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WD 2004/ 109525 PCT/ US2004/ 015978 MEMORY CHANNEL W TH

HOT ADD/ REMOVE BACKGROUND Fig. 1 illustrates a prior
wanbo4nmeyasy system known i nformal ly as Ranli nkPa@niuszoos/015978

was proposed as a standard by the Institute of

El ectrical and El ectronics Engineers (IEEE). The

nown 1 or T OB R EY JHTEFHEICAPRIREMOVE Gt

Menory Interface Based on Scal abl e Coherent Interface
(SCl') Signaling Technol o Lnbink). The system of
Fig. 1 includes a nenopf‘%%ﬁ%ﬁg r 10 and one or nore

?5 priﬂ g Z\ % N i esa ?ﬂ{_’r%rea}hglafl?ﬁgf@{y)ﬁeﬁﬁﬁm I fIrmhfy b§ RamLink which

10 e t' rnto a processor or
wasf bpaosed bed standaxd by tieainstitnteatfiBbettical and Elegtrowies Eogineers (IEEE).
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between the slave interfaces and nenpry devices, The
metpoyBedilof 2 haea Haya inkiags 84 Byt has ang Ligkdiip eng one link output.
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unidicestiond] lliaks b6 tletwreed vbreporientsp d#cketi®! rtarfaceil8onl eatlemodule
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~isinitiated when'the controllér sends a request
intepfacdsetnd inmnharglidegiceconmand, address, tinme, and data to

a rticul ar | e.. The packet is.passed fron dul e

£ o Plscriveoch f PR e ink S BR T e R A BE < Ersef SR eta
accéR e tHRANERGydRQiceat Path & @iiRfedled befrreeHERDMEMABY @B 1160dnd

storage. The slave then sends a response packet, which

moduespapeeetohat sirnmatoelongs theRingduke The contrqlier isaggpasgible for

y | - ; - -
sk bl STEIADN M LS, LEpRgRELRD
t heA mgt fr@%dgetﬁorsﬁ ﬁﬁiﬁigﬁd gt 618311colii.a'(sliﬁ‘ltsehtlitf:l_et1 tbdhfny packet including
command, address, and tine . to a npdule. e slave o
conrpgd, pdshieselimegt ldpstopBricly @m@d Hianecketdnpasne pm
mo&l.ng bd?ﬁﬂ@l[léf it &%Ehé% va?%fn?e{?ﬁé&‘ Sta¥d whith Hi e%@%k% W 44 to She of
a response packet i'ch I's agal n pass rom nodul e

the tenmopgl déwdcasrfor $toiage.r Ehctlew thbesende atespbhserpackétgwhizh is passed
i 1lustrates ri.or art nii nk. sl ave interface . .

fromsmadii o mextofe Bt eites B enBol e GeL R Swits epaction

wasSdon@¥te@ i s use to clock the incom ng data signals.

That" is, a strobe . _
A read transaction is initiated when the controller sends a request packet including

command, address, and time to a module. The slave on that module retrieves the
requested data from one of the fnemory devices and returns it to the controller in a
response packet which is again passed from module to module until it reaches the
controller.

Fig. 2 illustrates a prior art RamLink slave interface circuit. In the circuit of Fig. 2,

source-synchronous strobing is use to clock the incoming data signals. That is, a strobe
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1 WD 2004/ 109525 PCT/ US2004/ 015978 signal, which

acconpani es the incomng data signals, is used to
wa200phie@sehe i nconming data. The circuit of Fi gPCRUSREE015978

a phase-1locked |l oop (PLL) to generate a stable | ocal

clock signal froma reference clock signal that is

distributed to other slave interface circuits. The
signiab ordiich asicompaniegtha lindomingdala signaladk vedd to Kemplgtthpinggming data.

S P 0 Pk U o P L0 o
frond beORAVY NSk sikhd) that id diktdbtiedtesthar fiivedntedfate RaoisnKhe local

menory system Fig. 2 illustrates a prior g{t FigrrLi nk
clockysignal isnised foaeeloel the guigoingdats genad sp ps ipsavokt @unuipfive Jitter as

' t interface systemaccording to
the ?ﬁg%aﬁnﬁlg\ﬁe&ﬁﬁgﬁ'l es of this patent. Fig. 4

illustrates an enbodi mrent of a nenory nodul e accordi ng

to the invent| I NCi [ Fig. 5
illustrates Mﬂﬁ%gﬁﬁér@oﬁ gh%ﬁ%‘gm%odul e and
an EabOfkeRks Phriorkmt I@arﬁEiﬂRWeM%?&erﬁ?cor ding to the
inventive principles of this patéent. Fig. 6

i | IHigtd dlustsateaipriorantdR aneliakslave entbrfatiersbatis of a nenory

syst.em ..,menmr dul es nd_nmenor. uf fers accor.d

o e MHSERES PLiiEsiy o08 et nton e pnAeg a9 the
invdnkive BHAADRS oM fiéntexanpl e enmbodi ment of a menory

buffer according to the inventive principles of this

patfagt4 illpgirgtespn enbadimentof o averagry arasils aeepndings toghe inventive

. redri .Ci it according to the inventive principles
prmgﬁa‘fl Sho:fghlgg%téﬁtlt‘. Fig. 9 illustrates an enbodi nent of an

| | @iged fllusietey dhiotlgr t@bbdimehnyRninemerypmbdde phésn embodiment of
this patent. Fig. 10 illustrates ano%‘her embodi nent of
a megroyy) ytieg pecosdiBg Fafing gnveBtiyrinciRlenef this patest. i nei pl es
of :his: ' ' j
o 42 AR sl Hkhd UG 5 8101 PR TRobor
modiest mdmpabgntuffers grcoding fol ths tovatits mmoiphesrofdhis pdicnent

of .an J/O cell agcording to.the inventive ri.nci pl es
o 1R LGyl arod® piagl smppfienf doeAr it phinging to he
invédktiv8 pfiAdible@¥LMiChHiGHI t according to the inventive
principles of this patent. Fi (g: 14 illustrates another
enogi hidlustraiés an dnahiddirend of eiredsivietciropié penordigg tathg inventive
. nop mal,.. .
principles of this patent.
Fig. 9 illustrates an embodiment of an I/O cell according to the inventive principles
of this patent.
Fig. 10 illustrates another embodiment of an I/O cell according to the inventive
principles of this patent.
Fig. 11 illustrates another embodiment of an I/O cell according to the inventive
principles of this patent.
Fig. 12 illustrates another embodiment of an I/O cell according to the inventive
principles of this patent.
Fig. 13 illustrates an embodiment of a fail-over circuit according to the inventive
principles of this patent.

Fig. 14 illustrates another embodiment of a fail-over circuit operating in a normal

mode according to the inventive principles of this patent.
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node according to the inventive principles of this

patent. 2 WD 2004/109525 PCT/ US2004/ 015978 Fig. 15
woOkbugiyaases anot her enbodi nent of a fail - over PCT/USRI08/015978

operating in a fail-over node according to the

inventive principles of this patent. Fig. 16

illustrates an enbodi nent of a nenory buffer with bit

| an&ig.dililesteres apaghabérthbddymanodadhibgvéraitche operagng invefail-over

psri Nnci s of this patent., 5 Fig. 17 illustrates an

e
m ﬁﬂrﬁ@&ﬂo Hie igventivs Pyincipics PB’th%PaW th bit |ane
fai lgy \4% 111us‘%1?%%h'e&ﬂb%dﬁ‘x%@ bl ﬂﬂnfog/ erlvﬂmt {248 fail-over

principles of this patent. Fi [ustrates an
capbilityliapemdingfto ﬁlenmfdmbde plonc1plnp bétﬂmﬂaltamg per nuti ng

sta tterns ac ordln o the inventive,
£ I 4 7O SO R ot pte ot SRR SR R D ipver
cawmtabmmgtt& eI SRAeE gﬁﬂcﬁplbao%wa@@ﬂﬂce 10 with the
i nventive principles of this patent. Fi 20 t hrough

23 Hig-Ustifestetesaaepibediaranbaf mwt@da”orl m@ltwﬂtne@mht@,ng status

pafp AROREER Gy M ISR BBkt o & momory

agemrig. a9dhighiang ah@niboginieny 604 pstenutipg iphtdrlgeserafor ihacgordance
wi atent. 15 Fig. 25 illustrates an enbodi nent of a
£ IYGnBYFRTHiGRIes AfdBisPateAl to the inventive
p“ 'iu?rgs%@ﬁlrsﬁ 1 3Y S1uR@he Bam ﬁ@lﬁt&ﬁlﬁeﬁc@%@%ﬁ& 9&%@ i
enco SSes numerou nventions t
accmndiamemd&xrthe utviehtiteypritciples¥ thio patentases, addi ti onal

benef it re realized when sone of the prin
et i 23 il A s TEoHSH b Merorieta BiraripbioBe Hventive

pr;h&i%?es%lf‘ﬂilﬁﬂatéﬂtse to additional inventions. These
principles may be realized in nyriad enbodi nents.

Al t Hiegi g4 iBegtmics pecirfbiodinetet ef 4 polling opgrhiswmadcording togbs gwentive
| I rating the inventive principles, numerous
prlB?lﬁLze Oiﬁf’%%}é nts may be devised in accordance with
the inventive principles of this patent. Thus, the 25
inventive principles are not limted to the speC|f| c

detail s di scl osed hPESAALERIRESGRIATION r at es an

enb [ )

STl By LSRR L R I o

somé cESeS, additlanel %whleﬁts ardmakgxeyd vdmntsbﬁieloélthdiﬁﬁmqmb a8 atibfed in
re menory no es 52 t comuni cate _thrao

Vaeﬂwbmﬁé@@s é’lﬂe apether; ﬁ’@égms?gavsq tpﬁféémoaﬂénm&ﬁ% These

pr1'ﬂ o 2 nagﬁeﬁgil%% F?x?ft{;}ng@ BlbbRRlHAC 1RGP rﬂ@éﬁc ddetaﬂs are

an | nbound path™t I'ncl u
shmmze farmpunmrses ofibostrating ithekisvé&ive ﬁanhplesmdmeeousayhd&arrangements

maéﬂf bcglvﬁag Bh{q%grél:%cl:en\%tﬁ %qulzesﬁtf:/g 81%(':11'31%15( ol" t?usl ;I)argeknt O[}hus, %he

inventive principles are not limited to the specific details disclosed herein.

Fig. 3 illustrates an embodiment of a memory interface system according to the
inventive principles of this patent. The system of Fig. 3 includes a memory controller 50
and one or more memory modules 52 that communicate through a channel made up of
vnidirectional links. The channel has an outbound path that includes one or more
outbound links 54, and an inbound path that includes one or more inbound links 56. Each
module may be capable of redriving signals from link to link on the outbound path and

from link to link on the inbound path. Each module may also be capable of selectively
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fromlink to link on the inbound path. Each nodul e may

al so be capable of selectively 3 WO 2004/ 109525
wOeCTi4182284/ 015978 di sabling any redrive feat BCEAS2600/015978

exanple, if the nodule detects that it is the

outernost nodule, or responsive to a conmand fromthe

menory controller. Each nodul e i ncl udes one or nore

disahkingany reenve Betuss, ﬁmemg@q, if thetrpogide deteeiathat itds thg eyjespost
h dul
o 05 ARG Rl b BRI S0 SRRk | e ocul e

patElaclh ﬁqotimriﬁélaﬂdfseﬁe lopmArdMBEMOYY dBNdes 68 anndgddiab araﬁﬁbmlata to
the nenory devige is t ransferred to the i nbound pat h
and/ep Fop ook @145e oF BePathay Foreexample deempdilgansy begrangsd such that

datarﬁ:’({ tﬂgedﬂ%%mqg)\ﬁhcﬁﬁ AR QNG 2he egfcgt e d%?’i f5m tldRemory

ul'es an Atrolt are not Ii'mte
devxpa rsttragusfeared e theambaat palthr Ahgaramnire bEfferselwrhml chspdstrbbetween

nodul es ma be fa i cat ed on bstra S separate fro
one PREOFLREMGH 4974ee8 R4 BRF OrTpsy OfHF NS DRI ROARSE A3f copreller
are 1?6% RSy Qﬁ§f f)ﬁ’h@ulw ﬁlgc}faﬁf%a%fhtn%%kﬁr Fap gxe{rhﬁlg She Rlodules may
hey may be realized in any ot nmechani cal

be f@hrrcawg @nt@nbstram§em@tg Ifkom the eesh o thersystein thiey ethyths fabrycated on

R T R i B

mechzhrﬂ@dl aff@ﬂgﬁmlent eTke mbi@es relalsoudt lidiites tcﬁﬁhﬁﬁa@mme &f
a menory nodul e accordln%Rto the inventive 15

memgry HeVigh-Sse-oFad Aply mesas{RO¥hedyrsip eangpmcgess nemory
(DRArl\gi lﬂg?r?‘mte 9”% rive circuits 60 and 62 to receive
s gha Ir

S on url ectional |inks 54A and 56A, and
r ediig. velltistentesi @Imﬂﬁ)dmmnlﬂ of dliveamiry avdiilel dcodrding46 tieenidventive

. 56B, r ectively r_.nmore nDry devi ces 58 are
pringples i PRty THmat b TG Ao RIS araRs foaad 62 to
recefle SdHR1S i difecBbhifl inks54, T 00 SOA:R rBrive e stnhiR oRO!

ed to any particular arrangement
unidineétiinablinksoid and2®A, ircspsctn’slya@nqaanmrc unhmoraldsangse?&am

arceg? P RESTe a Rrho s FonEodrorefiye of TSf RGNS 1 n
MENMBE Ynsiisd GTRiS UCH ndslidiied tosh9Wartiduldr 'aﬁrang%ménl't" Sﬂumdlrectlonal

__redrive C|rCU|$ 60 m ght be désignated as an outbound
links erpniy\partedulas girengamepnb For iagefarring datectei amé/oaiﬁ@m@dmdme circuits.

If th% E%r(ll% df(i{’ Bie is g? hblrlse? élag I%i/eéno&/ g%sggrlpn rﬂ1 a qg?ﬁt sggxgn ik 91g 3, then

redrii@ £irguie 6@ ehiglst barlchiphaeah dneslitbotRdGEdréndl dircail dn@ hfr@p@ado
to 25 recelve and redrive signals on an_inbound path

recejus@pddedityeIsigiRls coem oatheusé patbipelpding liskaish and e apel the
onePPERPEIRSY R85 SRl Sy apastne aiakolhanina o
recetvhanfrmrbw s@mls&ja(aﬁ)mlamddﬁ)aﬂmnﬂhémgémﬂis §6Ai aud 66Bs Jn this

the i nbound redrive circ The nodyl e may be
exarﬁlg\ﬁ’a‘ﬁ}eé)r SrOTEEEAY ﬁ@ yipes S%tm‘?ys ¢ HEASEY 89 ﬂ’&% fatrdsftanstegigd from
the (ﬁltlgdiﬁ‘nﬁ@@drwe?b@rcﬁﬁ‘ 40 %@ e %énY&& He%‘ce?(‘%%ﬂcf‘igorﬁ e &@ﬂBfﬁ’(‘f‘evice(s) to
features accordingly. For exanple,” if the nodul
the inbound redrive circuit 62.

The module may be capable of detecting if it is the outermost module on a channel
and selectively disabling any redrive features accordingly. For example, if the module of
Fig. 4 is to be used in a memory system such as that shown in Fig. 3, and the module
detects that it is the outermost module, the outbound redrive circuit receives incoming

signals on link 54A but does not redrive them. Likewise, the inbound redrive circuit only
4
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Fig. 4 is to be used in a nenory system such as that
shown in Fig. 3, and the nodul e detects that it is the
weonoenosei nodul e, the outbound redrive circui PCT/US2004/015978
receives incomng signals on |ink 54A but does not
redrive them Likew se, the inbound redrive circuit

driv%gé}iﬁﬁ V@P él%géllg %C 1 rsﬁgl\%{: g% & U(%ct?cg Pe‘y %&? grar?hetclzlg Iﬁr&/ h ldb‘!%e(s)

and/bh@th&eg@{ays tg@t\/rh@)ebégelmleraﬁ%tﬁmmméﬂlyl‘lgﬁhs igpdales Altmmmwayz even if
e gener at t
the rBo@He Rtects gt Hositntdcriigiost PRAVIc § may b spTiged 63 it it i

capa%ﬂat %c{f)%is god H{o‘ﬁgh btlis FRYufREm rh%d'ull’é:Gf@ldf:x%fhp'le!1 #t rds%)orisé toa
opera ing as t oug I's the outernos
comﬁﬁdd fon{ 4 ﬁfenmxﬁnqnitmller)mnrvelaplmnase 1tt oapighorsongnalrreesived en

control | i.ch case it ma
mb%m@ H§K§6Ae%@ 1\‘[7@&3’ S‘Ht reaﬂﬁ%ﬂﬁ’&alf PR © %’R‘mihﬁlg ??ﬁ ?ray not
re u%":ﬁllﬁét&‘?&l aRolet SnbetiResyt ol hékos4Roduie ghd dn embodlment of
il l'ustrates anot her enbodi ment of a nenory nopdul e _an
a mﬁno@rﬁuﬁﬁdr aeentding to the inventive pyuncindes ofdhis paichly The rflqa@le of Fig. 5

ventive pri thi.s
O A PO I OPAE, Bt o
uniditebGotal EnI5R0en BP0 A, anll R IvéahSiginas 6n ﬁllilditébtlonal links 54B and
uni di rectional |inks 54A and 56A, and redri E
56Bstagpedtivelyn Thaineimaesy brgeadlsq ingludesumenery 1n5%é 66 arranged to
ive
tranist%f gzﬁ?,g C%nds%oné P?lg ng ﬁﬂeﬁ?{)}; cﬁe%};c%% §gd)a'tl“g§ P%ﬁgﬁnéﬂ% ﬁ@%ﬁMe of
dete@iifg ﬁT it 1W1Ifieelafateﬂgem)0ndﬁohlam ab® seldtielyufifablingrayy trdrlve features
capabl e o etecting i is the |ast
sccaimaie) Ty S mas OF S e iomsTachg S poet it s 1P alen e

chafifid %ﬁﬁ 19 6 nof 16 IR, rdtpY 1 R 16 ARBRIrAi R mdnidly as

I's the t on a 15 channel, even If
contrblktrs An;oiscd hmmex@nrpfeéers t(E&pUIlSHHVE’ cootrallerd phse aelladrahash),

contro her t f t
mogﬁ%%fﬁbﬁv Eb&h’csrl’&tF’ff%‘iA%(tﬁﬁEoc ed aa%ggt ), ' %3u| g
b ugﬁﬁrmmﬁfl@ and l!i\ﬁ?er oS Fight Qfd ﬁ’&@i‘i‘mﬁe@ tb By paréiowlet arrabigement of

and buffer of Fig. 5 are not limted to any
umqhmctlomj links e anymgeireiar arrangqmﬁnél fordeensigring bepwges tb‘? mMSRPry

C rran r

e 58T R GBS ELS TP SR Al st
sucHR§thaestfwnFih Fig. 3, then tedrive cﬂﬁﬁd 60 mightrerdesignayd hsezm outbound

such as that shown in Fig t hen 1redrlve cir .6q )
redm@ﬁfcutt@nd@ga@mtteaecwe@ﬁd 6@&%@&%@%1 SQEgmhouns paghyincluding
kAT RS fod B oBRE Fofiv@ et e B DB M inbound
redﬂﬁ&@fcuﬁt@ﬁﬂlamang‘ddrte mdew@%ndrgiﬂve ksegndksangﬂnanlmﬁndg)aﬂnncludmg

nbound redrive circguit and arran ed to,rece

inke SO 476 S0P AR GFBRIS A Gt SR rg B Rcgeelve
dat%ﬁ@&nqgg otBBun. (ji Ratihd SrEXFING to b IR iNe inbbend RAAvEBYCuit

e configured to receive data fromthe outbound
62.redrive circuit 60 and to send data to the inbound

S Shbbto e P TERRD bRl PATSRRS o

and/or buffer of Figs. 4 and 5. For example, the memory devices 58, redrive circuits 60

and 62, and buffer 64 may all be realized as separate integrated circuits mounted on a
common circuit board or on separate circuit boards. Various combinations of the
components may be fabricated together on a common integrated circuit, or they all might

be fabricated on a single integrated circuit. The circuit board or boards, if any, may be
' 5
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and/ or buffer of Figs. 4 and 5. For exanple, the

menory devices 58, redrive circuits 60 30 and 62, and
whedotae9sest may all be realized as separate i ntRBQrESEO4/015978

circuits nounted on a common circuit board or on

separate circuit boards. Various conbinations of the

f ' . .

e VR e Bty SOkl oA FoPRa R TR gy o
mogherkoagd, g kwangeddéy ray ethecway uThere Titag not beacirclivbsaad for

d i f .5 WD 2004/ 109525 .
xR R PGPS Cl5ieged % PR AT AUBH-CligeRodle oA memory
bufSaCkedraingRo tha TRy HeivE PRnbiplch BPIHICAIGH MRt RAlBY ﬁ%\irnqé'f!?tr‘?gg devices

not her board, , or arranged in any other "way. T
othgpthap gmemogy devigas theghennel.oFor eysuapisl aapembryt heffer according to the

: . cated as .part aof a ti-chj .
invERIRAMRITest s BRER ORI e R2aDiter s 2O pariilieR g bridee to
acjpnbki pl es of this patent may be used to interface

devi 55_5 %%Rgr,than nennrg@devices to a channel . For

ex aﬁ’é ifiogal Aimaents elappareiis paeaiding ¢o thednventive principles of this

iaRC i : j t.en No] 4. nt.erf.ace .
Pt REARL e ainh RA RS O PER bR S S afthve
cireuith,dd. e ftcitatt anppderstinding ofhovd ititapbaratiRendy heEiliég in a
rinci hi s atent are described wth

| f .
me 8%%%8@33“6’8 as Fhﬂ?_k?&hﬁ’ smegh ghovg iniant Thse reparpippidowever, are
notN@dtddus adPpsiticwbh drfangEhbnt dr %nfd?r%btjidr{aﬁﬁﬁgsafb the particular

under st andi ng of how 't he apparatus nay bé u
AITRZEHENH PO Ve r Ennsferringalsta iebw eeniibel linfesrindstioasreircnitrdy] 6 to any
. arat.us, however, are not limted to any
mwg%F%?%ﬁlg%RQ}F%H§§w8W?'of unidirectional |inks, to the
parRigcéillmktrated 4RNGBRABEH SO @BodiREnts R A SRS RYstEa! @emory
etween the links and other circuitry, or to"any o

moqigs, pRehHEmeRt biiffesnacrerding to the swentivesprizicgplestof this patent.
' S Lt | exanpl odi ment s af renmo
Rot 3 L B Y R SO R oD
having dohtact fivgend dloreg Woth BitlepbLeneddgt B GreR8heREL inliRE iR oM hodule
Fig. 6, . one or nore nenory nodul es 52 are based on
(DIW%%EHH%X PRRIREEes AR COERIPREN esWhen eirowt hose shoa hodg other
' n | Lnlicne. menor
con OO A AR i Uoh RN, o
examplstthe PIMM 6urint-fabiwanstd foaDohllk Dat-oR fte 11 @SDRY)MEAGHE fandom

f _the s An. exi sting formfactor my be adopted
acm%%pmpﬁgyﬁégggb}n? ©S-exanpl e the DIMM formfactor used
f oIThoasdru®:sRad t&d With otdHReY d ) iy~
nmenory ( DRA l?%pg}ﬁ es. The mdu%gé?rsgf%%gg@g%eég&%%t%alty type
DR‘ﬁMﬁIPi)/ a@@@&@R@M- Adnemsrinifier 64 omemdi hydily polat&RAVmemory

corBAEA003 T R A TE T B e SR IEEH S

I sol at es

alsoirefemed acas lidie TmditHagsel iOwibe iﬂ@ﬁ@ﬁﬂto_fr’mﬁﬂ':ﬂahgémég wwith an
s also referred to as a host. The channel 1s

outb\\@xfnlpégath thah inchides owtboyst kinks Sy anspanisboung path that includes inbound
links 56. The links may be implemented with parallel unidirectional bit lanes using low-
voltage differential signals.

In the embodiments of Fig. 6, no additional signal lines are used for functions such
as command, reset, initialization, and the like. Instead, these functions are encoded
directly in the data sent over the channel. Alternatively, however, any number of

additional signal lines may be used to implement such functions.
6
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out bound path that includes outbound |inks 54, and an
i nbound path that includes inbound |I|inks 56. The
wo povkao9sey be i npl emented with parall el unidireCt/iuswad/n15978
bit lanes using |low voltage differential signals. 30
In the enbodi nents of Fig. 6, no additional signa

lin f Nﬁpt%gg C ﬁﬁﬂgg . ,
~ini ?&?glﬁl&%gtg ?gﬁk Sfagﬁlglft e [ %.géil.ﬂér%gtteggg,act es glﬁ%lg%ﬁr%ns
disgrihatedrie tbdubst atid modulys, naybhthrolegha dect buffe 78t Mhis facilitates a
nel . Alternatively, .ho r, .any numher of
R R O P
sarfiplogiid @asive hcWRIOOA. 18&28R Slothisy %eﬁée’scggécyisév%i}a&lﬁ(at each

ref erence_ cl ock S|%2$I_REF CLK is generate
agegs detssignalsrmapebeicloclredovithoyt any frenuehgstracking. mblterhaely, a local

|0 hutfer Z8. This facilitates _a
clofEW Bt Mt fendienty of Riv b Snceriiont 1£kait:
altegeative ot Sythchloncks bkt schame suhed sblrce SFM 1A Ytrobing may be

redrive incomng data. Because a conmon reference

USeEy ock is available at each 5 agent, data signals may
At e PRI Gt BA, ché S Bites AR li%hgs by svning e

mayhede peciaendtd fyanods (tamys neddeinerahengdabkherd)s tothe iti@fmost module on
ernatiyve schenme such as

e PP PR S8 ST S e v
mo@$18 8h Bl cCouRbeiRd ipaBN tEach B dIRSbedi stahatr&ﬁix%?h?e &ﬁt?c@? R until

by sending data, 10 maybe i n packets or anmes
it ragsleas threwemmshgedbley Aoagh the outemostmetuldeduldoitkiths to Fedrive

t.bound th.. The .i hner ppst dul e recejves and
e HREP0 BNERE A B n e ol B mleatietves (o
beirpahitrucEal tharady LR ulkfloMafiodal PUSINES shid i RALAR (0
data until it reaches the outernost nodul e. Althoug
redyqq dNBERCETARHRY W FFAPIFENRLINN, Boise, etondn this embddimeat, datagransfers in

: " i Y _out ho link each nmodul y
e 4 8ok 0ei BRVEY, TG PLROUN b SRR BN S0P
modufle feseilbearniuedrivasstibomnd db@ abng (8¢ HdblhdpatB DML T B HabN the host.
circuitr reduce unnecessar){) power consunpti on,
G

to 3
noi’ S suifplle cppnpyicationBEYGeR ey beaised eveat rhysichichanied. For
oot - initiated b
T e e
datar tesps fevee sAlterhativredly, day agemk omg bt hHowed alindijpeddia taidfdrsi Frames

reaches the host. Any suitaple ¢qnmunication protocol .
of dﬁ% W%gbeﬁggﬁgwé fo {:q{@y nglggi ree& gﬁtﬁe‘fvylte!j@!ta, .s s information,
errof ¥Adiagion | ARialiOflonTYa, Rle PARIAN81E br bRy EQhbih '(glr tzl%of. A

schedul e all inbound and outbound” data transfe
protpgal @payaici ipwlemendes sugl érat, when thehest kendsd comniamidtfraniesto a target
r Fr s, of d may he. configured to,
o8 o 30 RS it S B i

respomedTaimd baeR the ledst Blong HHedhbRind Path. IMishéPdd &RbdRMeRtfR target
l e patterns, etc., or any conbination thereof. A

i
modyle{ase Bet ialvabe icpmmand fea onutbnoethaend piten t he host
Semglgn ArRIMRUhIoRE Be Ardd? @il receives the command frame and

then redrives the command frame on the outbound path. When the outermost module
receives the command frame, it initiates a response frame (maybe nothing more than an
idle frame) on the inbound path. The target module waits until the response frame reaches

its inbound receiver. The target module then mergers its response into the inbound data

7



10

15

20

25

30

25 nodul e al ong the outbound path, the target nodul e
responds by imedi ately sending a response frane back
w0 b@4hasses al ong the i nbound path. In such an PCT/US2004/015978
enbodi nent, the target nodule does not redrive the
command frame on the outbound path. In an alternative
ireSRO I
e e TP, R FE S En L {p b g niOTRR R th targe
lnomﬂHQUumdmpamhﬁamhen the outernDst modul e 30 receives

e Mo tassgRiRew otertal snbOdiRel: dfaReRon pHERg focording to the

mvelnﬂb@ylrh@mﬂes bf th-E;"t%tén@ F O mBREH) BuiRiot Biglntihdiudd %ﬁ outbound

response frame reaches its inbound receiver.
redrivgrogfistit 49 dureseivh end redriyesignals on pe opibawed paik including links 54A
and 'SEB O:H{Eidanqﬁf)ﬁmd rgg%\?e Qr;ééljf %8 ?%hecglgé—/ U(iﬁe 01% gé%nglz g)ré fau 1%bound

patht mmmgemsm ra:n@l BB]B W m&nblbﬁnteﬁﬂag@M inf@reiskethe bufféeto one or
response frame, Fig. 7 illustrates another exanpl

morg RSHATHEAYIOEH Whickahay Be thipugh o meraesy diup §8+ She pemory interface
j: j T r

may, {AUE6 FO4E aRE IR, treR vl S RS Bt DR TRUR He RSl path

is caupledi to ¢heamemordinteviace imdrich mapbe tmowght duskelv patdit 70 which

including |inks.54A 54B, an n. i nbound redr.i.ve

clim R RRE s hepn s 6F s iE pulp Skl s odhprigne bit lane. A

pattdri ReRGghor PRk Ib@qllsémﬂorg@n&ﬂa&ks%até@&t@ﬂg t8 8Bnsriit BRIEIAY inbound
interface 66 |nterfaces the buffer to one or nore

pathpéarergmpleyif tesshufign happensifo teethe hu@ugbst agend op rychhureel 68 which

ncl.ude .rea i te

casey IFGTED o ok PR s el 5 g PRE S it

mulf@gleXer 72 seRch@ptabIdsQlataBorTBEYmbAL Btk A6Sor piilefNgdiYator to
be through a deskew circuit 70 which elimnates Skew

the IBEQWerﬁd%Yﬁt@fC@ft data i f the outbound path has nore
h
o800 1 B PO G 150

compatiide ndth spatiind xﬁﬁho@)(ﬁmab@ paiticulatle comiiodity hempagsletioes such
n_a channel, in_which _case,

D%%éﬁe Qut eém)st agent %
R.%\E © fRjire rmary PRERTTREY e Wikessied an p sEglA itperated
[ r
e O b it i o o R T 1o B CEAHHTY lements
maygnenahegtatﬂd dnto sephgtd crinmpondnts seirainy ether meubdnical Aramgenmny may be

emplgBed SB EnbodERa o) Fie T 5 GRS TBIoG Nugehobien hpdiments
are pORSBIeYin @@éﬁr@ﬁx%e Wﬁ‘ﬁrﬂaé ﬁl%l?t[vle}brﬁl@m%ftthﬁs B%Ht" Yo %Xéﬂéﬁ% the

such as he entire nenory buffer may
embodmeegt of Elg Of8 sé\own n‘gtheunldu@goml ddtaf®vgng it t;he |0t1tb|cva1yd redrive

rated.i 0 or.nore ne
cirsfE5 B} BER bR o80SRl E hertach 8 e Ripdr iy
cmum rrmm @k Slowg howyer thﬁ\}ebe pedhabed) alﬂrdtﬂéigtﬁﬁﬁggmémé/a@e
oyed. The enbodiment shown in Fig. 7 is exenpl ary

cont%lﬁpweda yen b cehpdimeneitise. hisdo by saidina chanmel system in
whidCHH iR em%&gr 15{%%&1&{%3{; hbed 18 HoR%sRh&wn 8l F 1Igm7 it may still be

atent. or ex
realized with redrive circuits hav1ng full bi-directional data access as this may facilitate,

for example, implementation of built-in self-test (BIST) functions, in which case a second
deskew circuit for deskewing data from the inbound path may be helpful.
Fig. 8 illustrates an embodiment of a redrive circuit according to the inventive

principles of this patent. The circuit of Fig. 8 includes one or more input/output (I/0) cells
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enbodi nent of Fig. 7 is shown with unidirectional data

flowng fromthe outbound redrive 25 circuit to the
woretmngseit erf ace and fromthe nmenory i nterfackCT/US1004015978

i nbound redrive circuit. This data flow, however, nay

be bi-directional, and other arrangenents are

: - ' s g, 7 1S to
743320 SR R el A o 7 SR TR Ly ey fo it oo
signariiX y Altemnetivety,endr0 yelhaagd Subistinfte oMmagesordatd sichd RDX into
e realjzed with redrive circuits

7, it .stil b
they g &gt%}a%afbié dirfie it sieanrl Watamay bedaken drommihe inpyy data signal,
cithed®ifokd & fHver itQQrefdPinflglé%@ri)Q |o?t£r111%: Jtilﬂ%) gigﬁzﬂt ation of '

built-in self-test , 1n which case a
sec®he“Xdoskevwiche thove signal rhesk dvdicaestthatdt faighnbe bee of multiple

SRy BT e L L P e
redkiRY eRédiMEVIdY diRC bR 188s Fbuldtia$e RAESD celig%zlfi./ng)ﬁyécl:%? %%nals

Fig. 8 includes one or nore input/output
nargedAY), o 4 R0 315 2 sedpve/civsio 94th@nhox §inglz 4/0 eelt; theodataviipatsignal

[ i put, dat a sé-gnal hat it redrive
oSS b0 8 5k S e bl o o
inpoeddta sigyalsubstitute or nerge a read data signal RDX

i ntglz t he out p(iLflt ,data signal. A wite data signal WX
may - eleT B K WHG dasen 15 maed fop genveaieacaiogadicate agy dafebeing taken

At i i . t dat a
oo 58k A AL Al v,
writendfitcangdetdiratted to amgphtorp mtarfiee of mietoty Pévce. SLikEWRE, “read

datf RV 459 et oot GPuLBaHR D o, e G pRY eqe fom any
souRRYhétGudtia enkbrly d:e{?‘i@@%r H@gfo%/ofﬁ?éélﬁc@.i ne 1/Ocells wth

i nput “data sighals nane ...R8. In a redrive
ci rReferringiaghindaFig. 8, s clogk gerlet@oc?) genetates aatmbdr o phase clock

. Si ld b or siyiply R The term RX i s used
sis PP ap el alor S LI e Shgnte iy ienss q\mional RER
CLKatTae sloghgbigeratbhichudiedn phdisk 11(5%:k@éilcf%)'1')_(PEL?J 82¢that Qfnerates tﬁle
conveni ence to indicate any data being taken “fromthe

trangmit.clagk I ans & malinle agthe nefoiegee elpek sigel RERA CLEhand aiplese clock

P U ey S0 AL O 8

PC2 akRC3 statad 90 ddeeees apart any detated fdi@thel tankMRWodkord NBach of

H MO ell, but read data n’@‘ cone_from any 15 source,

the {Grcefl may yserenmerymersaf ke B¢ apd Reryclohk sigtfabeie. sample and/or
difRef B i ; ' i ' I thi i

R 81930 kB Dol 068 SRR ot

the phase slock and wadendi gockt sifiRIs mreskblananldio the s@bemantey are not

Ay Bl B et o
t r F8 M illuga@kan EmRidedtél b PO faﬁ%&ﬁil{ b ?ﬁﬁﬁ@%&ﬁeﬁ)ﬁi%ciples

signal REF CLK, and a phase cloc gerter at or
of thimBatpris 4 tspeivemnisoidiarrenged to heseiveardatd Ggmal Riasel ehtekit as data

o3 05 B e B BT s 067, A
generated by a sampling clock generator 88 which is capable of adjusting the sampling
clock signal in response to the data signal RX. A write data signal WDX may be taken
from the input or the output of receiver 86. If taken from the output of the receiver as
shown in Fig. 9, the sampling clock signal SC may be used as, or to derive, a strobe signal

for the write data. The input to the sampling clock generator may be taken from points
9
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the /O cells may use one or nore of the TC and PCX
cl ock signals to sanple and/or redrive data signals,
w@naioe95eH generate additional |ocal clock sigpel/BES2004015978
this enbodi nent, the phase clock and transmt clock
signals are stable signals in the sense that they are
] n f 1
otBObeE e TP IR {oDeil T R ik PR BB, A Bye bt rom
theemtmdbﬁthntre@tveaas weld cel | according to the i nventive
eceiver 86 i s arranged

pr| 4) of this pat eg . A
UBstatgnpapt 51 GiHbo tn}@néﬂéalt Uarellacrardiag terfheaventive
prn%l}ﬂ@éij)f t-l% fakenk. e(ﬁ;ﬁrﬁl@ Rbb& ntsc?f’mg 11 afel Qf ngllﬁgggbgiﬁﬁa%ﬁ%tor 88 is

he sanpling cl S|gna nerate
1mpibmctt¢e@wnthraat1mmﬁ&tm&amdlasre«mmbtaekmg vadj(RTU) 089. The

i G eTRar BebeTa 1P stmb i od Stal DReinaF e DEiEeh & ppp of
phds& €lotRBighald 'Pd}i"ﬁté ﬁirﬁe g&g& f&Ur sIg@8R 'tHﬁ lar 60 dér_gfreés"t‘)'ﬁ%‘f ]%Ha?éﬁ‘ in

the out put of t iver as shown in Fi
TesRanEp 19 hyacier: xigedl diean theceaviupr b@clus@tlmasTh@reccwemckm unit

b d Th
obs@rv%.[; F 12 cﬁta %@IRX % aacﬁtﬁkfs t%ltr ng‘? 'gl%é;hl SPS%%nlg (l;%taﬂ% 1n§ c
mg@ @M%Q%Z&W&M&Zﬁ}ﬂéé&ﬂﬁﬁﬂﬁe thetdaey siga@ Bt ddppidiRiate @the.

the recejiver _as shown in Fig. 9. For exanple, it may
Th‘ti"ethFéR’é‘ﬁ ing glerk ﬁlﬁéaldmytﬁwa@fcatlﬁ dragle thei dagar signaluel | .

Fi gp, oéqg rﬁogélfﬂét o indl %é‘lf‘e%el‘ééﬁ%kﬂfgg&n bs?@eg &8 ft ts in the

accor I'nventive princi
datd sighdlR3¢e b’p(odemnmhng tHel dyta sl@tal tulniaadgastﬁigl tﬂ@szﬁﬂlplﬁig clock signal to

sonffjang i (i Se] BILRFAES ORMS CUSEyeThs o tho midway point
bettv@éneﬁ'd?@{tﬁ%@ in @€ Qlﬁfa%ﬁg?ﬁl g s%ﬁtﬁgﬁhg Qﬁbcﬁ §91’§é§at§t 9%2 ﬂJaPl k?ﬁ/cll]lde a

i nter po ati ng bet ween a nunb gnal s
loop@ker that mmssre@as‘eeraldutrceﬁs gmh;lnsy bt?mituadkyede&@rmimqhaates shoutd

s R IR o e ARG S LB sb O r ortne
dat@@feqw;ﬁﬁ)nt e G tShe RahpliRg Aock %&kk&%&ﬁn&}hﬁe ‘Eaké}i:ﬁfbtﬂ%omts

gnal so that the sa Ilng cl ock 10 signal causes the
othtré &} {ag Anpus of ﬁmrmlw @s t?}é)dm indig.HE. dar axamgln,at may bamaken

ffofﬁ%&ﬁﬁﬁtaqtf‘?hf{fe@?lvertqg%glatthe sanpling clock signal may

ynam rack a signal. In one possible

e maal mendlmdhhef 153 (2 C] Ictﬂ¢ bedoFdifK td e Wehtlﬁ@pﬁlidiﬁés of thls patent
ansitigons_in the data signal over sanp

masf Rusedtvathsichrme that frama thed{® sells tﬁéiygamﬂallﬁ fael tb@kiata signal. For
B 0 AR A0 R e e e S Shod s i
the best wegpetiodivsily hcmdiraumng Fremdsbieto shemaboundipatls dhipse fgining

cl qck generat or, include a |oop filter that
frawg?&’? g’% i‘?“ﬁ‘l 2 ls)éé?quélteatﬂ &Ssﬁ‘ﬁ?/thét/@‘ﬁtr geghyey tracking unit
obsé&‘%@éﬂ@u@ﬁ tttaﬁs'iﬁoﬁstmftl'ipdﬁtéjmgﬁﬂltdjﬁé ailb o £’cgﬁ's? ?h@sfan{ethﬁg clock

2}3 clock signal to Capture the data closer
Slgftah kl(é‘msér thefoutenmostaeadalesip dig. omey perioditadlyisaplitrainimgtitemes
ck generator may be taken from points

[
ontg@hﬁhb({ﬁ%g% ﬁlhe i nput of the receiver as shown in Fig.
10.Figorl itluargitsanotier BRABodifehBdRA 1/0 cell according to the inventive

principles of this patent. The embodiment of Fig. 11 is similar to that of Fig. 9, but a

buffer 94 is added in the data signal path. The buffer 94 may be a jitter avoidance or drift
compensation buffer that compensates for voltage and temperature induced effects. The

buffer resynchronizes the data signal TX to a transmit clock signal TC. The transmit clock
10
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20 fromthe output of the receiver as well. An

enbodi nent of an I/O cell according to the inventive
w@erionaogskes of this patent may be used w th sSe¢EDS2004/015978

that trains the 1/Ocells to dynamcally track the

data signal. For exanple, if the I/Ocell of Fig. 10
s1gn'a§1s lé%%l% iA$hPRBsOhat 1E?;eplﬂ§é"¥§rn36t AL LR refRNLe tothE | H&a siémal the

periodically send training frames onto

WaytthesmlbolmésxgaﬂPSCTShese training 25 frames have an

- edgrePRiatmbt At Pl B B8R b S BRB o A Rhe i Bt apges

throh nﬁ)ﬂé orairedate Ih@detlﬁ rédpofisd t0 adflpdésdigial ElngREPtHrogh mode, the
signal . Likew se, the outernost nodule in Fiag.

signal Igaéwswpusla W@apmtybemmm admedriveanmbisredging snadgethe signal is

samé%ﬁ%ﬁ@? 1% a&c S‘}ff ﬂht:l %{(r %gglls rﬁgﬁ%ﬁ@fes ﬁgmﬁé'cgﬁ by operate

in differert Ir(ﬁir% mxfdet hIrSor;Eertoesnble e’ﬁ’ﬂ)@dﬁm dhereufferafpefates. in pass
to that of Fi 9. .but uffer 94 is

throaalaw% rfa %@%%l&n@.l@%ﬁérﬂgﬁ%ﬁhls 1B 6355 fQ3s TGsATRIG Ht%ie&nd may
result! th b §horff e c&lfse dd Jatta RV o§ gtaﬁ@tclock that

conpensates for voltage ansd tenperature in
is u@ﬂfte sdrgple Teedatd) UiVhen theesgdaﬁngrmhlsm agshgedy dteablﬁ‘feg mpbraffeXin

redri o 3 ST R e gl R e (S Epear e fo o
resyhb enc¥le ABE maf désulttis a %}%‘éﬁla'te‘hc? Blit ALy kbﬂh&ﬁj ittd?. MRS Wééil may be

to the data signal the %/ he sanple clock signal SC
desigaed intp & Wemenadfanenmogdtlerthaf hag an inphtfop ggceiving the mode signal.

(e IR0 HRTOE AR  Be ol BB utich s ey

shotp 8igBaltgatioieghe ﬂ@@@geﬂt hie 1rg>u8fn@? dk aﬁb@ﬁé@@rhbf Sydétted depending on
W t hout bein npl ed and redriven. | n redrive node,

polagihy) t8 ca#egthg 0§5L1rfﬂ QRErR N feéaﬁpleémpderbe%% Bisejitter mpbe

tole%ltéﬁccsﬁ aséh%ﬂasll all tﬁ @gqgé ef ltflﬁldl {f %ecrﬁgljln ro?h{%duie']s to
Tferent redri nodes n one’ possi

be usérborbal bfstam np\ehmh deere is guaksively mmgtggnaﬂrpmﬂa to f.hetrteat mgmhe the

. signal js asserted. is.referred to as resanple _.
inpui 53y g -a9sg7ied R eayise ¢ eﬁac I {5} QreFate oy teRe 1 causers
reddé@é Auté 808t atlthe PSsTHE & ﬁéevcﬁﬁo% ieaﬁg&cza@teﬁlaﬂgglgag ?etgliséered

I's used to sanple the dat a. e node si
ﬂagmmﬁy teased bethe mé¢morybiuffer oompedult o inn A redrécirewit,nude theddO cell

. e data.is resynchronized to the transmt clock. This
ltsel'tfgo?oé‘%@f%&nq }zlﬂ‘Presync node and may result in a
| orFger 2linhsiRey aRbther@bda@abRflah TiBEe]l abdsrdidgQoGRe InveBtive
be designed into a nmenory buffer or nodul e that has

pringiples o this pasentr de Biewhgdiraent ablig. 42.dhareceived andiganmsiBied/data
f
s Chn TR i AelF Y SR SR 1B MLl

mtegg&ﬂtc;rcmh ﬂlel dihma&hchif&i}é @ célbry be thtiiehted Otfhaﬁé‘sefvteﬁ% mcludes a
endln pol arity). to cause the /O ce]l to

Sam%%% HHESG ey LieHAPPEOHBIE D e bt BemtBganftispmples fhgingeming data
mgn%l?ih%ﬁ%toﬁ& 93 sﬁzglgpl;?%&oél& 91%@4& lﬁtgévprsch%génlaﬁt&f BentdB8Gor 90 in

nmenory r or
response to phase clock signals from a the sampling clock generator. The termination unit

provides differential termination and converts the differential data signal into a single-
ended signal. A jitter avoidance or drift compensation buffer 94 clocks data in response to
either the sampling clock signal SC or a stable transmit clock signal TC. A multiplexer

100 selectively couples data signals from either the buffer 94 or a serializer 102 to a
11
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be used on a systemin which there is a relatively
| ong signal path to the next agent, the input may be
waleosoadewsei ed to cause the I/ O cell to operate POT/USRY4HEIS978
node because this 20 reduces jitter, albeit at the
possi bl e expense of |onger |atency. Alternatively, a
transﬁﬁgfaﬁ:hqrbﬁ.d Rehd 882 YRR . Qhrd RRFBIBE the l?)éj &ﬁf at%rlahzer
nodule, or in a redrive circuit, or inthe [/Oc
102.i Asghdér midtiplsnen oy bhdispasde bsuwgnmbuffﬁ %. anﬂzranlsrlmtslatplatl%wnh
t her odj 0 /O cC r.din
one RtrrsrEeT B bR i BPothi a5 gpmfed i bt bl e
mterﬁd;l’g@@ll ment of Fig. 12, the received and transmtted
data 25 signals RX and TX are differential signals

anWhen éhesawall needsde sienge renddata o gre datn strreay thermultiplexer
s, s s O D5t B gt

data bﬂtrdfith@:t/()ojalmmirdsp&&e td t}ﬁ teasmitichgk $ipnkl 'sanmtbawﬁdeethe
comng data signal in re‘éltponse to a sanplin

multml%jwaﬁe@@ theidate signal Epeythe Beffgyviigh isthen wdgyery thﬁ st

latchr e[%%‘?ﬁﬁ?mft Qlaﬁl'é?g?ﬁlrﬁ BfiferRliaA & af &1%?6@1%%1'?? BY kaAhitter 106
ock gener at or e termnation unit VI des

befonh Hefirgy diteh antd the nextairmchrecamhl tiokvBfrits daﬂaes thiked ﬁlomrthe alitput

data si I i 0 a Si e-. e d sj gnal
of tha@apwﬁ%é%ofolﬂwthm@ ﬁéla%rn@ %‘“rroé‘&e%cfjf’&c‘t?§1£“d‘é?1£°mt
bit 1dn@ FiESRIIS&hhBsmEbit (ﬁﬁér Jnl&ﬁm%a "ﬂ%'d@&rﬁh?@r“mi} ﬂﬁ‘@bro%ecﬁrblt
a stable transmt clock signhal TC. A nultiplexer 100

line sletlemgmal 8DLL, vdhigh mgy Hatleriwiddrun ﬁlefsamwimloﬂemgmai,eto indicate
fer erl alizer 102 to a 11 WD 2004/ 109525
wheiptietts 3 Sg06 IR s £ T at on" 104, Read dat o
si goab of MXbentivepriddiples BEMRisMREEnREe14tB €0 HésRewBlgl sigials

serializer 102. other multiplexer may be di sposed
sepagpéalyuiiom tgdrivepathy Amerrivepalnis defizaddty angprinerR cogpanents

t r
o RAFE b B B BB Wl iy e
embddimehts Of Bs| 9 me@ S, thoredEivgpath Qﬁiﬂudéatra:ei\mt 861 hethd@trbodiment
stream the | exer _selects its input that

ti
of Figolhp thscrefidve P?éL 17dgp reretves 80 pkhlufion @4t Ui aqug{l% of Fig.
a |
12, tfti%) fé;&ﬁlze P%}g rl]lgcﬁ]@(fés sptb g;llﬁ%tn §¥f térx%ﬁnd&o ell?l%dsiéebﬁ‘ff&&ﬁrpﬁﬂﬁﬁlexer
100, tmahsrhip lagote 045 ehdrasssmiitier gt a si gnal from the buffer

which fs Loen L eariven by, the transmt Lol I8t may

be infdrit8d B4 h 8ddrivk @ndhit BMchithA m&fvﬁuai% 1aJﬂQs BEfed8siRe! Afbuit
driven onto the next unidirectional |link. Wite data

are ingudegide thefredmve paths u”flput the gignelh en thedlvit Hings tay bh deskewed in

eachggtirlkv%\%tirg}uli &, }ttls re%Bw?n agﬁég ip% | %@g}ag’%lg ! ov%tr ¥ o(}esl?ev\‘;l circuit

accofdifi€to thié idhiiveyprintil@e o3RI ipalehZ@hy H@yepaireﬁ@ ﬂ’@frﬁhb eQlride paths.
bit line clock signal BLC, which may be derived from

For gxauplea ifpihe catbedimest ghRig; 7+alaskey eiewt iswhewn seraraip poteonly

s T e T

Alternatively, a deskew circuit according to the inventive principles of this patent may be

integrated into the redrive circuit, but still be separate from the redrive paths. For
example, in the embodiment of Fig. 12, one or more deskew latches may be located at the

output of serializer 102 and/or the input of deserializer 108.
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separately fromredrive paths. A redrive path is
defi ned by one or nore conponents through which a

WG 2@nab9spF opagates as it is received and redriRENUSI04/015978
exanple, in the enbodinents of Figs. 9 and 10, the
redrive path includes receiver 86. In the enbodi nent

pur Tl pRim e AU B I RS el Sep By from

redfiedpdthseaspiatdribed abortese sremyplarygnlynartd £6 not miteditat these speciﬁc

unit 9 buf f er 94, | ex 100, .transmt | atc
exagiples. &ﬁaewe&ﬁ W%wew%at ngde g?ﬁhewgn& ienaliehprty, 88 redrive
patﬁsrh‘(:@&{iin‘éqo Ritib pakRy da‘?é irRbpdidbRt JTRHRR ﬁnveﬁtléd@ﬁilﬁféffg}ﬁéi dti]igt%distpatent.

be ~i ntegrate | nto a redrive circuit suc
Fortehanphd]uvu aglag erthbodimants ©f ofdrivh eirclatskiBustatadciniRigs. 4r1€ are not

dri.ve. pat hs signal s on
iy ' ifpbF B e EicR G OB und it PEPR G s too
maﬁ {heGiinbiphs rélhtingStol REkdWIRE sigh4IP Separddély HronfNddeif s phthy 8dcbrding
however, a deskew circuit "according to the inventive

to this paienipnasborsedhyith @h@retmpesﬁyne@@rg apditagtares ughringe
unlrﬁll?e%glo%ag %@g%vlgs raélua%hl%)éﬁp?? Wt ut lfe%e% ? I Pg %edalrl:gfﬁggm&{;t o'%'hgks such

as Rdnelinkdri ve paths in redrlve circuit 60, but also from
the entire redrive ci Alternatively, a de

ci reamg offbe Byvantive praciTies qfﬂblé Retehirefts mogrr%gsw’éh fatﬂﬁii §it lanes.
For %g%tﬁgfei ?}Bry e l’z)‘rgdirégtﬁg A4 bl We@n gﬁ'ﬁ?of &dh F%rgs Qﬁl%vﬁﬁhtthe

e separate ron1t e redrive pa
emtmdampxite of Figs.t3h é, & rfbad] mey haef méteghanide whkener Anoording to the

Kk | .at ches. | ted at th : .
inv G PSBIeS 063 AP RS T ol ML fesfonyig bit lanes
to a%gld%a%%%éﬂ@ 9rdpaddat £UeR2Q94 Egntraﬂé@ (l‘i‘dmoﬁioﬁﬁlét Buffer, etc.

nmet hods and dpparatus for deskew ng g
massb@eapableIOf rcfchl@n’olmgaohq Qrencpratsmalapn@embebe bléhws Arsignal may

Y. liymted to these .spe
be SRR LAtk o 5OBFn R A B ety i o P SF blbciing o
faileleBik ik eﬁhalagﬂﬁha?elcﬁwa;r\aﬁle hisistdneefioftiarovier apéit)énd any agent
according to this patent are_ independent of other

may he egpebleof prdiieeiing wignaly respansivigde a gemmeng gong ﬁmr@gent

P OGP R R ok BN Gl Pume o e prentive
prmﬁﬂwqﬁﬁfg phien®s Tt&vﬂaﬂ@vs@@wuatleo o FhouRds shoshn didrgvith an

crRAREHObg s S tis SR PBIRPSFy Gl SHAPD B Db nventive

prnﬁ:?;ﬂ@sr AL 06 1ich @ cfﬂa'u%e RAHER g lpgﬁi(:uﬂ? rdBRE ¢ g’bﬁlp ) EﬁBT FNP&Rer

menor y archi t ect ur es I'zing unidiréctiona
cirduitiikusitedeo the, spacifiadetails dwtvaria Rigdi3. Redrive escudt i 12higeludesa

t of link h .as Ranlink. . 1h

i Bh O DA HE o< AP SUpSE SREAT O APATRC bl Eech
bit hé s dntiddRd Riah I/GEAE114 ERTngXRBAYE 1 18 AftrdnbBitter 118.
uni di rectional |inks between any of the agents shown

in Alf%ﬂ oestisirduitreaters tof cirpyjbthais capabls ofgedirecringmye Rawmere
s1gn%‘r1)§ o or ﬁaogrge? g]ge.lrz}tf gl” g L aélﬁ%A oneg Ieng oélme}fp St Fl% g%\ée Bt fXEf oyer
cirdutds fl‘@;ﬂ&lﬁ&t@(ﬂai denbtipledeah®8ng one or more multlplexer sw1tches 120.

Each switch has a first input coupled to one bit lane and a second input coupled to an

adjacent bit lane so that it may redirect signals from either bit lane to its output. The

embodiment shown in Fig. 13 is shown with six switches to service six bit lanes, but any
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15 to avoid a bad bit [ane. Any agent such as a nenory
controller (host), nodule, buffer, etc. my be
we apahbes2of redirecting one or nore signals onPEI/Ns2NE015978
of bit lanes. A signal may be redirected at either or
both ends of a link. Any agent may be capabl e of
nurgl?etr %&Jstglgkgs g r’t]) Ct‘é}é e? gnrf&a{)tﬁol.{ E%r%ng '(‘t}ﬁeeWncﬁ% dﬁﬂﬁ% glgééﬁéd% various
conlﬁigumapﬂebd)therahar[ thdiadcentrid lsnegumﬁgunaaemamhm to a
compand from zimot her, agent. 13 .illustr

e R POBRaL B0 opefaRor ef i fijests Bepgenal rom it
first ﬂl)éﬁ%lleé%ugﬁ& h@&wﬁ? 9§, 1t4r!;b5thé%%ﬁ@ﬁata-5fgt%afsa\’\]bﬂo\9\ﬁ51 WD2,

cuit 's shown al on
WRA o4 reedt WDE aae dlechtﬂ:d/ne omltpud;aJ(DUTQ;LQUfl‘dr Oblmp@éla"@ ©UT4, and
[ but, t.he i nven r|n Ies

I
O R Bl O, RBASHBLSE o o v

corfspéildlitg toMOD51 fhal B8 ubed for B¥E chebitin€ Hietdatd oY the GiHed bitMhes.
specific detalls shown in Fig. 13. Redrive circuit 112

i nclfaded by 1 indaiseted.che piultinleyse max opatrein a filroyeremode in
gt BER S SRS T AR5 o AP PRS2

exairil;ﬁie afrtﬁe Bltﬂa’,lﬁ%mdidt@f with DAdbes ot Opﬁﬁte(prbpaﬂyt, t}reeﬁﬁnglexer
to a circuit that_ is capable of redirecting_one
switgheemax regrswiis G figha WK ardalVitbylo ouimty oD dead quT4
t
reslls&ﬁvaggnt e 1tn Igé rrfljgl filn Ft;l[]ug %oﬁi@%é{??irl]ﬂglalgér’] glﬁléth oF Elg'Hél cabsvity is
los1mIIf bnepd>fetheb1t ska/nes bhdbech2RsighftedEfor Iensmnhecchlﬂgasgmlsﬁ originally

iR SRUBLE 200 0L L 205,201 2 S250NL L DM e e

Ch&%gwloﬁmesd@bm either bit lane to its output.
enbodi nent shown in Fig. 13 is shown with six

svvl Theh@mpmt@ of thevfhid-over otrcbit tmaydwe:@uplbd to ampnms' weprface, to a
2004/ 109525 P /USZO 4/ 9 a
me{ngwege hcia?y rbtg d;lrcg ?%gqe e\ﬁb[o Hléesn ig htﬁ? galpgvae? rcuit is
sho¥af dePatite FER tedaayd GRDItObREr mihalto bé mt@@‘ataa &b tl’iH fedrive
| ane configuration as shown, Duri ng. a_ nor mal . node of

cirgsiite rhafailopver et acording Wihe wertivei nringipies afdhis pgisat may be

..t UIL...¢ { . | £
rea&%e%mvllﬂi % n‘{pﬁé ﬁlﬁttlé)ll%(%# as Ssﬁ%\!ﬁ%fog?@@% Llﬁg%eﬁ'{%gﬁ@u@{w@ﬁﬁﬂl crossbar
swilidare alRd p¥¥dfblar e directed to outputs OQUTO, QUT1, QUT2,

QUT3, QUT4, and . OUIS, respectivel I n. such
enb &b FFEPRdImERoTsy fa{lWéfelb‘Fl’fchté owt i Big. &% éﬁ?&a@geq foecopple write
f S A
daty %’Bﬁk gg{ttlﬁgg g@agg&gﬁﬁt he o |batql [ an eéﬁl&ftf(ﬁaa fé?lgg V%rl ct1rcult
acdording foshel eiventﬂmpnﬂchﬂemﬂthus pb‘enﬁnayr’aq amm@eeltt@ tramsfer data in the

fail - rrmd i ch one the.switches .
opBAPLS FHSEN BOBHY Gy BURUH A TBGR PBId e e 1k g oeive
rea@WaAPHE mdllﬁplf-:i@' sRiifchdsang) BeReGied!t6 ds WerhhltiWeRedfchBYtand each

operate properly, the miltiplexer swtches may

of the &Qr @&JE nwm hage aam@tlglpm&engh@melvmnﬂéra@wﬁm & merge the
reaﬁ#—% %nagl gV%rr (ielrs it réto&gér l{lﬁ ﬁi%? S?ﬁﬂ@a {'nﬂltlz?l&er ﬂerfers lt@both a

multséxer hidd @ﬂan@IfupIelﬁér A4 adodtiee Sltéiﬁﬁhxkbeemeldﬁsdlgreat @Ida failrover

error checking, signals originally
circuit according to the inventive principles of this patent may be arranged for bi-

directional data flow between the bit lanes and memory device, memory interface, or other

circuitry.
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intended for the bad bit |ane may be rerouted over the
error checking |l ane, and the error 15 checking
wo eovailowses may be di sabl ed. The outputs of the PEI/USIO€015978

circuit may be coupled to a nenory interface, to a
menory device, or to other circuitry. In the
eNRGHL AR bufer, hénory modulte niefldry eéﬁﬁfolféir [Iﬁiéf)t or o‘iher%@&’{w
separate from’the redrive’ CIFCUIt but al so

havingbie fma febtovertcapabiléty meyralsochave Ve oSt Qapwblh'a¢sl ood@cctlng falled

vt aF S5 B TaD S b Bt R R ol Bl
investRRWincHMs TS hatdht %9@@%1@ pn@avahel tHe lsm%diﬁféhﬁéfa fail-
switch are al so possible e enbodi ment” of

overfcipyit gvosn igilig. ulu3tm®hbﬂ/@p81gne¢6@tha13 Chl d@tﬁ@‘rainfgé@fi biplane, e.g., by
Obselﬁ‘?@% ﬁeg{‘élﬂtg ?atte%%e%t %{f)g@t thf aIJlCP %ﬁﬁ?étfh\g sgg%apsucg %-Ou‘c the

er-cCi

faile@bit darel ngtdrﬁativhgr the\agenitinvs Wde@iglnl?dl ssthaf it &ﬂﬂy&niﬁﬁhﬂ Atfailed bit
may be arranged to_transfer data in the 25 opposite
lane g lieémnse ip a pompand fompathenagcal i eempler g M@UITY coaEeliags that

1nstrh&§’9ﬁeﬁ0111¥1§1te Eﬁt@ 'o}{?er i a1, déﬁ@rlnt | pe?}9 %@e&%\%& ma have

es nay be re to as eéxer es,
bmhamﬁwda&h of the 1/O cells may have a multipl exer
ansmitter to

h dt g t
¢ b SRS an s PDe R A e et i B g h-over
capab g}eacca:ﬂ-iﬁ 135) tﬁy irdvieRt fncf[ﬂés‘iffsthl"s aRBE MR enBYdirh&ltR¥Eg. 16

denmu tl | exer. anot her alfternative, an
is sumhmd ithed of Figf 7 dut apd inoludes Blriledver o mrculhblz’-’ocvfmlpbgl betvaendhe

i nvent. ngG t hi s patent. ma rra
desip gt VG PR e et i R e P Bsioe.
For exahple Y il ARt Eifbuit ydls &d bét¢8en Mk r@driiRIcircuit 60 and the
circuitry. 14 WO 2004/109 PCT/ US2004/ 015978 A

deskerg gieyit, blﬁﬁifl‘éay bwmﬁ%ﬁemmﬂhé redgsigsitpuitomhe elbediment of Fig. 16
also Q&Rﬁ%& Fn({QfleI'%llP %(I? Hltt 15@%&% 1? EIEO\JJI? pFe%' ﬂet»gé/ the

ave varll ous capa Itires

multijﬁé;«ec 74 a@d f@lrllve dlrcdii 62, bainesich hegi eils&ﬁtel lﬁ@:gﬁdt@ha’[(sthe redrive
mappi ng out bad bit Ianes and %he | | ke accordin

circuit i arapgeehipi OReT Bray R T BEMBEY Rfes of Eigerf mamlteesagwéﬁ &e
emb@d]e@wﬁleﬁﬁﬁ]&?%ﬁlgﬁa%ﬂfgp rmym}')e Bembryfiflel face i@s\fﬁﬂaced by a

circurt sho e designed so t
menmsgndweect a fail ed bit lane, e.g., by observing a

Tt t b th
Bl 2 SRS e e et A i g e
capaﬂlf‘t}%d&@}dl ?loythe ﬁﬂ%@nt@\&%ﬂnc[ﬁé‘s dT8hid patedi) €fheSntrbBdr dftFig. 17

bi t l ane in response to a

mcluclgmh@mdrmduabmmdemlmmﬂnal 0 111@6@@9% 826 @drﬂé,zl%dxaymg a

pturfRRF Gt Bheeth, i I} {0 BBl ir s RE B Brfihiflrg and o

numl%itdf réRpaly, kdsht@BelyEiril-over ¢1tdulytst15%@cs 13Mare I&bﬁ{ﬁb@&f&e bit
mempry buffer with bit |lane fail-qver capabi ¥]
atl-

laneSaJ@éb@ uﬁ%a%l%@@d RBeroepepE vy e thsicabogimens pEFwaaéﬁhe
over LHEuiRHE gﬁmgep&fatéz #8n tHSlink interfaces, but they may alternatively be

integral with the interfaces. The controller may be capable of detecting a failed bit lane, in
which case the fail-over circuits may map out the failed bit lane. Additionally or
alternatively, the controller may be capable of issuing a command that directs an agent to

map out a failed bit lane.
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is simlar to that of Fig. 7 but also includes a

fail-over circuit 122 coupl ed between the deskew
w@R0e09525¥0 and the nmenory interface 66. AlterP@l/Uym®o4/015978

enbodi nents are possible. 15 For exanple, the

fail-over circuit may be di sposed between the redrive

ci r&(&ﬁl{l na(i) faﬁfq?vetrlt?rgetho%g ghc? %f)eéﬁl(rzéjtrﬁééééc{)rcﬂﬁﬁ]fo thérlﬁ%aﬁ)t?ve rﬁnnc%ples of

i nt'egra
thisfpagnt ﬁzﬁl n@b $o degeeibedimshavaitberof ba lekemprlelry emnbrodithént b2 4

whi ch is shown coupl ed between the |l exer 74 and
compieie Mmegnogy Flapmnel sa(ztemdaf ua)ﬁg@ﬁdlﬁlﬁpa &rr% il EmatY
t
conlfii& (b FRANY Brodlt im0 T HLARIREo b BuB Ol e
prineiffiesdifehiis astent. Meorrof throcmipeneits, wiweykr, esslenitétetorthisorgmplary
i nterfac Iace menory device. Fig. 17
systef &y &Edﬁ% F{Eﬁ{ee&q a menory controller with
bi tTHeARSMpBIry sk 1ncﬁﬂ@§§’th binbydiaRAOs K Bt hviddRil-over
inventive principles of this patent. The controller of

cap@iljtiesisnch anthosridsscidbadbvitinteferaace ta Kiigiid and ﬁmbp@meintmﬂ one or

I|nk|nter avin I
morgrpemorg e e e oy R ok o e 3 it Ry ibed
witlofeféreAdtSiFi a6S Tatlds exanipléyies hat aﬁcEﬁledMesf §re arranged in a channel

respectively. Fail-over circuits 130 and are

configwifiar hegng pretbernd anddnaund pathy éuqbrﬁséla@tafé@gn 1pBiga Acplthough
the %%s?ﬁrr_l ﬁﬁg%ﬁf}éh}fﬁl@! ond Rk}, embodi ment of Fig. 17, the

ircurts are shown separate fromthe |ink

I ntlarthia e&smplb,uﬂhe hbﬂymdmodales armtarmhyctéxbwﬁh atsggieml
W th t |nterfag ntroll.er be capabl e of
MaRfgERIER| b§ kaowRf “F dvieh Isierperiel b FYHeTE 4S8 oraanage

con{'&g)élantg‘ﬁ?ﬁ )ﬁ'té UHB%G&E?}’th%E’e %MBB? 1sf1th hecsfir} td @Beventive

I't1ona alternatively, the controller may be
primia;ﬂestxbfethxsfpatests anah gthar fommaﬁ@bmmnlc@mmldwwe@moag@mms may be

t fail ed bhi 2004/ 109525
usegac’,’g‘ﬂ%%% %ﬁ@glﬁ@%%e& &’8 HESPYRY- over net hods and

apPAh 3hBediRfehPs T Methba abdbRding Y& ielivenfié pehdples oPthis patent for
this patent will now be described in the context of an

deteskiogphdmpppingout #riled bit lanedn i ecpiasyTaySjere Reasaeds as follows.
Theil%q‘f# &%Hnﬁﬁ;lat{% % tgndl%lnteaa{]@ilt ] glg]%g g{e% d)ﬁcfmg I%tﬁ 'ﬁg?n%s}' Pattem is

menory nodu

recElGEDEd re@riveh atldilfg the vetbbinkepdth py iteciutfee sn efctt rhodaule until it
patent. None of the conponents, however, are limted

reagligs £ optergonpnadyle. Theewringst megulsfhongingwitap iest pattern on each
bit ﬁﬁg%ﬂ@%&ﬂg & Thy?%g gm;ﬁ% e1§é€§afn%%é1 4455 80 inbound

odi ment a host I ng -over apabi [itl es
patls big thedsaffen os eacﬂheﬁcduld:)emhl\nt tehchres fler et eThedldét gld th@ baffers on

e SR B, 12 e TR YR 85 Y0 hound s

to HESCTok gﬁéf)etlgit Wink Bp&Bfi G, €Tt Binkd B-thd Bbohil 4dd Sutbound paths
exanpl t he host and nodul es are arranged in a

may betesteld coganfengyr at i on havi ng out bound and i nbound
pat lt']alle%%(lztrlanes arehraeE)ogg] y senng rgsults to f’illl thh gtutgrough the SMBus

and/or by transmitting a results frame over the channel to the host. Such a results frame
may be initiated on the inbound path by the outermost module, and the other modules, if
any, may merge their results information into the data in the inbound path. If the results
from each module are transmitted redundantly on more than one bit lane, a failed bit lane

is unlikely to interfere with reporting the results.
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the systemmay only include one nodule. In this

exanpl e, the host and nodul es are interconnected with
W@2@ya0%es nmanagenment bus known as " SMBus", whPCTIUB®04015978

serial bus systemused to manage 15 conponents in a

systent However, the use of SMBus is not necessary to

@hes Iece Rl rQJ 3 191tnat lt]slsﬁe cazén 1 ratﬁ)ﬂ%oﬂntntﬂaenrd to the
for |Ca et wee onemts nay D€

modigé&d thrmtghl thel SNQBdsh@vdﬂﬂiEﬂhﬁnﬁ‘d’l aﬁmedou@lamt;sothéteﬁas&aldfes
An enbodi nent of a net hod accordln to the i nventjve
conpyieationed heponfrﬁugatwatcemm@éﬂnst%ts be meguishwh n%pbf. aﬁ@ bit
faiyl t
landd e By Al gk pBBEL O HAE LUEIR A WhE bt AP
conmamid Hyi thadipuieting ortelve nourt hdlsoer pathits téhediteottigipds htteund bad bit
recei ved ?nd redri.ven aﬁl ong t he out bound

lanes i€ B, RS FoORNEAEETR YRR, AEToRalty @a?&ﬁ@empﬂgte e foks of a bit
laned WoR eRBAple P EHE Bit 1ahB ‘%va@ ldEﬁ%ﬁﬁ?@d foTREH &e%ﬂﬁ% dbfadfh2 'Uuﬂ%r or
a test pattern on each l'ane of the inBound path
modﬁh@mtaﬁdtsakzlatetrer eheckingdemsitivesl and redriven al ong the
e _buff

e SR S R b S T SRR

exeﬂgmﬁl’ 68y Osiahy RivbMerel Riciphat dfehis pAentare RotlithitéBidoahde specific
e i nbound and/ or out bound paths to check for proper

exagples| Fheponwplas phisil-omeemeihods aafbapparptustpscordisgiia dhis patent have
I

beet? génsgg Hé;c?vgﬁﬁté&%rrepé%%gblﬁ% n nl? Srgtefrtl;}%(%ﬁt{gss%{)]érg% (ﬁindeaﬂd %'u{bound

patliskuciugithe hmb&ﬂiBm:at log/ Ribubthetpriaciphes &ﬁamOaadmubd o any
frame over the channel t.o the host. Su aresults

memery pechitgefurstilizing yidirestionpl digks. ior xapelsn geitecpiye theg utilizes

modul es, if any, may

ar1 EPge t Eﬁ%e?&?géﬁ ntkg@?&#%?{nﬁlpgfr{t into t he data in the
i nSonrecbfiibd imveﬂtfvetﬁnmcmwldftﬂss pétemimelatecth peoolutires siates patterns.
transmtted r dant .on re t.han.one bif. | ane,

Tn mjSgR BV HTES PUah @S T0GC fsseringl SPave Wik igieraive tyigh | id £ where

merﬁ&é#%e{d 2 Wike daRSY trhiSsfertdl %@vgé?l%érﬁ&%@%énts it may also be useful
PCT/ US2004/ 015978 Once the host recéives the results,

to s¢nd stafys infwuation sunhfas gd.lc aeitens, @tﬁnﬁmﬁt@msoandmhmwuwfonnatwn

f hr ough the &r t he h rou
venHab ol At LB it e AP BRIBY, sorfingl i Bl Bhd status
patteas Rt Saﬁﬁ:tlfrﬂtc‘dr$1nk§1ﬂ‘1aﬂadml3@3hé’\ﬁbﬁlbry ag’en@n Wccbiding to the

| anes .are bad and shoul d be mapped out. The nodul es

invenixp Brieciplgs phibisawisnt.ghe sefus ﬁateeremhe p@wqt%@w tizge ng
t I
gp 21925 %@ éfe'rﬂl?é;‘égﬁg o4 ?&%&ﬁoépcgﬁrﬁggégn m%!r ﬂ fﬁames having
datai patterns ahcH aireat bﬁmﬁiantﬂsytotdne at ﬁmmmﬂab enddokes I5| s;ﬂncit reapond by
[ For exanpl e, f on | ane was desi gnat ed

I
Semf I'aé frém?g avipgdaia ARy iR SYC eﬁeaﬁe taéaaclsto thﬁﬁattrcéiseﬁ«ay may be
usefdli fR Lol dr MorE B@ﬁllélrﬁtgtutém Eérﬂrhgﬁarﬁé‘ﬁa\ﬁﬂ%&g Lovgtten%ack to

fail-over nmethods and apparatus describ are
the memory controller, for example, if the module was not able to retrieve read data from

a memory device 58 fast enough. A predetermined data pattern may be designated as an
idle pattern so that, if the memory controller receives the idle pattern, it knows it is not
receiving read data. This may cause problems, however, if the actual read data pattern
happens to match the designated idle pattern.

According to the inventive principles of this patent, the memory controller and one

or more modules may both be capable of permuting the idle pattern in a predictable
17
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10 exenplary only, and the inventive principles of
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wexaapbesss The principles of fail-over nmethodsP@mntis2004/015978
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use £ B e BEnE  EPRORC e R0 Y OF REPREREIE) 2SO P e fer
conip&iBént 8 ah e pattetn. PBAIL faf sithplify ABNENP1EméRatiét bydJor example,

receiving read data. This nmay cause probl ens, however ,

allowfing fEreaOry @gelnt aupe det @nmattémrgenmmémdte&née@ﬂ@'hmtw@ The
use F(J)r? ?%I%P §gta st?tﬁg gétpa ?frb‘gg ﬁéen%ﬁg%% lr:x%n 1Pﬁ?rn{ﬁl\flﬁg&)a¥§‘85 are not

use@ne or nore nodul es may both be capabl e of pernmuting
the idle pattern in a predictable 17 WD 2004/ 109525
PCT USA00Y AZENS 07 rding %@F I%anlﬁ%Prllil%@efi off thisatend ppy also be
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systefhs] dacH ?rtafrfét@ Sbrk Qloﬁg Yith BCR ER8e thaf udeliGo PR MtHe 1ntegr1ty of the
control l'er 5 sends read conmand frane (158)
datz mgh¢ fremea response frarre (160) having the current
t he sane .read

Acqofilifie Rt Fiholive hiciptes s PR 3 bt ARERIE R iggntionatly

sen€ eetvidoRs RIS cHRVEIPRAME tHat 86nthiRea blafitpaftd@8)The rédeiving agent
interprets the pattern as actual
may then interpret the frame as a status frame rather than a data frame. Some memory

systems may utilize a path or paths having an extra bit lane to carry CRC data. If such a
system is capable of operating in a fail-over mode, the agent or agents may only utilize an

intentional CRC error if not operating in fail-over mode. As used herein, the term CRC
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read data (170). If, however, the pattern in the
second response franme nmatches the pernuted idle
WE2a0ta09528 168), the nenory controll er knows thBCT/UR®04/015978

first response frame 10 was an idle frane (172).

According to the inventive principles of this patent,
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acc@B@BERedBY uBitiNg theivaluzdroamtheiledse sighificant bERE the EBBR idplayed by
not operating in fail-over node. As used herein, the
onefi@my CRC 18 WD 2004/ 109525 PCT/ US2004/ 015978 refers
NOtp i ' ?lﬂé‘f'x‘g Sihs PRETK celiited@ b thelfRrmutin
anyFlg'tr%O\él}ﬁl%ageesc%%lx g@?i&c{fc eék?ﬁg Sg cherrge used t% ) B °
patteirdehyratdref Fig. @9y it thiscdxample; afimmeris pAtrensfers long HigyR1-22

o R e G A P L5 g same vl

on dabh Bit Fl’ﬁfe%‘ﬁing LR cARR! 5D bR clrGnAghétit YRe f&EndBEMDbr noise) may
agent, and are 5 i1 ndependent of other inventive

be tpducedi pl es of this patent, sone additional aspects
W l"fhebfe_’, bit lane by 12 bit transfer frame illustrated here is by way of exaniple, and

the inventive principles of this patent are not limited to these details, nor to the specific
embodiment of a permuting pattern generator described above. For example, a permuting
pattern generator according to the inventive principles of this patent need not be
implemented with dedicated logic circuitry such as the LFSR described above.

Alternatively it may be implemented with programmable logic, or as an algorithm ina
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described with respect to a nenory buffer such as the

enbodi nrent shown in Fig. 7 and in the context of a
w@yBiamssuch as the enbodi nent shown in Fig. 6PCT/US2004/015978

Referring to Fig. 6, if the nenory buffer 64 is the

out ernost agent on a menory channel, it may be capable

gl OF AP e SRR 8L 08 BT g
impdanetit ig: [dgican theahemby iheshedatherdundiosslityrofmbarfipr or other
menory devices attached to th menory interface 68.
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rn’pl emented with dedicated |ogic
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Alternatively it e | npl enent ed vvlth progr ammabl e
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PCT/ US2004/ 01597 cessor or, oth ragr anmabl e
detest 9eae e e Shdp SIS BOTTEREE PGB eF BeeTaA i grorcsence detect
evenlRICB B BlredeNScuRi Alsd Buri}er PRREEICY dbieEtvERS € s€on@ ki@ memory

functionality of a buffer or other nenory_ agent that

bufarilodajedgnprsmghirann thedfiratt hwdfep ar & ehannel may configure the corresponding
three bit lanes on its inbound receive link 56A to detect the presence of the first buffer. In

€m

this example, the first memory buffer will be referred to as an outer agent, and the second
buffer will be referred to as an inner agent.

An example of a technique for configuring a bit lane to detect the presence of
another agent is to have the receiver for that bit lane try to place a bias current on the bit

lane so as to force the bit lane to the opposite of the presence detect logic level. If another
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Sone additional inventive principles of this patent

relate to utilizing nore than one 5 bit lane to
wa@ledoeao9sehe presence of a nenory agent on a neP@I/YS2004/015978

link. For exanple, in the enbodinent of a nmenory

buf fer shown in Fig. 7, the buf fer may be capabl e of
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detect event, a se
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RathLinkt buffer. In this exanple, the first nmenory

buffer will be referred to as an outer agent, and the

secyme adlitiinal fnyentiviel prim@lﬁrsea’cewrdmg to thisipatamt rielateeto hot insertion

and o B BT IeRs B oy Fhangs ST B gofmega g removing

contiRvientt Rhile BeSin¥Bbry Mankd) & opdrdtingd P, LUNIIERralls %ﬁ"enﬁ)odlment of
bias current on the bit |ane so as to force the bit

a MEEIREY 2850t hist anspisiing te thy invertivsrsineintes of thiepatento gihe embodiment
o8l b ARy 0 OB ANEF S, BT SRR G158 e
1nclpdﬁ‘&£ﬁﬁ€p@i&l mﬁn(ha/mbnd pdrs 138. alfsivd dgeBt is @8kumed, for purposes of
illustration only, to be a memory module such as one of modules 52 in the embodiment of
Fig. 6, the first port may be designated as an inner port since it may be arranged to
communicate with other agents on the memory channel that are located closer to the

memory controller. Likewise, the second port may be designated as an outer port since it
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that bit lane will force the bit |lane to the presence
detect logic level. If the inner agent detects the

wWoe@gaonses det ect | ogic |evel on two of the threer/bs1004/015978
| anes, it knows that the outer agent is present and it
may | eave all or a portion of its outer 5 port

|
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bit lﬁF?Sr}B ippdaceddd 6%’ b?grefeéreflm as thadrhornd sgegive or intispnd Rx bit
landshsertion 25 and/or renoval of conponents from a
menory channel - that is, adding and/or renoving
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redriR&iRIR. O@Lhﬁ‘?@fllusﬁite('f {Sthe %ﬂlbg@ Aoty fﬁ@ﬂ@ ?)/ cJMHlﬂeshown in Fig.

menory buffer, nmenory contr

17 whestind@ertandy inghudg metluﬂeﬁteefa@bsazé canda h28 mnmh ara Bot pakt of
a for. oses of 30 illustration

red At RO e VRS RO roi i BB ORI S o Ao bt I, and
a polrtfmi}h@nlﬁ ek reesile Bk iftb@ace®r attR8srhit iitbrrRQr t My be

deS| gnated as an i nner Eor t since it my be arranged

t 0 A BSWRDhIgeat ecoprding tthe invaptévetpsinsiplesras thispotept may be

er to t

cap bl EhaeliBE nerbeeh B8 EREL BRElon’ sl S gfE B ports, and it may
be celgbilegofahlatg asrian aotiberdepending bR préserde or absence of another

memory agent. For example, the memory agent of Fig. 24 may be capable of disabling all
or a portion of its outer port if another memory agent is not present at the port. It may be
capable of reporting the presence or absence of an outer agent to another agent, for

example to a memory controller through its inner port. The memory agent of Fig. 24 may
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WO 2004/ 109525 PCT/ US2004/ 015978 may be arranged to
communi cated with agents on the nenory channel that
wae@shas2ai ed further away fromthe nenory cone€DUE®04/015978
These designations are for purposes of illustration
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derifred clodlangdl éich bii@arRilbcledd@ the dath dtiRhA! TGS théRie pﬁltroller (or
referred to as the inbound transmt or | ‘nbound Tx

host) gragdnitizige repgt operatien by sendinger Goaiauausstreay otﬁenq:secfraeros @n one

or rﬂ_lgﬁ’ tllg% IT.')Z‘; I%?Hgﬁé @?&o%hg ﬁatggforé ggr%ﬁ{a]tgpnmgﬁpw cp #&1me Since the

datane nairiyem g ehch muffbr pﬁ ItheSpalli’ﬂ)all of ehectiiliRed Rdeilve thdirbde€ E@Rnand, or
?f For exanpl e, k interfaces are not necessarily
eve%a 1 therexgmp ééf?ﬁe%t .t egiqast sigigcgng bt (198} leaessmay he uwé to

mgnﬁf@fé@ét%@?aﬂ@fl FhiRITBY gca%gﬁttr rﬁ%}L ﬁéte(a Iér’]\f{é%értgvgﬂt%yfﬁlésl%%le

wherein"a port nay |n aces
streai? 81 pérdE br @res onany p&o bf thf: titbe L.8B6.i Thisanaycaskurs thal i presence
rfa es na e onI one, or nunber of

of 0{5»?!f faiﬁ'eg ﬁgiane §S gt %@p‘g BHISG qu(,aélog, l?lgg%q ipxentjvgprinciples,

whi¢hdehidtasen fRiquite W@ @xh bné B Bnkags | noﬁnﬁﬁ?@f(ﬁ@u@ﬂ ant
according to the inventive principles of this patent

implegignigiioncapabl e of detecting the presence of another

f its or ts nd i
c apag?é &gﬁ} as&gtﬁ‘% ﬁgﬁogﬁga% Pl son Iélﬁ)éllﬁ& ??Q'XBEZ?H%}’OM all of
the gpeais @nake d{anﬁas(ﬁﬂt(h% c&iﬁm@féﬁn&ﬁﬂes@&vﬂ? B?iffér@%@ﬂtﬁrst Eékret state
menory agent of Fi be capabl e of

mdegi“%%lm o sxaénmle vihile éth isdslddn rﬁ&ebe g?stemab@mldltlorns The host
L.
mayffrgéht %ﬁfl agg;ﬁ‘!%é Yor 5 Firsf erno{?l{it%%%% gg ntt&}g 81 Elﬂg% and

reporting ce’or'y
thendil’aclato ZBUGSED s@ahﬂhe othea agenlieto eagRid a fisdreset operation.
Alternatively, the host may send a stream of ones for a second amount of time, e. g., more
than two frame periods, to signal the other buffers to execute a full reset operation. A full
reset may include various internal calibration operations such as impedance matching on

the links, current source calibration in any receiver or drive circuitry, receiver offset
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exanple to a nenory controller through its inner port.

The nmenory agent of Fig. 24 may 22 WO 2004/ 109525
weRONAWSBERD4/ 015978 be capabl e of perform ng aPQr/ESHNCe15978

det ect operation which may include signaling a

presence detect event to a potential outer agent on

¢
5 PSR BR  Ge
thenRignACihB basfemito GandtBHon foatié Fist @b opeiatiagld/ r enoval | n

accordance with this patent application |1
dedcieptyeset oneratien wey brnass eeriaih opstatigisdorf eﬁﬁ%émta %1%1 reset
The
e B o 5 0 LS AR brRRIPA oDl L pnc gt

opergfion. MDtigg & presaxce defectcopeetionyeasy dtiffen auibh chanrchmay place a

curt G op b PRSeTB OOHRE R 1 RS §roeabie S By 29 o hapenp ot
conﬂé%ﬁsq t(t) Bn SR NEn? nﬁls@ rd % g pfgseﬁéé%e@éf b stidnD eddh®Buf@r may

In turn are modul es havi ng nmenory
drivel dmthles LSH inbondt Tvelsleladeet 1a| dng., Badwewffer mayr thet olreck its three

T T S AT

outef iS&‘ﬁEhﬁ)l&Yéidﬂ[ﬁdaierhestmgﬁéte@ﬁ&i&&ngﬁ Y IP@e bagabddes abt detect
executing fast reset opéerations reset

two opess Hinhayrassura thabthetedp N gytepagant, n:bsab}e Pt @geprrionef iscquter
t h
por SO B RS HRELE UBL BT

and/@etipdaesa Sthive kesiaer &a@’dm@l}t A hos ﬂla}Cﬂ'oﬁthaﬂSIﬁlHEr p?l‘a:leace detect
stream Thus, the nmenory caont r ol

operafipn fodebergine:if @ny agraisAare o thsychawnr ﬁé g“’?f?fﬁ ﬂl?%@lag the status
infofthdtfod b Qlflet Ig&?ﬁl éi’%tuszﬁcrgﬁés AeHdfse t‘arstéﬁgsr grﬁstﬁ“kﬁn kizﬁethost

anes 1n e out boun ath for a pre ned period
of Aftere. pr&ienaeaddtdee opedaii(m ihe buéidrs indlne dyangde systend fnay transition

the path, .all of .the huffers rece th
throBg RS OB OBYRiS b p AL rssr et &5 & Fonk B fiing g o train
the llogﬁ%ioc%b BRld iAfts Bi16ck dnBihel AREIARY a BenidIREhih®stéf to align

a reset operation. The receiving agent nmay
frarrd:etﬂtm‘ ’aret oot owes dte aame, H@iylaseemts g cheels thesopezationef ahl ditdanes

s PSR SR o Lo D55 ST TR AGPYOee e

hosti Khb®& hekemay bthelaa%i?ﬁ@ Qte &mﬁécﬂéd fthe bhdnnbh & av&ijist e frame
principles, do not even require nore than one

sizefiimingaefe, toaiﬁ@ommpdatf: ﬁﬂpﬁ@etaée@%ch an i npl enent ati on.

C othl ﬂlﬁb%ggl%si% eam z ero ta%g?tg %&I Orsaﬁ E@aﬁvel% P C%Pable of

perfbiiging ][vauﬁmed polling dperBioax angutet H%Cbrbmcd‘lﬁﬁmemgy bddefd&igsﬂts on the
in afirst reset state indefipnitely, for ex
charggl. | BOrf@RISs pachOURET @ay e FaRsble © QfyPeHRIBING 3 BolIitE operation on

its o gbﬁ' ﬁ@fs thd B&tenﬂéstt Puﬂa’yco HQt%Hnﬁl% nfia ﬁ’ev? LESRMLObeeh raaaed to the

of YA first anount tinme, e. rane periods,
chararetl Figh2hillvaickies an @mbebmen of |sg¢haa pcolheg opetremora@entdsng to the

execut.e fa reset operation. 30 Alternatively, the
quqgg?p%‘ﬁ}&g%ﬂﬁﬁlgpﬁ@%am of ones for a second ampunt of

ti 7R,148; Be ag¥R My disable all or a portion of its outer port. If the agent is a
buffer or module, it may wait for a poll command from the host to transition to a hot reset
operation at 150. Ifthe agent is a host, it may disable all or a portion of its outer port and
wait for a wake up command from a system environment. Upon receiving the wake up

command, it may turn enable all or a portion of its outer port and transition to a reset state.
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than two frane periods, to signal the other buffers to
execute a full reset operation. A full reset nmay

WO paeks2yari ous i nternal calibration operati OPGT/BE82004/015978
as i npedance matching on the links, current source
calibration in any receiver or drive circuitry,

o IR e FORE P BELARR B

outbeed Tk bitnsnes e sqpdraf reseteds potaetidt astv agent ontitseoutexipgrialThe agent
the buffers to trapsition tg the fast reset operation.

mayAh¢rpigansgtiondp aé’ﬁé?%i@%’i’“r?@?”ﬁ?‘bé%lss%ert ai n operations
perﬁftqr‘jg,etﬂe QgéAh; ?&g%rfvjé lohed &6 the tRMEN. I RBUAA B HiPRnes to force
oper ati ons. ast reset operation ny begin with a

a poprméskmveaghbat through aofol reset moludihg datijratiop operetions, siocez newly

deteglg g TP e RSE el o RO CR B coraed Fefrgpiion o
hot idi€ctBbbiatibPageuo i f they are not connected to an

outer agent. Also during a presence detect Hggerat_i on,
eadtt 154f the agerdynaydirive @eton entotthe threesBS B pptherad Tx biilenes and

| anes to one..Each f. t ' nr
ock 5 S e PSR 5o B3 b U3 16 o o ey
are AdMRoRfectditotahloaRr hgeh®SThé igebinal Eanehitisthd Ghree!LEB ifleotind Rx

_ enabl ed and update a status register accordingly. If .
bit lapgs, angfif etrdetr@§§t Hast tyeroses, it mppdepidssat 15p thaign agéa Agent 1s
¢ . . be 3 ' .

e S
decilaact 35othst af outdresgenttie nonystseapmandt trapsitioh dachtrthe kleep operation at

and/or update a status register accordingly. A host
148my follow a similar presence detect operation to

det &1 N fhelabeft MWayAgRAHeS: il ﬁ%is%e!i‘%o faaARehat it 8 detected an

buffers'may-relay the status I5 information to the
outdrageéntiand seatralay thisirdermation és herwet, far examplgsinresponsg to a status

fromihe host, After a presence detect .operaf ] t
reqisaf pe e e ReE D e R A RSPk dRRR! e The
ageN@haPilSo Fales re@PiRE alchamel fustl Ng a fast reset such as a

clock training state to train the |local clocks on the

bufFherhost way bedomeravere pithe aswlysdatecksn aggnt e throggypergpdic
t at [ fr. . : .t ’
staf Shfoshs of pibpEteptii RS 2pd P8R Tast FREt BPEnifitErcliiefiEe

chan€el anth the aew aghie obuiid easnél And atdonowedatednidehd ¢hanhelytiming.

have such a capability, eLc. %Acll,so, once t({& hoslt
knolies A EyATo saieR addiianel THPRAIBISHIROL hkAdeemARAl sequences
acc%gﬁ'%grg line dnledTR% g?lﬂkfgfe‘stoqﬁ Eﬁs St ThebZRdittdndl QHbod@ibats are

ommodat e agents. In the exanple

alscsdestiéad witlerafemmnreyto dgpemmbo diagntaif sl oemaityt systeat showinyin [Fég. 6 in

capabl f erformng variou ol ling. atigns .to
the GeEtoTHlerep TSERY SIS JORIG RRe? SR RETE P avstsd
ﬁmﬁbﬁ?nﬁét; enffbysak iR Rry §RtM BEFilzes. TRY ilenttanalcdl&fillustrated

performng & polling operation on its outer port if it
by thsset duditiomebemipslimpnit.fhowever, astnet Hinited it thy spesifiadeipils described
b has been added to the channel. Fig. 25 illustrates an
“@Mbodi ment of such a polling operation according to -

t hea hoh¥®T¥elqiéhch atdreding esthefintendv@ptiuiples of this patent may begin
when a user appends a new agent onto the memory channel, for example on the outer port
of the outermost agent. The user may inform the system firmware that an agent has been
appended. The firmware may then cause power to be applied to the appended agent and

inform the host through a wake up command that an agent has been appended. The host
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At 145, the agent may disable all or a portion of its
outer port. If the agent is a 30 buffer or nodule, it
woreop4magses for a poll command fromthe host to PCT/US2004/015978
transition to a hot reset operation at 150. If the
agent is a host, it may disable all or a portion of
r. po
8y S PO e Bl AR SIS
throoglﬂmpﬁldimglopeﬂa’ayn buohras elit&bie&ie@dribed rabavem)itlﬁ referemfe tiotRig. 25.
outer g@st and transition to a reset state.
ORRIEiEen, (s evipEs108dermostgeennay ¥QQ8“§€%PFFS%9 of a new
oute %%Q‘lt.eTBE o lﬁﬁr@rtgapﬁ te&rﬁg: Eée\ﬁ@e Qﬁe\g@l Qnttaﬁﬁ ids0E 8 ast reset
out boun anes sen a rese
conpetdrio behg frewmesgegent ot optesatmutaﬁd rggong the Eh&reaxj;lemel Adfitgr the

then transj.ti hot. | ibrat t t
new qenteb OB ROt RedkyisinSunthe it SR i destiighitite now
ageiR4d HHEbnhK th&m!&ﬁ%@y‘?’ thdhdsPmag was Br ﬁ@ts?ﬁém@mﬂ@% to query the
agen throu%g a full” reset including calibration

hostgp eleteringdf't |nnwe1gantnéwpe}ratmm@t eEheeﬁIs@geﬂmm ingpy then
conflp G5 AR Einh g 4B b s PR R ARy O such s

new iémaegetdliddBihatnay ®ec RSO iDMht Qgédityvas AnandSEnadill dondrer.
Tx bit lanes and place a bias current on the three

LS\ hetgemanalrrausmee pepqeding w the inventivreprhicinles ¢f thispategt may
st 5P PR OEINEEEPS LA G415 LAy B s
remb@enie ST hea;lyﬁemf mh;t refieive atcswaﬂpohémgﬂmkﬂmldmse&nge fromey/system

de ide at 155 that . an _outer ent is esen

mapy. I Fhsi sysigm 4sgs Mikyings fieryst @ﬁlten@ﬁéh bod ﬁd%?SSf%eS to agent
{
mirlGhd) OFH 3o 8y B8R Rbp Y B mo O o thf Aot olieediingl foher
locadlpes Hinboaireatly nﬂltteredl Thasysi&o mayhberagfdhuntﬁa}l oupstrandenga
tus register,t icate that etected an

anisEiah 55 ERPPIARS: (HIS YRR Ay HPOCFS SRR Grscbe s fpgmand to the
ageﬂitgﬁét msfi&r of&ﬁé‘ﬂ%@n@to beterREPMEEcAuSesthEla@bMIo alsBfiéass the

t ake sone her action to relay the information to
outqrtmestta@snt arthe channeh gheraby crhsing Hde disablajts apisopowiprd assume the

rece han e I
FundfiS Rl e SRR e SR he sTEQIEP tasf T GOR RUA o,
ovefildatihis comens@dl ST heCHyst@hhﬁﬁy ﬂﬁﬁ ﬁtﬁtlﬁw e&'asa m@ket (] shut&lcﬁvrﬁthe
fast reset to re-initialize the entire _'channel’

selegled g ang any cneliaterensier comnrpnsris afirbaa i thei Sﬁleﬁtﬁé Agent.
SRR 0 el MRG0 REG SOUR RIS Myt
ageﬁthﬁayhsmentavvda principles of this patent. These

addj tiona] enbodinments are also descr.ihed wi.th

r efAeL%trfE apQ,SAIHENE BRI R R th&fm‘f%VﬁBﬂawyl%% &{h&ﬁ%ﬂ%my
beginWwitdnGhe Bof b ve biRier@UeStibe@abavd RILERP1eRMS B usSUflly add a

as a server having a user Interface and system

newf dgentiarpdgcetoiite erepbmyved dud themifornsths systero firfivgre Bat the new

agery}leas lbgevneé{]&deg e1Re Irur%l(r:ﬁ gI s?gterlnl rlnéjystther? E)ree%are the host for the newly

replaced component and supply power to the new component. System firmware may then
cause the host to send a command to the previous outermost agent to let is know that it
should no longer assume that it is the outermost agent. This may cause the previous
outermost agent to enable its outer port in response to the next reset, and wait for a poll

command. Firmware may then instruct the host to send a poll command to the previous
26



by these additional enbodi nents, however, are not

limted to the specific details described herein. A
whersaad2sequence according to the inventive pPCHUSPIE615978

of this patent may begin 30 when a user appends a new

agent onto the nenory channel, for exanple on the

Qut er part, . e : I .
L T T
aboaPpEn efekendd e Hig.raswaieeebyranititlivdng theuse qgomte rTHegrixdous

applied to the appended agent  and inforn1t¥e Eo%t
outerHpH @gPNtanaNeen TRPOR ShsRIRFIEH af 2 BEY Quiehe8hs T R lest may then

SRR B R 08 B e o

into pperation sndretiererths entirg ehannelnA ftdr thdveew aggnt csyeplegational, the host

t.hrough_ a pol li operation,such as the.one descri bed
may JRisUaE VTR SPENGE ©JCRGThALES oK aggt 1t HRPTH ng
AltePRRRak] 813 hokBaPialt feUbe St MRAyaRA6 lierfile RO &S detéitne if

presence of a new outer ‘agent. The host may then
the ot egant isapeptiosadnce of the new agent and issue a fast

reset 5.command.to.bring.the new a L ' .
nd o SHATTRS dsrPro i iy BER R i RelREl 3hy W
witHoRedddatteipatrom tieink@five Peiviciples € Aco@idirehg seatsdtanges and
firmvare to report that the new agent is operational.
modifigasionniecensidered & Rl srithimihegaone qighe follovdye ¢laims.
firmvare to query the host to determne if the new
agent is operational. The systemfirmvare may then
configure the host to accommopdat e any new hardware
presented by the new agents such as 10 new nenory
devices that may be present if the agent was a nenory
nodul e or buffer. A hot renoval sequence according to
the inventive principles of this patent may begin
when a user inforns the systemthat a specific agent
on a nenory channel is to be renoved. The system may
renmove a correspondi ng host address range from a
system map. If the systemuses mrroring, the system
may remap the host address ranges to agent 15 mirrors.
The system may then copy or nove data from the host
address range to other locations if not already
mrrored. The systemnmay then poll until al
outstanding transactions are conpleted. The system
may then cause the host to send a command to the
agent just inside of the agent to be renoved that
causes this agent to assune it is the outernost agent
on the channel, thereby causing it to disable its
outer port and assunme the 20 functions of the
out ernost agent during subsequent fast resets. (A ful
reset would override this command.) The system nay
then initiate a fast reset to shut dowmn the selected
agent and any channel interfaces for conmponents
attached to the selected agent. The system may then
di sconnect power to the selected agent and notify the
user that the agent may be renoved.
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25 A hot replace sequence according to the inventive
principles of this patent may begin when the hot

w0 etmiessequence descri bed above i s conpl et ed. PATTES2084015978
may add a new agent in place of the one renoved and
then informthe systemfirmvare that the new agent
has been added. The runnidi fyStem may then prepare
the host for the newly replaced conponent and supply
power to the new conmponent. System firmvare nay then
30 cause the host to send a conmand to the previous
outler no$t MEHERE 2868t WPk now that it shoul d no
| onggl: ReSYNE that it is the outernost agent. This may
cause the’previous outernost agent to enable its
outeecqudrportt N response to the next reset, and wait for

2 S8kt SRS TR RS el 15nD B8 memor
agert 084l QG2 PpHRET/ US2004/ 015978  out er nbst agent whi ch

may then performa polling operation such as the one
descri bed above with reference to Fig. 25, thereby

inihtializing the n 2t ' .

agént ey ERel TespiOR o LR ufyehiife oRHIR! IRSh i capable
of re¥gi® g sigifats e tthd it pdietd theledooad pohe presence of the

new agent and issue a fast reset command to bring the

new agent 5 into operation and retine the entire

channel ., Af t.1d; '

g1 e 2 PERBry (AR ASHENN AR ZREERl R Budfl S capable
of rediewiraodniald Sompies secomhpdrt to the fiest patti vel y, the host may

wait for the systemfirmvare to query the host to

determine if the new agent is operational. The

emodi W@Dhén%?ys&génba%onﬂ%ﬂowmﬁm Recrmdi fied in

arrangenent and detail 10 wi thout departing fromthe

i nlsnfiistporp comprigsk esecetvedimkditerfhee; asdich changes and

nodi ficatjons are.consider. o.fall within the scope
of Theaecpny P%}fnf?%apf&ﬁeéﬁﬁf@?s gﬂv%‘rﬁﬁg%ﬁogszs
PCT/ US2004/ 015978 CLAIMS 1. A nenory agent

conprising: a first port; and 5 a_second port;
whér ei n A hismesyregent agserting to daipabMdewin:det ect i ng t he

presence. of another . aqer t .DOT:
2 SR PR 5 By PR il SRt
inteffRd®BYyd agent is capable 10 of redriving signals from

the first port to.the secqnd port. 3. menqry agent .
ac c?éﬁ‘r %ﬁcﬂ@d Pt EPTEPIHICS 2 ipropd itliarn§IH’é1ilﬁJé ﬁ%?‘?acggag‘ﬂta SP%O%% receive
linkGARARLE

6. A memory agent according to claim 1 wherein the memory agent is capable
of performing a polling operation to detect the presence of another memory agent on the

second port.

7. A memory agent according to claim 1 wherein the polling operation

comprises signaling a presence detect event through the second port.
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of redriving signals fromthe second port to the first

port. 15 4. A nenory agent according to claiml
wob@raoes2s the first port conprises a receive PCTIKS2004/015978

interface; and the second port conprises a transmt

link interface. 5. A nenory agent according to claim1l

A e P e

er receive
of repbfinkrabahdfipopért,Ahprebares ofasthankrorgageitton/ thewecond
interface and a second receive link interface. 25 6.

portA menory agent according to claim1 wherein the nenory
agent is capable of performng a polling operation to
detect the presence of another nmenory agent on the

sefond pomemoi. agenharordingigetdimacwherdinthe henoiynagant is capable
m@erein %ge poIIing operation 30 conprises signaling
of pefosmings (st [eetOPE2E0%nt t hr ough t he second port. 28 WO
2004/ 109525 PCT/ US2004/ 015978 8. A nenory agent
according to claim1 wherein the nenory agent is )
cap@bl e Aomemeporgentascondingdoghrimhlewhe¢reist thpgiemory pgent comprises
ﬁ%ﬁes%n&e of another nmenory agent on the second port.
amen@y "R enory agent according to claim 1 wherein the
menory agent is capable of performng a fast reset
operation. 10. A nenory_ agent according to claiml )
whétei n 4 memapnagent aegeiginglemiimsewherginggHcINopy pges comprises

ame}lQol{%%mcﬁdgmnDry agent according to claim1l wherein the
nenory agent conprises a nmenory nodule. 12. A nenory

agent according to claiml wherein the nenory agent is
capabl e 15 of disabli all qr a portion of the .
sedand PoPEmOTRESRt &R st CrhereiniBhBlepoRy gt is capable

of dSQITRIcl A1 8% rfid] SfmPQchndpehea second port, wherein the
menory

age I's capabl e of detecting the presence of
anot her nmenory agent on the second port; and 20 a

neggry controller coupled to the first port of the
merory AySiem COMPIISESy st em according to clai m 13

Whekehd¥y agent comprising a first port and a second port, wherein the memory agent
is capable of detecting the presence of another memory agent on the second port; and

a memory controller coupled to the first port of the memory agent.

14. A system according to claim 13 wherein:

the memory controller is capable of sending a presence inquiry to the memory
agent; and

the memory agent is capable of responding to the presence inquiry by reporting to

the controller the presence or absence of another memory agent on the second port.

15. A system according to claim 13 wherein the memory agent is capable of
performing a polling operation to detect the presence of another memory agent on the

second port.

16. A system according to claim 13 wherein the memory agent is capable of

performing a fast reset operation.
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the nenory controller is capable of sending a presence
inquiry to the nenory agent; and 25 the nenory agent
w0 g00sapEbi e of responding to the presence i nqQuPCTUR2004/015978
reporting to the controller the presence or absence
of another nmenory agent on the second port. 15. A
system according to claim 13 wherein the nenory agent
is capable of performng a polling operation to
detlect thgspnesepaiingfo daint ewherenmhy negent agent tshvapatd®of
second port. 16, A's sten1accord|ng to claim13
dlsan&%u or %WI%%W S%ﬁj’é‘ fPotts capable of perforning a
fast reset operation. 29 WO 2004/ 109525
PCT/ US2004/ 015978 17. A system according to claim13
mherein the nenory agent is capable of disabling al
ortio f the second port. 5 18. A nethod
ﬁ8r|5| qﬁ@F?HWHPHé a presence detect operation on
a fpbff@ﬁmﬁg %tpréétan& JBRIEP 6 Yer RGN a AREport 6P hdehidgy h@@t and
results of the presence detect operation throug
secepadtingihe restults hEthe peasorcp detpsheperatipnithrough ﬁéﬁmé port of the
accordlng to claim18 further conprising perfornmng a
meALPeFlset  operation at the nenory agent. 20. A
met hod according to claim 18 further conprising

disabling all or a_ 15 portion of the first port.. 9
19. A method according to claim 18 further comprising performing a fast reset

operation at the memory agent.

20. A method according to claim 18 further comprising disabling all or a
portion of the first port.
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