ithet seridlalata pathk @setfor shigirheny ef sefif@XtB)patheimnent coupl ed
via an intgrfagq, conprising a plurality of serial data paths to a second
XGXS conponent to transmt 8B/1 OB data code-groups across the interface
once the interface is initialized while inhibiting the transm ssion of at
| east sonme spezial TRdRstEdddApEIn 1) whBRinSeitidligihg d\@ﬁrﬂerfaaélbé}ﬁprldss?d for alignment

of serial data P nt Unit
Tnterface (xadr oA ey &R AR Shlre Beha SRR b BEO T o an 1 ee
802.3 conpl i aprecesh(RGSoRipcaR®di um At t achnent (PMA) conponent to convert the
8B/ 10B 20

3. The method of claim 2, wherein initializing the interface in accordance with
the PCS process comprises converting a plurality of control characters to a
sequence of code-groups to enable synchronization of the serial data paths.

25 4, The method of claim 3, wherein converting a plurality of control characters
to a sequence of code-groups to enable serial data path synchronization comprises
converting a plurality of control characters to a sequence of code-groups to enable
lane synchronization and lane-to-lane alignment of the serial data paths.

30 5. The method of claim 4, wherein converting the plurality of control
characters to a sequence of code-groups comprises converting the plurality of
control characters to a sequence of 10-bit code-groups generated by a 8B/10B
block coding scheme.

35 6. The method of claim 3 wherein initializing the interface in accordance with
the PCS process further comprises synchronizing each one of the plurality of serial
data paths to determine code-group boundaries.

7. The method of claim 6, wherein initializing the interface in accordance with
40  the PCS process further comprises aligning a plurality of code-groups transmitted

across the serial data paths.

8. The method of claim 7, wherein aligning a plurality of code-groups



data code-groups into an unencoded parallel data streamfor transm ssion to

the PMA conponent; and 20 wherein the PMA conponent

is coupled to a fiber

optical transm ssion nodule to convert the unencoded parallel data stream
to a serial data streamfor transmssign to the fiber optical transm ssion

‘nodul e. 20. The apparatus of claim 19, wherein the i
operating at 25 a bit rate of 3.125 billion bi nary

nterface i s capabl e of
di gi t Saietoosecond. 21.

The apparatus of claim 19, further conprising: a Synchronous Opti cal
Net wor k (S@\IET‘)a”F'i“&%?C’aﬁ?dh%%q"a'rﬂ?faeﬁam&s%méﬁ‘dgnﬁ‘@@pﬂ'%ﬂ't%%C?q?e first XGXS
conmponent to r@6es\@namtaatRduddaadas thederisl @b paths &ean Aigsmencapsul ate t he

encoded packet, siSaIm( 0L blARSTH3EONNRYEL) fhia SONET {1 ber opt i c

comuni cati on i UM~ and a enco
SONET franmer and scranbl er conponent to encode the

(CODEC) coupled to the
packet data stream

received by the SONmE métﬁom%aﬁnﬂ f@%.aém{p@agmg eheodiAg defta fofkaMRfssiont er f ace,

conmprising: an optical o a first |

gi gabit pel® se?% t%@?ﬁﬁelaﬁﬂé’ﬂ@qﬂ%ﬁe 'r\t%fag‘?face Ext

EEE 802. 3 conpliant 10
ender Subl ayer (XGXS)

conponent coupled via an interface 40 conprising a plurality of serial data
paths to a secqnd XmSn&RIERRRAT o, WheleirPdhetlidg da%ﬁ’onlt%sﬂéglan £Q6& 1ol oups

across the interface once the jnterface is initjialized while i nhibiting
the transni ssiBi§ege cmplisesepcadinggate 7s @isgaueperief- d@?ac?ﬂﬁ"sgrPHpstfﬂ serial data 23
1 March 2005 transaiskisn agess theinteethéegnment of serial data paths in a 10

G gabit pefs; second Attachnent Unit Interface (XAUI)

wherein the second

XGXS corrponent is coupled to an | EEE 802. 3 rrFI i ant Physical Medium

Attachment (PMY) coRjsonethed qfsla@bmyheremw@cqﬂmrda

338\ segyeng®afdals encoded dat a

code- groups i NédefoupsRNEaERTEsRABabESthe Rifacsdonpasasiedtoding data as a
sequence of 10-bit data code-groups generated by a 8B/10B block coding scheme.

20 12. The method of claim 10, wherein encoding data as a sequence of data

code-groups for transmission across the interface comprises encoding

Synchronous Optical Network data as a sequence of data code-groups for

transmission across the interface.

25 13, The method of claim 1, wherein the method further comprises preventing

the insertion and transmission of any control code-groups in the serial data paths.

14, The method of claim 13, wherein preventing the insertion and transmission

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

30  any control code-groups used to compensate for lane-to-lane skew.

15. The method of claim 13, 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.

35
16. The method of claim 13, wherein preventing the insertion and transmission
of any control code-groups comprises preventing the insertion and transmission of
any control code-groups while transmitting the data code-groups.

40 17. The method of claim 1, further comprising reinitializing the interface if a

loss of synchronization between serial data paths is detected .

18. The method of claim 17, wherein reinitializing the interface if a loss of



10 transm ssion to the PVMA conponent; and wherein the PMA conponent is
capabl e of converting the unencoded parallel data streamto a serial data
stream for transm ssion to a fiber optical transm ssion nodule; and a
physi cal |ayer device coupled to the opii cal nodule to transmt a SONET 15
-data streamto the optical nodule. 23. The network interface of claim22,
wherein the physical |ayer device includes: a Synchronousarcpioogal Network
(SONET) framer and scranbler 20 caonponent coupled to the optical nodule to
convert dat’a pYBREQNLZAfioN RetueeqERiEerdatg 47 S?t"P@&ﬁ%ﬁ’ F?JPP'FP%’ﬁg‘fPP@é'IQdPFto t he
optical nodul ente@abe iMineomenasoyitk ai 19tGrS RlysicalfCodingSubld@r plocessher conpri si ng
an | EEE 802.3 conpliant Media Access Control device coupled to the

physi cal |ayer device to 25 transnmt MAC data packets to the physical |ayer
devi ce. 25. An'% nf OMMRRPPGHISHEATPII®IAG devi ce conprising: a switching fabric;
a nmedi a access conta fokt IEBA)2.8 eammlianta 0 gabiithdr edohé Meuiumdddepgndeatbric to 30

recei ve da ' rdevi pled to the MAC
device to }rogcglﬁ{\%ﬁs%;xg&géﬁéﬁgg r (?ﬁ&%@b@?ﬁl\engﬁ&ﬁgleg ?lgéh%ﬁ%%gge coupled to the
physi cal | ayercofwisieea piutabty abisiplelata nagisdein ARPONBECKS §PBPAGURP BRNSTY t he
phyi I ;:al ! agg /relfgmad@a@a delghiups é(@oéi&ﬁ@igﬂéﬂﬁd’é&in&e the hﬁér@f:% RMitisfALge t he data
packets as . . a,_code-Qaro nd transmt the a_code- groups
eross. an i nt cPmats e e St Tl eme :§oq hoerefos D SR G U1t
i nterface bei nepthsaysathfoealighmentref serighdategpatis ima 10 Gigagibbertsegpad second
At t achment 1dUni Attachém UnRiferfaddlalunonce the interface is initialized while
I nhibiting the transm ssh}%n of m | east ,somelsgeci f@g%-groups in the
serial data paths u¥RgieP g sgng coponentis cayplegte an n a XAU . 26.
The devi ce of anmliant PBysicahidediurm Attdnbmieot PBMA) sonfponéri ér coocanthe8B/1@B an | EEE

data code-groups into an unencoded parallel data stream for transmission to the

PMA component; and

20 wherein the PMA component is coupled to a fiber optical transmission
module to convert the unencoded parallel data stream to a serial data stream for
transmission to the fiber optical transmission module.

20. The apparatus of claim 19, wherein the interface is capable of operating at
25  a bit rate of 3.125 billion binary digits per second.

21. The apparatus of claim 19, further comprising:
a Synchronous Optical Network (SONET) framer and scrambler
component coupled to the first XGXS component to receive an encoded packet
30 data stream and encapsulate the encoded packet stream for transmission over a
SONET fiber optic communication medium; and
a 64B/66B encoder/decoder (CODEC) coupled to the SONET framer and
scrambler component to encode the packet data stream received by the SONET
framer and scrambler.
35
22, A network interface, comprising:
an optical module, including:
a first IEEE 802.3 compliant 10 gigabit per second Medium Independent
Interface Extender Sublayer (XGXS) component coupled via an interface
40  comprising a plurality of serial data paths to a second XGXS component to transmit
8B/10B data code-groups across the interface once the interface is initialized while
inhibiting the transmission of at least some special code-groups in the serial data



24 1 March 2005 5 802.3 conpliant Physical Medium Attachment (PMA)
conponent to convert the 86/ 106 data code-groups transmtted over the
interface into an unencoded parallel data streamfor transm ssion to the
PMA conponent; and the PMA conponent cogpywerts the unencoded parallel data
‘streamto a serial data streamfor transm ssion to a fiber optical
transm ssion nodule. 10 27. The device of claim 26, wheremarchimwsi nterface
i s capabl e of operating at a bit rate of 3.11 billion binary digits per

second. 28.5 AnPaispsedionlionmenysf pefiahdpta Rathsin pREEiga0hper seepgl i ant 86/ 108
Physi cal Codi ngitadhib@YRl IntepeOp@U);, coupled via an interface, the interface

conprising a pluralj of serial t .an functioni ng as
a 10 G gabit per se\g%)érgenk}etsg%:%ﬁé(r%ﬁr@%eﬁ 'grcgu geéqu?r?(%\ﬁl%)@fzﬁo an optical
nmodul e t o tranesmnliarg Bhystms! Medium AdepbmgnidBMS) eammegent tagenveritheplprality once t he

interface is igighi1@B erR6dedtiala@obidLirlolpstihtd @n LRéhcbdedbarlSiTa@ktredm fr | east 20
sone speci code- r_ougjstpéﬁw}\rée serial data paths used for alignnent of

serial datX piARLSERN 9gPoNeRka har at us of claim 28, wherein the
i nterface i s capabl ehaéin dpdiMh campoaent iscabatile ofzxprveding $rel@Bndodéd | on bi nary

di gi ts persecoiigel & Ram b sRPaRL Db FrdhikigDio M6 Gt t he opt i cal

nodul e conprises a wave division nultiplex optical communication nmedi um
conponent . 31. ra0seypsioRModwedAfi sing: 30 a switching fabric: a network

i nterface coupl ed taphysialdayet ddvicegodirgealto thetoptieak mbdutgte trdadnsit a PANETRt S

therewi th; .t he LNt er. Locl uding: an | EEE 802. 3 conpliant Media
Access Contlgr ol d%i%tr%yﬂggﬂl}pﬁ%g%@@gdﬁa physi cal |ayer device, the physical

| ayer device including a Synchronous Optical 35 Network (SONET) franer and
scranbl er conpggent Thengbwdik Ritdrfacadf 2laPRek @hsreinthedptysical layer device

includes:
a Synchronous Optical Network (SONET) framer and scrambler
20  component coupled to the optical module to convert data packets into a SONET
data stream for transmission to the optical module.

24. The network interface of claim 22, further comprising an IEEE 802.3
compliant Media Access Control device coupled to the physical layer device to
25  transmit MAC data packets to the physical layer device.

25. An information handling device comprising:
a switching fabric;
a media access control (MAC) device coupled to the switching fabric to

30 receive data packets therefrom;

a physical layer device coupled to the MAC device to receive data packets
therefrom;

an optical module coupled to the physical layer device, the module
including:

35 Jogic coupled to the physical layer device to receive data packets
therefrom, encode the data packets as 8B/10B data code-groups and transmit the
data code-groups across an interface comprising a plurality of serial data paths, the
interface being capable of functioning as a 10 Gigabit per second Attachment Unit
Interface (XAUI) ,once the interface is initialized while inhibiting the transmission of

40  atleast some special code-groups in the serial data paths used for alignment of
serial data paths in a XAUI.

26. The device of claim 25, wherein the logic is further coupled to an IEEE




SONET data streamfor transm ssion to an optical nodule, the physical |ayer
device coupled via an interface, the interface conprising a plurality of
serial data paths and being capable of functioning as a 10 G gabit per
second Attachnent Unit Interface(XAU )y, to the optical nodule to transmt
-8B/ 106 data code-groups across 40 the |nterface once the interface is
initialized while inhibiting the transm ssion of at | eagiiasproes speci al
code-groups in the serial data paths used for alignnent of serial data

paths in a xAUd02 32‘%9"‘?2"%PM'CEUW'“”SA@Ehm?WéPMQ&O&PPWt rcanyertahe  wherein the
interface is csEIaiB @tdéodeRfIups irfi@mitled dverlihd inteddce iMid aBurlehcddiell bbramel bi nar y

digits per Sec@éf‘éjstﬁgﬁ fof%ﬁsrﬁ%ﬁénetmﬂ%fm\ﬂ?é ac_)l:ﬁ&nt A/Maerel n the optical nodul e

corrprl Ses a wave comuni cati on medi um
component. 10 34. AthQBMA@emewpmong@ thq wgneoded paralief ¢ata sepapyte@ess dat a

recei ved from gribirqaisdiess i fraf@dlisitito 8668 oplicAbrdném@si6PMbaLN. cat i on prot ocol ;
logic circuitry to forward portions of the received data in data code

groups 15 transmtted on each of a plurality of egress serial data paths
to a destinati?h dbhe degice biodgiro 26, whetsir thy intesfacenis eapablel of gwemating at anf or mat i on

in the egress ﬁ%geq,lfﬂ%iﬁ,op%%dlgmgegohg data code groups when the device
is operating in a first node to process data frames received fromthe

transm ssi on nmedi um according to an 20 Ethernet protocol; and | ogic
circuitry to o28.t tAeappasstusi camprising:al i gnment i nformation in the egress

serial dat g paths agpag b3 HAbrPAIRERANRS CHORD ShBIEN RGNS oPeral | ng

in a second node to process data recelv fransm ssi on nmedi um
according to %PUHGﬁy'E@HéVGH'@Pe Hhegbtedane copprising a piyfalityefspdal d@ie PethSi m 34, the
devi ce furt heramiawapableofighctioning as a 10 Gigabit per second Attachment Unit Interface

(XAUI), to an optical module to transmit 8B/10B data code-groups across the
interface once the interface is initialized while inhibiting the transmission of at least

20  some special code-groups in the serial data paths used for alignment of serial data
paths in a XAUL

29. The apparatus of claim 28, wherein the interface is capable of operating at
a bit rate of 3.125 billion binary digits per second.

25
30. The apparatus of claim 29, wherein the optical module comprises a wave
division multiplex optical communication medium component.
31. A system, comprising:

30 a switching fabric;

a network interface coupled to the switching fabric to exchange data
packets therewith; the network interface including:
an |IEEE 802.3 compliant Media Access Control device coupled to a
physical layer device, the physical layer device including a Synchronous Optical
35  Network (SONET) framer and scrambler component to convert data packets into a
SONET data stream for transmission to an optical module, the physical layer
device coupled via an interface, the interface comprising a plurality of serial data
paths and being capable of functioning as a 10 Gigabit per second Attachment Unit
Interface(XAUI) , to the optical module to transmit 8B/10B data code-groups across
40  the interface once the interface is initialized while inhibiting the transmission of at
least some special code-groups in the serial data paths used for alignment of serial
data paths in a XAUI.




logic circuitry to receive data code groups on each of a plurality of
ingress serial data paths; and logic circuitry to align the data code
groups received on the plurality of 30 ingress serial data paths based
upon alignment information inserted anopg the received data code groups
.according to the Ethernet protocol when the device is operating in the
first node. 36. The device of claim35, the device furthey.spsmEl Sing | ogic
circuitry to allgn 35 the data code groups received on the plurality of

i ngress seri al3%dat alhs&#emioheleipei duharey thefinterface isrrapablg ¢ffoperatngiada i nsert ed

anong the received ofl @l AbifiewBinarg HiQidser 866Ad.di ng to the non- Et hernet protocol
when the device is operating in the second node. 40 37. The device of

claim 36, the device further conprising logic circuitry to align the data
code groups re¥ei ve@eﬁmstem@fmimlriﬁlWmeyeiofheion@qaémgqumlrise!s@t\@a@at hs based

upon the det ecdivisieh Miitighx dMiSal banhiMicali®rBBdilR BorRford@t @ code groups. 26 1
March 2005, 5 38. The device of claim 34, wherein the alignnment information

conpri ses Epe0|al code groups inserted in each of the egress serial data
paths anmong th#. dahdeviedemgrisingos between an end of frame delimiter and

start of frame del it 8Fcuitry B pr@be@?&ét&%c@@éﬂjﬁdﬁb HQnsnﬂsgloh%dﬁu{nc' rcuitry to

process data code groups récel ved on each a plurality serial data
pat hs: | ogic c3ocerding e eanmynicghengsetacbode groups received on at |east two
of the serial dat alo@abuhﬁltrb&sfedvatmmmloﬁhh ohemckiveddaty inabta@odd grewst ed in the

serial datp, Qrﬁn@g&?gacm?a %fé’g?matt dath Sfs loWPacdfiiGP | S operating

in a first node process ording to an Ethernet
protocol ; and $¥§Pc circuitry to align data code groups received on at
| east two of the siegit itcutgtadingsat ignméit BRpnatRRtd e 6fresd depaiaAtpathef or mat i on

nserted in g S8Rl BLE Bl DR ARPRRGC IR R YRS vhon the

device is operati 5t mat t ed
accordi ng to aPrpesss eqﬁérprngq repeivaddionl the transmlssmn medium according to an

20 Ethernet protocol; and
logic circuitry to omit the insertion of alignment information in the egress
serial data paths among the data code groups when the device is operating in a
second mode to process data received from the transmission medium according to
a non-Ethernet protocol.
25
35. The device of claim 34, the device further comprising:
logic circuitry to receive data code groups on each of a plurality of ingress
serial data paths; and
logic circuitry to align the data code groups received on the plurality of
30 ingress serial data paths based upon alignment information inserted among the
received data code groups according to the Ethernet protocol when the device is
operating in the first mode.

36. The device of claim 35, the device further comprising logic circuitry to align

35  the data code groups received on the plurality of ingress serial data paths
independently of alignment information inserted among the received data code
groups according to the non-Ethernet protocol when the device is operating in the
second mode.

40  37. The device of claim 36, the device further comprising logic circuitry to align
the data code groups received on the plurality of ingress serial data paths based
upon the detection of errors in the reception of data code groups.




20 40. The device of claim 39, wherein the alignnment information conprises
speci al code groups inserted in each of the serial data paths anong the
data code groups between an end of frame delimter and start of frane
delimter. 25 41. The device of claim3f the device further conprising
‘logic circuitry to align the data code groups received on the plurality of
serial data paths based upon the detection of errors im Mhenzoesepti on of
dat a code rou:;)s when the device is operati n% in the second node. 30 42. A
system con%‘ri sthg: Hesedraridam df. Whereit e alignmet RfopBHtCoMPASESs; a first
devi ce t o procspesaldatiagroasanseaed ihreath ¢ the epfesEiséril dala patk andngaiescor ding to a
conmuni cati on f orwar b e| data in
data code gr ou%réao%o(r%ggloﬁg%é‘fv%nyaggwggffag@egegrgrl??srgﬁg a%{agf féagfehdsemg'\q/leer'r t he
printed circuit 35 board traces; a second device to receive the data code
groups fromt hsp. egr gasvicebmphsingdat a pat hs; wherein the first device further
conprises: Jogic circuitry to insert aljgnment informatjon in the egress
serial dat¥ patns Bt aiihy et Bl R tose VR eh 8 s platY dev i co s
operating in aoffspriatdatapethsit o process data franes received fromthe

transm ssi on medi Unpge GiRILAY AallgR dRB codd PEUPR FeceREPEPAMast RBEf R | March 2005
5 1logic circuitr, e insertio ne lon in the

00 th e n .of alignnent jnformt
oar 005 sor | 5l H.PaRAAS baRRtROR AIBMEETLCBLOT FRBE ARBFFTELE (1 st devi ce
i s operating ipethsanmag theciateoxdde poupy wepdise dhatca israpertingsid affirsomotdie
transm ssi g NGOG EhhtddGoodrBndtol e e bRRkoIPAAL OCOl - 10 43, The

system of claim 42, whereln e transm ssion nedi um conprises fiber optic
cabl i ng and wher ei n'@if&ires{ry teatiop date Gede Fompsreceived onatieastiyogbece to receive
data from t he §eribieyataqiatistndepdidently ofaiz@mentigfortratiéh inserted in the serial data

paths among the data code groups when the device is operating in a second mode
to process data not formatted according to a non-Ethernet protocol.

20
40. The device of claim 39, wherein the alignment information comprises
special code groups inserted in each of the serial data paths among the data code
groups between an end of frame delimiter and start of frame delimiter.

25 A1, The device of claim 39, the device further comprising logic circuitry to align

the data code groups received on the plurality of serial data paths based upon the
detection of errors in the reception of data code groups when the device is
operating in the second mode.

30 42, A system comprising:

a plurality of printed circuit board traces;

a first device to process data received from a transmission medium
according to a communication protocol and to forward portions of the received data
in data code groups on a plurality of egress serial data paths over the printed circuit

35 board traces;

a second device to receive the data code groups from the egress serial
data paths;

wherein the first device further comprises:

logic circuitry to insert alignment information in the egress serial data paths

40  among the data code groups when the first device is operating in a first mode to
process data frames received from the transmission medium according to an
Ethernet protocol; and




SONET protocol; and logic circuitry to cause the first and second devices
to operate in the 15 second node. 44. The system of claim43, wherein the
second device further conprises logic circuitry to provide content data
based upon the received data code groupg, and wherein the systemfurther
-conprises a SONET framer coupled to the second 20 device to receive the
content data. 45. The system of clain142 wherei n the sysmemdnioost her

conpri ses: a third device to recglve %@ rontthe transm ssi on nmedi um

according to an Et'AYF ety iatBe inserien @ sligngipntinfoimation e e%5essause t he
first and secosedaldiata paés atmongthe dataeodegrbins when ste firstdeldee maperéﬂnglrsyst em of

claim 42, whergl dé}o:‘icl”'r%oéé tB?FocQs%th%erfée‘rUeE A6k tﬁ@t@?t@n’n?gﬁn mle&%%%cgdé i try to

recei ve data co l'ural1ty of 1ngress serial data
paths; and | ogPé@ rl?l"rE@'lﬁ’f’teFWtOédal i gn the data code groups received on the
plurality of | ngr ess serial data paths based upon alignnment information

inserted a © ISR U £, A8, Yoo ASERL STl hrblicnBL ey e

pr ot ocol en e fir 5 47. The
system of cl ai %t'aeeblwt@rdequ'm@efsvefm ftﬁe%fceeplﬁﬂﬁﬁt her conprises |ogic

circuitry to align 4meddaicd t6 REEVEEALNEM HRABENVDEC eibliidWchapddd ty of
i ngress seri al §9§€+ 8 at hs i ndependently of alignnent information inserted

anong the rece Fde groups according to the Ethernet protocol
when the first devHogcms?udr@tQ)@es@thbrﬁgtand sehendfdevises toopkrate 78hd March 2005 5
48. The sypd emfbndhdden 47, wherein the first device further conprises
logic circuitry to align the data code groups received on the plurality of
ingress serial data paths based upon the detection of errors in the
reception of déta cOeesygtemwdslaim 43, wherein the second device further comprises logic

circuitry to provide content data based upon the received data code groups, and
wherein the system further comprises a SONET framer coupled to the second
20  device to receive the content data.

45. The system of claim 42, wherein the system further comprises:
a third device to receive data from the transmission medium according to
an Ethernet protocol; and
25 logic circuitry to cause the first and second devices to operate in the first
mode.

46. The system of claim 42, wherein the first device further comprises:
logic circuitry to receive data code groups on each of a plurality of ingress
30  serial data paths; and
logic circuitry to align the data code groups received on the plurality of
ingress serial data paths based upon alignment information inserted among the
received data code groups according to the Ethernet protocol when the first device
is operating in the first mode.
35
47. The system of claim 46, wherein the first device further comprises logic
circuitry to align the data code groups received on the plurality of ingress serial
data paths independently of alignment information inserted among the received
data code groups according to the Ethernet protocol when the first device is
40  operating in the first mode.



49. The system of claim42, wherein the alignment information conprises 10
speci al code groups inserted in each of the egress serial data paths anong
the data code groups between an end of frame delimter and start of frame
delimter. 50. The system of claim 42, gherein the second device further
‘conprises logic circuitry to provide content data based upon the received
data code groups, and 15 wherein the systen1further conpf{ Maes2085SW t ch

fabric coupl ed to the second device to receive the content data.
48, The system of claim 47, wherein the first device further comprises logic

circuitry to align the data code groups received on the plurality of ingress serial

data paths based upon the detection of errors in the reception of data code groups.

49, The system of claim 42, wherein the alignment information comprises
10  special code groups inserted in each of the egress serial data paths among the
data code groups between an end of frame delimiter and start of frame delimiter.

50. The system of claim 42, wherein the second device further comprises logic
circuitry to provide content data based upon the received data code groups, and

15  wherein the system further comprises a switch fabric coupled to the second device
to receive the content data.



