WO 03/098877 PCTI1JS113/ 13702 PROTOCOL | NDEPENDENT TRANSM SSI ON  USI NG A 10
G GABI T ATTACHVENT UNI T | NTERFACE TECHNI CAL FI ELD [0001] Enbodi nents of the
invention relate to an apparatus and nmethod for transmtting data across
an | EEE P802. 3ae 10 G gabit Attachnent Unit (XAU.I1) bus in a protocol

i ndepeYH&YBEAner . BACKGROUND 10 | oon) A conmuni caPCéStis7@oupl ed

bet ween hi gh perfornmance devices, such as a conmuni cation bus providing for
i nterconnection between integrated circuits (for "chip to chip"

communi cation), | nput/fQERdbr dredBMFPranRsdiBiween printed circuit
boards via a Connﬂﬁ%erﬂﬂqﬁﬁAﬁﬁﬂéhﬁgmgﬂﬁ&QﬁﬁTﬁ&ﬂﬁ@rMEhigh conmuni cati on
PRt &7 T P ?

speeds. Moreover, ace ogic an in counts for inplenenting the bus

may ne to be nimzed to reduce cost 15 and conplexity of the device in,
or devkéggﬁg@§#£§9 which the bus is |ocated. Generally, a parallel bus

will not neet the nee of many of today' s applications due.lo being

1 it cdboof] Eigpedienisat B SHERSEoBIeyo Sh eI PR BN e e of one
billion bits pcr_second or | ess per parallel signal.. A sinple serial

i gnal ataReRE GHEBE REVAHe10 K pRH Aash et GHYTAPUS et peeds ¢ han a
parallel bus, will not neet today's needs as well, based at |east in part
20 on bueprmdent magesrands. Applications today may require multiple serial
signals operating in parallel to overcone these |Iimtations. A parall el
arrangenment of serial signals is henceforth referred to as a "serial bus".
[ 00031 A bus generally contains control lines and data |ines. A synchronous
bus geBacrGRyunD S capabl e of operating at faster speeds than an
asynchronous bus because no handshaking 25 protocol is required.

Addbti po@l | W cofemitatorbilsicsesledbetivestigh yafctmbhas dedicets adhfaps WO 031098877
PCT/1JS03/ 13702 comruni cating data over the bus, the interface logic to

i mpl engghminkiSatiBh 8EOFOViding f6H iMleFBnne3tich bt eddUteEARAXRSHiIR! (Cor ety tJ ast
relative to an asynchronous bus.

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

connector, may need to operate at very high communication speeds. Moreover, interface
logic and pin counts for implementing the bus may need to be minimized 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 ﬁxéd protocol typically is used for



10004] However, a synchronous bus includes a clock in the control |ines and
requires a fixed protocol for conmunicating data over the bus based on the
cl ock. Thus, devices 5 connected to the synchronous bus nust operate at
the sane clock rate and participate in the fixed comunication protocol. As
a resul wooapeatilugh many different synchronous bus arREN/U¥SHE0Es exi st
today, they are intinately tied to a predeterm ned conmuni cati on protocol.
Thi s predeterm ned conmuni cation protocol can be a significant limtation,

f . ' - . f d
or ex ﬁ‘hlcz}mglﬁ?l? oV thEKusCARY Rl G oL fbﬁ*cqg t g%@?h%@ic@% gﬁ%ﬂfrﬁp or trame

according to 1o erent cohmuni cati off pro [ransm t the

data acr he bus. " Addift it?ea%vle danba%cac O%Dggbﬁgell known cl ock and data
skew pr ?Scfﬂgpﬁr%ﬁﬁgﬁy £ ynchronots ous, generally speaking, the

sl owner the eed of the bus., 10005] The .Institute of Electrical and

21 oot r o BETERTR & skntropess b RN ASetitte olsilies spERbEREaf ng ¢ he
operational distance of the 10 G gabit Medi a | ndependent &S,Interface

( XGM | )fixsdipsetpeal foy gempmaicaiang fatanyer the by hased ongthe Pﬁﬁ%r?ﬁée &i%hal s bet ween
the Media Access Control (MAC) and Physical Layer Device (PHY) conponents
in a5 1Ccon@cigitsh themyhehronous bysynesthoparee atthe emecley a8¢ parEgipalg i si npl y " 10
GbE"). The proposal, expected to be ratified in md 2002, set forth in

cl aus eshé fixahantBunidatiomprotdeBE Draaksult, HEDAgIBmeny diffteppsymnignnousdus he | EEE
Std. 802.3, Carrier Sense Miultiple Access with 20 Collision Detection

( CSMA Giphitectoses sxisitbduyrithan areidtinsdteip tied ®yspredepremidet] camimingatiatef i nes  t he

el ectrical and functional characteristics for an optional 10 G gabit Mdia
| ndepenf&nbéol. IThis@tddarAnindBdrinusiodtion gittoctlidzhdy arsignifiai) limitaioa, 0 G gabi t
Attachnent Unit Interface (XAU ) serial bus. (The "X'" in "XAU " represents

the RONBROmPIMRER a dedice tOEpledd thd bR hhefutd Bfindelilor BBmBd h&voRifg eecond; t hat
is, 10 gigabits per second, or 10 Gb/s.) WO 03/098877 PCl'[US03/13702

10005 diiderhBofSinBHSoER SN bl Oith Aloks GO oxtender the
| bus recelves a pac

YAT. et ‘byte streamfromthe. MAC or PHY, dependi ng on

the di %ﬁﬂo%gnag%g&agmwde%%?gﬁﬁgwﬁﬁésﬂe b &%ﬁ?,&h&’%ﬁ r3treaminto

mul tiple seri Inary di streans [ ransm 5si on over a
correspondin nber o j '§£i9 ("lancs"), and 5
encodeg’y?%g’r%ﬁngusst%?gﬁhygg%g}ng’ﬁéﬁglgn %te%l on gfatgﬁg ane using an industry

st a”darm%og Bl Bistitute of Electrical and Blectronics Engincers (IEEE) has proposed a

standard for extending the operational distance of the 10 Gigabit Media Independent

15 Interface (XGMII) parallel bus and reducing the number of interface signals between the
Media Access Control (MAC) and Physical Layer Device (PHY) components in a 10
Gigabit Ethernet system (hereafter “10 GbE system” or simply “10 GbE™). The proposal,
expected to be ratified in mid 2002, set forth in clauses 47 and 48 of the IEEE Draft
P3802.3ae, a supplement to the IEEE Std. 802.3, Carrier Sense Multiple Access with

20 Collision Detection (CSMA/CD) access method and physical layer specifications, defines
the electrical and functional characteristics for an optional 10 Gigabit Media Independent
Interface (XGMII) eXtender Sublayer (XGXS) and a 10 Gigabit Attachment Ugit
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.)



codi ng schene defined in U S. patent no. 4,486,739 issued to Franaszek. The
813/ 10B coding schene translates an eight-bit byte of information into 10
binary digits for transm ssion over electronmagnetic or opti cal

transm ssion lines. O her well known seriat signal and bus architectures
use t hewW8BBABSB codi ng schene as well, such as | nfi ni BaHES337P5ee
InfiniBand ' ~IfArchitecture Specification Release 1. 0, Volune 2 - Pbysi cal
Speci fications, Chapter 5: Link/Phy Interface) Fi bre Channel (See ANSI

y\!\;rgr -(E(];né\?acﬁhggrgl al ﬁus iﬁ?ﬁﬂt %iur rorrul gat edhglghltehe Thlu}éloGener ation
P | C"IG

( Eé'eph?r%i‘ewemw BERe gfef] g0 ?%%838 %& Bk SRt <3t %efgf of 1 e,
Suppor (i 0 '”%tﬁ%ﬁa%i U g male ﬂm%ﬁawﬁ%i’h@f@f&r%msfc:ﬁﬁs

protocol independent manner over the bus. Sone dat_a str , »SuC

Ci r cui tirangypjssiemever a&@ﬂ@ﬁp%@&f]@&ﬁ%ﬁ%ﬁ@ﬁ%ﬂ upah S 20 not use
or cannot take advantage of the SB/l 013 coding sche for example, S
ONET ( Sperles the bitstregsm tod trapgmiied e pach lengrusing op dngwgtry §tﬁlaiar<h31%(é%1%r i ption of
SONET, see ANSI T1.105: SONET -Basic Description including Miultiplex

St r uct woding Rebems dafinkdin U pgtent na04 486,038 ed Rdiensgaa/ e A1 BR \WEF

DESCRI PTI ON OF THE DRAW NGS roooe] The present invention is illustrated by
way of cediagpdhemne amanslates anbojghiit byfe oflinfoiniadiph ot 10 hinttyedigitsfor es of t he
acconpanying drawings in which like reference nunerals refer to simlar

el ementwsmanigsiér o elebtrontagBeticlor ioptidal fadentisiogrtiags. oDthar wylbkeown geridor art 10
G gabit Attachment Unit Interface circuit. Fig. 2 is a flow chart of an

- enbodi AL 88 bhd@chiftéRRshsdihe BBOOBLolilg REHREH 6 nal] siFh @f InfiniBabdart 10
G gabit Ethernet logic and interfaces. Fig. 4 is a block diagram of

embgdi mt@‘ipﬂﬁaﬁm AP&Y@B&&%%&&I@EH&@ HRRHRhETL %wal

Specifications, Chapter 5: Link/Phy Interface), Fibre Channel (See ANSINCITS T11

Fibre Channel Standards), and the 3GIO high speed /O interconnect serial bus
architecture, promulgated by the Third Generation Peripheral Component Interconnect
Special Interest Group (3GI0 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 1o packet switched, data streams, do not use or cannot take
advantage of the 8B/10B coding scheme, for example, SONET (Synchronous Optical

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

Description including Multiplex Structure, Rates and Formats).



[ 0009] The 10 GbE proposal, set forth in the :IEEE Draft P802. 3ae
specification, defines a 10 G gabit per second Medi a | ndependent Interface
(XG M) parallel bus architecture, conprising 74 signals (including two
32-bit data paths, one in a transmt direction, and 15 one in a receive

di rect iwa93/0%88%7 control signals; and one clock signalBCT/GM¥EIZAVH coupl es
the Ethernet Media Access Control (MAC) | ayer conponent (the MAC | ayer
corresponds to the International Standard Organization's OQpen Systens

Interc i BN or S radvinget @ Link |ayer protocol) to an Ethernet
Physi c%ﬁgﬂ%’m—&mﬁPw | ayer device corresponds to a portion
f th I 1 .Physical . 0 10 GbE

gpeci ?i[@{”i #S&FW&‘*@%@%E@@%@%\%@%F@ ?hg]%gg*gllgﬁf conprising two
10 G gabit Medig Independent Interface (XGEv1ll) .eXtender layer XGXS
and o et e ER of e ocret B prasie ek LG HERGRE RGeS )| (XOO

"XGMTl extender"), which _provides for extending the XGM I, for exanple, up
to apﬁ?‘%ﬂorﬁﬂmflwn'fsﬁ@ﬂ&w@ﬁhzl ength in Printed Circuit Board (PCB)
traces. The optional 25 XGNI Il extender typically extends XGM | in

chi p- t o- cl i Fig iliis blgelodiagramiof @ fiypical B‘J‘Pfri‘f*éﬁr(ggﬁﬂf a%maf/‘é@ ace

PCT/ US03/ 13702 circuit) applications such as occurs in nost Ethernet MAC to
PI TY i miraritonnect i nplenentations. However, it is contenplated XAU my be
i npl enented not only as a point-to-point bus between integrated circuits
(1Cs) in a Figgliea hoakchartial angnthodioest ofithainvé@®p. but ot her environnments as
wel |, including inplenenting a high speed interconnect s between boards,

ei ther direwigd, 3 is Slock dagrala € [siidramel 0 GigRbif Bthtiabtrigeit hed opdrfaosmal XGM |
extender, a MACto XGMI| to PHY parallel bus interconnection becomes a MAC
T to XGNITT t @ieX@ish S10ckdibbrah @ f Sa&litnentXGMhe inveftionl?HY i nt er connection. A
source XGXS converts the data streamreceived in parallel from an XGMI to
mul i pl e serial bit streans for transm ssion over the XAU serial bus, 10
whereupon recei pt at the destination XGXS, the serial bit streans are

conver rallel byte streamfor transm ssion over an XGM I,
as fur QAH‘ b iesfri |l ow. [00121 In the XGM | extender, one instance of
an XGXE)O&)? e’&‘ﬁ‘é fC°GEE p90p3§)aﬁ',rsgtefo£tﬂ lﬁ t].ﬂg IEEE Draft P802.3ae specification, defines a

10 Gigabit per second Media Independent Interface (XGMII) parallel bus architecture,

comprising 74 signals (inchuding two 32-bit data paths, one in 2 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 cotresponds 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 2 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



XAUl data path in the transmt 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 1s XAU data path in the transmt
direction and a source in the receive path. Each XAU path (transmt and
recei veWoddMBi’ses four bit-serial |anes. The XGXS uskSI/UH&/1¥8he code and
coding rules as the 10 GbE Physi cal Codi ng Subl ayer (PCS) and Physi cal

Medi um Attachnment (PMA) defined in the | EEE Draft P802.3 ae specification.
The souyl.ce. : i [ yjhﬂrr ata streans
separ at %%%}tﬁ%gﬁaréogg%#gp&ﬁ %gﬂn)rgrﬁﬁntlh%:rg t%épt)gt S Ttpg%l’%l?eﬁgd over four

| anes"). as its.in maps.data a ol . characters in it streans into
XAUT co’&gﬁeé?%'?fﬁlgngﬁ?av e&ﬁ@%&e" nﬁaﬁ]@ %g@wlg%tﬁ? lgléjll%%eno?/el}m O)iﬂﬁgg %aU . bus.
The desti.nation S decqdes the XAUl code gr s,, deskews the four | anes,
conpenskfizopgpt g‘%}’%‘f’ R ntpefpied Giris %W@é%gﬁ’%wa&%md% stination
XGXS, and maps XAU code-groups back to data and control characters,

(Not e: RGR bupatherenyisonmeands ssavplymclyding dgplemensog a higlpgpeedmipeqngedt ne 1 EEE
Draft MEE P802. 3ae specification, sections 48.2.3 and 48,14 for further

i nf or netetwrendbards, esberdaligethu pstoatackiaier use in the XA VI extender.)

[ 00131 The XAUl bus is a low pin count, self-tinmed serial bus separated

i nto f dqoemijs dising the ool XGMI orendart AMAC tof ¥GMITtotRIT G paralieldss The i nterface
conprises 16 data signals in two 5 sets of four differential signal pairs.
See | EhftefobandctifiBhRomaca MraC id XGMII 0 KGXS guX AUL o RGXRALRIGMEas an 8B/ 1 OB
codi ng schene which provides for better signal integrity in chip Printed

G r cui tPEBp itélcdunEdion! Ads@Ee XBASlconberf thCdhAdtletm Sedeivall ibpigalidl GBint ect ure t hat

‘Yygenerally operates each | ane at 3.125 GBaud, but can operate the | anes at

" other 3PORUATIAS mult§llé seriaPbil§béad forRialinficiin dvRFBR NG deriaPitd, Can be

i npl emented in conplenentary netal 10 oxi de sem conductors (CMOS), Bipolar

S B SR be s oR e e
ar chi t a6l HG te én%&.hlfgh&%mﬂsﬁ% 60&3h Xdmit Jslrfgl]@et’irl!eéc}iﬁedjl}s{e?ov@.o | ow pi n count ~

better *nol se”i munity~ better jitter coht ower el ectromagneti c
L0 R TSRS, STRRRREHL AN it a8 B S5 e
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 X AUI path
(transmit and receive) comprises four bit-serial lanes. The XGXS uses the same code and
coding rules as the 10 GbE Physical Coding Sublayer (PCS) and Physical Medium
Attachment (PMA) defined in the IEEE Draft P802.3ae 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



| awer power consunption. Although typically used to extend the 10 GbE MAC
to PHY interconnection (XA ~ffl) fromthree inches to 20 inches over PCB
traces, it is contenplated the interface maybe used to interconnect
application specific integrated circuits (ASICs), Programmable Gate Arrays
- (PGAs) , WP D8 PGAs ( FPGAs), processors, 20 or conbi naRGIHHXTEr eof , such as
i nterconnecting a processor to an 1/0 device, or M edia Access Control
conponent, whet her on or between PCBs, to nane a few exanples. [00151 Fig.

I illustrat PR E&%\/Hs ERAes . B SaRMEkieen. A device
105, fgt%t%xlg%g?%aﬁa _ﬁgg%drrpgﬁentﬁa as Cﬁﬁ%at '_aingIll outputs cor T espondi ng or
" espectriEpgion hee s St 4 e e B8 KRBT AMIERTS S Darallel s gna
pat hs for data, ,TxD apnd RxD, and, fqur, rallel control 6.W0 Q3/098877
T Uso®s Hs XAt hus Rdonem fiah At B SO IUGeRR (o dovi ce
105), the Xl\/plt‘il' co%e%%esne%&llo lénGb/ %hd,g%ﬁ?fstream i nitﬁgd%%gg%ébit byte
st r eanEFOTRABIGAN FSPHEnEeSE plgnepoghe aCELomRIsEs nt,

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

f unct i cetalof fopr @ié@twﬁdétgnah@%é Ses Il PenfrBi2i3pe enswidisation Figeet7ahd 120. 5
u | b .
10016] Wile Fig. 1l illustrates the XGXS functionality enbeglggd in
conponSMEI ustare8 Bl 1 0B 2alinswhemeawbich pwvides fyy baitertsignalostegrity in digp-te-t i s
contenpl ated a single conponent, or integrated circuit (1C chip, may
enconpakip Fainved Citohit Bos@dPCBAtraicen. AU éxea {celable serdd\Bhs architeetuGhat|
functionality, and the XGXS functionality. In such instance, the chip

i nt er f aERral}Upkiitdd @adhene@dBl125 GBaGd, ¥aMdn optfateiheRasd at otheegeaditasbe exposed.
| ndeed, rather than. an 10 XGMT internal to the chip, the chip could be

- carryi pa, & PHYeXATRBeol ndepdiaintPai caRble inl@herediA thinplelahi@iytadtaldat a bus.

[00171 The source XGXS converts data bytes or control characters received

OVl il WficorthipbRACKRY, Biofir UL (FADSEOY ol BeicHelminlod 2 se! |

cl oc serial, 8B/ d data stream for transm ssion across the

XAU b . ] f 3.125 @GBaud. At the is destination end of
KGR il pfoRh el

XAUI , is, aligns, the four |anes, conpensates for

¢l ock o 2ROhd ¥ ar sl GRS Buah) 5aiflab ovePihek b afHRRARE, Bidfuling! ' 62T

receiv

implementation flexibility due to low pin count, better noise immunity, better jitter
control, lower electromagnetic interference {EMI), improved compensation for multi-bit
15 bus skew due to self-clocking, betier error detection and fault isolation capabilities, and
lower power consumption. Although typically nsed to extend the 10 GbE MAC to PHY
interconnection (XGMII) from three inches to 20 inches over PCB traces, it is
contemplated the interface may be used to interconnect application specific integrated
circuits (ASICs), Programmable Gate Arrays (PGAs), Field PGAs (FPGAs), processors,
20 or combinations thereof, such as interconnecting a processor to an I/O device, or Media
Access Control component, whether on or between PCBs, fo 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 paralle! signal paths for data, TxD and RxD, and four parallel control
6



XAUl bus into 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 operating as a source or destination, and
may operate according to i ndependent clocks. 20 [0018] Ina 10 GbE

envi r orwes/0988%e data stream contai ns Et hernet packetBCTWBA¥0have start
and end of frane delimters. Additionally, special code-groups transmtted
over the XAU bus between the delimters, that is, between an end of frane

anes,  Dar P IR Soic bR (O i Uicg T o RO BNRRPEEDT 20 e wnat

essenti is _a 10 gigabi.t r.second.physi cal jhterface to transmt
To- oo Gt Hee Sy ool G R SRR KT BB ERLB BT 7))
03/098877 PCT/ US03/ 13702 invention use the sane interface.f transmtting
gener i cX@RPYS 3 REL sompauepb Jikewise haas 18%‘3? %rﬁloufp??sc‘i?ﬁr&ﬂ?c’é‘d'&gq? thx%@i ng not
only 10 GbE data, but other data, for _exanple, SONET data usi ng the XAU
bus. Thihks XGX8§ &mciquaditshieserihed rhoveds Pﬂ@n@%nglé?‘?”éﬁ?nﬁq‘tstlh(é%o' bus after the
bus is initialized. The nodification involves separating the 1XAU

el ect rijowbl WiikeFiach Ensteds dhe XEEM imosionalit embasidpd Btrermpenants 510 ad, and

nodi fying the functional characteristics to allowthe interface to -

t r ans pdi2d, spatate fiom afnpbaces 106hekiies, ipscksempleted agmgletamnenentsati t ched.
10020] The functional characteristics of the XAU bus are nodified to

t r ans mihtepaNEEirctel@) éhiip, anayrentangass aydopes/destinatmntesice fugr MAG, XAUl bus
because SONET data is not to packetized, that is, there are no start and

~end of th¢ ROBIORInEHGHBS andAREXGHSfunétivaskty) I sich insthdef tharhipditeifieer packet
gap during which to transmt special Idle code-groups that mght otherw se

be useqyduf SR RAVT-25: XOMIA Pred2HE necd@kBYexpBsed. Biaesd, raRg tajadst for clock

disparity between the source and destination. [00211 In essence, the

modif i Mta%ﬁo%@éﬁﬁ,% @ehg’ Soufihd é?a}rfvﬁ@%y @iﬁﬁﬁl&,%@ﬁﬂgﬁ phfloatd ' transmt

only data, and 1ssues relat fo operafi on of the bus, e.g
synchr %U-érzaasti-ﬂ hxtegé?agﬁ&ﬂ’bug.al ignnent), crossing nmultiple clock domains,

etc., are resolve uritng bus initialization but then ignored dining bus
oper at i[o%rI-LI] S sonu?c%i }E(l.}ﬁg c%%“}élrts s 5%? Br éoﬂtrg‘l mgte{sr}@éei‘;é’da&glseach one
of the four byte-wide lanes of the XGMII into a self-clocked, serial, 88/10B encoded data
stream for transmission across the XAUI bus at a nominal rate of 3.125 GBaud. Atthe
75 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.
22 [0018] In a 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



deskew and synchroni zation through the detection of code-group errors at
the receiver, thereby allowi ng data that has no encoding, e.g., SONET
data, to be transparently 20 transported across the XAU . 100221 In
accordance with enbodi nents of the invention, to the extent any errors
occur oo 03/09887XAUl  bus whil e operating in a nodified KT8 1Ye errors are
isolated to the bus. Data received fromthe XAU bus may be checked for
integrity, and if an error is detected, it is attributed to the 1XAU bus.
In this; UBRGTse f3LAERREKLI Sy B EMHH&&%S&EE@@VaEIQEataaeﬁ@ ra bus

signals to vallda?e error ?ree ransnggsmn of the data across the XAU

R 8875&?”@??3?3%%%%3&%% Ftﬁa?%?% A SO B8l Pt “tat

was transmtted_free err.or ros Note

her ei nasgthe FAUTus. § thea’e&gfglﬂé PFIEI‘ ?H?@H Xét{g% hi ne, or
process, descrl bed in | EEE Draft P802 3ae spem;q5 on Cl ause 48, as
embodi e bus is fratializedi Erg modificatignigvelyes separatinedhg @gﬁ egiicals heci fi cat i on,

Cl ause 47, maybe referred to sinply as "the PCS functjon", "the PCS state
machi necharagteristios dropOs @n@@@@@hmﬁaﬁi%ﬂ%ﬂﬁéﬂ@dlfﬁﬁg thedweadignaly O auses 47 and
48 of the IEEE Draft P802. 3ae specification may be referred to sinply as
" O aus echdiktteristibs tCiwstbe #frfacé GORaspoxt ayrispenf dals, whileetipasketizedofr t he
invention, the XATJlI bus is first initialized as per 10 Cause 48. In
parti CLHir%ﬁi,tsﬁﬂcHeﬂ.Stance of the 10 GbE Physical Codi ng Subl ayer (PCS),

whi ch controls the functioning of the XAU bus, initializes the bus based
on the pd2b2 MR ifsEkiohl eRdadt@RAES 6fake KATA Bud 4tk enodifide g asmits@NENCe. The XAUI
bus continuously signals, or transmts, code-groups generated by the PCS

© Transm gae b QGRc &miﬂ&@ﬂéﬂt%ﬁémvemwmmSgé@mmaaawﬂwousl y and
repetltlvely transmtted whenever the XAU bus is 1s idle. Since the XAUl

bus 4 égké%ﬂgﬁis% Qd ] stidbisnd dRRf i@ demEReréa0d B Ahdte GARADI € of  bei ng
c ot

transm tt rectl ons. The PCS Synchroni zati on process

cont | nYolstine & agga( %geauaa Wi 10 Elﬁslrﬂﬂfsspwalmﬁe oS @LIGroB O might

synchroni za he synchroni zed it “code-groups to the
PCS Desolﬁmwgg BS s to sync é%@&%s?@&ﬁew the lanes, and adjust for clock

disparity between the source and destination.

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

15 transmit only data, and issues related to operation of the bus, e.g., synchronization, deskew
(alignment), crossing muliiple clock domains, etc., are resolved during bus initialization
but then ignored during bus operation. The modified XAUI operates in a mode that tracks
deskew and synchronization through the detection of code-group errors at the receiver,
thereby allowing data that has no encoding, e.g., SONET data, to be transparently

20 transported across the XAUL
[0022] In accordance with embodiments of the invention, to the exient 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



groups to renove skew between the | anes that has been introduced by the
bus. 20 100251 Once the XATJI bus is initialized according to the link
initialization process and in an operational state as described in C ause
48, the operation of the PCS functions enbodied in the XAU bus is

nodi f i edoim/owsTTUNber of ways to provide for transm ttPCEUWB/IYE2 a over the
XAUl bus, according to various enbodi nents of the invention, as described
bel ow. The nodified operational state is referred to herein as data

. | .

? ?g(r)]:m| %%@ﬁ%g@%%%%éﬁ%%gg%%@%% m%h%r os%eﬁ%k%%ﬁmﬁﬁs whil e the

b i inth i fi t | tate. ..1002 Fig. 2 id fl

ohar t i Tatiga ol ity Wk SRR s O oot O RRANG S Lo b ocess start o upon
t 215 foll t L Zj h, XAUl. | t 220,

Bg\rNter 01ch Bﬁ%b Ngfxﬁlhaefﬁé&afnd ?Oﬁﬁgmp%@%éﬁ%gﬁgém%@?&cﬁ@ns%ﬁwg : e?f”ﬁg pr ochgsi s

responsi ble for_determ ni ng whet her the XAUl bus is ready for operation.
The pr dereesssdpwribedia IERE &yeh B&M:-Jag spaeification, (Chavse 4838 crnbodigdiniet ¢ when -
synchroni zation is obtained on each |ane. As part of the synchronization
pr oces sXGERalesctibed nIEEEdNufi REOUHespecification, lausk 47, rewrheteferghir acters to
synchroni zati on code groups, including |locating the 10-bit boundaries 10
f or t hesif@Rlyhs OlBe PCBdBnctiby’, EthaBIC8 st nadhined e “the®Ifwodesdt i on, and
| ane-to-1ane alignnent. [0027] Once synchronization is conplete, the
i ni ti alPuzdbintie, 3éfe@ecR N Clansee 47 and 4Dothel FEHERDrofaPRO230é gpenifiostiqpr ocess  at
230. The deskew process tests whether the XAU bus is not only ready for
oper at i 4y bdeferrb® toosiBpR a8 “Clander 473 ahd ¥Ciguséaligid data upon exiting the bus.
_“)Si nce related data is to be put on the bus at the sane tinme, the data

needs tgyke ARU&rhﬁ% 10 bhibd iy SF the irvbntidASthE JEUL HulHs Mt MRAalized Weperdeskew

process attenpts to deskew the continuously transmtted special alignnent

codey 9TQHRS 4BCI Vel dRSIH ibdifilo OFBE 1 CBETAGsibA AR ubh pattern as part

?&'IPCS
s initialization process to ensure related data 1s transmtted in

e DUis” i 1 | “to ensure el a a
E anom P g0 TR Y R A u Bt e AR B0 B T L1l i zati on
f the XAUl. bus_i id . iti t

oper at AP Gt S0k 5 The ERARLERT stk Pr ALY B BAERIERY 1 215 12,7

embodi rsrlegggls,ogr htagsemllts? ggdqezglrgurﬁs %sz?e?a L{?ﬁy the PCS Transmit process. In particular,

Idle code-groups are continuously and repetitively transmitied 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 boih directions. The PCS Synchronization process continuously

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

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

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



the synchroni zation, initialization and link status reporting processes of
the PCS. In one enbodinent 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 planner, that is, transmtting data 25 without regard to
code- gr ¥P34988¢hr oni zati on and alignment. So | ong as PEEUSGEIPFEBI e is set 10
WO 031098877 PCT/ US03/ 13702 to such value, any data transmtted across the
XA UTl bus is indeed transmtted w thout checking for code-group

synchr Ofﬁ.b&ef’}gﬂe%ln? gatb @Qﬁ)’ett&hfrﬁﬂ%d S5 KOWeoQhdPIhdiat hikthel NBossifARATI SSI on of

data to account r or resolve any code-group synchroni zation or |ane-to-

| ane de%%grt@ﬁbglugg{igﬁwa{gédcge\%ighﬁ@%@ased PCS Synchroni zation process 5

conti nuously va code-groups, insuring that proper |ane

synchroni zati.on, and | ane-to-l.an | i gnment.. i s L ntai ned. . For exanple, a
var i bl QSR 2 et i staptd htafag Ao it B E YO8 e on | s

enabl ed over the XALTI bus when set to one val ye, | sabl when set to
anot herProeestEartsiped gewen Rt ¢ hbingHoteves iR Achirpézinge @ﬁ&ﬂ?fdm%ﬁg nd its

| anes al i gned upon entering the 10 operational stage 210, due_to factors
such’ ases@agof @ﬁmw intidlizetiondage20d. The SrPREPRIFIHE PTOCHHAT BEPWRDIE var yi ng
EM levels, etc.), synchroni zation problens and dynam ¢ skew can occur
whi | e thedderminiag whetherriie XARE bukis zeady faraperati@udhe prosessoperstesan be renedi ed
by clock and data recovery circuitry~ and XAU deskew | ogic, in the XATA
bus ar chddpemtentiyon edob lame)aad is ainpletiatvhen syanlsonizitech imobteined ohercK AUl bus is
checked for integrity in accordance 15 with 813/1013 | ane code viol ation

_ checki nghe. AbparB&¥ th€Brkmorizativaieprodess, diel 0AUThaakhigously gudvefinldies t hat | ane
ysynchroni zation and | ane-to-lane-alignnent is naintained within acceptable

I anges .cohtigl @hiradléss Yo syl EhiBiedtion oA erSMiRG thcRilling Abdatifly e d 0t eBA®IEs | S
mai nt ai ned by the XAU bus itself, w thout any special code-group

t r apSMfSShOBS/10B bR 1B 3641 sefidDiane halirbnizflonCate 1t{e-{olI APl RMEAT t €1 S
normal |y associated with the PCS 20 functions enbodi ed in XAU, but not
used Whighf DhE SMshrbsizARA ri@édnﬂﬂet&,%@ﬂtﬁl@%ﬁ $tals€ continues on to a deskew
and alignment process at 230. The deskew process tests whether the XAUI bus is not only
ready for operation, but is capable of presenting valid data upon exiting the bus. Since
related data is to be put on the bus at the same time, the data needs to be pulled off the bus
75 at the same time as well. The deskew process attempts to deskew the continuously
transmiited 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 variableis setto 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
i0



made. [0030] In this manner, any type of data, whether 10 GbE data, SONET
payl oad, or other type of data, may be transmtted continuously across the
XAUT bus without the need to interrupt, adjust or alter the data

transm ssion in any way, for exanple, to transmt the 25 speci al

code- grwowd/0288& woul d ot herwi se be needed to nai nt ai PCEYSMIBHI zati on, 11
WO 03/098877 PCTI US03/ 13702 delimting of packets, and | ane-to-I| ane
alignnment. This is nmade possible, in part, by the clock and data recovery

g . _part, by ti _ a f
near ol IEE ke il 0k b AN IRl Rt IR R T P et
b t hat i.d d .si | .1 it . th . 5100311

Note: 1 Heelng o kot il ueEbnfer et e SR BRI < ood ment s of

the invention diverge fromthe various state PCS funct.ionsl rocesses, and
stat e nERISOFRSIon ofidata 10 ageqynt 0T oy Lese oy o —grqugagg:pmpgzapg}%tr@é%tof hereto for
a conplete description_of the PCS functions and corresponding state

machi nelgnedaskanpioblems. Hgweven thedape-gsed PCS Pperhronizatiaforssf cat i on. )0 10032]
According to one enbodi ment of the invention, the PCS deskew state machine
( O aus econtinuomsly valiags all seasiyad £odscrewupst insuringthal propeniane Hyelgrnizgional i gnent
errors while the XAU bus is in the operational stage and data agnostic
node i sandikaisitedane Rligimeent istthentBiGSl. Foe exenwls hatbahie S cenablenindisates st at e

ALI GN- ACQUI RED-1, indicating all XAlJI serial comunication paths

(* Janes'JatpdgRodticinggiie df dperitiohds ambled overahe KADI bar wherset foameivalleed that 75 i s
the case or not, insofar as the PCS deskew process is concene [00331

~ Addi ti gnaldisibled WBed¥ebiotahahsiWaluesour ce state machi ne (Cl ause 48, Fig. 48-6)
Yyand the PCS receive state machine (Cause 48, Fig. 48-9) are altered, in

an enbqghéfe HyePihohglfihe KA EBuS RhyndiRoARI AR {ahed AiRnsBERnThiegiafURS Ot herwi se

required under Clause 48 to indicate -idle and data frame boundaries, when
e g SafPR0nd eS8 Cigahanian of oy
the stqfGaionk REAFTIUTREReIL, et SR fird BB REMAR W EayrahidREwAR 0di ment of
occur while the bus is transmitting data streams. Such instances can be remedied by clock
and data recovery circuitry, and XAUI deskew logic, in the XAUI bus architecture.
Moreover, all data transmitted across the XAUI bus is checked for integrity in accordance
15 with 8B/10B lane code violation checking. The 8B/10B lane code violation checking
guarantees that lane synchronization and lane-to-lane alignmeﬁt is maintained within
acceptable ranges. Importantly, however, such synchronization and alignmeﬁt is
maintained by the XAUI bus itself, without any special code-group transmissions,
interpacket gaps, start- or end-of-frame delimiters normally associated with the PCS
20 functions embodied in XAUTI, 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



the invention, the PCS deskew state machine remains in that state while the
XAU bus is operating in data agnostic node. The PCS transmt source state
machine remains in state SEND DATA and does not call the function evtx
term nate, thereby disabling code-group 25 synchronization fractions while
t he busWiOBE8¥ati ng i n data agnostic node. 12 WO 03/ BOBBWA/ BT/ CTS03/ 13702
(evtx termnate is a conversion function used by the PCS transmt process
when the code- group Ternminate is detected in the data streamto convert
Idle co . r 3 leRALTHRN 7 1 80841 Li kew se,
e POS o P e PR A e B i n 5
data ag i d | i t sy L ' nbodi nent
of the eﬁ%ﬁ%%angc%%e@g% v@%%@é oesi’hl%i(;ztg’.i ?&ﬂ?@?ee 1'%F@b“;rgespond to
detected fault gonditiaqgns d PCS deskew pr.cessy.either es not send
a signa‘“@8ﬂV§Vﬁﬂ€“§“5§?ﬁ@“@$eSgﬁﬁ%Fﬁ % ﬂ888§@§W§@%§ﬁ%@§?5%§§h XAUl | ane
so that the PCS receive, process ca %heck for fault conditions, or if the
si gnal P@VédéﬁY‘?ryg?oq%g‘fabWEﬁgEH’WSFﬁ’Q BES receive process. to However, in
one enbodi nent of the invention, |1qgss_of synchronizatign on any XAU | ane,
as pér HeHireNotgtbe fallowrneshiscnpronsperitically Reisks ok wners cabatBenig dhiise (O ause
48, Fig. 48-7) results in link reinitialization. 100351 Tracki ng when. the
PCS i s inventiomiietgecicbny thevatiousistete RES fumctions, iyecestse.cing [siadtyaerhinesny ways. I n
one enbodi nent of the invention, a variable accessible to the PCS tran 15
sour ce, daseriteid\he Claaseid &1 cBieavadersis atfarraetbéretodor xeompilee descriptionoofithd ue
indicating the PCS is operating in data agnostic node. For exanple, a

var i abl BCOAMcEcRBhe cdaphdiifoctate Madtanes Agitaaphed Wy de: EREE A" ) may be set to
"ya value of one to indicate data agnostic node operation. DAM enable ~1
only afpgn sabepecifithtidn)i tial i zation process described in Cause 48 is

conpl ete, and conversely, ignored during the link initialization process.

20 [,9036gh2 \LRbfiid}to bBe MBoRARAE R HMvefiod, BR POV @RkéWBatetRMAUl  bus can

operate in a data agnostic node under managenent control. Managenent

Con L) SR T A 0 el Sk . V1
XAUI bus is in the operational stage and data agnostic mode is enabled. Rather, the PCS
deskew state machine remains in state ALIGN_ACQUIRED 1, indicating all XAUI serial
communication paths (*lanes™} are aligned with respect to each other, whether indeed that

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

[0033] Additionally, the PCS transmit source state machine (Clause 48, Fig. 48-6) and the
PCS receive state machine (Clause 48, Fig. 48-9) are altered, in an embodiment of the
invention, to not modify the data stream as otherwise required under Clause 48 to indicate
idle and data frame boundarics, 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



(MDIO interface and register set specified in Cause 45, or an equival ent
managenent interface. 13 NV O 03/098877 PCT/LTS03/13702 [00371 Altering
the PCS functions as descri bed above enables the use of the XAU bus in a
data agnostic, or protocol independent, manner. Normal PCS functionality
requi r e&@0d30%877st ream frami ng and dat a del i neation i nPEUPWSHI70Df | EEE 802. 3
Medi a Access Control (MAC) operations. In accordance wth enbodi nents of
the invention, such framng and data delineation is not perforned.

Enbodi MROLS e hinkidGs & ‘?Qfsfoﬂ'ﬁnﬁﬁ@r%&d%?ﬂ? el Sucfﬁmc%atrrhaqﬁe tddel epl ace a

data ag ost"r C, genera pur pose, para h"as defined in the

Optical | nt rnet Qr I (PLL) Working
G oup ( g ‘%E]étslyﬂs%imi Qég ’!h‘t%gr ?Igggn&dlgﬁ?rég%ggs d SerDes to
Framer | nt erface hysi cal transport for SONET data streans. Al so,
the sel PPEPoURstog g ﬁp% the 10 XAU bus, wherein the clock is enmbedded
in the data, aIIows t he extensi on of the in terps of J.ane data
rate ani034k Frikevise, e FSHS seprivesiiate prcking Hﬁceéﬁé%ﬁgﬁ %H?rﬁé’i’erﬁ aorfa " to

address both | ower and hi gher speed _data bus requirengents, endi ng on the
desi ¥ eddateggppiticanqdsrrenpie Fagate PATHe MODE; yspnding §1§B@41rr@a s set forth
in the | EEE Draft 802.3ae 15 specification, the PHA.' |ayer conprises the
Physi cahnvedtidi.rife BGIY regeive prRE@S) does het, thsefire atspondsigidetectad fadh et ( PMA)

subl ayer, and the Physical Dependent Medium (PMD)" subl ayer. Fiber optics
nmodul escoaditionsyrpidotive BCS deskiowt finaceRvithecdules Dapemicesignal/baliveying @ PMD¥ oS ubl ayer .
The PMA typically provides a nedi umindependent neans for the PCS to

SUppor ta doeniisieoté-giupoge esth J5&U iahe $ui thatakid BCS deipbiycesalcameicla, and
perforns, anmong 20 other things, mapping of code-groups between the PCS

and PMAor ek betlditfonk,) 62 i B8 Sightd seiehitigighbredby e POSSEcedfe 1ock8s.gr oups for
transm ssion or reception on the PMD, clock recovery from code-groups

supp) i et Hﬁof'\&?]bo&ﬁ&%%%ftﬁé Ewen%oh, TobisdfiscBfoniZaBok b by XXEl 1dabock 1ay out

of a swtch or router |ine card
as per normal operation of the PCS synchromzatlon state machine (Clause 48, Fig. 48-7)

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

15 source, receive, and deskew, state machines can be set to a value indicating the PCS is
operating in data agnostic mode. For example, a variable DAM _enable (named for “Data
Agnostic Mode enabled”) may be set to a value of one to indicate data agnostic mode
operation. DAM_enable =1 only after the link initialization process described in Clause
48 is complete, and conversely, ignored during the link initialization process.

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

interface.
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including the PMXs), PHY(s) and MAC. Line card 300 conprises a MAC 305
that 25 conmmunicates wth, for exanple, upper |ayers of a protocol stack,
a switching fabric 14 WO 03/098877 PCTI US03/ 13702 whet her a cross-bar,
backpl ane, or neshed interconnected switching fabric), or processor. The
PHY 310¥0080g8877si ng one or nore chi psets, coupl es thePQUAGIEEB70he fi ber
optic odules at the PMD conponent 315, for exanple, an optics nodul e,
which, in turn, couples the line card to a fiber optic cable 320. 5 [00401
Fig. 3 t | . I [ r fipr a 10 GbE
A iy B O R o TR RO R RO

conpl i X nmedia types, "X' denotes 8B/1 OB

si gnal epcodin while the "R' in 10 - . 4 codi ng and
©ha e g fenpSli brtiBent itk Fpaldens Bagpf Nohiat RS RIRIGRaRolds ACDT 19
Subl ayer (W.,S).inteéerface,.that encapsul.at. rnet fr or
trans%%&%#@“"g dé@f]ﬁlfﬂ'&ti@fu Erﬂéﬂﬁﬁ ﬁ@&%@ﬂ egsa@j%@{ o wave

division nultiplexing (WDM techngl Qqgy to send si.gnals over four

vavel erfyii{s) aperatippsyfi aceendancs yvithsgbodinignisf ghedayention, SF?%%’!“SE?‘F cabl es.
[00411 In the standard 10 GbE LAN serial protocol stack 325, that is, in
t he 510 dasEelipmationisaiot perfostecd Fophodisenispfthednyquton ppable thepg ol Higc
specification, the MAC couples to the PHY, either directly or optionally
Vi a t heKA@BsIto repkice adatn agudstia wenergl pnrpee Baphi¢lbug Sichas defined iebeed by a XAU
bus). In this case, the PH conponent conprises a PCS conponent with a
64B/ 66 Bptioslderchirkidg FoxuGOHFE) Pliysichlad Pk Tdyat (Bhe) Momkiwg Grawpk et
delineation and a serializer/deserializer (SerDes) in the PMA. in the
trans m(WG)(iidéﬁﬁilé R SEéten Patiee IMdGce 04 (SHI-4) aheSerDps toFramb Iajerfa¢end Ser Des
serializes 16-bit parallel data paths (644 Md/s each) into one 10.3 Gb/s

© serial (gt Fﬁ&ﬁ&@ﬂ%ﬁ%ﬁnﬁf&im@p@m Gfealnd. AR, tRMRIf cleRidgdfi2d othb ne card
-supporting the 10 GbE LAN serial protocol stack may include a MAC chip

coup! ea 419y s RiNerGRR ddiRts EMRlBOPRALS: 4B MF S ekitRgsh 4tk FACTand XAUl .

The PHY chip,” in turn, is coupled to an optical nodule that conprises the

right . f | ; i &?jﬂ? hey tion, PCS
64B/ 66 gémﬁ%ggﬁlﬂgﬁ%ﬁ%}k %%I?ﬂra@%ﬁ%t%n ar gy‘%u |%pgl}(§#éyﬁ?€iti on may be
used: agad:fe pbl15EAG HARkV§80 biFbus requirements, depending on the desired

application.
[0038] In the 10 Gigabit PHY specifications set forth in the IEEE Draft 802.3ac
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



2s. PHY chip and the optics nodule. 15 WO 03/098877 PCTI US03/1. 3702 [00431
The standard 10 GbE Wde Area Network (WANN) serial protocol stack 330
conprises a 64B/66B CODEC in the PCS, and a SerDes in the PVA. The speed of
the serial data streamis 9.58464 Gb/s (SONET OC-192) and the 16-bit

par al | eWod#e%88Pat hs in the PVA are operating at 622 MyESa¥A2 The
function provided by the WS conponent is s described in the | EEE Draft
P802. 3ae specification, Cause 50. Generally speaking, the WS allows 10

(Sone) R 2R R ok R RO i) Sl 10

carry a ni cat.i ons over l.ong. di st anges, d ..t 0OC-.192 f or nat
provi de’&e&ﬂ{}g?%ngsm%gqeaor%og%%%%ﬁt “oF %5&?%?}8%1}82& e‘rﬂ%‘“w S constrains
t he throughput of 10 GbE to Jmatch 1o the SONET QC: 192, speed. The WAN PHY
G 1 or Sotusna 8 PR PRI 1 B PRATPIG o B P O BBIFR o ocol st ack
descri bed above, primarily by including the WS to provide a sinplified
SONET fqoan%ﬁthahaewdt%ﬁhﬁlopéfc?aam%f. 100441 Wth reference to Fig. 4, a
non-standard 10 GbE VAN serial protocol stack 400, in accordance with an
embodi iede Fig. 8 fertheriliustratonthe pigndard plaeksand interfases Hr adR @EEomplianta 15 XAU
bus capable of operating in a data agnostic manner, in accordance with an
enbodi rdevite. Mote: e 10GBASE X0 medih types)i“K” demdtesgiB/40B signal andaidivigcwhile conpri si ng
the PCS, WS and XGXS conponents, is coupled via a XAU interface to an
opt i cs R it 10GBASIE-R dentiesicdBS6B cacrdigspdrth 1 X RASP- W datatesf ol | owed by
the PMA and PM D optics. 10045] Aline card supporting this nonstandard

10GE Wi Widel Area BleBY AR OW AN) 3Rtk faR Subager WISt Roethi Mcsgsulueapt i cs nodul e
configuration used in the 10 GbE LAN serial protocol stack 325 descri bed

" above Wbt BhRESIHE Babhnibdidh ovér a SONEXAE-1D2 shativeRmBASE TR 3pd | cal nodul e

operates in data agnostic node, at a speed of 3.11 Gb/s rather than 3.125

o/ 5 SW@M&& rﬂﬁlagzl‘e%glg (gvgi»@'ﬁeémo@& lsehi? SighS 66k Wur SMEILngiRe fer t han

Et hernet at this p
light carried over a single pair of fiber optic cables.

[0041} In the standard 10 GbE LAN serial protocol stack 325, that is, in the 10 GbE
protocol stack proposed in the IEEE Draft P802.3ae specification, the MAC couples to the
PHY, either directly or optionally via the XGMII extender sublayer (an XGXS pair

15 interconnected by a XAUI bus). In this case, the PHY component comprises a PCS
component with a 64B/66B enCODer/DECoder (CODEC) in the PCS that performs
packet delineation and a serializer/deserializer (SerDes) in the PMA. In the transmit
direction (from the MAC to the fiber optic cable), the SerDes serializes 16-bit parallel data
paths (644 Mb/s_ each) into one 10.3 Gb/s serial data stream for serial optics in the PMD.

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

25 PHY chip and the optics module.
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\ % 03/098877 PCT/ US03/ 13702 [00461 Bus speed regulation is isolated to the
MAC-to-V4' | S data paths where the 10.0 Gb/s Ethernet NIAC i npl enents rate
control in order to support the 9.952 GBaud line rate of SONET OC-192. The
interface rate of the WAN PHY and WIS is 9.952 GBaud irrespective of data
agnost i WOhEME877\When data agnostic node is enabl ed, eaRIT/EH0343782 f our s XAUT
| anes carries exactly one quarter of the WS rate. Since all data is 8B/ 10B
encoded over XAU, the encoded XAU Iline rate is 9.952/4 * 10/8 = 3.11

G/ s. jﬁg&; dgg.gwaaﬁa?&mbﬁﬁvw[dgm &%@m&j &ﬁ}d%ot%xom%i%n ng per |ane

cl ock a recover ane serital brt stream (The VAN PRY
rate contral crj-hed [ a draft | auses 4, 44
and 50) mfﬂsefg%ggngﬁ(gbfgﬁg &8#(% ?"ﬁir re]%erﬁFocéeojt%\ﬁt e[herSPeef'llt of the XAUT bus
in the ngnstandard i t.ack 4 opposed to

f our b|88%2{i§afﬁﬁtr?a%wi% %Eg&gb@é&bﬁ) 8%@116 U?%@@?Q@"Eﬁéﬁs%% due to
the fact that the PCS 64B/ 66B CODEC may be ypassed because that ,code has

al r eadfhefRdf aepesmingtab6l2 Mi/s gach: ﬂ@eiﬂﬁ%cﬁ?lfﬂ’@@ldf’% Y the Wikcsomppnertisng t he same
optical nodule, operating XALlI in a data agnostic manner, and 15 bypassing
t he 564 Be%6 BE Drag B803dsespecificationfglanserdd. Genemllysneakingoisr t s t he
standard LAN serial protocol stack may be used to support the WAN seri al

pr ot oc WiSsdlawk 16 Ebleitipmshicn be pengadtiblegvitinthe SpecheormynOpticat Netwenler . [ 00481
Optical nodul es are standard, even commodity el enments. Their

st anda(SDNBT) OO0-1i92 tragawiesiorefbryt. SONET-cywipmient idtdrhmedgussido Agreenent s

(MBAs). Currently | O&E LAN 20 PHYs utilize either a | arger XENPAK MSA or

a smal 4gk cotftiitinibEifons Boérodalifanthdand e €@I0-19T RkmbtHrevillacasffedtven t he XENPAK
or XPAK MBA is used in non-standard, data agnostic WAN PHY node, the WS

s att ggahefoddpht T 99RMEASHR! THPAS OBisiamk tHERANL EnpubBFll ¢ GEE RABMEIGB CODEC i n
t he opti cal nDduIe is bypassed. 100491 When the |'ine card supporting the

oA, UEAHREOCE e o st soach i U (1S KT
PC 1/ UQQI?E(J@JZ&% serial protocol stack described above, primarily by including the WIS to
provide a simplified SONET framer anid X’+ X°+ 1 scrambler.
[0044] With reference to Fig. 4, a non-standard 10 GbE WAN serial protocol stack 400, in
accordance with an embodiment of the invention, is illustrated. The stack 400 uses a
15 XAUI bus capable of operating in a data agnostic manner, in accordance with an
embodiment of the invention. In this configuration, a PHY chip, comprising the PCS,
WIS and XGXS components, is coupled via a XAUI interface to an optics module, which
comprises a corresponding XGXS component, followed by the PMA and PMD optics.
[0045] A line card supporting this nonstandard 10GE WAN serial protocol stack can use
20- the same PHY chip/optics module configuration used in the 10 GbE LAN serial protocol
stack 325 described above with reference to Fig. 3. The XAUI bus between the PHY and
optical module operates in data agnostic mode, at a speed of 3.11 Gb/s rather than 3.125

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

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

Et her neWO(034988Y t he LAN serial protocol stack) and SONEWU$0348MY s he

nonst andard WAN serial protocol stack), in a protocol independent manner.
10050] As illustrated in Fig. 3, the standard 10 GbE LAN 4-Lanc pr ot ocol

stack 3agusH IR eed%t/{%ﬁ%s &%%9?8%9 ﬁ%?ﬁ?ﬁ%ﬁ%ﬁﬁ@% g@ghfm@ and wave

di VISIOI’] rrultlp ex optica Ivers Ethernet

PACKe! Sebd pilifhe er@{}ﬁc}ﬁem Eaft, ol iR bfler @%ﬁn%pao%%eag{gf%%au fLgnsmtted

across a us I'nh our ane op Pk a re (RTMR)

e T T

transmtted b sers via V\Dlg PVMD. 100511 Wiile the 10 GbE LAN 4-Lane
pr ot ocdfre?P%fb%qf atﬂf‘%‘}?ég"e’amflﬁwll‘f’@ Atapgnestis mode psgmobled, sachpddhe foumt i on,

m ssin romthe proposal is a 10 GbE WAN 4-Lane architecture. |Is The | EEE
502 3 EAVBlshescarise oy ot Qysrapoiibe A Sineealalses BBANS Powiled ¢
specifically rejecting conformance to SONET jitter, clock, and other SONET
opt i caloveshbbifheencodadsXAUhbnexais is 9.082/¢ AJR/& o3 ééGEoﬁst BA Ul gogutates ist andar d 10
GOE WAN serial architecture describe above, which uses a common Et hernet
PLAI D tlipe pitomitomativatip by performéng per BOEIGck mid data necdveryeon the perfiarr t of Et her net
over SONET. 20 10052] An enbodi nent of the invention, illustrated at 410 in

Fi g. 4 senul bitistemn. (The WANPHY trate doiteb W BNedbribadi IBEBP80DBacst ack. The
)XAUI bus, operatl ng in a data agnostic node, is transporting SONET franes,

not Et hﬁiﬂrk@ztus gger SONET. The three bl ocks adjacent the MAC,

nanel y, the PCS 64B/6 WLS, and PCS PVA 8B/ 10B, nake up the PHY chip and

ar ol Nfuo#RMELD hRY) Rk SI0ROM térifth Bt e RAGIWGR ih thelnbiarifia 025 descr i bed
above that supports the 10 GoE WAN serial protocol stack 330. Additionally,
18 WO @%ﬁ%ﬁ&@%ﬂﬂ%&lﬂ@ﬁ §(a31§2&)? as opposed to four blocks in the standard 10 GbE
LAN sertal 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 PHYSs 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



one enbodi nent of the invention uses the sane optical nodule 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 retimer (RTTMR) and
WDM PMD, al so descri bed above, and is coupled via XAU bus to the PHY chip
adj acenWOtBBISRIRC. 5 [ 00531 I n one enbodi nent of the iPVEBIBAH2t he XAU
operating in data agnostic node is resident in the PHY conponent of a line
card, which in turn, is coupled to a MAC conponent that exchanges data

over thgehatkpl /140, 9 ﬁl\éﬁ E}%Q»g%g &ﬁpéthéb Qflel‘@mflpﬁjéﬂgﬁlﬁsgﬁiltegél%t ively, the

:PITY may re5| A networ pter I nterface car nstalled in a h| gh

per f Or aﬁfs &lgss '%E:(? Wl res c?ﬂ)rﬁg Sjt ﬁw@,%‘?&%é i&’oﬁé(aﬁlgfeé ver,

|nstaII op conp can b€ ‘conne to the

net wor k_\j rLdent at oper at es
as enbcﬁi‘f‘@ﬁoﬁ? hﬂ Y‘Bﬁa %%m u>§ ]isé’a%? fegoéa'é‘?p‘)g“@é? P€bus, it may
be used to connect an nunber of different devices nE board, or
bet weerPrigeRis &-2-dQ&H ?ﬁ@%@%l%&@&%i@&?’tpfew?}étacm@a@ﬁ%ﬁ Mg devi ces,
processors, and programmabl e | ogi ¢ devices. Thus, the invention is to be
limi edleannsiauﬂyrdw seziakaratoned siaslek infadpieppl indppendantypanner. A nret hod,
conprising: initializing an interface capable of transmtting data as a 10
Go/ s At[easeih siltustiaied in Figt 3 thiodadidA0IGbE hAN 4ol ancatrotogol siacls 245 usks dlat a pat hs;
and transmtting data code-groups in each of the serial data paths once the
i nt er f 3CAUL Ius té corhinahicate Hetwiér the PHIYI dhip amdgvavieelivisiamswitiptexdWIoht) at | east
sone special code-groups in the serial data paths used for alignnment of
seri al poibapal sdiils. EheMIC. deBverd Biheni®et puokketofo thé BEHN chip, whereahey dréri ti al i zi ng

‘Ythe interface conprises initializing the interface in accordance with a 10

Cb/'s PlaysioBéncSaeiand trihiplifdbicrdit @ SRS bu RiESa 5@t % Bptical modlile. Bet hod of
claim2, wherein initializing the interface in accordance with the PCS

PT 0GES SotERRRTRRS pRAIER drl dién Ap %&f@bw&%g@fmgﬂaglmawéﬁmﬁﬁuado a
seqguence of code- gr oups to enable synchronization of the serial data
patns. qyera potentially 20 inch long copper bus before the signals are transmitied 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 YEEE P802.3ae task force did not propose a WAN PHY 4-Lane architecture,
specifically rejecting conformance to SONET jitter, clock, and other SONET optical
specifications. Instead, the task force opted for the standard 10 GbE WAN serial
architecture describe above, which uses a common Ethernet PMD to provide access across
a SONET infrastructure in support of Ethernet over SONET.
20 [0052] An embodiment of the invention, illustrated at 410 in Fig. 4, provides for a
ponstandard 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



4.. The nmethod of claim3, wherein converting a plurality of control
characters to a sequence of code-groups to enable serial data path
synchroni zati on conpri ses converting a plurality of control characters to
a sequence of code-groups to enable | ane synchroni zation and |ane-to-Iane
al i gnmewp 03998817e seri al data paths. 5. The net hod of RITAVS¥&3703her ei n
converting the plurality of control characters to a sequence of
code-groups conprises converting the plurality of control characters to a

sequenc gnolik it o£AUR YIRS R0 EHA Btolin B i BebLOBK 16OBINO_Schene.

6. The clarm ereininitralizing the interface in accordance

ith theg P f urt [ (W d f th
bl ur al | 857t sB S Sippoling it 16 CPLARPELIR0R) LRI E L MBI ™7 e

net hod of ¢l ai m.6, wherein jinitialliz e.interfa in agcordance with
t he P@m%ﬁae%@%%?fﬁ&ﬂ@%%?a@ﬁgﬂﬁ@ f°@§’8‘f%ﬁ° © gl&Sode-gr oups
transmtted across the serial _.data paths. {:I'he nmet hod of claim7, wherein
al i gni n@oualeswm%&WW@ﬂ&?é%ngaa@écw&ﬁM ted across the serial data

paths conprises aligning a plurality of code-groups transmtted,

cont # nul§ed] yin ope erokasiimens of thejimyentien, thegoAHhonesting sty Agrosiic Hadaiern to
renmove cl ock skew between the serial data paths. 9. The nethod of claim1,
f ur t her regidend it the R Yesoupenery ofative ¢and, whiclris irssis ooipdasitogdMahe interface
after initializing the interface. 20 10. The nethod of claim9, wherein
encodi ngnspahent flat excharpssilas b oo thedradgdartelve swittldng fsbec ofompier.ses encodi ng
data as a sequence of data code-groups for transm ssion across the

i nt er f agRernakivelyTihe PHRt h@¢iresille &l witworkQdapibies énterfae cadiingalldd tma higha sequence
yof data code-groups for transm ssion across the interface conprises

encodi ﬁﬁﬁcé‘&rﬁ’pﬁ&%ﬂﬁ&ﬁ@oﬁmﬂ&ti&i to Hhork @8 ecrgérpbisstgitsdan at ed by a
8B/ 10B bl ock codi ng schene. 12. The nethod of claim 10, wherein encoding

dat §, asqeRkiSF CHAGRIRE sPdterf] Blaf e oiidetATo tHeQetworRIRA Heien dagenaas | he

interface glgrrpr I ses%etncodi ng Synchronous Optical Network data
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 /O devices,

processors, and programmable logic devices. Thus, the invention is to be limited only by

15 the claims that follow.
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as a sequence of data code-groups for transm ssion across the interface.
13. The nmethod of claim1l, wherein the nethod further conprises preventing
the insertion and transm ssion of any control code-groups in the serial
data paths. 14. The nethod of claim 13, wherein preventing the insertion
and transm ssion of any control code-groups conprises preventing the
i nserti@AIMAY transm ssion of any control code- groups used to conpensate
for lane-to-lane skew. 15. The nmethod of claim 13, wherein preventing the
insertion and transm ssion of any control code-groups conprises preventing
the inserti dh™ERE CPENEREssi on of any control code- groups used to
conpensat e fidtialichgekintedbe adpahraof transmitlify dafhes artl GlwslAdchokrtiumt 13, wher ei n
preventlthHaJeQﬁAlUIFiﬁ%rpthrﬂﬂ@Qéjriaiéaﬁ‘ef‘&di‘ﬂs?%oon of any control code-groups

[

conprises prevent| gng e insertion and transm ssion of any control code-
groups whi | dransaReafete Pofg-arones difesh eidbresegrlcdiPathe PRcerReinieEetfodl of claim 1,
f ur t herinit0par wisie gibitied thietragdmission@f atheast sohershbad® code-groupe srstheferial

synchr apj i j t i,s detected. 18. The nethod of
claim 1‘127['?32‘%&{3?@?02@Fye"?ﬁrﬁ?rlﬁgﬁeg%]ﬁgétp ggﬁn%% I'ace if aloss of synchronization
between serial data paths is detected conprises reinitializing the

ilgt e'rA\f@ce | MTha G@iod aNE@mWL, Whereil inkidliZAd/te iMBNSde@ainplised inniglizBighhay er Erocess.

. An. arat us, .conpti si irst~l EE 2.3 C i gi gabit per
second rgalcﬁrlﬂ ?Cﬁ%fg?)né:gg'ét!ﬁf’ 1?%?%%5%‘?‘ C‘ﬁﬁ.ggsnuggay ér§ﬁ%§%§@é@§?§? “component
coupled via an interface conprising a plurality of serial data paths to a
second 3XGXS 16,@ M8 Bt cidid 2t kRS InttiaBRlg MBndaiR iICRREuBiR WA tRFeEsS the
interface once the int erfaCﬁéall_é '%ni h_i Eahi zqd X/ni | e inhi Ei tdi ng t he

t r ansniPESPEHFOFIPTIERS PRFENY 8 B PT SPUR|CRPREEEL HrEUBEeich° TR S8F i al data
pat hs usemhbfeayncrangatinef thefseszgdatapatdat a paths in a 10 Ggabit per second
Attachnment Unit Interface (XAU ); wherein the second XGXS conponent is

coupled to an | EEE 802. 3 conpl.iant Physi cal di um Attachnment (PMA
conponént t d e giher £f ¢i3fa 38@7?@@?%?'3"%%6‘&%? 8{%@#ﬁtﬂada‘:teé?\t}’%encf)ded)

par al | ekquataofsbdeegrmudsas edabrssnal gath pathtspnchiveizRVA coroprzen emivertieg el
plurality of control characters to a sequence of code-groups to enable lane synchronization

and lane-to-lane alignment of the serial data paths.

5. The method of claim 4, wherein converting the plurality of conirol 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.

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 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 transmitted across
the serial data paths comprises aligning a plurality of code-groups transmitted continuously
across the serial data paths to an alignment pattern to remove clock skew between the serial

data paths.

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

interface after initializing the interface.
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wherein the PMA conponent is coupled to a fiber optical transm ssion nodul e
to convert the unencoded parallel data streamto a serial data streamfor
transm ssion to the fiber optical transm ssion nodule. 20. The apparatus
of claim 19, wherein the interface is capable of operating at a bit rate

of 3.125 billion binary digits per second. 21. The apparatus of claim 19,
further conprising: a Synchronous Optical Network (SONET) framer and
scranblig CORRRRRMbA 6 80wndrdn Et8dihd dat foXERSMReIBP 8GERihd iRteffaRei ve an
encoded packet data stream and enca sudl ate tFe encoded Qachet stream for

t r ans nice'EPERS BRASAING dHRES ST 06%#)80 SRR [CE LR BITSIRR 7% "and a 64B/ 66B
encoderitelacader ( CODEC) coupled to the SONET franmer and scranbl er

conponent to encode the packet data streamreceived by the SONET framer and
scranbler. 22. A network interface, ,con'?ri sing: an optical nodule,

i ncl udithg. dhe methed pligim 4B vhgrepngPdingaterqs ayieguiice OiHeta CEE8IYPMVedi um

_l n?epfefﬁﬂ@tﬂﬁsn{ié'ﬂicﬁl’a_f:ﬁﬁﬁthe R BsempBsdsl cayaiing(d¥EXS)a sequaponeiD-bitdatel ed via an
interface conprisi j : ' data paths to a second XGXS
corrponéﬂ RS R eé%g? g%%a#’q@lééaktcg&ggg%?@%’oups acPoss the interface once
the interface is initialized while inhibiting the transm ssion of at | east

some gpeci ghe FRHBA B iR I0, ivihetdiensedingilata iRt BseRddnds oltertotiegroaps gnment  of

serial .data paths in 1 G gabit per second Att Lt JLnterface
(xaun) e riens Be Birres S e el B P L b SRR ekt bk 502 5

conpl | ank sedeyss of dhta bdi-gronpafer Feharrission(aPiory the sygiépRent t o convert the

SI urality off8811CB encoded data code-groups into an unencoded parall el
ata streamfor transm ssion to the P conmponent : and erei.n the PVA
conponéht i dNeXEHBY &f F™ dorRRET? 5hﬁ51efhr‘?gﬁhnﬁﬁrrfgg’8'és§sBger"%rfq'f’%md"a‘c’fe'é'onst reamto a
seri al adafranssissiennt dng cortrobersiedgespoin thezeralfdategathept i cal transm ssi on nodul e;
and a physical |ayer device coupled to the optical nodule to transmt a

SONET data _streamto the_ optical nodul e., . -
14. 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 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.

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.

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 synchronization
between serial data paths is detected comprises reinitializing the interface in accordance with

a 10 Gb/s Physical Coding Sublayer process.

19. An apparatus, comprising

a first IEEE 802.3 compliant 10 gigabit per second Medium independent Interface
Extender Sublayer (XGXS) component coupled via an interface 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
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23. The network interface of claim 22, wherein the physical |ayer device

i ncludes: 22 a Synchronous Optical Network (SONET) framer and scranbler
conponent coupled to the optical nodule to convert data packets into a
SONET data streamfor transm ssion to the optical nodule. 24. The network
interface of claim22, further conprising an | EEE 802.3 conpliant Media
Access s caske-gowps méhec@ugildeta Peths usrs fpriajignrossl of| sey@datg egtne®@ 29 transmit MAC

dat 2 PRGsh ferlstoont ARaAEA Uity oyl ce. 25. An i nfor mat i on hand i ng
evi ce conpris ric; | (MAC) devi
coupl ed to WH@E@&?%S@ﬁ?fﬂ?%@ﬂ%ﬂ%&é%ﬁ@@ 84 E%E%éé@%émgl%ﬁ ;?efﬁom ) a sviee
physi c&hydialdedichexitamemen yPMaxtompotdnetobiied dhe 881 0Balateenode-grouptdita packet s
therefrom, nc%]lngxg&|lﬁa£ta e 1%r ﬁéﬁgﬁlsggn {OQhé BRA Q&M&dn@ﬁl afgayer device, the

nodul e "1 nc coupl e he p ysical layer device to receive
data packet yh?fﬁ@r‘@fp"g‘h‘?"@?&%@ coppied g g TherPptisabransHisseBIPAES Wat a code- gr oups
alnd t:’@&&%%hetuh&odaéd%aﬁéudeha@rsﬁwﬁtoafsmslsjaarstreamfcﬁlréMSmOMESI ng a

pl ural i 0, erial .dat aths, the interface being capable of functioning
as al lt"%/?io_t‘ [ansrg'?S]%ne%gdﬁJ "Attachnment Unit Interface (XAU ), once the
interface is |n|t|alized while inhibiting the transm ssion of at |east

SOMe SpECi alrhe fharablisREASIM 13, WiLeis eliérfad@isaapaldd opsraed of obit @td gnment  of

seri al 6. The device of claim 26, wherein the |ogic
is furf %‘Z%cb@@'p’%@afyod] atﬁp?rlfﬁﬁoréOZ 3 conpliant Physical Medium Attachnent

(PMA) conponent to convert the 881108 data code-groups transnitted over

the inberfagg éﬂ%%t@%fgaﬁ]m@%ﬁﬁbr@&ﬁgflstngl data streamfor transm ssion to
the PMA conponent, an nverts the un L{ppeged parall el

data str earr?tséﬁn‘:é“oé’g?si %FP“C?Ié‘{ea"’orﬁsﬁwgwertapgﬁ%?ﬂl@%F%‘?‘POP%n er optical
t r ansmicstseé firat XEXidompoént toTheeiveemicoended papketidatad@eamped eicapauiste theit erf ace i s

ggpab ! gnc%ﬁe@@a%ké%{r&ﬁ’n B tréhsPlstioh 848 a BONET ibdr dBlid ddnPRunRbiAYedlingi t S per
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.

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 comprising a plurality of serial
data paths to a second XGXS component to transmit 88/10B 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 paths used for alignment of serial data paths in a 10
Gigabit per second Attachment Unit Interface (XAUI);

wherein the second XGXS component is coupled to an IEEE 802.3 compliant
Physical Medium Attachment (PMA} component to convert the plurality of 8B/10B encoded
data code-groups into an unencoded parallel data stream for fransmission to the PMA
component; and

wherein the PMA component is capable of converting the unencoded parallel data
stream to a serial data stream for transmission to a fiber optical transmission module; and

a physical layer device coupled to the optical module to transmit a SONET data

stream to the optical module.

23. The network interface of claim 22, wherein the physical layer device includes:
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28. An apparatus, conprising: an | EEE 802.3 conpliant 8B11 OB Physi cal

Codi ng Subl ayer conponent coupled via an interface, the interface
conprising a plurality of serial data paths and capable of functioning as
a 10 G gabit per second Attachnent Unit Interface (XAU ), to an optical
nodule to transmt 8B11013 data code-groups across the interface once the
i nterface i 2 Syn¢hrorabs Spticg Nefwark SONRT) Harmensgd stiamblersnepeesi HPBY at | east

SOME SREGHE BhticBIORRLBOMDSert fbtd PRKSE A sORERIRAthEm foRdshBsiortbi gnnent  of
serial data paths in a XAU . 23 29. The apparatus of claim 28, wherein the

mterfﬂ’l‘?é’pf P8PEDI e of operating at a bit rate of 3.125 billion binary
digits per second. 30. The apparatus of claim?29, wherein the optical

modul ezsonp&héﬁaw@rkmcgbf\aaammm éoh@hge@tmtzeegbz @eansmamcmnaon medi um

conponent . ystem conprisin n ric; net wor k

i nterf QS%ESEQB’HT%QP"PS CP%déwhﬁ@HY%H?%F?Vécett%trwgﬁm 3(5%5’3& abket s

t her ewitHelphydik¥lapeidardek | nt erface including: an | EEE 802. 3 corrpl iant Media
Access Control device coupled to a physical |ayer device, the physical

| ayer device including a Synchronous Optical Network (SONET) framer and
scranbRer cémpirieatonthendins faioe caappindacket s into a SONET data stream for
transm ssi oRg swtt(gp,.r@naua.@tl cal nodul e, the physical |ayer device coupled via

f h
2‘2 dl Bteleir_] gagg&e%lagac}olss ?onaraﬁﬁlAﬁfé)ev 2L ICgLII Pe%d@ 1&3 lsw[)c%lngtf%ng o raée Jngade ata pat hs

secon t achment
Unit | nackefsdmeefiolAUl ), to the opt| cal nodul e to transnit 8B/ 10B data code-

groups acr 0gpnidi@ ihyth 8EREBUFIE tHeMAd aév%ft@ﬁéaeuve%awpdcka&, thatefigmwhi | e
inhibiting the trans e-groups in the

serial dat a®partiye e % CP‘t'J‘??edafP }hﬁﬁﬁﬁ%ﬁaﬁﬂerg% fheH]é't%’ge mc%ﬁ e in a xau. 32.
The syst em obicchailen t8 the physigablayer denice taraseivedala p@kefa}ﬂ'&tﬁffemwnc@ﬁ%r ating at a
bit rayg @fs pa&e@as@BHOB%ta%@@ﬁ%uﬁy £1Httr§n§ﬁtr the,sé’eﬁ&)EBile _ghotips Aei8sskst em of cl ai m
31, wherein the optical nng a e e div

interface comprising a plurality of serial datarEg hs, the in erface belng capasblle or} functioning

as a 10 Gigabit per second Attachment Unit Interface (XAUI), 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.

26. The device of claim 26, wherein the logic is further couple to an IEEE 802.3 compliant
Physical Medium Attachment (PMA) component to convert the 8B/10B data code-groups
transmitted over the interface into an unencoded parallel data stream for transmission to the
PMA component; and

the PMA component converts the unencoded parallel data stream to a serial data

stream for transmission to a fiber optical transmission module.

27. The device of claim 28, wherein the interface is capable of operating at a bit rate of

3.11 billion binary digits per second.

28. An apparatus, comprising:

an IEEE 802.3 compliant 8B/10B Physical Coding Sublayer component coupled via
an interface, the interface comprising a plurality of serial data paths and capable of
functioning 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 initializing
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.
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mul tipl ex optical communication medi um conponent. 34. A device conprising:
logic circuitry to process data received froma transm ssion nmedi um
according to a communication protocol; logic circuitry to forward portions
of the received data in data code groups transnitted on each of a
plurality of egress serial data paths to a destination device; |ogic

Ci rcui pg.y t Ohd appemtus af ¢lgimPBrwherayf e intariaenis capableol erpralisg akehiirale dat a pat hs

anong 0$m5%ﬁkﬁb$gg%igggBé}ggcdp{@_en the device is operating in a first node to
process data tranes Teceived fromthe transm ssion nmedi um according to an

Et hernet protocol; and logic circuitry to omt the insertion of alignment
i nf or mag.i onTheapbhatue of @sis 29pwlicadin thabpticalyaddus camprisgs Bh@veldivisiotode gr oups

¥\hen tFﬁgniﬁg}’%ﬁi@alicc?mr%’r%a%%ﬁ REailA cBnfend mode to process data recei ved
rom-t ransm ssion medi um according to a non-Ethernet protocol. 35. The

device of claim34, the device further conprising: 24 logic circuitry to
recei vgq dat A sgRdhe compigy: on each of a plurality of ingress serial data
paths; and | 219'}?5 Ci r%u_i try to align the data code groups received on the
plurality of Pa&l%erial  data paths based upon alignment information
i nserted amngwprth@tqer@@ebw@d@aﬁlés‘&igﬁkﬁg@ﬁbﬁfﬁﬁﬁ’sem*}f@%‘i“?lﬁ PRY*#'® t he Et her net

Elrg;t %ng'gre%iﬁ?%ﬁﬁmd?l@ﬁe%%éﬁﬁclm@f ating i nI the first node. 36. The device of
: evice fur r comprisin LC. CcirCUl - i gn the dat

code ar oupst BEBA06d OHPERCVEIIrTS P o Fhgy Spbgia ieliagn 20, NE dat

i ndepeneet thy pofsical ldygndmive including a SsndbomoisSiceliNsivoan S EThEa P Ecei ved dat a

code gLOoURS eérq;i.udﬁgntttgcc;nb& PR pd B8 EEd SOREDHAS StreatONranbRissiavi ce i s
operating 1 n the second node

] _ . 37.. The device. of. claim,3 t he devi
f ur t heto DR BPYE SN REdEYSP Ct°8p'§(ﬁ'@ﬂ" 't"% a%afhlgmt%r%aee greoug\s{I rcgcei ved
on t hecqhpising b phiratify of sgedsa rsthsiaab beiag canpble hbfulrtiswio aprot) Eledidet ection of
error Ssécréplée ﬁ%cﬁ%&rﬁ%pﬂﬁer@% ﬁg&ﬁ& SULEHIER HRGule B randiESHI€OH da &uec! ai m 34,

wherei n' 1 nnen ntformati'‘on conprises specjal code qroups inserted
i N eachrods acrrss Bgreréace apgedfe B*&ﬁﬁceﬂ%gﬁg"zQﬂﬂﬁqgg?Wh‘ﬁ%tﬁ%lg%rﬁﬁgsap gﬁps bet ween
at least some special code-groups in the serial data paths used for alignment of serial data

paths in a XAUL

32. The system of claim 31, wherein the interface is capable of operating at a bit rate of

3.11 billion binary digits per second.

33. The system of claim 31, wherein the optical module comprises a wave division

multiplex optical communication medium component.

34. A device comprising:
logic circuitry to process data received from a transmission medium according io a

communication protocol,

logic circuitry to forward portions of the received data in data code groups transmitted
on each of a plurality of egress serial data paths to a destination device;

logic circuitry to insert alignment information in the egress serial data paths among
the data code groups when the device is operating in a first mode to process data frames
received from the transmission medium according to an 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.

35. The device of claim 34, the device further comprising:
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an end of franme delimter and start of frame delimter. 39. A device
conprising: logic circuitry to process data code groups received on each of
a plurality of serial data paths; logic circuitry to align data code
groups received on at least two of the serial data paths based upon
alignment information inserted in the serial data paths anong the data
code groupslogheircutilyéo esiverdats epde poreg ¢nrrfch of PRItk ef ingiRee SEH fdcess dat a
forrrat ﬁﬁg aggording to an Ethernet protocol and Ioglc circuitry to align
data co groups received on at | east two c]a dat a ._pat hs

i ndependent |°9'°6'F°”5W|t‘bﬂ‘ﬁ%WFdFWfCB?WPVWﬁe?eﬁggP? &'8 PluFRT yhg'ngre 5 ¥dat a pat hs
anong tie patas vased opbd atigrowspsinfinetion iheertke wimory ins respEedddtnepde graarsecond node
to pr 08§?§d|q(a%ﬁe§gmtemmﬁ5rgﬁwl%g%netﬁgﬁg\féé'|§&e¥éﬁn€mrihﬁr§%da@t protocol . 40. The

device 0 erernt I gnnent ormati on conprises speci al
code groups inserted in each of the serial data paths anong the data code
gr oupsszpet Werdldedide 6Mhim @, the Gsvize dehémomprisimyidgistianitry ofalign tiegatdel i miter. 41

The dev%%e E%%%c%ve& E?l’le t|lli}glltf I]le(%(f\' 38‘531'[ Q%%B&R{HE%)%MHJ ?f@h&nﬁe‘nf cuitry to

align f seri al data paths
based mmamhwsaé@fe@t"?n@rﬂ‘edﬁc%feﬁ@?f@ cogegrens aﬁﬂ‘é’é‘@’ﬂﬁ‘i"&'ﬁ Oh-ERAE code groups

when t Bgiod& \WheRihk AeRRAS idrdiflg inthd Rompagikd node. 42. A system conpri sing:
25 logic circuitry to insert alignment information in the egress serial

data paths anong the data code groups when the first device is operating
in a fBr.st Muxdevice ojplayo 86 shaldavige furthermemprisitadpyieercpitngip digethe falAsm ssi on

medi u &%%%ﬂé Féee.l}éa cmhé%uh}smﬁ@rtmg%@ts@mhata PAAs bARB Gpdwithedttdctivh ¢f0 omi t the
|nsert| on “of ormation in the egress serial data paths among

n
the daf#retydes r&?‘%gﬁ’ﬂ?ib"f\ﬂﬁ@r‘fo‘i'er%mmsr st device is operating in a second node to
process data received fromthe transm ssion nedium according to a

non- Et her neﬁ'heoée%cgﬁglalr%§4 m%lrﬁxééﬁmﬂ@ﬁt lrﬁb@damrﬂt%mpmrsﬁéd’bl tée transm ssion
medi um conpri ses cabl i nd el.n Q XSt em further
conpr | gredps inserted in each of the egress serial data gaths among the ata code groups betweehn

an end of frame delimiter and start of frame delimiter.

39 A device comprising:
logic circuitry to process data code groups received on each of a plurality of serial

data paths;
logic circuitry to align data code groups received on at least two of the serial data

paths based upon alignment information inserted in the serial data paths among the data
code groups when the device is operating in a first mode to process data formatted according
to an Ethernet protocol; and

logic circuitry to align data code groups received on at least two of the serial data
paths independently of alignment information 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 non-Ethernet protocol.

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.

41, 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.

42. A system comprising:
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a third device to receive data fromthe fiber optic cabling according to a
SONET protocol; and logic circuitry to cause the first and second devi ces
to operate in the second node. 44. The system of claim 43, wherein the
second device further conprises logic circuitry to provide content data
based upon the received data code groups, and wherein the system further
conpri ses alogoNir@Tryfte meest alignygsit isiprmatiop inethe egresscetilirla #2115 aNR% | ve t he

cont en{he%@{a%odéao dp-g%eﬁ ytieiQhce & G’T}J'eFEtlﬂg?ln Ak hrdbdtol PRt e Sy lieraniasr t her
conpri ses: device to rECE|rgm%tr?dm%mrgelinE|% g t%rn nsm ssi on nedi um
1

accor df‘?‘?@"’?q{’%thﬁrﬁwn MFPHSEE to cause the first
and second d:gmccc&ﬂrytt@ommmeatsertwmoftah@nfentleprnrrﬁbldlelnthheegréﬁhée@ﬂ/éﬁt@m of claim

42, Whg%}ﬁé r@(:‘:her &diagéodgﬁydu?@wﬁéﬁrtﬁm& ) b§§§tmg lirPPiezokd t6dd tB r y to receive

data C ps on eac lurality of ress seri at hs; and
| ogi c éﬁoﬁ%ﬁﬁld?ﬁayeqed%ff?'@H‘ett'lffés"a%ﬁ'% r&?ﬁ’d’@‘ @9‘8"&\8@ 20U B%T”%rﬁ"? g pl 5r ality of

ingress serial data paths based upon alignment infornation inserted anpng

the re |ve hdats?modem%ZoHlﬁ)gr "f}\%qgk 080 Redi cmﬁi SLWRkr SOt ocol  when the
§ V5P SFMhG R dﬂ

first VIC e system of claim 46,
wher ei nabtllhsearfdlwf@te"dlévﬁ!@ée”fftuf“ﬁerﬁé@mlb'@ﬁ%r| ses | ogl ¢ circui try to align the

data code gp@HaSeli®Os ratelle Bita trbf tHel Edpti¢ abhig dcogtiag ® SEONET data pat hs

i ndependent l%@ of alignnment information inserted anong the received data
code gPBls cording to the FEthernet protocol when the first device is
operati ng i lgklekcuitiytstausethe first@d sependgipuicesitp eperaie 4ithe seponduiedeei n the first
device further conprises logic circuitry to align the data code groups

received on_the pluralijt ress seria t t

det ect fn o?hee?yrsél"b"fic'ﬁ'"i%e L"éﬁ'@ esSﬁongﬁeH%?fggaeég% pr?sgﬂlog'gé%g'trﬁggnﬁehgystem
of cl apmvid@conmdnedats baseh epal thgrneved datsf coderairsnansomsrdins syt i al code
grouDSf%tﬂ?r%Bﬁ]ﬁﬁse Wﬁ%fne];&%plggfoqﬁése%gﬁd @vicl & rRchaithscoammngtd he data code

groups of frame delimter and start of frame delimter. 50.
The system of claim42, wherein the second device further conprises |ogic
Circui 88y t ®nhe 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
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 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.

47. The system of claim 48, 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 operating in the first mode.
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.
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provi de content data based upon the received data code groups, and wherein
the system further conprises a switch fabric coupled to the second device
to receive the content data. 27

49, The system of claim 42, wherein the alignment information comprises 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 wherein the system

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