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WD 2005/ 020513 PCT/ US2004/ 026891 SCALABLE
DEVI CE- TO- DEVI CE | NTERCONNECTI ON  BACKGROUND 1. Fi el d:
WH Iihe0268i3) ect matter discl osed herein rel at es PCa/us2004/026891
i nterfaces between devices. In particular, the
subject matter disclosed herein relates to devices

capabl es@Amm,smemw DEVACS mng%ﬁNgi:ﬁU

than one data rate. 2. Infornmation em con

devices in a pri nted ci rcwt board (PCB) typically

communi cate 10 through a devi ce-to-device

] ction (DDI'). Such a DDI typically includes
BA@%&?‘Bﬂsaces formed in the PCB to transmt signals

bet ween devi ces. A device may be coupled to a DDl by

sol der D&l ng or a device socket secured to the PCB.

| EEE Std. 802.3ae - 2002, C ause 47 defines a 10

G gHizi subjkct mettereliscldsed herelmniekitdsac entéofkiieh bethvaen devices. In

transmtting data between devices in data | anes. Each
partitall, thaBebjdd idtel GBLloYed NdA FElhRs B &RAdeR bafhdl o Sk dRRitting or

bet ween the devices using a differential signaling

coupled to a 10 G gabit
leceﬁ)ﬁhlégaﬁﬁ\ﬁg@géen%lg%w@%atqéyftgce (XGM 1) which is capable

of fran tting.or receiving data at a data rate of
ten2t gi gm second. In addi tion, the XAU fornat
y. be used in transmtting data over an Infiniband 4x
catiecondeior devigssan 7 Rripied e serd (PChpvsiatixgommunicate
standard presently being explored by the 20 | EEE
thropgipz dgeike- -iordiiceg nigrampectBRI(BDIDESER FVDON HBFelIFHECcludes copper
FI GURES Non-1imting and non-exhaustive enbodi nents of

tracdshiermedmeaht PCBue miahanit wighhlsbetwedasevicee dA \#etibe may be coupled
reference to the followng figures, wherein |ike

to a DEIIHyeRcRr BUREBRAbSa B&N&S sdcRet s%@lnlsdi kPmp@riEs throughout

the various figures unless otherw se specified. 1 WO

%@ﬁﬁ 0P ]8§2 %’gg/ 9@8? Qgé&s%%gcﬂeﬁngé z? }'(21 E}b%;ibﬁr}gt\{\a@éhment Unit

t1c diagram of’ devices col
Intergl mlfg%\sgngﬁg uag g eq%bléi%?ﬁcéq?l[) Ic?ataalggé)sr dEacg dtat% 121‘?8
typically transmits a serial data signal between the devices using a differential signaling
pair. A XAUL is typically coupled to a 10 Gigabit Media Independent Interface (XGMIIL)
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
Norn-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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Figure 2 shows a schematic diagram of devices coupl ed
by four data |anes of a DDl according to an
wendoogenEnt of the devices shown in Figure 1. drigiii@/026891

3 shows a schematic di agram of devices coupled by two

data | anes of a DDI according to an enbodi nent of the

dew: S i ' Fi 4 1enat | C.

i e SRR A Snah i o BRI SR R e
.,accordin an _enbodi nent. of. the devices shown in
ln‘feﬁ?oaﬂ?fglo %D&ﬁé Eie R et St RIFSEGH AFHCBHOT,

devjce which is capable of selectively 10 varying a

datBegvgZeshys adchgierticdipmamad devicapeaupledivwsfontdaty gﬁnys ofa

transmtting or actively receiving data from a DDI
DDhswordigtp ancrabpodimbuaidifiendevades ahalew ircBigateoln i n

Figures 2 through 4. DETAI LED DESCRI PTI ON 15

RefeigeeGeshioht aughondtictdidGanpgdeticeaddupdly twdNRita lanes of a DDI

enbodi nent” or "an enbodi nent” neans that a

acc®@frigl 16 wh 3bb@Rkik 67 S UELEL A B0 F@%@é geter istic
d 0

escri bed in connection with the e iment is

i NGY; [ . Ofe inent of, the pre t
| aBi g ByRh s ARk B AR MR ool 15 PR 88 e ofa DDI
one enbodinent” or "an enbodi nent”_ in various places
accqrﬂ}n(gl}@ﬁgl?plbpﬁlingengBg@pidie@agq Wi Figire hecessarily all
referring to the sane enbodi nent. 20 Furthernore, the
pariigeaSahowe asderaticstizaranof eslevise whidriacamblesof sskctively
may be conbined in one or nore enbodi nents.
varyinge Hataeate daskdhipeh: aimatberiof danfnasadtigbBritadniitinp F adtively
relate to expressions which nay be understood by one

rece@fingTBAIR HFORERDIEScEQHiREb hALHLOEinRe 0P dEREEHRE & igures 2
operations. For exanple, nmachine-readable instructions

ﬂnng€y4ponprise instructions which 25 are interpretable

a processor conpiler for executing one or nore
operations on one or 2 WD 2005/020513
PCT/ US2004/ 026891 nore data objects. However, this is

rely an exanpl e of machi ne-readabl e instructions
DEﬁEEMGBﬁP IQN t he present invention are not
limted in this respect. "Machine-readabl e nedi unt as
r eRefarentettbrongheit this epeat fomtivn totaticendadabéd” of “an embodiment”
mai nt ai ni ng expressi ons whi ch are perceivabl e by one
meany thapy partiedlhr featue, kotct@X*a 0P R radderistic 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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5 machi ne-readabl e nmedi um may conpri se one or nore
storage devices for storing nmachi ne readabl e
wiombs/ap04isons or data. Such storage devi ces MRYCT/US2004/026891
conpri se storage nedi a such as, for exanple, optical,
magneti c or sem conductor storage nedia. However,

e I hi ne:il: - .
mok MR LRSI IR R TBER PO LGSR fpructions
not lLimted jn this.respect. 10 ."Logic" as referred to

and B GhiBE PIESe iR FRLOH &/eri5F PR df FIVGSRMG or nor e
| ogi cal = operations. For exanple, |ogic may conprise
ci r dMaching-rgpdadle pediurdes r@fﬁr‘ég&o heprie relatepta mediagapable of
based upon one or nore input signals. Such circuitry
maimanicpeqpressena whidi dre petcatveble bpohe nemont olhackieeeiKeesxanple, a
digital input and provides a digital output, or

madhifeCiebdab¥e MBAiGH mBY BMhEES @Rr AloréBbegdRidkRes Al skihg machine-
signals in response to one or nore anal og i nput 15

reat%%%{lﬁétﬁtcﬁt?h‘sc& ld CSﬂcHsYorE%{deQ?cg? E:ﬁliy'ccgﬁgn'sf IK‘%F%)G rr(l)erdia such as,

Ication specific integrate

field progr,ammbl.e e.arra PCGA) . S | oqgi
for Glsigts, BROTH TR R SEisPhe Blar Sl mede g FpeP e
nmenory jn conbipation with processing circuifry to
merglyxatTE1es ok R THEEHTErrEadeblsRsT T AHd ERR AR Oﬁtr%@%fﬁéiﬂ}f
these are nerely exanples of structures which may
investion artendt sigiicdamthierdspetitrent s of the present invention
are not 20 limted in this respect. A
" deoge? hordevid® liendie reapnraiiiuotite (dPPe)foasingehe or esre logical
to herein relates to a data link to transmt data
opeREbYE qur‘éﬁéﬁh?f‘é?logf&"naﬁ SSHPR ciduith) whRN gﬁ'ﬁriﬁ&rdﬁ% Gr Bore output
conducti ve races forned on a cirfcuit board between
. . A V. . . . Vv '
sigr b SRS Dol BERLY Bt S SRSl Bl ¥ B Rt
ackpl.ane and c rise 25 condyctive.traces coupling ..
maciie ey GedenS SRELRBrER PP R s tigish! SHERFot Ryl Bytion
may 3 WD 2005/ 020513 PCT/ US2004/ 026891 conprise a
Provigds aite o gisire andles Aueht LgkilciBIpEORST © Qe o Bus pradog Hpyt
of the cable. Each connector may then transnmt data
signblst Waencirhistry atalyeegmavidedimvancpplicatiphegetitic ifegrated circuit
connector by conductive traces. However, these are
(ASIEY &1 fielepgplenalilt gatelblay IAPGAND AN RIFIGMRY cofPise machine-
present 1nvention are not limted in these respects. 5

reacﬁ?l‘éf}ﬁ wolifs FQLARa htndrPhl RN SRIIWAE BrR ety dlduity to
o ata [anes ere eac
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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data |ane may transmt data froma source to a

desti nation i ndependently of other data |anes. Each
waedoes/eme in a data |ink may transmt synbol s poT/@2004/026891

transm ssion nedi um which are decoded into data bits

at a destination. However, this is nerely an exanple

°°‘%:515g|§%§‘?18'ﬁ§*§@?%%§‘?%6%’?¥? E@m%?@sen?*’%%%?& SFh i Rk
conlpihily b raetilaes LB aelp o %ge%”%uﬁ%dgme soguector

two data | anes coupl ed between a first and_secon

by ¢padpetvei ety diloyevers theserare marely pmedlesrlia BRI and e@ﬁ@@ments of
fromthe first device to the second device and a

the presemidnygation hegrmet linotet iatissd tespratsa from the second
device to the first device. A "data lane interface" as
r ef #dedinkdohreccinm DRI atagSotrPrice PPIkAlRN 00fdeda ME CRhere cach
that is 15 capable of transmtting a signal to or

datd lﬁﬁ@hl\éy Rndni Hgﬁeﬁonﬁ %.%H?n%e 894 eshidftfon {HAEHRUSTR) & ot T data

data lane interface may nprise conductlve piI'ns t
Iané?;.r %a&?{?ﬁg a%e?fé a ?@{a@oar r%frfxf sygr)x(bé)g%&x% &%@ﬁgéﬂ?&nﬁg&h& which

deV|c socket Al terpatively, a dat
are H%Hffg@ﬁ? R AHABES e JesHApHaNs dLRRLAbIS EmBTans ah il gf data
capable of being coupled to _a cable through a cable
lanes dhit araydie. usedimevensmit dass in PP gad empodimeassarfshepresdnt snvention
data | ane interface and enbodi nents of the present
are noiMemitadon tharse respectsi A ‘tdeth ladapditias EpaiesPéait $anei’ as referred to
"serial data signal" as referred to herein relates to

herein 5d188ado 160N ﬁhmOuF&ﬁ%tweh QFireNSadeshid i iBELHIAE a first
of synbols. For exanple, a serial data signal may

dataclgﬁ@{o PRsfitRl fgém% mﬂ%’s?ﬁ@ﬁe t%)rtﬁé‘s:tn%b{d 8&15@@% a second data lane

transm ssion I um wher e eac
2005/ 020 CT/ US2004/ 0 ansnmtted in a synbol
to gl Sﬁngg% E;g\%@lgrsecqrﬁ]%vpg%%ﬁplﬁrg C&H"ngan'pl e of a serial
dat a‘ﬁ%%g %{&l gnbodj e ts of the present. invention
ar é* afﬂﬁiﬂt’f agen 28 Fésiged odisesdn kelates toch perEipa R p device that is
pair signal" as referred to herein relates to a pair
capabfe efirasiamaiting edignal tprairscei ang r sigoali frone pchteldndalFer axemale, a
destination. For exanple, differential pair may 5
datatlpsnister facanmag coalpridatendutigrepine hapire Shpubls yhbah s céupldio a
decoded for data recovery at a destination. Such a

data%ﬁef BHA& ind rﬁ’x%él cﬁ‘E\Mt baAD8Y hr S8EtHIS KRRt b@r?dl or a device

vol tage on eac of two transm ssion nmedia. ver,

sockef! CRfte@hfvdl Ela¥a %8 %E&g’ce%a}ﬁco%pfrfsg nglQ(iuG%LJe Bfi thﬁ'lre 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 éeries 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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enbodi nents of the present invention are not limted

in these respects. "Actively transmtting"” as referred
WOROb2e513 rel ates to a state of a data | ane 1@CT/US2004/026891

interface in transmtting data to a data | ane. For

exanpl e, a data lane interface may be activel y

traﬂéﬁfi‘t'&ﬁﬂh tats&ﬁﬂ:o?pe?ﬁfd Aok 1Bik gé(}ﬁlare No the L 6l Eéha"f‘data signal

ata | ane” and, l east  peri I'n The presenc
nal s to

mit voI ta e Si
and"emqb%? rﬁ‘erftanetﬁgé % St s GAR R G eGP B or r o
n rel ates, t a state of data lane interface
é@fe\fﬁ | G Senelofis Erteriact patral rebee 2R & syachionized

data | ane |nterface may be 15 actively receiving a
signpdy todrangrait gneddgdalatadin endesiinapord Fonexarmpde, alififerantial meir nzay

| east periodically when the data lane is transmtting
tranemlittacsgeis] date tipealdatricmpeybblend Be gcoded Eirvdatigreomnerpht a

nore vol tage signals fromthe data | ane. However,

destifie®a. 816h MBITRIr¥NIRX ?E'IP L§ tahsReichBsynttl 8s b #BRage on each of two
interface may be actively transmtting or actively

transBESioW] ia, aﬁgxgsl b gﬁg&% Snefdi eﬁfﬁplg%sisg&*f%ega\{gg&af’&d

are not ese resp cts
encodi.n .as_ref erre nrelates to a
e 8&%%%9%'?}%58%12 oo 351 ot e s FpSE” encoded
into ten-bit "code, groups,” or a rocess by which ten-
bi t A&M@Y@%éﬁﬁ&lﬁ@%@&@@é@%bﬂﬁ@ ré iatpstto Bistateiat :mdaly lans
An "8B10B encoder" as referred to herein relates to
infetfoed in trapsmittingidatato eidgatiarsi (Fod ateanidy eddto leanetiaharfbéet may be
code group, and an "8B 10B decoder" as referred to
actibely elafisniigirat £seriabdAio gighal WhetadapRd 36 2 ufiinddarid, bylesst
froma 5 WO 2005/ 020513 PCT/ US2004/ 026891 ten-bit

pen%@i@ﬁl}gﬁl%@pre@éhce%@ d44B, 68 %ﬁ’smﬁéd ra 5 £ Be RpaglsTo a data
enco ci% r %lhgl

re ates to a combinati on of an

1aneS& c?@?%f reg 1%1121?15? re'f&ggb'rtg %ere%ic‘reﬁag%set{% &at% g{ g?tg Eane

rela es INé one

exa tate .ma h| ne, nma spond to i.nput
intefipce i eig ok A8 Hroh & 00 Iies Fos SLRIeD: date Lhs ReHAGHRNEbS
may receive a data input froma source and provide a
activpdy seceiyinga serie! data signphakenoreupled te adpi@ lang andoat lgest peodically
i ndi cative of one or nore states of the state
whemslohdatie lanSictarsndaing volibgastio teydlatelape onérded, teoeitving one or
destination in a particular data format and at a

morp&bldgelgiialsdedia theadRa 1dHeVVBNQlever RSN BarBRI Rhidiples of when a
exanpl es of a state machine and enbodi nents of the

dataRbRSERELEONED bl A0 AF 18R mittdE Jr&hiddly IQERMS, 8RR SfbSdiments 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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10 A "nedi a i ndependent interface" (MIl) as referred

to herein relates to an interface to receive data
wWiOroe8/@osieur ce or transmt data to a destinati ®UIVES2004/026891

forniat which is independent of a particular

transm ssi on mediumfor transmtting the data. For

ten WE %lbﬁ%%@i éé%feﬂ%& td £ RS Plated % g cBﬁlbﬁlatlon of an

trans umin a data transm ssion fornat

0 d e ed at an MI. Also, a data
SB{O‘?%EC(?@?\?@B H%@BP %C%%erdata to an 15 M1 in response
receiving data froma transm ssigon nedi umin dat a
Lr e ﬁﬁa@sm%f%une?@ﬁ ARfPITodhjp Hgrein Felgtenioslogiedbaingy drftng one or more
fromor provide data to a state machine coupled to
stateh Farexample, ¢lsints rhenhds may esPid toAnpuGi adiangingrone@vinigre of its
as referred to herein relates to an M1 capabl e of
state® CRIstatongactaiemby estevesialitCapay frémh ansiict bhhd graladea tgta autput
destination at a data rate of about one gigabit per

to a%ﬂ%on @heﬂ@th@d%muﬁpd%ﬁnﬁ%ﬁwé of @8 of afRE E@eks to? tietate

herein relates to an M| capable of receiving data

ma(fk{n?én ng fl%lga e@@t%@!ﬁe{%@m@@ todt%% %{3§t&aﬁon ﬂleas' éé%.@ﬁfap Bata format

ara ten gl s per
ese are nerel exa S and .
andiiB SRt 48 Fo(En EICBRSe Hieos o U B R AP BIen G & Fiod weghine and
in these respects. An "attachment unit interface”
embyogingnts of the pegspridnyentios mes potdianitadds these espesfsi cal 25
medi um capabl e of transmtting data between an
at t & medntindapenddnt arisnfices (b)) e difenmedio hebei@lates to an interface
2005/ 020513 PCT/ US2004/ 026891 data network and data

to réivE dasd fr@Iﬁlai parRtor tARsmicdhane g dedinhashienfortat Which is
I nterface" referred to herein relates to a data

PSR AT SRR 00 I opSamre.
I.nterface I ef.erred in relat

dat Bl 05 TP Toub o o bR e b A i B forna
transn1tt|ng dat a n XGM | and a dat a

in respgeda dplarcoegyadert 2 Eﬁfﬁ% Adet FRveDRAY TAYGE dalede an
maybe defined for higher data rates such as 40 or 100

MIlgh gesprss tpeecebbepdria IR e frpysmisgiorempdighmiprit dedd trapgmission
present invention relates to a device to transmt data

forrhar. i MElomby elsoladoaivierdata me oo pravideadattatoa diawenachine coupled to
interfaces at a data rate. Each data | ane interface

one rasmo@@d&@%e!; & DD ahs@ighbik RATBEALD 84 rd@t ] & &@ah rd18kes to
receiving a serial data 10 signal froma data | ane

an Mfl c%%éjo‘ié/ b&%c%@m%‘%i\éka"ﬁmh%t BLELWP EGh MR ingdMEa B BediiBlifon at a
may be varie

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 transmifting data between an attachment to a transmission medium of
6
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based, at least in part, upon a nunber of the data
| ane interfaces actively transmtting a serial data
wel posb20818 or actively receiving a serial data siTgmahos/n26891
fromthe device-to-device interconnection. However,
this is nmerely an exenpl ary enbodi nent and ot her

datfﬂa%fm@até){e gl %[Juﬁ?_rﬁé}{t M\k%hén(agd ﬁrttﬁclﬁﬁéntlwﬂﬂ fn?&face as

these respec ure 1

m_of v S a DD 14 or di
refﬁﬂgggﬁ Aol &Pflatzlﬁé %B@@s o %ﬁmﬁﬁgwaabé‘@sw It and
an enbodi ment, the DDI conprise a pluralit
da%?rm&a@aeq ahe k) Cigsbit Sxgrndpd ﬁéﬁaﬁ!aaenwwwéfacer EJI)o%s raferred
printed circuit board (not shown) or in a cable
to hersigpiadateiotanes renttbatthetinepsuriRinterfave vapabletdfitanfigitting data
nmerely an exanple of how data | anes may be forned in
bet@eddDin HOVIE miD4l tare nlagscefvet NOHRE BaRAtcRAthdhndtk TRAL InBiRces
not limted in this respect. Each data | ane nay

may bAASHeH f&r hibRG SalGrafdad S 4 40051900, %}59&? pdl Jet: cfnt i al

pal r signals.” However, this is rer &%, an exarrp

oS R an Pﬁﬁm mgg&f%ss& ibferBiof ol NP QAL 1o %aélsmlt data

e pre nVERt 1 on ar
inthis, r ec For f dupl ex communi cati on,
t0 of GRS B m‘?ﬁa SR PPTGFE i oF SHESRCRRg: it e Bl g lane
. differential pair signals one differential pair
intesfaemary o fapab@rrdriansnigng as@mg daimsignalitownromoBng 2681 data
PCT/ US2004/ 026891 device on a first data | ane and one
signdi frberaedetz Bine i gdaticeryp-Paiice hmtconaedioni Ahedataaratt mhybe varied
device on a second data lane). Alternatively, a single

baséiabolehARSpaRRYipBAR MAMber 8 A6 liGta 15Hef ihRFRMS RliveiditFansmitting a
signal for conmunicating in a half-duplex operating

S AR PG 00, YA, B DT
L o i B L2

spects, . Accordi.ng to an enbodinent, in addition to
embs&%“%ﬁfbﬁ BEpsens invratippprempt limiied iy thgperespacts-and 16
may be coupled to other devices in any one of several
datFagure drsirows e athieomtis yiéagmars o deviegsuit?/ coupledtby a DDI 14 according
architectures. For exanple, either of the devices 10

to arfl 2mbodikEntafthe prapeitdeventiordhacordihgne ag enboditten ftae ®DI 14 may
(M1) for coupling to other devices such as a nedia

conlggﬁér;§ §lu‘§zﬁﬁ§' bPHALE TankMfok shEWAL) FSRRM ML copbGrRedMbYa PRYted 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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device 12 or 16 to any one of several other 1/0

devi ces such as,, for exanple, a nmultiplexed data
woumps/emsitsi - port switch fabric or backpl ane Et hermmgs2004/026891
switch. The MAC may al so couple the device 12 or 16

to one or nore packet classification devices (e.qg.,

devic@TonEA40dta e E&@ Bﬂ&@&‘fcfynﬂﬁles?gdaﬁ‘i% ’R%?‘ %&* 1%56191112%1’%{% lfhe

processor or packet c assitication

h e ex f devi a
devieg B e T R TROERT pAREEEe e by gpinete
t he .present vention, are not imted in hese
diffpreuiie opy signg Eﬂﬁ&?ﬁé}un&%a iqﬁelﬁﬁlf Jubiex apernies mode, Hoever, this
may conprise an M1 coupled to a physical |ayer
is merstyram pxaeplo ot Hevifald of half dutlewsymifwniceticineay be implearented
receiving data in a 20 transm ssion nedium such as,
usirfgatiffeceatigllpair sépald, ahd ethbdiBmentp bl theqiredent Sivestion are nﬁlaliimited in
cabl i ng. However, these are nerely exanples of data
thegerr@gpggfg_ssi on nedia that may be wused for transmtting
data fromor receiving data at a M| and enbodi nents
of ' ot .17 [
reg%%?fﬁéfﬁfﬁ)ﬁﬁ*aw%%ﬁ@%ﬂv%d?%&?@al“%e{n@’&%ﬁﬂd EedOELs e
C or SI cal

devi ce may . be integrated wth,
deviegy L SRRV e crbile GRS ekisap uraniitiey  gpvesel
For .exanple, the, 8 WD 2005/ 020513 PCT/ US2004/ 026891
conyaiigasion 3ygpmy 8Y inpBt/ QP HeClEERFISs & op cxaraRis ither pbthe devices
receiving state machine integrated wth the MAC or
12 qsHpgnayatonipisers wediminicpatdenrinteface VI depenpléng foyotdr devices
MAC. However, these are nerely alternative enbodi nents

suctasmch piliaracessh oohiraiitk SMAIX® (Asttshowh S84 d MAD LR couple the
respects. 5 Figures 2 through 4 illustrate the use of

devRe 98k €6 tP 4y} &?et of s%vé‘r@l%@éﬁ/@ﬁe%&%%% %§ 'f&gexaﬁ{é)le a multiplexed

receivi ng data froma aVI ng tV\D our or

data IS;}?llfﬂl(-%&?gV@ﬁéhaﬂ?%{) F kﬁ ne n%eé halfﬁé) {\ﬁg y ~Also
ot her, vice (e. S|cal ayer,

COUI@SMVE&W{%&@ o8 e %&%rﬁ%ssﬂ% TR L Toppetork
device 22 may be integrated with a MAC or physi cal

protpeg} processingirielhes dpetaovk procassol erduglestetassifipatyi ASKR Hawever,
MI1. In either such enbodi nent, the device 22 may

thest p@senely exdaipdeshdtdeeiees ﬁhthE;Dbe enplat toen MEvhomghta MAC and
data rate. In the particul ar enbodi nrents descri bed

embWiiintented fAhe PeBerdt Intondbh 8% ndt LiHiRH G titkse RAGLINT the
data | anes may be capabl e of

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 datain 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 MIL. For example, the
8
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transmtting data at a set data rate such as 2.5

gigabits per second (e.g., about 3.125 gigabits per
woemosiekoszcl udi ng over head), full-dupl ex. Howewerr;ud2426891

is merely an exanple 15 data rate for a data | ane and

ot her enbodi nents nmay be directed to data | anes
devideBISdP el 189 6 AL nﬁ;&isggf aﬁglﬁﬁﬁnégltzt%ﬁeéviﬁ‘g%%éjfn?&iﬁg%ﬂérated

er?bodl ment, the~ devi‘ce ; gay va ] ta :rja e
. i i S. i . DD
wit e A Sichl AR B i AR b E Mok Do bde A pELRH A

devi ce, not shqwn) based upon a nunber of data | anes
HO%Y%%S&@&@ rely é{“?l%tﬂ‘gﬁ QRS ﬁrgo?féere@rw%%ts B not
. the DDI. 20 In Figure 2, a DDl 24 conprising four
limiged ingthesfe relspetsi anes 28 coupled to a device 22 (where
a first data lane in a pair 28 transmts first seria
dat Rigsieg ahrohiglo illieractatie as: @2 d&itbe 22 (BOdO0shabRE & thaRBRitting
in the pair 28 transmts a second serial data signa

or r@é’@%n%ﬁ@@ﬂdﬂﬁam }?a%ingzt%rb, FRY of GlgRl ik d9@VASR. AheldBvice 22
a 10 gabit Medi a | ndependent |nterface Extender

e Y0 B4l 50155 EOHEIANEAGADE 190) rd B
rqvi de G, gabi.t. Attachnent .Uni.t Interface.(XAU ).,
devRiediEangig or RO oiss FBBOB T 2Be FOSS0 o UBeaY] Alerstively,
device 22 may be configured as an XGXS device to. ]
the fpvipR?d may e antegrated widceMAC @aphysiqal et ¢renppicglioradevice

data rate of about 10 gigabits per second. In Figure
indgendenplof 3dclcampil]. sinregthemoich ainbsdinfentdhaddvace?2 88y tmysmit
couple the device 22 to a device 36 capabl e of

datd beawedn fhe DT St dhdeleweeat 4 Bga eyl htthe 2driR0Mhr 3balingnts
data rate 5 of about five gigabits per second (e.g.,

des@bed wHDQBASE o g‘?%ﬂr&e) thr ?{ gia&%fythe hhe 18Ry !rrﬁlz' %thagabie of

may be configure o trans ata to or recelv
f t d e.af about five gi [
transfThd 065 7P o8 BB 080 B2 B0 B3I (0I5 AR S
. pair of data nes 4 coyple the device 22 to a
gig %P&@e&wi@ﬁ@vr@ %@%@@@Hﬁﬁwl% g’aws‘f%ei%léﬁn@trﬁla an example
devices 22 and 46 at a 10 data rate of about 2.5
datagiatgalior @ datgdanesnd otieer eobgdiments map bo dirgngiodadelanesransmitting
Accordingly, the device 22 may be configured to

datatat diffarest retat.a Atcordingne ae enodiaicat, fthodevidee? Dby 4dryathe data rate
data rate of about 2.5 gigabits per second. In the

at wATHAQT . RiafisRE&E HeRARN AROMBI Whd BnditBé&1e0te ek aMNAYS &Shysical
2 through 4, in

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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addition to the device 22, any of the devices 26, 36

or 46 may simlarly be configured to 15 transmt or
wioesedazesidat a on one, two or four pairs of dat achrarse®4/026891

In these particular enbodi nents, a DDT of one, two or

four pairs of data |anes nmay be used to transmt data

the E?i&\?@!‘m‘a? 8c AEVi AR P s MGWdlecett@ ?ral‘i’s%‘ﬁ't 53 tg Br Ee%év@ Hata

these devi ces 26, 36 or ma%ha ts10d ave
ﬁorb?fzen@%P P e Of%%&*@%alg??%ﬁ?w%ée Rttt
DD 5
B 3 DY A egmosting e saabel it HACT 8 papaprale gro device

sel ectively varying a data rate at an MT 124 based

22 tgpolevige A0 shRAdI0P! teansmittiag data bepveen ¢hd desiges R2amd diotet i dga rate
or actively receiving data froma DDl according to an

of aboidtiergigrbite per sehendievd. s a2R06BASE-X nietHegur £scozdingly, the
t hrough 4. The device 102 may be forned in one or

devi¥e e nsgBeCRnepgtato &@Nﬁnﬁ@&tk‘ﬁi HGebB6itA Bdem HBDWI Pt a data
those or ordinary skill in the art of 25 | ogic design.

re of the illustrated portions
ratef taﬁ{;ﬂ"i‘itvn‘gféalﬂlts ?élgse%rbdﬂm O 2005/ 050513

200 machi ne- [ea dabl e uctd ons th
SRR P E) coPRRStuR e sttt FedaR e B4 PV collte the
ver, these are nerely exanples of how a device to
df"”t“f’ Wﬁé?ﬁl flevigg 40 ﬁ%aaﬁ}@éﬁ tERSIMting¢ada befwioen theedevises 22 and 46 ata
I mpl ement ed and enbodi nents of the present invention
datagete afebouti2nd gigabilsper stnesd (¢.g5 pee 2500 BASHeX devicee A@2rdingly,
may conprise a physical nedi um dependent (PMD)

the davided)Panay seadnifignreilo teapabldetadd ot reaBiveiduta fign ShedDBI 84 at a
to or receiving signals fromone or nore pairs of

dataq\atte@fh@aﬁgﬂgigabla;%r@eo%as' cal coding sublayer (PCS)
sectlon 106 capabl'e of transmitting data to or

[ S .
FE K botth i AR oM PR e
. sect n 11 ion 106 taq Otran
addlbg%qﬁwﬂeﬂa? SRR Gericendt e bt e sRlsg s contiired fo
response tqQ Ssi gnals fromthe PMD section 110, and to
tran%mléﬁ%WP%W% deia @B @nacye afifgwrnairs 06 dethdarerDln thesd partiquler
in response to parallel data signals fromthe PCS

embedivtentsna DOY.of The, tRVDrdeatjains of dfta torpriayds wed tatraishtiydata
of data lane interfaces (DLIs) 114 and 115 where each

betwiksh thizaieviee 2¢ aup kg of tealkvRESDE; 38l d6dAlnY dfange Hédices 26, 36 or

Each DLI 114 and
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 DDIL

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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15 115 may conpri se conductive pins (not shown)

adapted to being coupled to conductive el enents on a
Wprzoseeds18i rcuit board by, for exanpl e, sol der rhonczeng/626891

or a device socket. Alternatively, each DLI 114 and

115 may be coupled to a cable through a conductive

madAR-RaGMMGEE MtionERER aIQLelxe&ﬁé/bl@WF hERBsdr 8Emi@bcontroller.
lal "data to, o

conducti ve pI ns to t][ansm t ser , | r
i ' ' 112,
oGBS LT T0: 570, BRI g

ta signals to or receive serjal data.signals from . .
a DRt B lefpentnd g BT HReTiT A0S PG INEDF o Sepcamited in
115 of the PMD section 110, the PMA section 108 may
fhe&?dﬁﬁpﬁ%-e a clock and data recovery (CDR) and
deserializer circuit 116. The CDR portion may
gerBraterics 40?2 alaydatigprisa aphggicd seedivn dephinfibmr(@MD pdublayer
pair signal froman associated DLI 115. In 25 response

sectidh II@&:aFﬁﬂé of tratatattine QiBrk RGo GPR O 9dhald #6m one or more pairs
deserializer portion may provide a 11 WO 2005/020513

of d@@é&é@%@_@,ﬂn@% icall &Jdi %HP%?\EIIQ(:PE%}) §%fofl 1‘0]%%%1:% bhe

section 106 on byte arly, for each

DLL..11 serializer, circuit, 11 enerate.seri al
wangpleig e iy Greruio el 2o oEIGh i S6fsofem
recei pt of ten-bit parallel data word fromthe
(P%uglé%@q SRS cayrled Pq the EMJapection 140 and FiGR gpRtion 106 to
printed circuit board traces or through a connector
trangmil perablEkedathsignds to theBASEeaion Ml isweapoass torsjgnakoirors slehPMD
DLI 115 of the PMD section 110, the PCS section 106

sectivmyl 10papl thS@nemit ey csded @atazddrabyto che BMID set8dn ahol iraiesBise to
| OB decoder 120. Fromthe ten bit parallel data

pardlRE&ItY §gnd1§ 60Kl Me PEMAseGI 109 108, the synchronization
circuit 122 may detect boundaries between sequenti al

207 380 §6645505 P gy 8 SERSIEP S B R TAPLIS) 1140
decod th de th ti t i
115 SFRE Grb e T GG Bk SBYFBEO B AIRLE [ heReitn L ER and
Std. 802.3 - 2000, C ause 36 and provide the decoded .
115 pypycompisa pongdurtvmpins (i shauvledaptsd & beingeptimed trawndygiive
response to receipt of eight bit bytes froma

elemengssm prisgedtiecuittladurd by, face:ampby; tseldenb@rdind or a devidBsocket.
10B encoder 123 may encode each eight bit byte to a

Altet@itivblyt eRBWLIANAWRAT106 ridyeiesddupletl @6a 0ablathrodsh a conductive
associ ated DLI 114.

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

response to the serial data from the CDR portion, the deserializer portion may provide a
11
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According to an enbodi nent, the code groups received

at the SB 1013 decoder 120 conprise encoded data and
woaey@bsisynbol s such as an al i gnnment char act ePCT/US2004/026891

indicating a tenporal alignnent of the of the data

received in the data |ane. The alignnent characters

ten'@%ﬁ)ﬂpﬁ%i BEEHbRAAhe P@@%{ﬂogﬁi 1H%n Hr}/tté %gergﬁﬁ.aﬁn?iﬁ%@g F‘rdg%ﬁch

nple, the insertion o I gnner aracter

DL s RO 3 AT B0 i Al BB RAgoh troueh e DL
provi di ng decoded eight bit bytes to th Lgnnent _and

1145 S¥aistdp R P ROt alieL fhlager o Bledtciaroetion Lfagn byte

. indicate the |ocation of detected alignnent .

integvidy (gek dhoughprigted sacwis bortd traedsithrbiigh pgerpctor and cable ina
Alternatively, the alignnent and deskew state

10GBESE-OH indflemenytatiei)er mi ne the | ocation of alignnment
characters 25 i ndependently of the 8B10B decoder 120.

Re ggjr ¢hdhD DR DYSkLe PANY sBitfonRY b afe POSBee@GN 0¥ may dodfRise a
2005/ 020513 PCT/ US2004/ 026891 the DLI's 115 that” are

u ] | N
symfibhikEloh ARER'1 41 Ay SERB105 ARACFI RARANS o vl Biflel dar
co t enat.e four .ali d bytes formn -bit ,word
recf RTENRE R AR etah LY B REnutien dnt i my aqtfity
serjal data signal is bein acti,\,/elg received from
boupgggies hgivgen gerasnialden bid “cqdegaeupst andgsarirgdygr BEE)Std §(2.3ae —
al i gnment and deskew state, 5 machine 130 may sel ect
2002 Clahsegieti4 Byt llfer mOEaddvoddr 120 endydhen denode trseguendial ten bit
formthe 32-bit word. If a serial data signal is
codbgiongs med éigkl bit baeeivddciitedh ERBE Skd/ 302Q 02000, Caes 36 and
112 (as illustrated in Figure 3), the alignnent and
proHES KB We sl By RES LA BlidntleiBY] &KEH statMiackihé IR AL S Fise to

recei ved froin each of_ the data | anes 1_12 to formthe
32 - Bi ) . | el
receff Pt rer bfh £ PR AP Bnd Rl e s ey m10m
nment and deskew

i]l rated in 10 Figure 4), the . ali .
enc%‘{eéhj gi Had ﬁP‘iPé‘efé%‘ ﬁléstu@ghéﬁ% fed ?@‘8{9“ RO SEUP; Hoy, Bransmssion on an

received bytes to formthe 32-bit word. According to
assogigtesiPlald} Ifent , a "local link fault" received on an

i nbound or receive path may be detected at a |ocation

betAveemitighe adewmbodit@f, thndode groums recelead otghe EBOOB decoder 120

shown) coupled to the device 102 by one or nore data

combafesncddell datd S cantrol eYMbels dlvhlas BK afignthént RV adli@Ming a
an out-bound or transmt path upon detection o

f a
tempdRQi3lichinBlt Jrakd br thgglgtaggc 66 HRAAY 128! %QE%%@H?% é:haracters

eyond the renote devi e receive state
mayjbzeqnserted 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 8B IOE 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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may receive link fault signals indicating such a |ocal
or renote link fault fromthe renote device.

WE 2id/e0fg, the transmit state nmachine 126 nmay POTAIS20041026891
alink fault signal to the renote device indicating a
local link fault or a renote link fault (e.g., a link

the DAYL 11 98hest %@’cxvé‘ﬁsD Ewﬁ}g &@@ﬁ?ﬁ% heyand 15@%?@@%1%1%} and

According to an e four palrs o

( ar.e v, I ansm' i n
desigp o AR ey e ror e s BRBRR Tt dora o be
dat.a si naI |ane 112 each of

PIOYI§E$ %[i cgeIyg gfa f&acrhérafe%?\%. ﬁga seriad Hﬂta|818alaflé%§in§r?&mly sepeived
a data lane 112), link fault signals may be received
fromfourldétarlé%@ 2 (at Hinetrated i Figwe 23, the alsmneninsdiesken sate
the transmt state machine 126 as provided in | EEE
macBire:. 13802a8sedec? 60 2lignelldyWir@&A@a410@0tha Sour data lanes to form the 32-bit
PCT/ US2004/ 026891 C ause 46.3.4. Here, four aligned
wordy T€5serRN&ath ¥ipBall ik @&*ﬁg"abﬂi@@f' FREREY ﬁ@npéka@ﬁ‘f N@Hatfa ‘Pel%fes 112 (as
data | anes, may provi a link fault signa

1llus?1%?é&qﬁq?‘? 073, i alr%gl?rgeﬂ'? i dégﬁef- rgacl}I&af%fagﬁ‘Eég t‘?\?{é

QO in anes arac er
f aul har act

ndcataloal r .a dat .
ah@ﬁ&%@ﬁ?s A0t 5P A R sty o 2 IFEPE. Tra sora
air of data 5 |anes is actively transmtti dat a _
dato i) 15 b1 45Vely DEFEIEATOTS exiedly e e faignen Wokes Alustiated in

signal in a data lane 112 and a single DLI 115 is
Figure dpith¢ aligrancsieninchflestiaw atats yaetling i ¥hmay dembiredoe cohd@tive
four bytes transmitted/received in series may provide
recefved Hytasko faul the SRdriakodfde. 9., transmi ssion of a
sequence control character, two data characters OxQO,

anch @atBn ARG RIdiméN A “Ib@al'liﬁﬁ'f&ﬁ erg@el{/&’?&ﬁ ath iri%und or

fault or a data character 0x02 to indicate a renote

TECE VLSDJ%%II 1%%4’ %g det%?tteé‘lgg E[O%%éfy g t%ee ttlﬁg de{ncle( 1{)?% (3 %?Bﬂ?(pfg SICVIOG

recelve WO serila

guen ract er foI I
(n"téh‘&?"g)c‘ioélpf%? V&%%?A%Yéma oF gtesp T ot a2 A1y 2 aremote
ta character Ox02 to indicate a renote link fault
link If‘fUI%)P&‘éYlﬂ?d 2 B@fr@uéfi og sieasmispeh upon deteetiorcef aﬂ@pgl hnk fault
transmtting data (i.e., each of two DLIs 114 are

maytheadetactadtat adoatisr ribeyordbtha rengadbvices Fhelecaivk atate rhadhine 128
and each of two DLIs 115 15 are receiving a serial

maydeteivesligiallt isipgdMsandladtivgl sabiea 166d) or dehidle MHiddHault TN BleSemote
may be transmtted/received as four bytes, two aligned

sy TSR B SO (R ARG ) B o
remdth HE¥E 111d1ca%ng a)focn?inedt fautl]t ora r(ramote 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. 802.32e-2002,
13
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two aligned bytes may conprise a sequence control
character and a data character OxOO. The second two
wal JogmedsiByt es may conprise a data character OpQD/E0h4826891
data character 20 OxO to indicate a local link fault
or a data character 0x02 to indicate a renote |ink

I EA ! i
Cia%s%%@S 4, @R ail t % ))ltér%feer 0 gftrrz ?‘Qﬁ%ﬁﬁ%é{?%ef‘)é@ oftl b S ECour

ytes'in a first

nsm ting.t ned tes in

dats R0 Play or{¥laé Al bl oy buBnct; Cgﬂ’éﬁk @%@&quﬁn lgme .
smglebteJ t erval V\,here a first aI| Lo

datg hatAcs 3}50%'@3@&%&@11% ficfiata ghraciet @0 gan@ o dudioiaa Local
byt e provides a data character OXO to |nd| cate a

link| fyeltapr 4 ik charatter Q€240 irdickde arahete dok &aul(x Oa single pair of data
indicate a renmote link fault. 14 WO 2005/020513

laneP@GTAISRBOABRAGHAG datelfios), o single MILION 4tibh@am2nitiirg averidl data signal
fromthe alignment and deskew state machi ne 128, the

in ald8@Shve] BI fldey dRABDIG 118& ﬂEEéiVln%rarﬁ%halt Nfa §§n£'fion\f"§2 keka lane

for transm ssion as a 32- signal data signal in
112} uribes pamila rgg@g%g;@%@g@ bSigle A nERTRELPRS,
ffanwaﬂOH5§ PRy oLk R R Shrtis %&R@ B g character

:0> along. with a control word RXC<3: 0>.
0x0 ]Agt@glg:,aﬁ‘gq gpcaltlwg( fawlp ay & @ats eharacte@wi2ie 111cbtgtt%yemote link fault).
transmt a 32- bit word formatted as RXD<31:0> to the
Alternativelyd therlinkrihelt sighsl nody e tednsuiittsi/gneled tBloiserislities (e.g., a
as, for exanple, on rising and falling edges of the

seqzﬁhﬁ&:é@zﬁﬂo@ bladrad% follkvebyh daalcharac@r DXGIN®Thiicste Atl6cal link fault
machi ne 126 may receive a formatted 32-bit word from

or aﬁ_ﬁ‘t% cMn'act%?éx@.?f? ih@tatdq r f%}@e XGM | signal TXD<3

0> along wt contro <3:0> on intervals

andt vEFRT e bgSL o Rt 1 B %%p?%ﬁg?%ﬁfgrm@%%w k5138 oo

K si naI TX CLK,nay be at ntrol | ed_hy
DLIg }gﬁff RO 5 T RSB 1 AAIE 10 PRSP GHh DL 115
M1 124, the transmt state nmachi ne 126 15 may
are 1egivingiaserieliatpagusl frowmor dotatamed lahtlmklfauﬂé@gneularrtaméw
are actively transmtting data (e.g., one byte per
transtatted/ tavebred B2 four by wy twdatli@ntdinss anesnsted ined first byte interval
transmtting, two bytes per data lane 112 if two data

follohwRAes tioslidabd ¥abky trifsaigdd ftd sréaoxﬂmlyté AErvRY TR e%‘mﬁie, the first
single data lane 112 if one data lane is actively

two AEAHRE Bykels i) condftfie 338QRhAL EshtBP AR FARELaA2 0 d:Qber 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 conirol
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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each actively transmtting data | ane 112 may t hen
encode each byte into a corresponding 20 ten bit code
WO 00020813 transm ssion to the data |ane 112 t oaugho04/026891
the PMA section 108 and PMD section 110. According to
an enbodi nent, the device 102 may nmaintain two cl ock

r@f? tlﬁig@lpt 61’ 8 82 hQeded WW@ a'h%m‘hgﬂtt efngl de@cAPdRte nRcBine 128,

ransmt state machi ne receil ve

the ?ecgtv% sg %h%%g%%%&g%m 8 3%?9{;@/ c},%)lr&(a SEI%SSN!)H aslg@—blt

nsm ssj on. a tion of t edata at
sigieh g4to Fiamal Mg gﬁl ﬁ@porfﬁamniﬁew 95 ﬂwj\@bb%*ﬁ eBRyisgs 2 signal
PCT/ US2004/ 026891 cl ock signals TX CLK or RX CLK may
forrpad as preriéetladan BGHH s deschbehivd EEECHR. 812 nal— 2002, Clause 46, the
controlling the first clock domain. The first common
32-lait ookd siaghalforimyted faaranemiskioh at ke signod D<A ©f alohgwith a
transmt state nmachine 126 and the receive state

confFBICRbIIER £283:0BY Accofd'&fgl? ans ﬁﬂel‘% sﬁ%ﬁﬁélﬁh@ 9283may transmit a 32-
frequency of the first  common cl ock signal, dat a

bi %”‘?’tgﬁfs%ﬁi@ed%%@fﬂi *‘S@??flal%%?"?&%mfﬁh&@%a%@ LK
sucf, ?’ﬁe‘: teieﬁ%ﬁ{g“% AL B R0 PSS i,

exanp varying the frequency of the first commuo

a tff’élls@éﬂ@t%? gﬁ&hlnetléé miay|rerekvest HRARKECATIZ-bit prasd fiw the R 124 as, for
(referenced to the first common cl ock signal) may

exapleeihe XGhHUegoyl TOIDablolit albBg with Admitodword TKE<A: (& on intervals
data rate at the MT 124 of about ten 10 gigabits per

of asbetnipraeTY. CLK sucbus, foaéanipi)esinklahdauingetigasadifthe clock
transmtting data and four data |anes 112 are

81gn§PTXV@LK F QR0 arx @L@Iﬁg g8 %é!né?ﬁte@gﬁ&‘%on%l%ﬂég by the

To maintain a data rate at he 124 of abou
MAE' gi gabits per second (e.g., if two data |anes 112
are “actively transmitting data and two data Ianes 112

act [ recei vin at a , frequency o
gsgwl totsr i M2 the oin wateumachings126
of about 2.5 gigabits 15 per second (e.g., if one data
may| pafidion the3g- tatwpndeanyomgrdat&slﬁnwh 1r2§h@!;airaa<atv@bbm1@saaftnag data
| ane 112 is actively receiving data). According to an
(e.geobobytepet data Isedddd foondaa lankoete sstigelgliramayitidon twoebytes per
the COR and deserializer circuit 116, synchronization

dataGhdeCHINt if #d d@A darRBAREH QA9 dRhsiRng ARt fous byd§ bh ¥ 8Ingle data
r eceiving a serial data signal froman associ ated data

Jane! 1308 dedatadl ik i @dckelytAfsmitting). The associated $B10B 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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20 second common cl ock signal may control the

serializer circuit 118 and 8B | OB decoder 123 that is
weehivebyist ransmtting a serial data signal i npaT/us2004/026891

correspondi ng data | ane 112. the Independently of

variations in the common cl ock signal controlling the

clock' sr St %ﬁcéLﬁOM CLI@&%O rb%'r@l%retn%e 'a[ ﬂ{%ﬁg&%% 'clotcﬂ §1gna1

¢ tomn Cloek S nay con

of .seria dtatoo h rreceptio
con@eﬁwl& %li%sg%%ﬁs’famaatfge Fah comupnlock 5 EE*W@O&&PEM the
ra_teo% about 215 g%%ablts per second). 16 WO
eXEQUDH/ ﬂ@stx@smwt@smehw@ gnd thageesivh sige H@C%\’ﬁe 128. By |
enbodi nent, the slower of the first and second conmon
incredsiggkorsiegreabiag mejeqbency ef @redfirsticdmonn tloek figatletheakata date at
first and second common cl ock signals using clock

which ¥iediaAgmeistginhEhink IBMRardstifshiasaodlic @idianas ¥15&kid the idhta rate
the art. According to an enbodinment, the first conmon

at whid@®CKe %o@{}% gtagé mb&Hind 1788ro¢1dQ6 Hatd ?&ﬁic'M?(@ia’l dr%ﬁmn%y be in fcreased or

contro ased upon an I ndication o er o

ri

deolghgR FOF - lgr 0L A AR cBr B e e
re actjvel ving. a. seri a signal from a

clocl il GHE. ot ﬁég @ﬁ%&%ﬂﬁ% i the?lﬁ edprioHenahmay
may provide a four-bit signal signal -det ect <3:0> to

havg héremog@cf sbo 15685 Mid: tampingpinmicets refe af Hie M1 k24 of phout ten
are receiving a signal froman associ ated data | ane

gigabit? péesegond @sg. pif dovir detd [anes I EERrelAti8R radakitting iata ard four data
54.6.5 where PMD-signal _detect_n indicates whether a

laned 3l 2 alcAdRSiv ALyl récenﬁﬁg git¥), BGredabmy-ofAbb@r7Ratd Melto riditain a data
PCS section”106 may receive data in a register of a

o SR A R ALY A g g o
R B A B .t

transmitting data to or receivin datafromaqwﬁ
freqp%mér,o ahen i) Qb Al davergh abn Ml hARAROHE 25 digabits
not limted in these respects. Based upon a nunber of
per Pebsd {dat ifane dntadeieviildds actively tdnsdatiiag shgreal obe data lare 112 1s
transmtting a serial data signal to a data |ane 112

activedy geceivimtidata) wo or one data |ane 112) the frequency
of the first common clock signal nay be set to

C O'KJcQ}dlﬁQ n%?é d%%lg‘lto%{ sdcBfd %ﬂmﬂaﬁ%l&%‘%%ﬂl gl )éontrol the CDR

Wil e the hown in Figure 5 includes an

and é‘ﬁ%&éh cﬂ%ﬁg‘fl%g gxgc%rém a;%{o?ltc?rﬁaltﬁagé JE gB%é] %E:%oder 120 that is

trans state
actlveliy recggvgng a senal 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).
16
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machi ne 126) and a receive state nachine (e.g., the
recei ve state machine 128) nay be integrated in a

wei 2008/@08kevi ce with a MAC or physical |ayer PCT/US2004/026891
conmuni cati on device independently of an M.
Accordingly, the transmt state machine may transmt

d at&oc@?@@% td &feriﬂ%cﬁ%ﬁt £ sHRVdr %? tﬁeofl‘@t Ise@t%ndﬁ:é)?rg’ﬁ%g clock

rate east I1h part,

.| anes ctlve ra ttin eri data si gnal. . ,

signafHLBF benefasds FoBdRCb BF er%%tmﬂﬁée Coippttgglock signals
2005/ 020513 PCT/ US2004/ 026891 transmt data to the

using ek Hyidineravniy kowa tashase of pedinary slgill inthe ash shcqogding to an
part on a nunber of data |anes actively transmtting

embgdgnent athe diatt zomimpnalock\idnatof the festivhskhipenin by bt cattesled
and descri bed what are presently considered to be

baseeixaponl @ iedibattnaEattindlr bNBLDY EFefbt dro Y@ ielyoRanshiittivklal serial
be understood by those skilled in 5 the art that

dataVedgria0 tbsa gith @e[ne'”{‘?ﬁ lof h&@b&AIDIRY 128181 recelvmg a serial

equi val ents may be substituted, wthout de

| I
data naﬁ{yl%gn;&é{& a%%%’f 8 oﬁege%lﬁora\f Ql%t %@g]\ﬁ?% étpoar Or}{zl-i ;‘grov1dea
uation t thete ch| t he i nv

fouri&?f Hgeal s &dﬂewg@r@ o %E’Cge%%ﬁf% P‘ﬁ%@%ﬁi%“fﬁwhezgw DLIs
descri bed herein. Therefore, it is intended that the

114 grecisepivingrasignal Gamporassasiatedilatadined 12 Ko gpas plogidedin IEEE
enmbodi nents di scl osed, 10 but that the invention

PR802.3ek vddawme I54eénﬂowhémm1§_§igﬂadii_dageoni it indivateh evhethepe data lane n is
the appended clainms. 18 19 What is clained is: 1. A

receSAlSd E4h ) ARFriabivelg; tha POBdeati G CESHaf ftbiveldafin @N@g&mr of a
and a comuni cation device conprising: a nedia

Mar{aggﬁ&ﬂ@aﬁm u'l':}’b%radf ???\/Il@%’?lﬂ&?ﬂ% 9@591&5‘?1 W §f?i 862.326 —

ast one tra smt recei ve ta a

200] 2y Biee BB L o438 RSB R B oot
ransmitt] ng a serial data signal to and recei Vi ng
numyer ¢ alpL@é & rgqyglwatganswtgﬁg daig ¢ ar regpivingdaga from a data Iane and
devi ce-to-device interconnection; and a transntter
embedigsintsdofithe pissentiivendon arevet limitdd imthiscomspasts. Masednpbn a
coupled to selectively transmt the data to one or
number & [of Istthee actedeacivingnaetialt @itd sigesd fivm,drwansmiplig 4 sdril data

dependent upon a nunber of the data |ane interfaces to
signdtb @Mata 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
i7
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the transmtter is transmtting the data, wherein the
transmtter is coupled to receive a transmt clock

WO pii2051dvi ng a vari abl e frequency dependent @pwruseéua/026891
nunber of the data |ane interfaces actively
transmtting a serial data signal. 2. The system of

tran%ﬁ'dg’ca]to tH@ﬁée%lrdtﬁ%& ?&ﬁrl&yﬁ?ﬁ%‘d{ H%gé ﬁs A Hl‘f'ﬁact't ?gﬁ%%ﬁ)@r of

fabric coupl em o

em further conprises a packet
datavl%ge;ssalc Vélg %%3 gt@}% acseenalggatfw '¥0% o the MAC. 4. A devi c e
I si,n a,nedj a pendent_interface (MI) to
| ea 1%??@9%1?38 PP%@’W{%&W A e Brescatl fogsidered o be
rate; a plurality of data |ane interfaces, each data
exanpleemhedeperivel the pregent daysabibe, ibwilhbe ietestiomHey tibse skilled in
transmtting a serial data signal to and receiving a
the methiabbaritas atizr grdificafioimay datradé,and ejiivalents may be substituted,
devi ce-to-devi ce interconnection; and a receiver

withoQUINpRE HOr 618 G0 tHE RBFe 8f the Weﬁtl&{ Aﬁﬁtﬁﬁaﬁgfahaﬁ?tﬁodlﬁcmmﬂs

SI gnal S romone or nore correspon I Ng
t t |
o LSSy A AR A
it o U e s SER LA i

.. Sjgnals, wherein the recejver is coupled to receive a
lnferrdégéw dheprssant HVERAID 104 PR dignitpda ﬁhedlﬁri“@cuw egthodirpents disclosed,
dependent upon the nunber of the data |ane interfaces
but theitthe sivgntiecciziclidagll ambedinsintcifatimgsvigriathe scbpe Fhihe appended
device of claim4, wherein each data lane interface is
claimssociated with a first differential pair to transmt
a serial data signal and a second differential pair to
receive a serial data signal. 6. The device of claim
5, wherein the plurality of data |lane interfaces are
capable of transmitting data to and receiving data
froma 10 gigabit attachnment unit interface. 7. The
device of claim4, wherein the device further
conprises: a plurality of 8B1013 decoders, each 8B106
decoder being associated with one of the data | ane
i nterfaces, each 8B10B decoder being capabl e of
decodi ng one eight bit byte froma differential pair
on first intervals of a first clock signal; a receive
state machine to provide a fixed length data signal to
the MI on second intervals of a second clock signal;
and logic to vary the second intervals based upon a
nunber of the data |ane interfaces actively receiving
serial data fromthe device-to-device interconnection.
8. The device of claim4, wherein the device further
conprises: a transmt state nachine to receive a
fixed length data signal fromthe MI on first
intervals of a first clock signal; a plurality of

18



8B10B encoders, each 8BI OB encoder bei ng associ at ed
with one of the data | ane interfaces, each 8B10B
encoder being capabl e of encoding one eight bit byte
of the fixed length data signal for transmssion to a
differential pair on first iptervals of a first clock
signal; and logic to vary the second intervals based
upon a nunber of the data lane interfaces actively
whitanadamédis-ng serial data fromto the device-to-device
i nterconnection. 9. The device of claim4, wherein the
devi ce-to-devi ce interconnection conprises printed
cfﬁrsaf%tﬁm con@@ﬁﬂw t 5edig, acteps Tholigeyid®; @hd ¢ abmmunication device
%\f Frdent »{%‘7 ad4c) qovﬁi%’rteé?ﬁ%%‘t? fQ# leashpis <§ér§nsm't
iimn

& §§ ata rate a ;fé ﬁ?ﬁ? ces acp gegg{an e being
one irans serla a si O% H%e a signal
araém akelp Ryt e SRkl FHARE E@ é»e il to
rebdAQRAN Be MNe8d ERpRa ¢ tivdly tl‘én tﬁe Eﬁ& ?o on@ the data
lagietetifca sid Ydrbhg rae 8@Ehdht GRha remgéra tHeQiatiNghe lnterfaces to which
the ggremitien tansettin@the datsawsergnale tfahemittarne caupleins eceded a transmit
clqcy igigral ihaving aeviaiie freqyetty \dependen tueerctbe necler ofthe daaddne interfaces
ac&‘é?fya”alnﬁw@”%%is%'@' C@Eﬁﬁﬂﬂﬂé’d tot he M1 by an associ at ed
ne, interf va e data rate hased t
fﬂ Eg% ggfste?nngf pcéarct q %ﬁ‘h éhe fl?%jﬁ@r ur {;cH%orsaeaqt aaS\TngH gabﬂc cbup%d to the
i nterfaces actlvely transmtting a serial data signa
3.tTRe @fsted€ biil Oih Y1, VRSB Mhe gy sBmSRftherlcofiftlsas & ipdkal cifdsPRatbl Bevice
codat] toenethoralevi ce i nt er connection;  and generating a
vari abl e cl ock S|gnal for timng the transmtting
4 H‘a@@v camprisggu e mespishindergndgpb interfedee(Milind et least cdatoh tiapamdt and
é'sdaé"cf S él “rf"%ﬂfs‘l‘ﬁt% c{;ﬂﬁgt%fageér pagh dé@t 'a”“si“ afe. being
@@a ﬁns sal ge qp@ %gerla data signal
fro 3 da n o-dev e mterco’nnec ion,; rec erc receive one or
m&@gi‘ptﬁ %r:glgjata g@% Q L E@w s the receiver
furleDERbISd IeraEQﬁt EMhS & tﬁ@ &Y h G&iabi trﬁg 983%ﬂ@é?1¥ LN & firBer of the
dafd l6%d in@ifbdee romtuiadh PairéceRbrOBAbceivAl Bhd GREIrVhdIE sOME data signals,
wheineths esde@ér id ab@lesii tgnedetve fa @triteh@oct evignelehalviag Gexsrigiee frequency
depﬁldewtc@m@etniumheri q9f tze dade Bnel irmﬁrffate@ra@meiyahch)a'igra s@iagdmd signal.
VICeomethod of c a le| Lh net?od furt ”U% \ difforential
ffterentta
2 Wa“am'm@e“a@%@ him e e
6. ML (e of cla%w & hekdin tHé"WrQN‘of%Qt@ Jﬁgtﬁ%céﬂrg B&Jable of transmitting
daAsIRHd ré®%ing Abta @B 2010 Q‘Héf)leatfiaﬁrﬁenlt M¥entefdat er f aces,
receiving a serial data signal fromthe device to
7. ey fleye iohtlgimed ueretni tbe devikecorthien gortrhiees: septuiraily d8BaoB decoders,

ead] aﬁ d@s@é@nbaina gsqoeiafaﬁ ws@ormtf@@@@ﬁmgntmmaqh@mﬁ decoder
be| e fr@:ﬁ agiifleesntigl peieg @t@tervals of a first clock

s:g i iﬂfo&i % tcr gﬁg a?fgfig tp ﬁtaplg?%t tH%N!l nd mtsrv:?:
Ian % ﬁ ; € %nhe se;%s% eéscibea eeetﬁgg\ﬁcéy ’mté’go t:ecﬁoa
varying th requen e clock S|gnal based

8. MueTh&dice Qi ctal'me 4da:hae;h AR device further comprises: a transmit state machme to
receive a fixed length data signal from the MH on first intervais of a first clock signal; a pluratity of
8B10B encoders, each 8B10B encoder being associated with one of the data lane interfaces,
each 8B10B encoder being capable of encoding one eight bit byte of the fixed length data signal
for transmission to a differential pair on first intervals of a first clock signal; and logic to vary the
second intervals based upon a number of the data lane interfaces actively transmitting serial data
from to the device-to-device interconnection.

0

8. The device of claim 4, wherein the device-to-device interconnection comprises printed circuit
board traces.

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



interfaces actively receiving a serial data signal
fromthe device-to-device interconnection. 15. The
nmet hod of claim 11, wherein the nethod further
conprises: receiving a fixed length data signal from
the M1 on intervals of a clgck signal having a
frequency, the fixed |length data signal having a
plurality of eight-bit bytes; encoding each eight-bit
10 Wt Bethddt @nridi ablehst CAEIBr EHNGHRIng 3616 & i dNBcdih PatBRIRE media
ingpe@nnigteSada e MB) attd NS ratd; tak l@gsttfne teQiRtigy YRl ifa kel to and
reckewmocaesdrig-daenvsignel frarmérera omoneddta lermestifn & dengde-toaeviay intaorection,
e&ﬁatdatall@ﬁ@einap@mﬁeéd@@e "alh by %a{yw ed e fane qirstacyy valing He data
’a b@ H%\Pafba@%‘cﬁ ”Ugtbefl‘% afapan éﬂ“t‘fac el tR0smpidipg a serial

|éel¥ Fﬁc r(rfa%% ée‘?rla aj/ eftpﬂﬁa %EelPthf nnaction;
tﬁ a variable clot m:n het mitti th_%wcy g%sgd upon
rretrﬁood O%Ec? ai mr%ge ol eﬁe‘faﬁ deV| {:ﬁé%tsi ev ce

12. MheBIBENE Glain® M1, G TREh RIStk bcﬂﬁpﬁﬁlngﬁﬂahé}zﬁlﬂt;ﬁg BRadrGhore serial data
signamcete ddvice-tdldeviqeatthochnettioo lirea firstldliferanti® peii sighdnand receiving one
mefe\seriat dete sesls emitig devisetmdeyice artercongatis e@sa aewad Hifferential pair
5‘92[‘8' A system conprising: a physical |ayer

ansm t data between a o
! ;%eg%aga T RRmeah gﬁ@ﬁﬁj”&k?{éa‘“’é{'ﬂ”ﬁ@'ﬂféﬁﬂ%tﬁ ‘peed payo cae
ata ra and a conmuni cation device
14C ORP ke ibd B cldm Pl UvRdrbih YheOhetdst RrtheAREmprREE T 3L S mERGHBta fane
intdddcas, Irevaring Atsefidl da@ sighaifog thapakk & @vicalintdreadction @etling the
setial AngragntliascpréingsierandB Watdrcgirgrsahenietto ardide @c eighi-ritchyse on byte
mtg@plﬁ alrovitigze fixed th deteosigng! wdhea Ml anentgrmalg of a clock signal having a
%Qﬂ% éng yargag the drepypner efditheeakisignal basrg URoR P AHDRS LY die data lane
'“tﬁ ¥ SGIVEY rF??é‘”Wl? Sef% Lo S1O0RL TiRHY 1ot JeisPThEeVior | Ntgigpnnection.

1509%[“1& dt cé% Fﬁ:vln r§||n¥hetrﬁgﬂt§hrﬂulihe$ ptﬁnpq%s re'i: %%lgfn%rd length data
sighBi fRinDhe MN&n ifldtas b\Gock JlgRE haRRSs Adquéncy ahé Gengfldata signal
hadlﬂ@%n;d@rﬁltty P eightdit NdyfdeeEncaliing Rechdaba-bh ane |htat£&efna@650dte0group
acedidicdtot daneB R0 B RBIVMING @then®, trar@nitngttbd oxgle tghedipsl &t e device-to-device
intpdaenmedtian tineugh pegenmare data iawe odarfetesdatdoarvagdhasfeegaency of the clock
signpl9e¢H. Bt leasd Hkpash gﬂ‘wa praviengf deta/ang intsffeces meliyglriigysmiting serial
daﬁféﬁ@ﬁd’@ﬁ‘fe OEBYCE HECAIRLER of the data lane interfaces

1 6a%é }41% hxg oF ﬁg,ﬁﬂ{ t\A/H’éﬁnath%eJekr?%todo%k ge ﬁ":teg{@l éctlg‘n con-wrg}ges printed

cirétd fAtesCl @
comruni cation device is adapted to transm t dat a

17b&teneethod bieclidvinl 11anderain fhd) @gviced-tavice ahéreonndfion Th@prises a cable.
system of claim 18, wherein the physical |ayer
18c6rm1ﬁ11 campisngdephesical @y@rd@pwcjscat@n devigentonfranseiiatdata between a

trapsop nmgﬁémn%% gggga*at g nwrrt%f %Mgmtaﬁg%? dadeq ra*egng;fdacg

f t t ial dat
s.gn?;H e aﬂsfamasg é?a?gff e
to FaGvd @&@\“rc\frﬁ t c@pfé@ i@ sdid@tiely Pan Nﬁw‘e% r more of the

dadegenatedces E}l\@}arﬁﬁlﬁﬁét@ﬂeé’eﬁdent upon a number of the data Iane interfaces to
which the transmitter is transmitting the data, wherein the transmitter is coupled to receive a
transmit clock signal having a variable frequency dependent upon the number of the data lane
interfaces actively transmitting a serial data signal.

19. The system of claim 18, wherein the physical layer communication device is adapted to
transmit data between the Mil and a fiber optic cable.

20. The system of claim 18, wherein the physical layer communication device is adapted to
transmit data between the MIl and a twisted wire pair cable.

21. A device comprising: a physical coding sublayer (PCS) including a state machine to at least
one of transmit and receive data at a data rate; a physical media dependent (PMD) section



including a plurality of data | ane interfaces, each
data | ane interface being capable of at |east one of
transmtting a serial data signal to and receiving a
serial data signal froma data lane in a
devi ce-to-devi ce i nterconnection, wherein the PVD
section is coupled to the PCS section to signal to
the PCS section a nunber of the data | ane interfaces
in@edidg\eiyfallty SRk i adesS 8dch Ahta BAk terBbIRMa cadbib df @0b&R1 one
oftt@ansnaittiyg & herial @b digabiao kas edeiviag al s@as tdalarsigpar tom HP@MA lane in a
davige-tordenibe inteytonnérdion atrardirathe PMOhsextibradsesoupled itos teyPCS section to
Sl@f\abtﬁétrﬁ R4S shgtian sseymbgl ofdeg @ﬁtssiagwaterf@@s @ﬁtlvalatrpmﬁetityng a serial data
épq, toava@éth[a é‘F‘tad a%eid askip fnthe number of the data lane
E lsé%ctlgg éé\ é rgq act\xﬂ#?eé? Hn%ﬁ%enf a signal from
vice Tinte erel e s é maciine” is. co 0 regelve a clock
t:ﬂ\% tllaﬁsn‘?@ Fic f@nd fRE Gkt axgn e meupon a

i:%%t%me il
b@ﬂ&rﬁhé SilirBidy erda'iaﬁﬁﬁé ¥ilehBoak 1d LRt \Haﬂgmﬁmé/ & le8dNify a serial
daftar@gnaency dependent upon a nunber the plurality of

data |l ane interfaces that are actlvel y transmtting or
2% deefayicn gf deig @i @liereindegch datia dana linter2@e is Fheocidted iwdie adifst differential
PEf| i pRsE @ S\ﬁﬁ%rdé‘iar?'géﬁcﬁﬁd a&eeend éﬁ’erer!trﬂ @c‘t"f*ﬁcf%celvg a serial data ng”a'

23a‘cr‘t§eot§:evat § | | lnt gr Ifltf e n ec ab Q ransmittin

il R o
recelve a serl a data evice of claim

242 Zne \tbRJeCH bIdiR @ 1pIvkdr&h |tﬁe)/dé@fce d@ther l:cﬂﬁ}:ﬁlsésné xfcagLatatft one of

trabarpiadidtetoahd tecaimsats rine sel@tnaactioe anik deecaievi Nng dat a
froma 10 gigabit attachnment unit interface. 24, The

250 R demice pf aina R in whereinihefevica furher agepiisce afpltlt‘i’tqablﬁyer communication

de&'&‘?ﬁ?raf‘ &gl onp ‘R/NB“%”B‘ dafa tp anfkecehgslat fontt’f‘eaﬁgtﬁt”tadﬂ’ﬁtaa theglata rate.

AR c[?i eéf\é ng%gv\t)lerggwbt eerE ac}eglie IRt& connec gntcR Szasegf:rmted circuit
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data fromthe state nmachine at the data rate. 26. The

28d Avnathod ghmptisiianeRiast whe okiransmiing dletsi to @nt cecdiving cleta from a state

ch ’t“é?*@o‘i‘ﬁ*fér@iel éfrieaéb?t’ﬁr“a%@mﬁﬂ ? pRrEPaE %‘Qf‘@i ft’ ancbtsawng a serial data

one -y Mojg, i - VI int a9 data lane being

cou Ie 8‘3} achm 3 lanei te based, at
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ignal to and receiving a serial data signal from one
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S!g'varyl ng the data rate based, at |least in part, upon a
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sagna accor to an ecoding scheme to provide an eight-bit byte on byte intervals;
and varying the frequency of the variable clock signal based upon a number of the data lane
interfaces actively receiving a serial data signal from the device-to-device interconnection.

32. The method of claim 28, wherein the method further comprises: receiving a fixed length data
signal at the state machine at a rate controlled by a transmit 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



| ane interfaces actively receiving a serial data

signal. 29. The nethod of claim 28, the nethod further

conprising: transmitting one or nore serial data

signals to the device-to-device interconnection in a

first differential pair signpal; and receiving one

nore serial data signals fromthe device-to-device

i nterconnection in a second differential pair signal.
de3Re-tolht@iceRitdr@tin@tion rbugh 20e drheorébiA0End WidB&ds; and varying the
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34 h%od of cIa|n128 mhereln t he device further

pi att vic rise, hysical
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intervals; and varying the frequency of the variable

cl ock signal based upon a nunber of the data | ane

interfaces actively receiving a serial data signa

fromthe device-to-device interconnection. 32. The

met hod of claim 28, wherein the nmethod further

conprises: receiving a fixed length data signal at

the state machine at a rate controlled by a transm t

cl ock signal having a frequency, the fixed |ength

data signal having a plurality of eight-bit bytes;

encodi ng each eight-bit byte into a ten bit code

group according to an 88108 encodi ng schene;

transmtting the code groups to the 22

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

data | ane interfaces; and varying the frequency of

the transmt clock signal based, at least in part,

upon a nunber of data |lane interface actively

transmtting serial data to the device-to-device

i nterconnection. 33. The systemof claim1, wherein

t he communi cation device further conprises: a physica

codi ng sublayer ("PCS") including the transmtter; and

a physical nedia dependent ("PMD') section including

the plurality of data |lane interfaces, the PNMD section

coupled to the PCS section to signal to the PCS

section the nunber of the data | ane interfaces

actively transmtting a serial data signal. 34. The

system of claim 33, wherein the transmtter conprises

a state machi ne.



