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SCALABLE DEVI CE- TO DEVI CE | NTERCONNECTI ON BACKGROUND
1. Field: The subject matter disclosed herein relates
wo oot aces bet ween devices. I n particul ar, P€T©S2004/026891
subject matter disclosed herein relates to devices
capable of transmtting or receivi ng data at nore than
one dakeATABLEDEVIERITBID IC? TOECHEIN
inaprinted circuit board typi ca comTunl cat e
t hrough a devi ce-to-device interconnecti on (DDl'). Such
a DDI typically includes copper traces fornmed in the
t ansmt signals between devices. A device may
BA(ﬁgE%SH to a DDl by sol der bonding or a device
socket secured to the PCB. |EEE Std. 802.3ae - 2002,
Cl duse Feldiefines a 10 G gabit Attachment Unit
Interface (XAU) for transmtting data between devices
i nTatebjectmester Baclbsadidteaeih agiatet jepintafakss Hetwesnddvicea. In
serial data signal between the devices using a

partidilbf, eheedibjert mtteBbdloed Petein refhted¥oldelRed dapabRIdE l’ransmtttmg or
coupl ed to a 10 G gabit Media I ndependent "I nterface

. %rﬁ@@ of transmitting or receiving
rece &aat%g&?%df%@gﬁ?mageh gi gabits per second. In
itio etXAUI format may be used in transmtting
a ov Y9 i band 4x cabl e as described in the
pr oposed 10GBASE- CX4 st andard present| be| ng expl ored
by SeiRicopguytorpyres Hka piRiRd ﬁ@mg? ( IprpuEqate
OF THE FI GURES Non-limting and non- exhaust ive
throughrodivieertosdeyicetinterconestint (DB rtichra DI typally ésdudes edpper
with reference to the follow ng figures, wherein like
trace €beficRlria ehdPOB t@trandngit §igndl®between devices. A device may be coupled

to a DDI by solder bonding or a device socket secured to the PCB.

IEEE Std. 802.3ae — 2002, Clause 47 defines a 10 Gigabit Attachment Unit
Interface (XAUI) for transmitting data between devices in data lanes. Each data lane
typically transmits a serial data signal between the devices using a differential signaling
pair. A XAUI is typically coupled to a 10 Gigabit Media Independent Interface (XGMII)
which is capable of transmitting or receiving data at a data rate of ten gigabits per second.
In addition, the XAUI format may be used in transmitting data over an Infiniband 4x cable
as described in the proposed 10GBASE-CX4 standard presently being explored by the

IEEE P802.3ak working group.

BRIEF DESCRIPTION OF THE FIGURES
Non-limiting and non-exhaustive embodiments of the present invention will be
described with reference to the following figures, wherein like reference numerals refer to

like parts throughout the various figures unless otherwise specified.
1
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i ke parts throughout the various figures unless

ot herwi se specified. Figure 1 shows a schematic di agram
wo@Roodemnisees coupl ed by a devi ce-to-device PCT/US2004/026891

i nterconnection (DDlI) according to an enbodi nent of

the present invention. Figure 2 shows a schematic

di 25536 Sho ey LaRRake uAlbREh BYadvidts dalied by g%%v@é-t@daﬁbe

according to an enbodi nent of the d ces” shown in
h c.diagr.a
1nteIF bl%écggr} E%ép?aéagrdﬁlgf‘co %\Ngmt%o& angg% %}F pgesB%l inye 1& di ng
to_an e di ment of t devi ces .shown in_ Figure 1.
F| Eiﬁ”ée EJO g%%\% Sf}e?&ﬂ%ﬁ@ﬁf icsmcarrlad by fay dé@ﬂ]ﬁ’ileéd’fa
one data | ane of. a DD accordlng to an enbodi nent
DDI@pCQIﬂmgde\an@é@osﬂ,mm of thedegigeseshpwiAndiiguse 3. shows a
schemati ¢ di agram of a device which is capabl e of
seFentre § shywvarsghengtia dugtam obdeyidea seubleh by two dataideres of a DDI
data | anes actively transmtting or actively receiving
acco@ﬁhgtcf £108MBodenPEaRE dévigkstsRowh iltPRa ent of a devi ce
shown in Figures 2 through 4. DETAI'LED DESCRI PTI ON

Rﬂg%ﬁé‘ﬁ %thM 9 H@Eﬁﬂhﬁgﬁgﬁﬁ BF&évfléeg %ﬁ@ﬁ %5? oné)aft? lane of 2 DDI

ment cul ar
u cha cterl IIC escrlbed in

secoi kS Rbeg! ff%n{%éhegﬁ%%s SR PTG fided | n at feast

one. enbodj ment of the present inventjon. Thus, th
apPiFanceevyt sehemain fl@g@am pha detdccwhish iiheapebleof S@Isﬁlvely
enbodi nent"” in various places throughout this

varygngecddta e based apen movmhecdsietrlangs aatively éfapsmitingg ormctimely
same enbodi ment. Furthernore, the particul ar features,

receBinguddtaIfref a DDI ab@irdiaf € iisémbsdin@it 6 deidei shed i Fidees 2
or nore enbodi ments. "Machi ne-readabl e” instructions

throgh 4eferred to herein relate to expressions which may
be understood by one or nore machi nes for perform ng
one or nore | ogical

DETAILED DESCRIPTION

Reference throughout this specification to “one embodiment” or “an embodiment”
means that a particular feature, structure, or characteristic described in connection with the
embodiment is included in at least one embodiment of the present invention. Thus, the
appearances of the phrase “in one embodiment” or “an embodiment” in various places
throughout this specification are not necessarily all referring to the same embodiment.
Furthermore, the particular features, structures, or characteristics may be combined in one
or more embodiments.

“Machine-readable” instructions as referred to herein relate to expressions which
may be understood by one or more machines for performing one or more logical
operations. For example, machine-readable instructions may comprise instructions which

are interpretable by a processor compiler for executing one or more operations on one or
2
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operations. For exanple, nmachine-readable instructions

may conprise instructions which are interpretable by a
w@e@sessos conpil er for executing one or nore PCT/US2004/026891

operations on one ornore data objects. However, this

is merely an exanpl e of machi ne-readabl e instructions

more?él'i‘% 8@%&9' RMeFerthid fg%&éﬁﬁ%&aﬂnﬁr@dﬁm&mﬁr@awe instructions

In this respec Machi ne-readabl e nedi um
[e red tq her
and %g’?f{l e 94 R gsen gel% i cﬁc’tg?@t&l ?’%g?\?%sg)lee by one
re mac For exa nach ne-readabl e
ﬁmﬁaxyea@a Jg s rafprwﬁrt%%g&ea}@ esdanedin capgple of

storlng nachlnereadable i nstructions or data. Such
mainfaiping gapreesipeeshich yprequngsivable 5t oreagyanenednashings hFesexample, a
for exanple, optical, magnetic or sem conduct or
maclkihefeagablerakdium h-lmyaaoﬁ'rp;risé beser moe stiatgd Yeveoafprl serigf machine-
machi ne-r eadabl e medi um and enbodi nents of the present
readhma it ObrRlR dial SutiitbRGe dBvitdN Bay ESRSSde storb&OMmediad8ch as,
referred to herein relates to structure for performng

for egglﬁgféf ofRGE ﬁ%&%ﬁ@hﬁﬁﬁi&ﬁp@gf ggﬁge Rl Sede, %esew

s-one or nore out

merdly ?%%ﬁp@oﬁida@ﬁﬁ%rﬁ%ﬁ%w et s CPbofindif ﬁahe?é‘{%%ﬁt

recei ves ital input and provides a digital

invesli@rpare nobhm&pgeuﬁht&rysnw ch provides one or nore anal og
output signals in response to one or nore anal og i nput
si fhegie” aSwdredito heici rplaayto beugnisvbuped farmisgone or more logical
application specific integrated circuit (ASIC) or

operhii®lsd FoF g bkie ngBt dndikayirGirEAVhicheoides 0@ 6r mde output
conpri se mac i nereadabl e i nstructions stored in a

signiE BRYeY upBn %ﬁ@gf ﬁ’]ﬁfé 19f9utV§'1érﬁlsp IRERERER %efycd&ﬁﬂriée b ®inite state

execute suc I ne-readabl e i nstructions. However,

mac 1}18 rreegegg%seaa%lgﬁéﬁ%nﬁué%ﬁ%ﬁ{ov%efs %Cd:j‘% b33 ﬁ@c %rxj cfri][g}e‘l% |“glr110h

are not I|mtr@ﬂy|n this res ect. A’ deV|ce t o- devi.ce
provides ope ShIEES Mseg Qubptyignal Sr"éff‘éP?%g& t0 g, g% WOFP Fnalag inRut

to a data
signals. Such circuitry may be provided in an application specific integrated circuit

(ASIC) or field programmable gate array (FPGA). Also, logic may comprise machine-
readable instructions stored in a memory in combination with processing circuitry to
execute such machine-readable instructions. However, these are merely examples of
structures which may provide logic and embodiments of the present invention are not
limited in this respect.

A “device-to-device interconnection” (DDI) as referred to herein relates to a data
link to transmit data between devices. For example, a DDI may be formed by conductive
traces formed on a circuit board between device sockets to receive devices. A DDI may
traverse multiple devices coupled between two devices over a backplane and comprise

conductive traces coupling the devices to one another. In another example, a DDI may
3
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link to transmt data between devices. For exanple, a

DDl may be formed by conductive traces forned on a
wa@eeosasiboar d bet ween devi ce sockets to recei RET/US2004/026891

devices. A DD may traverse nultiple devices coupl ed

bet ween two devi ces over a backpl ane and conpri se
comﬁﬁw&ho'lé’&ubféﬂ%%vé‘e%%@lo' Bndclsts Sdppesite &fds ‘M‘ﬁleacﬁgteh §ach

n anot her exanple, a DD rraycorrprl se a cab e coupl ed

comEggo\év?n 0 ¢ £ 3 4 Ct{ratr:n%{llﬁﬁe&a&% escwlg% i f] tagd ?'&gi é}l'llgc% @Ré Eonnector
by oGS st Hasieger %&%Eeémér?w%gémé o &a LAt camhgdients of

of a DDl and enbodi nents of the present invention are

the pregent infentg arﬁnpﬂegéedeéb@@tr@peﬂs data link formed in a
DDl may conprise a plurality of "data | anes" where
eaehdatatisk famed imy DDIansddmptaea flualityeofsdatadendsd where each
destination i ndependently of other data | anes. Each

dataG@deandyighshitt datsl o 4 sdtkce Y dekt@idsioh indeysiRhiy of ofher data
transm ssi on nedi um whi ch are decoded into data bhits

1ane§t E hq{% l'aﬂ@hi f?ﬁata aglrtranglg &%Yﬁlﬁ%)l'g% gltﬂénﬁ'glsﬁéﬂ H{éldﬁlm which
ata [ anes at nay e use ransmt data |n
e the resent .i nventjon are

are cr%?ﬂ%%éato 45?%0%93 Bafiabl rRWERE fois B okt daca
of data_ | anes" as referred to herein relates to two

laneg) thahmpy e yseddgiraagmp dletada g RD¥ andembadéments eﬁele@é%eetemvenﬁon
including a first data lane to transmt data fromthe

are rfot ftigtited év these tegpadie A Edgathnd gairt er “putr of deteclones” dateferred to
lane to transmt data fromthe second device to the

heref feitesd ¥wé dataAancd @baplbdb&wedt gfifard sednd déece Bdluding a first
herein relates to a portion of a device that is

data T8RE0 |t1%n§i‘f11t Hh@Tadth Eﬁe' 18t Ryl 98 8le okl der\f?&ecﬂnﬂ'arbgc&ld data lane

signal froma data | ane. For exanple, a data | ane

to trib &Y (e foffe egc”% 'd%ﬁgéé%tﬁggﬂ% d%g% ns that are

capa cou ane formed in a
|n; d circui Qard b examp sol der bondin .
or BRIt gt as g ‘?rériﬁ%gf’f\? %f' ta PR a device that is
interface may conprise conductlve pins that are
capablgflitasipfitingp gignalda or exsetvings signal drophg daighane. dwpesample, a

connector. However, these are nerely
data lane interface may comprise conductive pins that are capable of being coupled to a

data lane formed in a printed circuit board by, for example, solder bonding or a device
socket. Alternatively, a data lane interface may comprise conductive pins that are capable
of being coupled to a cable through a cable connector. However, these are merely
examples of a data lane interface and embodiments of the present invention are not limited
in these respects.

A “serial data signal” as referred to herein relates to a signal comprising
information encoded into a ‘series of symbols. For example, a serial data signal may

comprise a series of symbols transmitted in a transmission medium where each symbol is
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exanpl es of a data |lane interface and enbodi nents of
the present invention are not limted in these
WO e@potsss A "serial data signal" as referred POI/82004/626891
relates to a signal conprising information encoded
into a series of synbols. For exanple, a serial data
transthi@B@in MEYMGAPRFibE CHBwe R &% 19fme§éd§rﬁﬁ Eﬁa&ﬁl@@g‘sfeﬁﬁ%ataﬁlgnal

a transn1SS|o nedlun1mhere each synb I'stransmt
wever exanple

and elirﬂb(gdn:ﬂé{rﬁlg e?lf tt aéreéje%t inyen élnege néfglo }térpg in. és%frgg}%gtspr esent

|nven on ar.e not n these res

" dif f ff%fﬁtlﬁl%hpagéi@a i ﬁﬁsﬁ%ﬂeégo RGP BV (00 ik OF pynchronized

relates to a pair of synchronized signals to transmt
signalg @ﬁwnubmociﬁd datalésa estingtinn. Hogexamplapdisferential pair may

differential pair may transmt a serial data signa
transmip sérdl datasygriabt@nprisilesydemdciedef decodtdtfar dee oaveryryadt a

a destination. Such a differential pair may transmt

destB@Gbh. SHBRQ! diffSredtiNQlatAasy @ahsﬁﬁpéacp Gyhbel atsraa\rbsﬂagé &h €4th of two
nmedi a. However, these are nerely exanpl es of

trandthibli6h fiaki achsz?évrer Qﬁ‘éie %g%ﬂl € tﬂ&ﬁlg?gs otfla%lﬂ&%ﬁﬁ (tg)ta}r o,

|nvent|on are not respects.

t r.ans ref rred t in,relates to a state
embp i RFA G oh %ﬁ%e“? PR e e PR PG s o a

data | ane. For exanple, a data |ane interface nm

act frglysly frala%lmrta iaf @efarr%tol hereip sglatess foghsipte\oh @ slata lase

coupled to a data | ane and, at l|least periodically in
intertfdve ip tresmittengodataitat adatolape. Formexamipld, edatadppd intertpce may be

vol tage signals to a data | ane contact. "Actively

activeBCanshfi@ing asserislf ®itd Gondl whee cehpled Bl AdAS 14ne add it ddast Of
data lane interface in receiving data froma data

per1$cﬁ@a§ly i e REEMPL 6f dfta Qﬁﬁ@tr&r@ﬂﬁﬁédq hSSI R g%ﬂﬁg/e anals to a data

actively receiving a serial data sighal when cdupl ed

lane gg?tgct? at %tlvagef‘ec%n\gl‘ﬁg t :%s rﬁFe%%g t(? ﬁérel%drl ﬁ?eltsltéf \é%?é’] o &?a lane

ane 1's trans ages ane

i_nterface, cei.vi ng nore v e signals from
interfiyfe TpesNing fate ﬁewe%qia Afie B S8 @31%% laneiriage gay be
when a data | ane interface may be actively
activiehyareseivingiarrgrialk dega signad Whengeeplod top daintpne rmdontrmﬂt pertpidically

when the data lane is transmitting voltages to the data lane interface, receiving one or
more voltage signals from the data lane. However, these are merely examples of when a
data lane interface may be actively transmitting or actively receiving, and embodiments of
the present invention are not limited in these respects.

An “8B10B encoding scheme” as referred to herein relates to a process by which
eight-bit data bytes may be encoded into ten-bit “code groups,” or a process by which ten-
bit code groups may be decoded to eight-bit data bytes. An “8B10B encoder” as referred
to herein relates to logic to encode an eight-bit data byte to a ten-bit code group, and an

“8B10B decoder” as referred to herein relates to logic to decode an eight-bit byte from a
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the present invention are not limted in these

respects. An "8Bl B encodi ng schene" as referred to
whersioznsiel ates to a process by which ei ght - bi PCHESZ04/026891

bytes may be encoded into ten-bit "code groups,” or a

process by whi ch tenbit code groups may be decoded to

ten—ﬁ't lo gt 1?113 d&fl agRYie §0de'%n as RBlrddBo SRfRtRNate D o &fn?cﬁﬁeﬁﬂ)n of an

ates to logic to encode an eight-bit data

te t roup, and an "8Bl OB decoder”
8B1§§6PQF§??%% %th%émﬁﬁfglates to logic to decode an
ht -bit efro aten bit c "
c‘!tateglaf%lfler%sefa F5drie hesern ﬁe%t%ﬁttgioalgth&t @&%ﬁ‘?ﬁ%@ pRgor more
of an 8Bl OB encoder and an 8Bl OB decoder. A "state )
statasa&loi extmpde, arsédte magkine oayeespiond teinguis Hyrchangige ene prmore of its
may define one or nore states. For exanple, a state
stategpAhgtate niritine @sqyarceivoa dap uisit fiyncdhsougeanandprevide ardatasoutput
of its states. A state machine may receive a data

to a HQ@MEUM PHER tBROGtE Sutﬁﬁfjls RERYALRE 0B oA GBmER BAtbs 60h8 state
destination where the data output is indicative of one

macﬁfnte ”%Pgh 3 Hﬁ% S8tedf nd 8%8 %%(Wl(?%mglm tln@{ﬁlﬂn A ﬁgﬁ&llar data format

rovi I on

artlcular r mat d at a rtlcular ata rate.
and Rartrule] bt Ao Wetesr Posszin DoY) e &] of - fincicRipe and
and enbodi ments of the present _invention are not
embpfimengsiofi the presens irvegpieit trg noplimged ingtheseepresthe nt
interface” (MI|) as referred to herein relates to an
i nttefhedie indepereieni mtertiat’ A M pas mfegedite berom tetadgssinian interface
data to a destination in a format which is independent

to reREive dpAIfidme dlsdlircé baREEhESdantoedistiationrin tarfansat whith
t he data. For exanple a data transceiver may transmt

indegéﬁcﬂen{ f dapeﬁ{laﬁ%eﬁﬁ i TEHL I 1 Br R ﬁﬁﬁng rtl?é‘&df%sggxoé%ample, a

in response ata recelved at a a
ta transc i de. dat a t an M.l.in .
datatginSosheed nay trasnit P Kagtgeqragswsswnﬁ il gt SHnsiseigp,format
|nadatatrans ssion f An M | also ei ve
in regpense e dap 5@63@31@1& oML Alspg oa data TARSSCivRE }ﬁ@r‘b"é‘ﬁ&)ﬁ%’éﬂto an
to one or nore data lanes in a DDL A "G gabit MI"
MII (iGhspynsado restivingatita Gomey iednsmissioatregdivm in a data transmission

format. An MII may also receive data from or provide data to a state machine coupled to
one or more data lanes in a DDI. A “Gigabit MII” (GMII) as referred to herein relates to
an MII capable of receiving data from a source or transmitting data to a destination at a
data rate of about one gigabit per second. A “10 Gigabit MII” (XGMII) as referred to
herein relates to an MII capable of receiving data from a source or transmitting data to a
destination at a data rate of about ten gigabits per second. However, these are merely
examples of an MII and embodiments of the present invention are not limited in these
respects.

An “attachment unit interface” (AUI) as referred to herein relates to a physical

medium capable of transmitting data between an attachment to a transmission medium of
6
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an M1 capable of receiving data froma source or

transmtting data to a destination at a data rate of
w@bwman2wne gi gabit per second. A "10 G gabit MdET/US2004/026891

(XGM 1)) as referred to herein relates to an M|

capabl e of receiving data froma source or

data%bﬁﬂ?rﬁlaﬁ& Hag ¢ iﬁ‘altegu ?m@ﬁts tA R8O A BacHRleBt Uk EntBfface” as

out ten gi g Its second. However, these are

nbodi

ot LBk S Bl o 8%Paﬁﬁrﬂf‘?fé‘89mﬁpfnéa§%3?‘é"§@§8 it g

dataﬁr@pg;ae%\}e?ggam?lgglg 1’5E%tﬁ9<§qd(:§t CH%’&PU 1&21% ret Qgﬁ‘?ﬂ as referred
transmtting data between an attachnent to a

to hereianglaies o amcxtertledrattadhaaan unié interfacesapetda phiransnHiting|data
equi pnent. An "Extended Attachnment Unit Interface" as

betweefi en XeiMilanderdiatramgtetvas QtherdExdaidad | Attkchmapdbhie Irdérfaces
transmtting data between an M| and data transceiver.

may'(?)e"dbﬁ;l@ £ BigheFd4te RAekuth bagh BENG0 &BhBits! fak sédonae”

as referred to herein relates to an extended

t
be??m%kelg? r@%\tﬁlﬁnklﬂ gliﬁea@@% a@nﬁ@gﬁtg%rg{ebattésaﬁgq?wcé %’trgﬁstnﬁt data
to or%é%@?g%ﬁgtnf‘é?eﬁqéﬁé’ by el G fiofunies Taeh Gt 1%e

second. Briefly, an enbodi nent of the present

interf3pamty bseapablaob saRn HingescEal da6a SIEB4NPE rdiving scsial data
receive data fromone or nore data | ane interfaces at

signal fdah a datatlene iBacdevitatta-desive intecentieation.nBye dea catp abalyde varied
of transmitting a serial data signal to or receiving a

based£dtilédst Bhaiadt, sp@nahuhb@ofghdlddtalanangedfive actively transmitting a
devi ce-to- devi ce i nterconnection. The data rate may be

serial ﬁﬁﬂa%%ngfiﬁ)e& actely RREHiddh %’faf dath BigRalrdiH ARESevRle- tBr&VICC

ane interfaces actively tranSmtting a serl al

e SRR s 0 bt B MRl bl B SR
S L SMLEARN SO ﬁpﬁ,@@ﬁﬁé B,

limted in these respects. ure 1 shows a schematic

di Higugerl showey sabematio digram e dyjcea lmume@by:@mlnlf according
to an embodiment of the present invention. According to an embodiment, the DDI 14 may
comprise a plurality of data lanes (not shown) formed in copper traces of a printed circuit
board (not shown) or in a cable coupled between the devices 12. However, this is merely
an example of how data lanes may be formed in a DDI and embodiments of the present
invention. are not limited in this respect. Each data lane may transmit or receive data in
one or more differential pair signals. However, this is merely an example of how data
may be transmitted in a data lane and embodiments of the present invention are not limited
in this respect.

For full-duplex communication, a corresponding pair of data lanes may employ

two differential pair signals (e.g., one differential pair signal for transmitting data from a
7
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to an enbodi nent of the present invention. According

to an enbodi nent, the DDI 4 may conprise a plurality
wo@Roodme@1d anes (not shown) forned in copper treCEESWN4/626891

printed circuit board (not shown) or in a cable

coupl ed between the devices 12. However, this is :

iEEhPa Yi AR b divedesial & AefH hithé
dev%% gnlaﬁgﬁbodi rrenﬁt sfeof the pr ggg% nveﬁ??gﬁ%g;\gr.rgg%%t

J 0 i [ e . ch.. | ape i
deviig & b §ob dhlfdnd) ABEER v SRENAG Bela AR TRY esb R Y hdere
...Slghals. However, this is .nere]y. an exanple of h .
T TRy SR LSRG i & L BRIE Sl s, this

of the present invention are not limted in this
is merelypracaxampls offhow fudl qsihelf deplereamertmiention anay be implemented
correspondi ng pair of data | anes may enpl oy two
usingldfffeeergial pal sigaals, and gndbbdin{eatapf, thepeeseit fifventon bl nop Himited in
signal for transmtting data from adevice on a first
thesélRbpeckane and one differential signaling pair for
receiving data at the device on a second data | ane).

A Ly A s . . ne).
o %&?E&ﬁ&ﬁvtglaﬁ gnﬁ)oﬁﬁﬁwﬂt 9 9?(51301'1 #H6ei (Y%L{ijiﬁ‘%d BXhEDPINYG, fhe

eren alr S|gﬁa or conmunrtc gina

hal f- dupl ex oper at i de., However, this is rely an
devigs? Jand ommel seipleddp Offer pe iR gt gRmoRi Sl B may
be | nmpl enent ed usinp differential pair signals, and .
COMBIYAISAY PR FHSEeTRY O PRUtIOHEE AHChiteriRs | BT SxpBDie f1ther ¢if thegdevices
in these respects. According to an enbodinment, in
12 ontielimay snmpoisbe imediacodgpeadent mterfaceOMIN1r caupding dw phesdevices
12 and may be coupled to other devices in any one of
suchsgwanélia dedess eamfolied (OAACPMos yisdvalys Sath b MDAC/maait guiiple the
architectures. For exanple, either of the devices or

devidd13T8Y1 QIR 0B of sdVREHI BtHeP HEORRAHRE budhMsfol 8SmbIM 4 dnultiplexed

or coupling to other devices such as a nedi a access

f
s BSI EEER0 L S A RSP
o5 T T R 2, B

The MAC may al so o
protocol processing) such as a network processor or packet classification ASIC. However,

these are merely examples of devices that may be coupled to an MII through a MAC and
embodiments of the present invention are not limited in these respects.

In another embodiment, the device 12 or 16 may comprise an MII coupled to a
physical layer communication device (not shown) for transmitting or receiving data in a
transmission medium such as, for example, coaxial, fiber optic or twisted wire pair
cabling. However, these are merely examples of data transmission media that may be
used for transmitting data from or receiving data at a MII and embodiments of the present
invention are not limited in these respects.

In alternative embodiments, the device 12 or device 16 may be integrated with a

MAC or physical layer communication device independently of an MII. For example, the
8
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coupl e the device 12 or 16 to one or nore packet
classification devices (e.qg., for network protocol
wW@e@sessing) such as a network processor or par&BUS2004/026891
classification ASIC. However, these are nerely
exanpl es of devices that may be coupled to an M|
devit® 12 88evdc MY mEN doBPRRO HRRRSHAE of RRRIESERE nhdRYBR htOrated

are not limted in these respects. In another
i SRR I B Bl lon TR AR S AN,
Fo b G ARS8 bS5k LA b B o o

. fiber optic or twisted wire pair cabling. However,
limitedldw thege eespettel y exanpl es of data transmi ssion nmedia
that nmay be used for transmtting data from or
r e FeguresWythaagh Aillusirde theand ofatiedea2dtimt tfcaphide pf waesntitting
invention are not limted in these respects. In

or redbivalg®itd HEmebPA hBRAE Swo, fB@ RV PaitZoOdat£iRMbS: ETHEREvice 22
be integrated with a C or physical |ayer

mayga)?%?{é)?ﬁtg hg %@ ?Pé(ggﬁ%\!vg)?tﬁ g@ﬁ&iﬁﬂ ah Riwan M bﬂg%ﬁd another

Vi Ce nmay conprise

devigy (e hMARE: By B R ot RhAVRE K smatvety.
i ndependently of a MAC. However, these are nerely .
the dgvicsrlaanivee Biggsipdithe MAG SthypicedpsdicRBIU iGN detice

limted in these respects. Figures 2 through 4 _
indepéndestly af sichre MBe Iotither dach @eb@iimeriatheidevice 2dmhay todnsmit
transmtting or receiving data froma DD having two,

datafbetivecarth€DDtanP dites dficlataalataanes . In ThepatsilacenZbbdimynts
al so conprise an M| (not shown) to transmt data

descPBEQRAA rtifenbDlo RRHrANALRBEL 84E Bf (IR dhta laBedMASY BE capable of
physi cal |ayer communi cation device, not shown).

tran 1%%:%[)&%% %tea{ 36t pét{& ?atg g&éhca% 2.252giggt¥i}:sgaﬁer ggcto?lg g@g? glbc\’ﬂt%hl 23

_ sical Tayer commin ( evi
sieablBA e M HEngQY Pl Do el a o bt ibeigbepn crample
data:ygtgtfq?rgalddgg ?@%23 ;)ﬂg:gliggc?digltentz rr?a?ftbae (giﬁetc‘%d t!) rgla’ctaqgnes transmitting
data at different rates. According to an embodiment, the device 22 may vary the data rate
at which data is transmitted between the DDI and another device (e.g., a MAC or physical
layer communication device, not shown) based upon a number of data lanes being used to
actively transmit or receive data in the DDI.

In Figure 2, a DDI 24 comprising four pairs of data lanes 28 coupled to a device 22
(where a first data lane in a pair 28 transmits first serial data signal from the device 22 and
a second data lane in the pair 28 transmits a second serial data signal away from the device
22) may couple the device 22 to a 10 Gigabit Media Independent Interface Extender

Sublayer (XGXS) device 26 to behave according to IEEE Std. 802.3ae-2002, Clause 47.

The DDI 24 may provide a 10 Gigabit Attachment Unit Interface (XAUI). Accordingly,
9
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described wth reference to Figures 2 through 4, each

of the data | anes may be capable of transmtting data
W@R00&/0x513 dat a rate such as 2.5 gigabits per sPCDIS2004/026891

(e.g., about 3.125 gigabits per second i ncl uding

over head), full-duplex. However, this is nerely an

the &&%@b%%@c&nﬁ%ﬁreﬁ%@ a8t Xk @ dbRBE tARShsBEi\BHta to or receive data

enbodi ments may be directed to data |anes transmtting
d ,ffere [ S. Accar.di t n enbodi ment ,

fronf @k DI 24 aé%Earrlra%/e %%?";S“tt ORI R Bafn BRI TP
transm tted en the DDl and ot her vice (e.qQ., )
a ggte imﬁﬁ@ﬁ? CPTRDEIIE B’ﬁ?ﬂ?ﬁ’ﬂfsc‘g? a@ﬂa’&“é\(}ﬁ c8ay ﬁ‘gﬂplegthe device
shown) based upon a nunber of data |anes being used to

22 g devies 36 earahlerafirapsmitbegedajebefaveen the derisepRR andh3Epigudasa rate

2, a DDI 4 conprising four pairs of data | anes 28
of alwo five dighbitspateecad (22., anh SO@OBASE 2§ tledat)a Acaorlingly,ahe
pair 28 transmits first serial data signal fromthe

devige¥?2 fifly 4 configided REGHInAat o fedelvelda@ REiIthePDI 24 at a data
transmts a second serial data signal away fromthe

' : TR the device 22 to a 10 G gabit
rate%ﬁo&?fiﬁ%éﬁengﬁ%f’é&%&face Ext ender Subl ayer (XGXS)
devyi ge 26,t have according, to.l t d.
505t Eufon g PBEASaBiSRE & satisshileriap Thrsvicqaecaple the
G gabit Attachment Unit Interface&AUl . )
devigg €b1acn Ryige, Sneapabloiof Eansmifing d3éa basestire davises Fhandchterta
device to transmt data to or receive data fromthe
datapie off abuut 2. Sdgigabitsater sesbnd (rogit asp 2d)0i BASBeX dedcgndiccomlingly,
Figure 3, a DDI 4 conprising two pairs of data |anes

the deiice CQuidyebd dvmifigeredae traddsmhio dta Bev 126eid dsta Hiaat thedDI 44 at a
transmtting data between the devices 22 and 36 at a

data 92t Bf AGuE 2% oi f_éf:pefééé%n@.i gabits per second (e.g., as
a 5000BASE- evi ce). Accordingly, the device 22 may

Do R AL AR Bl 1 i [FERLE 2151 At o

t he “adatara five g [ _
s s pAeS2.AaD pajheClee 26 Ao Boieg beqelpeed to
transgli?iﬁ g}?uggglyg da(\)t]; 0}’1 roig,stgviotc}rifonl?r p%%ts %f dba?c; \{\éen%sn . }nht%esdeeg/airt(i:ceu?arzz
embodiments, a DDI of one, two or four pairs of data lanes may be used to transmit data
between the device 22 and any of the devices 26, 36 or 46. Any of these devices 26, 36 or
46 may also have the capability of varying a data rate at which data is transmitted to or
received from the DDI based upon a number of data lanes in the DDI.

Figure 5 shows a schematic diagram of a device 102 which is capable of
selectively varying a data rate at an MII 124 based upon a number of data lanes 112
actively transmitting or actively receiving data from a DDI according to an embodiment of
the device 22 shown in Figures 2 through 4. The device 102 may be formed in one or

more semiconductor devices using techniques known to those or ordinary skill in the art of

logic design. Alternatively, one or more of the illustrated portions may be implemented
10
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data rate of about 2.5 gigabits per second (e.g., as a
2500 BASE- X device). Accordingly, the device 22 may be
weonsiognsied to transnmit data to or receive datBCT/DS2004/026891
the DDI 4 at a data rate of about 2.5 gigabits per

second. In the enbodi nents descri bed above with

macgﬁfe-q'ée?dﬁﬁﬁ 1ﬁ§ru'c::hgﬁkr tﬁ dre Eﬁcﬂﬁgﬁz@' %ﬂ%cé&qgﬂ & rﬁfc‘;r&&nﬁbﬁer

evice 22 any o e devi ces
Howeﬁ/enﬁ It@\%% Xrgr %:g g ngaftgrcﬁn ch]rt](]é grgﬁ it ?%5 Y)gt\&ge%}l An YT and

ular enbo nts, .. one, tmo or fou
a Dlgﬁm %fmﬂswsmﬁg ﬁ@i W§9dlﬁ’é’nﬁ§é e etenL R R Fonse got limited in
bet ween the device 22 and any of the devices 26, 36 or
thesg gespaityy of these devices 26, 36 or 46 may al so have
the capability of varying a data rate at which data is
t r dhe detite ti02 mapcomeried o playstaabmediner @plendas €RMIY) enblayer
nunber .of data lanes in the DDL Figure 5 shows a

sect®@e0Rhpablclb Aeamitahe sigdaY ke 6r rbOdvinkisibhalsFrdia BA®bemefe pairs
sel ectively varying a data rate at an M| 124 based

of AR Hhed 1 ARG gggméatced{?gggélﬁ%ﬁygs}DDI\eﬁbx 10 ainBid & ng

or activély r I Vi ng according to an

wan G e oot el P4 B GieFBedi et

sem conduct or devi ces usi ng techni ques_known to thos
(PMgy) sublaysiaestiondi0s|is popnlerkiodhe PYID pesgpr L4@angRCS Section 106 fo

Alternatively, one or nore of the illustrated portions
trangraly pivell¢ldateenignl etwrthe RCA sectimadPlie réspensede sigoals fionathe PMD
are executabl e by a processor or mcrocontroller.

sectidavig 0 eind tb h@ssniaetcoted dhiy sixalknd @ RNIDheetién UEVinaespose to
transmt data between an M| and a DD nmay be

para!l%a%@ﬁa@@ﬁ&%%@?@@%&ﬁﬁtﬁ)60f the present invention
are not limted in these respects. The device 102 may

Sec Tﬁfq%%&@églg m%?%s%ﬁﬂ%%? ?tﬁd&ttasll%ﬁg@?ter?#gg @yffs) 114 and

115 pefe gl D1 H%g%zﬂo%@a%agf aior Al Aoty | BediiebpIagd s and
115 (r:n%glacglrn%rlgé conductive pins (not shown) adapted to being coupled to conductive
elements on a printed circuit board by, for example, solder bonding or a device socket.
Alternatively, each DLI 114 and 115 may be coupled to a cable through a conductive
cable connector. Each DLI may comprise a set of conductive pins to transmit serial data
to, or receive serial data from, an associated data lane 112. The associated data lane 112
may transmit serial data signals to or receive serial data signals from the DDI as a
differential pair signal.

For each DLI 115 of the PMD section 110, the PMA section 108 may comprise a
clock and data recovery (CDR) and deserializer circuit 116. The CDR portion may

generate serial data in response to a differential pair signal from an associated DLI 115. In

responsé to the serial data from the CDR portion, the deserializer portion may provide a
11
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transmtting data to or receiving data fromthe M|
124. A physical nedia attachnent (PMA) subl ayer
W@ ewsioz031308 is coupled to the PMD section 110PeruSieGE026891
section 106 to transnmt parallel data signals to the
PCS section 106 in response to signals fromthe PMVD

ten—ﬁiﬁgﬁﬂaf?ﬁ dhQyorand thetrds aR5i0h 10665 8 qnt@ﬁﬁa?s Sﬂlﬂfﬂ%{l? fof each

MD section O in response to parallel data sfgnals

DLI é&%‘p? §e@%hze(1:%1 ﬁl‘rfgp : :}Lr%gn%g@%e%\@ {‘ ériiésgo? Eﬂ_?%h t&e DLI
and 5 V\,here each oupl e soci at ed

114 {respanin g 12990t Shacn B8y paﬁl&l i oL REyhE Bﬁgr%egféon £ on byte
conductive pins (not shown) adapted to belng coupl ed

intervalsdo ad throwghepréitetheirtust kparaitranes ar Boughraesnnegionandl eeple ina
for exanple, solder bonding or a device socket.

10GBASH-6Xtimpddmyentaamaf. DLI 4 and 115 may be coupled to a
cabl e through a conductive cable connector. Each DLI

MBY of 4FRMISEL 13 oFehe PHIE QREHE 1 10, 8hPPOS séioh 188 Tyt comprise a
serial data to, or receive seri al data from an

sync‘ﬂf’cﬁﬁ%a'ﬂ%ﬁ %ﬁ‘c@?if‘z érﬁfa% déﬁl OBTHe%oﬁ‘ | 36 ata bﬁtad}‘?alél 1 ata

ransm to or recelve serl

I a a d| fferen
rocefyd bt R IEASEAY 11'3)%1@? SRl Lo LERY 1 o BT eteehe
PVA secti on 108 nm nprise a ¢lock and data recovery
boundarigg befygeniteguential ezleblt chﬁ% grqupg 1%, deserebed R IBRE Sty §02: Sac -
may generate serial data in response to a differentia
200h &iauss 4§ 2ot .2 A r dilre 8B 18Bsiecoder 20 Diay thebsdecode the sparestialiton bit
the serial data fromthe CDR portion, the deserializer
codep@ohipinto@Eyhtiibsitehensalesdiitet in [RERBIde B02ZIAt-2000) Olatise 361énd
PCS section 106 on byte intervals. Simlarly, for each

pl‘OV"Ri‘G' thé?eco@le& Y tegld 5119511@{11' entihdd ée%ﬁeﬂ@ﬁét&rﬁé@ﬁ@é B05ghirédponse to

or transm ssion 1rough the 4 |n response 0o

r om
receg)g gf elgflt ltf{)léﬁgg ﬁ y t et%an ét%\t/aé ?ﬁﬁlg 1%) 1ﬁte%vra,?sn tan 10B
encq(filﬁrr %@ggw%ar e 9€ Ceﬁg]p gm ! Q%%U%{%? %1tcc% Q ggotug rfora trr]gns?neilsbsllo% on an
associated DLI 114.

According to an embodiment, the code groups received at the 8B10B decoder 120
comprise encoded data and control symbols such as an alignment character indicating a
temporal alignment of the of the data received in the data lane. The alignment characters
may be inserted at random times in the data lanes. For example, the insertion of alignment
characters may occur during inter-frame gaps or idle periods to reduce data overhead
impacts. In addition to providing decoded eight bit bytes to the alignment and deskew
state machine 130, the 8B10B- decoder 120 may indicate the location of detected
alignment characters among the decoded eight bit bytes. Alternatively, the alignment and
deskew state machine130 may determine the location of alignment characters

independently of the 8B10B decoder 120. Receiving decoded eight bit bytes from each of
12
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For each DLI 115 of the PMD section 110, the PCS
section 106 may conprise a synchronization circuit 122
w@nwsaens8B10B decoder 120. Fromthe ten bit parel/U81004/026891
data received fromthe PMA section 108, the
synchroni zation circuit 122 nmay detect boundaries
the INELYR S hast %%Jﬁﬁ%@' reée@ﬂng hta FRAHE 8K QARSI 2§§1e%ﬁ§8ﬁxb§t%ﬁd
in |EEE Std. 8027 3ae - 2002, Cause 48.2.4.2. . The 8

. h d h ' '
e R L
KO R N T LR AR

response to receipt of ei %ht bit bytes froma transmt
fromufoat daimksip hiX (3 6llusiratsyitin Figwer) ioalizameaEandaisskne sats

123 may encode each eight bit byte to a ten bit code
machiine Up0 fray stleairsdlgaedbyte froameab b theafioarldddh lantd to form the 32-bit

According to an enbodi nent, the code groups received

wordt Iﬂarseri&&iatm%ﬁb@ g Aot e ARV &N CRARH tidtdatARAes 112 (as

control synbols such as an alignnent character

ilust-3H %F%ﬂ%nﬂf ﬂlg %@g{i@@@ﬁ%&gﬁgﬁ sat?[lta nlddfingh 32 %agst%[ee?g two

recel ve ane. gnnent char

. e inserted at .r omtines. inh the dat nes ro .
oligf bRt YR e Biots RO FHh gt Ok Pasp Vg T¥ sorial
occur,  during . inter-frame gaps or idle periods to )
datasigaakis bgingACHVY Feegiyed fjoatexactly anedein {ansd 12 dasiilgstratechiy
decoded eight bit bytes to the alignnent and deskew
Figuge &), thersdighineat ar@Gieskdvests®maBintcl30dery ddibinmfour ndiscattive
the location of detected alignnent characters anong
receivie@ bos aslRdmahgBb2-bhiviordyt es. Al ternatively, the
al i gnment and deskew state machi nel30 nmay determ ne

RPNy e AT

t fr L.t I 15 t [ e activel .
recefPy Bt rE PR ARETeFbiA ol ebdn e SO ekt doviee
deskew st at e chi ne may concatenate four, aligned
(not ) cogplef gy e gyiogi1 02 B oa¢ om0 %ﬁ%@fiﬁ%ﬁl% Aljo, & remote
receive state machine 128. If a serial data signal is
link jfamiltn presided i 3n ouidwingegr transmit path upon detection of a local link fault

may be detected at a location a beyond the remote device. The receive state machine 128
may receive link fault signals indicating such a local or remote link fault from the remote
device. Similarly, the transmit state machine 126 may transmit a link fault signal to the
remote device indicating a local link fault or a remote link fault (e.g., a link fault detected
at a location beyond the MAC 104).

According to an embodiment, if four pairs of data lanes (lanes 0 through 3) are
actively transmitting data (i.e., each of four DLIs 114 are transmitting a serial data signal
in a data lane 112 and each of four DLIs 115 are receiving a serial data signal from a data
lane 112), link fault signals may be received by the receive state machine 128 or

transmitted by the transmit state machine 126 as provided in IEEE Std. 802.3ae-2002,
13
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fromfour data lanes 2 (as illustrated in Figure 2),

the alignnment and deskew state. nmachine 130 nay sel ect
waeooal2gned byte from each of the four data | aPEBUS04/026891

formthe 32-bit word. If a serial data signal is being

actively received fromexactly two data | anes 2 (as

Clauké 463 ai&d fol 41l &QH& Bytds, onE %%eq{dngfﬁﬁ%ayre@é?gedjﬁ?&%ﬁ’of four

state machi ne may” sel ect "two al | gned by es
data 2@31%% ?%agrog%elaei%&(r}' E si hzﬁ ég‘gga g!e%}n?gﬁe con oé Ffr?]aractgli g 1%1?ey0
o ST SRR e 0 o Bl PSR o

130 may conbi ne four consecutive received bytes to
link faélﬂtmrtah@tae@mtﬁcter\ﬁ)@% to indisaiedi ragoted inknfarkih déip wingle pair of data
"local link fault" received on an inbound or receive
lanep@tabtivaly thesniétinpcdatd(iat, agidgheBILL 014 atanemittihp e sekdalidae signal
102 and a renote device (not shown) coupled to the

in a @Y 1@ 1103ndY sBRR DLI MDY 18 rél@tving 25&%l ddta sfgnapfmﬁ a data lane
‘renote link fault" provided on an out-bound

112)} ERPBMREL nBAMDUBACHEN B 120 E%M??ﬁ@'e# éﬂr%g?“{%gﬁléggy
iV 1
transg?lgméf 84 S S R ager ﬁxvg{ﬁaé RIS O34 nd il fharacter

omthe renpte device. Simla , thetransmt state
0x0 h@dﬁ«ﬂlﬁ@e p3ecatdipk faulng 3 ctataacharq@r@rﬁém fo igigatg a remofqlank fault).
renote device indicating a local link fault or a

Altermetivtl, the hikk fall dgradmgy bedrahsmittefl aedeiveddn beo extiahbys (e.g., a
| ocati on beyond the MAC 04). According to an

sequendeadnieNéhardcter follgweaiddy $d44 clitrth@ed 08 o (ddad¥sa Mcal link fault
through 3) are actively transmtting data (i.e., each

serial data signal
ora@tat ﬁct%ﬁ)ﬁo M Eedtd Q%ﬁﬂtﬁh gafL@ta g

In a ane 112 and eac DLI s 115 are

r effeex]actp W S}‘?a? %ﬁ(iatd ta gg l(%ctl egyn%'gns%d[ﬁ 1n|g @Eaiealgzl:ach of two
DLIS L 4te @g@%ﬁ@gl%?%@[ éptéé on ik g ne 11 dd 3o of twa BLYs 115
802. 3ae- 2002, G ause 46.3.4. Here, four aligned bytes,
are reg¢éving 8 serial datersignebiiomecdsta lode &F2)e ok favit signals may be

transmitted/received as four bytes, two aligned bytes transmitted in a first byte interval
followed by two aligned bytes transmitted in a second byte interval. For example, the first
two aligned bytes may comprise a sequence control character and a data character 0x00.
The second two aligned bytes may comprise a data character 0x00 and a data character
0x01 to indicate a local link fault or a data character 0x02 to indicate a remote link fault.
In an alternative to transmitting two aligned bytes in a first byte interval followed by
transmitting two aligned bytes in a second byte interval, two aligned bytes may be
transmitted in a single byte interval where a first aligned byte provides a sequence control
character and the second byte provides a data character 0x01 to indicate a local link fault

or a data character 0x02 to indicate a remote link fault.
14
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data | anes, may provide a link fault signal (e.g., a
sequence control character in lane 0, data characters
w@x@sioznshianes 1 and 2, and data character O0x01PCTUSZNE026891
3 toindicate a local link fault or a data character
Ox02 to indicate a remote link fault). If a single
pf’it@oﬁfreéégi_t Jf hROSHit FoRChbMEhY alidnaPhid §Q8eWatafe machine 128,
(i.e., asingle DLI 4 is transmtting a serial data
Lgnal._in t: 3ol .. S] L5 i .
the 15tk o By PR Tt B0 Bie TS (Bbrafglch ap 3,32-bi
. four hytes tr i.tted/ received in_serjes m rovi de
signg iata el i etﬂﬁ{?&ﬁa of @%ﬂ@?lﬂ,le,twqﬁ%wﬁi\éh&% sptghises a signal
sequence control character, tw data characters 0xO00,
formahas praviled haeact@Yilsoteseriberl malTTERE Stda 80 8ad — OO Glauserd6, the
or a data character 0x02 to indicate a renote |ink
32-bitawdrt)maybd formattédier ransniission asché sightl RXDral :Orejoripewith a
transmtted/received in two serial bytes (e.g., a

contff? HRA RXCON* O c6diamaBi Be rb@iveOnRe nithmed@Banay transmit a 32-
character Ox01 to indicate a local link fault or a

. to indi _ . :
vfipBERES, ATRiRbL Gaphe PeamBRLeeL LRk bt L
trapsmtting dat.a (i .. each of . t Is r o
suchiafie b o tsias i Eine R s el e tRRLGLK, Simitart,

and each of two DLIs 115 are receiving a serial data
a trags1yYh slate machise Hih may geeive 2)formatied 3@alfutg woug fgprg the MAl/134gas, for
transmtted/received as four bytes, two aligned bytes
exampletheXGMU signah TKID<Stl :(yaleng witk avahtrélovérdie¥IC 13,03 wo intervals
aligned bytes transmitted in a second byte interval.

of a Elokk exanlole, CLR8uth i fortestmplel griag ahy E8Bngredses oftthieickek
a sequence control character and a data character

signPR- cTIRe Spes Q @ﬂ)cg \é‘%néll TYNELK s SERN¥rHQIHRIdl 281811 b Pthe

character 0x00 an data character 0x01 to i ndicate "a
MAgcl?)gl link fault or a data character 0x02 to indicate
hote link fault. In an alternative to transmtting

two aligned bytes in a first jnterval followed b

t r BASSACHEZ Rt P @P?‘&?ﬁe{ﬂmﬁﬂ%@ﬁ 124, tasimitsfate machine 126

interval, two aligned bytes nmay be transmtted in a
maygariifion thy 82-bitrwed walongidatadanesflil2 shat are agtigely $pnemitting data

provi des a sequence contr ol
(e.g., one byte per data lane 112 if four data lanes are actively transmitting, two bytes per
data lane 112 if two data lanes are actively transmitting and four bytes on a single data
lane 112 if one data lane is actively transmitting). The associated 8B10B codec 120 for
each actively transmitting data lane 112 may then encode each byte into a corresponding
ten bit code group for transmission to the data lane 112 through the PMA section 108 and
PMD section 110.

According to an embodiment, the device 102 may maintain two clock domains, a

first clock domain to control a data rate at of the transmit state machine 126 and receive

state machine 128 (also, for example, at the MII 124) and a second clock domain to

control the transmission and reception of the data at the individual data lanes 112. The
15
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character and the second byte provides a data

character Ox0l1l to indicate a local link fault or a
wa@laioa/02t5ar act er 0x02 to indicate a renote | i nkPCT/US2004/026891

faul t.Upon receipt of the 32-bit word fromthe

al i gnment and deskew state machi ne 128, the receive

clocggg&as e I@Lﬁ@ o}ﬁ& %‘{“?Y g@fefétjaﬁ (f%t 0 Q'ffrst\’&ﬁrﬂn&%lock ?\/Fnal

sni'ssion as si gnal a signa

contfiffne pe e AT, Cg”gk?“b bt ot Bl IFRLAET o Epln

Std. 802. 3ae - Cl ause 46, the 32-bit y._ be
execptipiaf &héarapaﬁlttstamﬁq@%q 16 and theyeeceivg sigfe 111‘&& By .

along with a control word RXC<3: 0>. Accordlngly, t he
increasingiov degreating arfrciiionecy 0P®e fiast comamamsloclesigml, the datagaty at
formatted as RXD<31:0> to the MI 124 on interval s of

which thé aaksmsit gt midKirfelIR63tapbmis dath o6 thexdatglares 1dA anid shendpta rate
and falling edges of the clock signal RX CLK

at w@cﬂ"ﬂlleaxreké’we Sal bRt 12%tlﬁ6ﬁd€%tﬂd f(‘)echéL R/ﬁACQIM "n@a@%e\&ﬁcr@ased or
formatted 32-bit word fromthe 124 as,

decr: as%?p gﬁf e)}al %lé%fgr@@@@%lfﬁ%& :?; olf @rl C oc{} Qlo@k 51§Pal the
clockpiepils o) Sk 51 BrarLRGoRrenbey, ﬁhgﬁaﬁ??;%pﬁl%%'gché‘ﬂ% %{ﬁ?}w

é be generated and controlled by the MAC 104. For

haveesmEhqBRCY bf akowi §56-3% MHzle maiaiwn héatmrate apthe MPd 24 of about ten
transmt state nmachine 126 may partition the 32-bit

gigabits peraovogl (dat,af foandsa hrehat2 aeactvedly wehsmittirgndata end fogr data
data (e.g., one byte per data lane 112 if four data

lanek AP EredicBydl§ kdosRlidg ddtANS Mehlidndg of biysut FBl1eMBE ko HRAlAain a data
lane 112 if two data | anes are actively transmitting

rate 3 fe MM 2R YF %‘ it five g%sagn@% ﬁel évgcﬁld _Fﬁge iPtwd DR gsaf 152 are

ane s actlv y tr assoc:|ate 8B B

o B AT AHB s BB SR
FroqbacB ORGP0 BEs Mo ang e dEot) ﬁ?’%t %lféout 25 gigabits
per second (e.g., if one data lane 112 is actively transmitting data and one data lane 112 is
actively receiving data).

According to an embodiment, a second common clock signal may control the CDR
and deserializer circuit 116, synchronization circuit 122 and 8B10B decoder 120 that is
actively receiving a serial data signal from an associated data lane 112. Similarly, the
second common clock signal may control the serializer circuit 118 and 8B10B decoder
123 that is actively transmitting a serial data signal in a corresponding data lane 112. the
Independently of variations in the common clock signal controlling the first clock domain,
according to an embodiment, the second common clock signal may control the
transmission of serial data to or the reception or serial data from a data lane 112 at a fixed

data rate (e.g., about 3.215 gigabits per second).
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According to an enbodi nent, the device 102 may

mai ntain two clock domains, a first clock domain to
w@osoisia data rate at of the transmt state PEDIE2004/026891

126 and receive state machine 128 (al so, for exanple,

at the MI 124) and a second clock domain to contro

th [ '
ek TbSa kot 2SRk REo e BT R bRl biffion slock
) ref er,e to, a.firs
Slgngx N Do R BrTog H e e b bR Gl FomRG ek signats
ommpn_ ¢l ock si.gn al so control the execution of
using ﬁ]@C]E Aanding plrgltlgv 311%%}(9 these olpordmarst shall petdgiatte Agcgrding to an
machi ne 128. By increasing or decreasing a frequency
embodimeht thd fisst cammmp nlock sighalgifghkafisst tloek demainmaayebeagontrolled
which the transmt state nmachine 126 transnmts data to

basetl hpolat tndicufies olld Aumbet dBLIddl 8 thabe: Rtivelyit@hshiieng a serial
recei ve state machine 128 provides data to the MAC 104

data @%)ﬁaltl% o 3% BAS B & mASse: 82D2 s 1 ﬁpﬂhaﬁﬁi@ ARt Roly Fb)éel\(lﬁ{gyd §Wial

frequency of the flrst comon cl ock signal,

data gi(ﬁ&]t(fr&]n%r lta Une %ﬁb%&%%&ﬁg f’ﬁ@? g%altgﬁ étl 8 ?r%ay provide a

a
conTDn C nw
bout r.at.e at

four-pit sigpa 5158 t_de(t%qii é%&atglt]e%ﬁgglsecg o@é iR cadmg Vy}flc %@e DLIs
data | anes 2 are actively transmtting data and four

114 ygtrecdiving 8 sipnak fsomm en jassoriptadedagd kanﬁél%l&-&,) as provided; ineWEE
of about 78.12 MHz to maintain a data rate at the M|

P802A 24k -0 Claanbe 64615 wieerg PNHED isignap eletese aandic{tes whetherfa datwlane n is
data |lanes 2 are actively transmtting data and two

receaiaddtANAKerhafively ahé PUSIs¥ctiRCIOohbred@il@lata a8l rékister of a
frequency of about 39.06 MHz to naintain a data rate

Manlﬁéentléh? l%/alt;{ In};ﬁan etfpg?tibﬂ}ﬂ{)l(?*) §nﬁgft9<?eq stprofifld REE gi@dStﬁeS 3ae —

one s acti've smtting data an
0 dat i.s activel rece dat Accord
2008 PR 43, i s B mTeY hREled of Bk At e BRR iy Wreot a
control the CDR and deserializer circuit 116

numbgrif R ldls ithed imagrbedianemitiing data iner wexiviog datadieia e dptedane, and

that is actively receiving a serial data signal from
embedingstsaditlat prdscbhirventiomenrd 2ot Binited arthgse redpects. Based upon a

number of DLIs that are receiving a serial data signal from, or transmitting a serial data
signal to a data lane 112 (e.g., four, two or one data lane 112) the frequency of the first
common clock signal may be set to control the data rate of the MII 124 accordingly.

While the embodiment shown in Figure 5 includes an MII 124, it should be
understood that in other embodiments a transmit state machine (e.g., the transmit state
machine 126) and a receive state machine (e.g., the receive state machine 128) may be
integrated in a single device with a MAC or physical layer communication device
independently of an MII. Accordingly, the transmit state machine may transmit data from
the integrated device to a DDI at a data rate based, at least in part, on a number of data

lanes actively transmitting a serial data signal. Similarly, the receive state machine may
17
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second common cl ock signal may control the serializer
circuit 118 and 8Bl OB decoder 123 that is actively

WO e@smemistl3 i ng a serial data signal in a correspontseg4/026891
data | ane 12. the Independently of variations in the
conmmon cl ock signal controlling the first clock

wansfTB R BESRLLIA el EIRE BN L 10,0 AR O TRer o
eceptLgQg?r.seﬁial data froma data
X .

data ?aat aat R ?r ett he it I
data fAes adfivery Wagspytine gspraldafasignal. *  apout 3. 215
gi gahjts per secand).According. to an enbodi nent, the
s| g‘&éiﬁ tg?regkﬁ%g?anlﬁ?st%di 2a5d dspraibed wyhgharesesenidy gepgidered to be

may be generated fromthe faster of the first and

exangde omio rpf¢heoprksest irvahtéony it widl tel wadkrstiiodibyithese skilled in
circuitry known to those of ordinary skill in the art.

the afcthatrdiiogs diheamodifioaibnymndy, bet hadd, biid tquivdiemamal delkubstituted,
signal of the first clock domain may be controlled

withORSRParttiRg FroADtHe e GBS AT RS indemivd %dd?tfio@h-lb?m%ﬂ@gfogﬁfcations

are actively transmtting a serial data signal t

I . . r j . .
may B8bhat 80 o S patIRE L Blighe S hEn b B r PR M ki,
... one, enpodinent, the PVMD section 110 may  provi a ..
Wit BB St CSGH 4R ot Sgnoges dssert iR b R Bors. dhis
. 106 indicating which of the DLIs 4 are receiving a
1nten§p@ that therpseseahinyendionnet bellimdted to e @agticular gmbodignents disclosed,
provided in | EEE P802. 3ak - C ause 54.6.5 where
but tiEhsinymationdietled¢ alhemhddioghsSalling twhthin thedade dfdheappended
receiving data). Alternatively, the PCS section 106
claiffy receive data in a register of a Managenent Data
I nput/ Qutput ("MDIO') Interface as provided in | EEE
Std. 802.3ae - 2002, C ause 45. However, these are
nerely exanples of how a PCS section nay detect a
nunber of DLIs that nay be transmitting data to or
receiving data froma data | ane, and enbodi nents of
the present invention are not limted in these
respects. Based upon a nunber of DLIs that are
receiving a serial data signal from or transmtting a
serial data signal to a data lane 2 (e.g., four, two
or one data lane 12) the frequency of the first
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common cl ock signal may be set to control the data
rate of the M1 124 accordingly. Wile the enbodi nent
W@ bawdn205m3 Fi gure 5 includes an M 124, it shopdT™UR®04/026891
understood that in other enbodiments a transmt state
machine (e.g., the transmt state machine 126) and a
CLAI®GS! ve state nmachine (e.g., the receive state machine
128) may be integrated in a single device with a MAC
or i gal _l.ayer conmmuni cati on devi ce i ndependently
of@ﬁﬁﬁgﬂgggér/'di ngly, the transmt state machi ne may
tr?nsm't data fromthe integrated device to a DDI at a
data ratl SHHEBGOMBESI&ast in part, on a nunber of data
| anes actively transmtting a serial data signal.
Si aimedid gecessivonireldai(VAG and machi ne maytransnit data
to the integrated device at a data rate based, at
| easdmihmuniration deviee cumodsingdf data | anes actively
transmtting a serial data signal. While there has

been i | b wsddi-Ainaebeansht Qxﬂéﬁédel{ﬁﬁl)’m%)le@rtg 1R RN f least one of
consi dered to be exanple enbodi'nents of the present

| DUELiPRad deboiflt e 8P, WAARES! 00 DY Lhose ski'led 1D

various other nodifications my be made,

and equival ent s be .substituted  w thout departin

£ r om tng PRay SE B 188 IR, 6 ot IR B g cabRble of
many nodi fications may be nade to adapt a particular

si aiigast gne phiransaittiag aispiig)slatsrsigned tpenslrepriving asatiplglata signal
wi t hout departing fromthe central inventive concept
defromi doéata e én a deviibeetoedavie, infetcansedtivneamted t hat t he
present invention not be limted to the particul ar

enbodi MypistodiasEihesiat rafebasdd)aleabtian party @n Phuthbéofd data
all enbodinents falling wthin the scope of the

aPRAB AR e hﬁveﬁfﬂﬂﬁitﬂﬁg% sEﬁalQ:iaﬁj %?rga& kig) a}ctigc%%%gée%g a

conprising: a nedia accesS contro
copmuni.cati on, devi.ce. conpri si ng: .
{OPEGE s1gan t(rjom e ae ERG Y18 interconnection.

2. The system of claim 1, wherein the system further comprises a switch

fabric coupled to the MAC.

3. The system of claim 1, wherein the system further comprises a packet

classification device coupled to the MAC.

S

4. A device comprising;:

a media independent interface (MII) to at least one of transmit and receive data at a
data rate;
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a nmedi a i ndependent interface (MI) coupled to the MAC
to at | east one of transmt and receive data at a data
wo 2008/02@1pl ural ity of data | ane interfaces, eaPtT/us1084/026891

| ane interface being capable of at |east one of
transmtting a serial data signal to and receiving a

eh pAtralftylo? dsh IR infeHR0Bs B AR iatal lﬁ%giﬁifﬁlfag% F%ing ga%ag}eyof at least

S
devi ce-t0-device i nterconnecti on;

: te.ha . a.Jeast in .part, .yp an er of
one ¢t 38 ARG Yerl o DRimirlyE st R g HOR o dita tane
. erial data.signal to or actively receiving a serial
ma%‘ﬁ'ﬂ%‘?'@l’%ﬂé‘]e IREERPREOBARdce- t o- devi ce i nter connecti on.

2. The systemof claim1, wherein the systemfurther
colfgid oegrathe\dataghterbasad, at leastiin pait, upon hauivke: of3he Tate lane
systemof claiml1l, wherein the systemfurther
intertaoepadtively teanpmdtking a cérés ghthisimal rordetivel reeivihedsdrial data
the MAC. S 4. A device conprising: a nedia independent

signdl fitod fhRGRvicMtbXetite lterb&aRttiqNe of transmt and
receive data at a data rate;a plurality of data | ane

interfaces, each data | ane interface being capabl e of
at least one of transmtting a serial data signal to
angd recejving a rial] data signal froma_data |lane in.
a ‘gevi cib? 89‘3%‘?/?% a ‘L F%S%‘%i%ﬁfaﬁﬁﬁﬁ?r%ﬁds psogiated with 2
fe data rate based, at |east in part, upon a nunber ]
first differqnéiabpaintol tegnamitaserinldogassigral Py p yeqond ifieremntial gaig to receive
serial data signal to or actively receiving a serial
a serighdatasiggalal from the devi ce-to-device interconnection.
5. The device of claim4, wherein each data | ane
interface is associated with a

6. The device of claim 5, wherein the plurality of data lane interface are
capable of transmitting data to and receiving data from a 10 gigabit attachment unit

interface.

7. The device of claim 4, wherein the device further comprises:

a plurality of 8B10B decoders, each 8B10B decoder being associated with one of
the data lane interfaces, each 8B10B decoder being capable of decoding one eight bit byte
from a differential pair on first intervals of a first clock signal;

a receive state machine to provide a fixed length data signal to the MII on second
intervals of a second clock signal; and

logic to vary the second intervals based upon a number of the data lane interfaces

actively receiving serial data from the device-to-device interconnection.

8. The device of claim 4, wherein the device further comprises:
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first differential pair to transmt a serial data

signal and a second differential pair to receive a
wa@egosatosant a signal. 6. The device of clai m5, PaUTEsm®041026891

the plurality of data |ane interface are capabl e of

transmtting data to and receiving data froma 10

9i §aBhdmRLLARCHARMe tﬁgé&:l\}e@ ﬁfgdalgﬁ%th ?iata-gtgenaegw.ngtﬁe RAIT on first

claimt, wherein the device further conpris
. rali f I decoders, each 8Bl OB decoder being
uumgéggg%g%%gﬁﬁFE gﬁeof the data | ane interfaces, each
te]=] eco i ng capabl eof decoding one eight bit
by g‘??‘&%"ggéﬂ&ﬁ EREadersafach B OFrencodes beingiassapiatedywith one of
first clock signal; a receive state machineto providea
the dpfadaee inganEices, gaghad Bl Whericoderttising\apalc o€ canodinigrinercight it byte
of a second clock signal; and logic to vary the second
of th ffitxed lealgth dras signal fomneansmigsngd atdifferdati phizoa first intervals of a
interfaces actively receiving serial data fromthe
first 6R¥k §@nil9agleVi ce i nterconnection. 8. The device of

claimd, wherein the device further conprises:a
. . . , ¢
L} BT ad] 8RR bR, Dl P L By B

. ¢l ock signal; . lyralit f 8Bl .encoders, each 8Bl
sctively Ao uERE il gRladii e the Bevib o TR P ITRTIHR | ane
i nterfaces, each 8Bl OB encoder bei ng capabl e of
encodi ng one eight bit byte of the fixed | ength data
signal for transmssion to a differential pair on
fi9st i Mhedsatsofoflaim 4, iwkstein Heodeviiegnaleyicamelcogiectibn
vary the second intervals based upon a nunber of the

comtisegptintee ciroiiebdad @acact i vely transmtting serial data
fromto the device-to-device interconnection. 9. The

device of claim4, wherein the device-to-device
i nt erconnecti on

10. The device of claim 4, wherein the device-to-device interconnection

comprises a cable.

11. A method comprising:

at least one of transmitting data to and receiving data from a media independent
interface (MII) at a data rate;

at least one transmitting a serial data signal to and receiving a serial data signal
from one or more data lanes in a device-to-device interconnection, each data lane being
coupled to the MII by an associated data lane interface; and

varying the data rate based, at least in part, upon a number of the data lane
interfaces actively transmitting a serial data signal to or actively receiving a serial data

signal from the device-to-device interconnection.
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conprises printed circuit board traces. 10. The device
of claim4, wherein the device-to-device
W0 niosozBnhect i on conprises a cable. 11. A net hpdr/US2004/026891
conprising: at |least one of transmtting data to and
receiving data froma nedi a i ndependent interface
(M}) a . at e L&1l.ng a
se r1 |b'al 3%11? 51% glill Oginé\fl%tlaﬁfcr)l 1211’1 gler@%é?(\&;&%gl teg%slﬁeﬁgﬁ{lé ‘dat a
signal fromone or nore data lanes in a . .
de FAERTHIIERIG W anorh atl RASHPRBHO thei ooy isdntgisoppction
. coupled to the MI by an associated data | ane
in a fippt diffesendial paiEsigaglyay t he data rate based, at |east
in part, upon a nunber of the data |ane interfaces
acteoepling oncanereisetialntasigredd fibmdbe devseeagtvadevia interconnection in
actively receiving a serial data signal fromthe
a sedbRVide@erbotiA Wir 6@nhInt er connecti on. 12. The net hod of
claim1l, the method further conprising: transmtting
one or nore serial data signals to the
devi ce-to-device interconnection in a first

di fferential i e Sl | ;. and. reeeiVvi ng one re ..
Sedta dtr BedRBl B3 ineBp Rl Bp@ad Bhfimiting data to
i ntercopnection in g.second differential pair signal.

and P.Pg?“’il"rge‘ratt?e%ﬂ@& 1 18304t Ei’ﬁa‘fg‘?’elﬂtﬁ’é“tr%ﬁﬁeﬁft%e-f urt her
conprising transmtting data to and receiving data
froma 10 gigabit attachnent unit interface. 14. The
met hod of claim, wherein the nmethod further

copr i s@he nadthoalnef ctimnid; evhe@irathl amehddfuethbaamsprises:
receiving a serial data signal fromthe device to

deyi &R drithére @aRNStd ihRifacde FReivite 4 REiaP&ith Fonflatein the device to
signal according to an 8Bl OB decodi ng schéne to

devild ﬁYérg&nection;

decoding the serial data signal according to an 8B10B decoding scheme to provide
an eight-bit byte on byte intervals;

providing a fixed length data signal to the MII on intervals of a clock signal having
a frequency; and

varying the frequency of the clock signal based upon a number of the data lane

interfaces actively receiving a serial data signal from the device-to-device interconnection.

15.  The method of claim 11, wherein the method further comprises:

receiving a fixed length data signal from the MII on intervals of a clock signal
having a frequency, the fixed length data signal having a plurality of eight-bit bytes;

encoding each eight-bit byte into a ten bit code group according to an 8B10B

encoding scheme;
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an eight-bit byte on byte intervals; providing a fixed
| ength data signal to the M| on intervals of a clock
w@@satosmavi ng a frequency; and varying the freCuesmy4/026891
of the clock signal based upon a nunber of the data
| ane interfaces actively receiving a serial data
si 3 I
= gﬁﬁéer{nlf%ﬁrg?h% Bgdﬁ?ﬂ,l&q%% &ejeslgdet eder'%c% ﬁtg%ﬁﬁédﬁlgﬁ thrbggh one
elving a fixed |l ength data signal from
HPHyR%?fHSﬁmEr%erVM@S of a clock signal having a
frequen t he flx?g1 ngt h d ta signal having
pl Mﬁ%{lﬂ}&% © Eredusngh O Bieclanysegna aafﬁé%ﬁ ﬁ@sgamﬂeuwa pyrpber of
byte into a ten bit code group according to an 8Bl OB
dataémmodienfgcmﬂqéﬂ@y treagvaitting serigl dateetodbel dejewtpdetice t he
devi ce-to-devi ce interconnection through one or nore
interdaireectiame i nterfaces; and varying the frequency of the
cl ock signal based, at least in part, upon a nunber of
data | ane interfaces actively transmtting serial data
to the devi ce-to-devi ce interconnection. 16. The
I | - - .
i m er conne S of ST, Bnbiafh HEHECEAGIARKL epoonnection
L. é thod of cIa|n1 wherein the
Cmnﬂ%*?@QPP 5@@9?58£§ﬁ¥%? onnection conprises a cable.
18. A system conprising: a physical |ayer
conmuni cation device to transmt data between a
transm ssion nedi um and a nedi a i ndependent interface
(ML7.) afThenwéitod afataim ldndhereootimdavicetd-deviceintareonnection
conpri si ng:
comprises a cable.

18. A system comprising:

a physical layer communication device to transmit data between a transmission
medium and a media independent interface (MII) at a data rate; and

a communication device comprising:

a plurality of data lane interfaces, each data lane interface being capable of
at least one of transmitting a serial data signal to and receiving a serial data signal
from a data lane in a device-to-device interconnection; and

logic to vary the data rate based, at least in part, upon a number of the data
lane interfaces actively transmitting a serial data signal to or actively receiving a

serial data signal from the device-to-device interconnection.

19.  The system of claim 18, wherein the physical layer communication device

is adapted to transmit data between the MII and a fiber optic cable.
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a plurality of data |ane interfaces, each data | ane
interface being capable of at |east one of

WO e@a®misti i ng a serial data signal to and recePWi/ns20a4/026891
serial data signal froma data lane in a
devi ce-to-device interconnection; and logic to vary
the data rate based, at |least in part, upon a nunber
of the data | ane interfaces actively transmtting a

se ctivel rece ving a seri
da & Pvteed il pib® anitin el ar laYphednigki i govice
19. The systentof claim.18, wherein the physical |ayer

is adapfigchin frandmibdaty betwean ﬂ@ MUzpdadwisied Var BT caklat a
between the M| and a fiber optic cable.20. The system
of claim 20, wherein the physical |ayer comuni cation
device is adapted to transmt data between the M| and
a DW st eddeMideccopppirisingdbl e. 21. A device conprising:. a
state machine to at |east one of transmt and receive

dat, 3pd macHad @ a“c ‘?éa@tv on% IRhdhéhit tabfd fgcef%@td@tal aRH%lata rate

|nterfaces each data lane interface being capable of

?uz%gﬁtpf ?ﬁat%flal gt%?t?ﬂ:eéa 434 d%tasl #é ﬁrerfé@é Be ﬁg an I?ablé & at least

anapr ece a se om a ane 1 n

a.devi ce-to- deV|c= rco nectlon 0gi.C

one pigansmyitiing atssﬂtla@'@cﬁlg@f 1 chlwnga@f‘fﬂa Lsia il Sy data tane
of the data |lane interfaces actively transmtting a

in a deri¢eato-dryice isicgpoaneationogndact i vel y receiving a seri al
data signal fromthe device-to-device interconnection.
22loglhte ey iheealataf ratel based, 2fllcastte pat, upeaamuddenof thneata lane
interface is associated with a first differential pair

interfel h@ARBR frardmy@ing 8lsefdidatafighato anltidel§ @6RRMng a serial data
differential pair to receive a serial data signal. 23.

s1g111-1r1r}?019ﬁt@ &5 c%ftofdeé‘fc@‘irﬁéc% %ﬁ n the plurality of data
ane intertace are capa ‘transmitting data to and
receiving data froma 10 glgablt attachnment unit

22. The device of claim 21, wherein each data lane interface is associated with
a first differential pair to transmit a serial data signal and a second differential pair to

receive a serial data signal.
23.  The device of claim 22, wherein the plurality of data lane interface are
capable of transmitting data to and receiving data from a 10 gigabit attachment unit

interface.

24.  The device of claim 21, wherein the data rate is controlled by a frequency

of a first clock signal, and wherein the device further comprises:
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interface. 24. The device of claim 21, wherein the

data rate is controlled by a frequency of a first
web@sikwsiynal , and wherein the device further PCT/US2004/026891

conprises:a plurality of 8Bl OB decoders, each 8Bl OB

decoder being associated with one of the data | ane

A1 9950 B0 R GRS Bk i one o
e Gy LS S ST O 8 SR LN

cl ock signal based, at |east in part, upon a nunber of
from ¢ diffpsendial paieat aveterdoatrebediex ¢ frefyencr e6p v¢a9gd stack signal; and
data fromthe device-to-device interconnection. 2 .
Théogietd ey tfe fodgaemy, ofithefisst olotk eigdattasedabeleas in part, upon a
controlled by a frequency of a first clock signal, and
nunibBiesfethé dith eand eivte iEc ek UE iRy reeOivitg RESI dada BbuItBE Ubvic®fo-device
8Bl OB encoders, each 8BI OB encoder bei ng associ at ed
intebiidtcRye of the data lane interfaces, each 8Bl OB
encoder bei ng capabl e of encodi ng one eight bit byte
of the fixed length data signal for transm ssion to a
differential pair at a rate controlled by a second

clock signal;, and logic to vary the frequency of the
i 3§t cITgE ae%lpﬁﬂg?la%%bdyh%m thedata yate is gpptro girequency
nunber of the data |ane interfaces actively

of a fird gloek signalg anewhetleindde devfico further edrapriresi ce- t odevi ce
i nterconnection. 26. The device of claim?2l, wherein
t he plievlityef 8Bl 0B encaiery) eachetB WBMNCold@ baing ssasdtiated eithfone of
transmt data to and receive data fromthe state

the CHBLIRhE frt@Hackd) RadlPE R (B b0 dérbeind updB¥iof 8ndirfd GHeRigid bit byte
wherein the device further conprises a physical |ayer

oruf RN 400 05 G Bl 03 A0l R T gl o
vice of claim, wherein the

rate 2 ..The d
aS@%@QFE@k?g@ﬂE@PEe i nt er connection
logic to vary the frequency of the first clock signal based, at least in part, upon a

number of the data lane interfaces actively transmitting serial data from to the device-to-

device interconnection.

26.  The device of claim 21, wherein the device further comprises a MAC to at

least one of transmit data to and receive data from the state machine at the data rate.
27.  The device of claim 21, wherein the device further comprises a physical

layer communication device to at least one of transmit data to and receive data from the

state machine at the data rate.
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conprises printed circuit board traces. 29. The net hod
of claim 21, wherein the device-to-device

W0 niosozBnhect i on conprises a cable. 30. A net hpdr/US2004/026891
conprising: at |least one of transmtting data to and
recei ving data froma state nmachine at a data rate at

t.rans tt|n a .ser.i at a
31 v e 48 Phitbighel, gy RSP Re O Re e diletion
Ianes in a_device-to-device |nterconnect|on each data
COmPE$RS PB’@FQ@@“@B\EBP@&UE%G% he state machine by an
associ ated data | ane interface; and varying the data
rate based, at least in part, upon a nunber of the
data |l ane interfaces actively transmtting a serial

dape. si ghamdiitodasf dlaeel Iy whgrein Serdeaice-dadavise gnercorineotion
t he devi ce-to-device interconnection. . The net hod of

cmn%hﬁ%@k%gh.the met hod further conprising: transmitting
ne or nore serial data signals to the
devi ce-to-device interconnection in a first
differential pair signal; and receiving one nore
serjal data.signals fromthe device-to-device
i n8r co ﬁWG%Oangngecond di fferential pair signal
32. The nmethod of claim, the nethod further
comblensiong of iranseriting; datp l9and recsivangidate fiomy3 pigtegrgchine at a data
froma 10 gigabit attachnent unit interface.33. The
rateytet hod of cl aim 30, wherein the device further
conprises: controlling the data rate according to a

f I Qe1eeRGYie BhndnifliCKseriala@h sighil t0aRd Bdceiviigta stalad dhtaBignal
interfaces, receiving a serial data signal fromthe

front6¥d GEmbR di%"lh&& ih AR IORNBETiLOhterconnection, each data lane being

coupled to the state machine by an associated data lane interface; and
varying the data rate based, at least in part, upon a number of the data lane
interfaces actively transmitting a serial data signal to or receiving a serial data signal from

the device-to-device interconnection.

31.  The method of claim 30, the method further comprising:

transmitting one or more serial data signals to the device-to-device interconnection
in a first differential pair signal; and

receiving one more serial data signals from the device-to-device interconnection in

a second differential pair signal.

32.  The method of claim 31, the method further comprising transmitting data to

and receiving data from a 10 gigabit attachment unit interface.
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decodi ng the serial data signal according to an 8Bl OB
decodi ng schene to provide an eight-bit byte on byte

w0 piosoxEls; and varying the frequency of the cPODKS2004/026891
si gnal based upon a nunber of the data |ane interfaces
actively receiving a serial data signal fron1the

e tergconnection., 34, T od of
. 2856 Gt of g e RE BPiardice sl PRbOs!

rece|V|ng a fixed length data signal at _the st

e cotFRlITag the datarratecertpE oA frsguency|ob @ielkgigne havi ng

a frequency, the fixed length data signal having a

pl ek eneiarynayf defadine ibterfapsst tescivingoowiiabdasa signdi fygm thsi device to

byte into a ten bit code group according to an 8Bl OB
deviepmodtcqigestidiene; transmitting the code groups to the

devi ce-to-devi ce interconnection through one or nore

daidacddafpanb Bdre UG Qfina P oM/ ions SB1OB deREUIRR GYhcdhe t"o"jﬁowde

cl ock signal based, at |least 1n part, upon a nunber of

aneg%L?hE9%evﬂ5%$%%$gﬁ§‘ﬁﬁtlvely transnitting serial data

Vi ce interconnection.

varying the frequency of the clock signal based upon a number of the data lane

interfaces actively receiving a serial data signal from the device-to-device interconnection.

34,  The method of claim 30, wherein the method further comprises:

receiving a fixed length data signal at the state machine at a rate controlled by a
clock signal having a frequency, the fixed length data signal having a plurality of eight-bit
bytes;

encoding each eight-bit byte into a ten bit code group according to an 8B10B
encoding scheme;

transmitting the code groups to the device-to-device interconnection through one
or more data lane interfaces; and

varying the frequency of the clock signal based, at least in part, upon a number of
data lane interfaces actively transmitting serial data to the device-to-device

interconnection.
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