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WD 2005/ 050941 PCT/ US2004/ 037285 DATA ACCUMULATI ON

BETWEEN DATA PATH AND MEMORY DEVI CE BACKGROUND 5
WO2@5/0309#1 | ustrates a prior art nenory system REUBR004/037285

informal Iy as Ranli nk, which was proposed as a

standard by the Institute of Electrical and

El ectronics ]ﬁQ? was
desi gnat ed as ‘E lﬁﬁg‘z\?}f@%@wgﬁ%}om
formally as |EE AR AP EP RN GRY Bafidwi dth Menory

Interface Based on Scal abl e Coherent Interface (SC)

Si gnal i ng Technol ogy (HXokGROUNDIhe systemof Fig. 1
i ncludes a nenory 10 controller 10 and one or nore

mefigr § iliistratice ¢ pIipT arfmempeyreysjere snewe infermally 4ssRamLink, which
s PSR ST B o B BEAGRR A 8 e

The stastiatewiaPddsaghatedlsARBEISM e59L-e996tandid tknbas fomeallyl BKEEE
[ and one link output. The conponents are

Stan g Aot aiE e TR et enBase  guISSalbierkerens Interface
(SCISRAR T loct AN, NBRR It BEFILS iROMME mprmory.

contriolerel(f aclemetdnencat memdry hrexdfiks @2 1 Zheinicmorg woityoltke 1 0 ¢eigpically
. 28.. I.Ln the system sblg_omn in Fig. 1, not her Ranli nk

eitheg @H&Pﬁor?gp%%aqr&jfa 8l cB csprnapiomehinset 98 4 PrRaesoEnEach

e R0 4 AR o Pt 0 rR R PRt

The ¢ringronspte etk arcenged i 4 Bambhsmknsigmatiyg tepol agysknoRat aa RisgLink with

iRk 6 RERAEE ComndERy chr a9 4FBrERa HERPasgRgkle

interfhB& thOMat@lnk&Fack 34 WARPABSLE RvIRE 208 LRty {8mahbwn in Fig. 1,
uest packets and scheduling the return” of slave

re
anothes Rgahdek gigestigdopologyt knoevnt asenmabinkdn uses! hetivedndhe slave

. ontrol ler sends a request packet including
mter%%%ﬁﬁ%@%ﬁr%%%@'ti nme, and data to a particul ar

nop arpdseef packahLink spaemasitd frofide AQ@ede8sdrayifPbigh-8peed
until it reaches the intended slave, which then passes
accesg fie theapemery dswices Dats it ensfasradriptesy the memery sewraligeand
p 1 G | .
mods 85340, HHOLSERaBe ESERIEG A5 Syl g o
generating nlb kdqeesttpaclonindythtdding tierewrh b€ skhv@nsperise ackets
c%eted. Aread tra Eéétion is initiated when the, )
coMPYTES Tansaciienyis 1nitiateq aen theaaubolleriendup Fgluc grpkeh dncluding
R and . tJ I V. :
co Y e e e o Ry A E o SR i Bt fo,
moduletromydule uittleis reanitbsrtbe intansled slate viltieh thenpasskes the data ta one of

response cket, which.is ain passed fromnodule to
the mﬁﬁ’&f%f aevd‘f'ﬁ%iaff’r ?t?rag%ajgﬁ%ga‘f%@gn sds agpspapse I?a% Wﬁw% is passed
from &1YAB1A8 QR stikle until it reaches the controller to confirm that the write transaction

was completed.

A read transaction is initiated when the controller sends a request packet including
éommand, address, and time to a module. The slave on that module retrieves the
requested data from one of the memory devices and returns it to the controller in a
response packet, which is again passed from module to module until it reaches the

controller.
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PCT/ US2004/ 037285 Fig. 2 illustrates a prior art

Ranii nk sl ave interface circuit. In the circuit of
WOR@5/02941 sour ce- synchronous strobing is use tRCTUSROR4/037285

the incom ng data signals. That is, a strobe signal,

whi ch acconpani es the incom ng data signals, is used

to Lncom

| OF PP Rek e RS Rl TREGEE S 0 L B o i,
sour¢eesyabhmhmskstmbgryib uSe forabonkathe efcemérgdata sigukds.sThatds, a strobe

. #ha{l.%s dlstrlb ed to. ot(glr sl ve|n rfac gtllrcu d

signakhich asOmRan e NG PGHAINE B SEHTY & YEEbERIA G icoming data.

The a%mmg Al & bﬁﬁ‘s@ho@l&d@@oﬂ @LEL\; ) geﬂéﬂz{fbl h@tdbyaobalth&dk signal
the data i s passed al ong downstream

ﬁomtﬁsfﬁmmﬂcmk@gnﬂ-mamﬁwﬂﬂ@ed totRrglave lmtletfau@t cnmuets ghe local
r.ior.art Sy LLlustr al.es
ctoc il iEiea BRIt BF R SnR b Hnel i b iR AR sler o
the data iyphdsed SongboRikednirent of a menory interface system
according to the inventive principles of this patent.
Fig. 4 illustrates an embodi nent of a menory nodul e

according t w Q{Ngﬁ this
patent. Fi g%gﬁpgégggig?%ﬁgt er enbo mq(sgnt of a

MeRiy! Y illicttes apnidr an Randidal meforpsystean.menory buf f er

according to the inventive pringci p es of this patent.

Fi ig- & illysiratep ppries as dambiip slpveisisee CEsibdi ment s of a

TR 4 Do SR TRIR LG 0
inveﬁﬁrel—ﬁrgmp‘feﬂdﬂthnstpa‘atﬂes anot her exanpl e enbodi ment of a

uffer acc the inventive Ies
o Py e of Spbgdingsty b tiarn BogHealufingdi di i gptive
pnng@ggbfl@m JdGuit according to the inventive principles
hi s ;ﬂatent Fig. 9 illustrates an enbodi nent of an
| / Bige 8lillustretes anvther anabadimentrof emémery produdé mdean erpBodiment of
t t ent lustrate t.her, enbodi ment of
ameg]pr)(bg qcc%‘rgggt&t&%mtvgntpﬁé)rnﬁ Zeﬁt @@S PRFhci pl es of
t hirgy, BalRRhtes Bl ditiondl exhinpRlehtog inasMemeRBBO g stemtim&hory
an I'/0O cell according to the inventive i nci pl es of
modulgs,sing aesrary bgffmrs. ageording;tp thesinyentivs pﬂﬁ@l@ﬁ“é rof ébrb pefeRtent
f .
%h? éﬁl.ga n@tﬁ&oéx% % ({'1% Jltlgb\sf“%%én\e{ﬁ%rokg{ffeql %{:e%(lrﬁﬁ%to the

mveﬁt&relprﬁMQﬂestfTﬂswlphteaﬂcor d| ng to the inventive

principles of this patent,
Fig. 8 illustrates an embodiment of a redrive circuit according to the inventive

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.
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WO 2005/ 050941 PCT/ US2004/ 037285 Fig. 14 illustrates
anot her enbodi nent of a fail-over circuit operating in
W@200805M@k1 node according to the inventive prikci/pba84/037285
of this patent. Fig. 15 illustrates another enbodi nment
of a fail-over circuit operating in a fail-over node

acg&( gl ?glsfr?ﬁ Qxfo VHodMeR oF R 84iRb&S Rbudt B ﬁ’%ﬁni normal

es an enbodi nent of a rre
modwactdmrdmg td thnénvfeative prneriplec afthisidateny. accor di ng to t he

oty Hfsish Saftasrhontmisk L8 rEhars i phvetne iy fil-over

mod@h&cohﬁﬂ§tcf fab ﬁlixf%i’lﬁ{}e pﬁﬁ&ﬁl@é bi this R&&er di ng t0 t he
I nventive principles of this patent. Fig.

i | Figs16 diustratapar mmbolqhmnt oftsf mamamet lmf&rmﬂl blhbtlne fhoyarg

capsPEPOI gl bk el R A& oA |16

| | Figs7 ahREatedae BiaBEdifRAt oftf mB8mPAY ¢Bitdoller Wath bRM#ne fail-over
enerator in accordance wth the inventive principles

capabylity pgeerding torthe irvieggve szmmmfghlsmteinr | ustrate exanple

B T

patteirhd d¢gbidaioerd tl&ﬁn@éfﬁ%lpmmplesfofahlﬁpmew agent accordi ng
to_the inventi veﬁ@gri,nci {)| es of this patent. Fig. 25
i | Figsd? dtusyatananapsediment olor Pamybng p r%aem‘é%ﬁ%ﬁl accordance

with@é:fﬁ'{z%ﬂz% ﬁcipibg df%gﬁgﬂm}{godp“ nci pl es of this patent.

rates i ment of a nmenory nodul e
ut Figszlm@r(d@haf& altostrnd extainpie erdbodiments dif sigtus pattéms in

ventive pri nCJ | es at ent Fig. 27
aCC°¥ NG YHA Hhesing @Fln@W&é&’Eﬁlﬂﬁ 88 a menory modul e and
anF%er@ diudBes & emBodRITR! ¥ PbisFy é%eh{ 4cEbRnd ﬁ)ttﬁe inventive

. accumul ation according to the inventive principles of
prlnmlbiesoftbastmtmt Fig. 28 illustrates another exanple

ag@&%?ﬁp s‘%te%% Sqlgo(ﬁ.}élepgoti lf%é‘éﬁ%?, 3 a%?{)rﬁl&qg‘g%ége jyventive

prmdiﬂ?lb%ﬁﬁls%ﬁent Fig. 29 illustrates an exanpl e enbodi nent
frame according to the inventive principles of

t hFig. %@tlbwtratewlgemlmdlmenugﬁ&m@@gryanowanﬁh@né W dicaenelation

e code across nultiple
accoﬁl Otﬁggné’ rrlt f)ﬁnpgrgj lgﬁwgeftﬁ% %tr??lﬁ\clze principles of this

parent7 i1BRtrkteganciflerignbodiméit @6 a aienerh atidi® indeih @nbodiment of
franme transfer schene incorporating early

CRC
a megry Yeifer wiiging deta sosumalatiomeccosdies %a ém‘cﬁnﬁge pgneiples of this
pateﬁ‘[.a“ ous inventive principles of this patent.

Fig. 28 illustrates another example embodiment of a memory buffer utilizing data
accumulation according to the inventive principles of this patent.

Fig. 29 illustrates an example embodiment of a frame according to the inventive
principles of this patent.

Fig. 30 illustrates an example embodiment of a scheme for delivering a CRC code
across multiple frames according to the inventive principles of this patent.

Fig. 31 illustrates an embodiment of a frame transfer scheme incorporating early
CRC delivery and distributed CRC codes according to various inventive principles of this

patent.
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3 WO 2005/ 050941 PCT/ US2004/ 037285 Fig. 32

illustrates an enbodi nent of a nenory agent, in this
Werwapie4assumed to be a nmenory nodul e or bufP@&R/US2004/037285

according to the inventive principles of this patent.

Fig. 33 illustrates exanple enbodi nents of two

D08 : . . . . .

B T T R
be a pehwny medclenp dsffers acuondting tsthe iventivomsndiples ohdwsepatent.

i ndep nt utility. | .Sone cases, di t.i onal )

beﬁ@f ??ﬂﬁlaﬁr@eai e Regtsial twp DosEP ﬁb}tﬁ@}eﬁpwl%ﬁse

4 oo ' (grfm lL,ons wi th one anot her,

acco{t‘ahllbésiogﬁgfﬂr}’gntﬁ/ erh{é %d it |S§%{§P9i nventi ons. These 10
principles may be realized in nyriad enbodi nents.

Al t hough sone specific..d ' hown for purposes
of illustrating tﬁﬁi&%ﬁ)w&@& es, numerous
ot Bk pafchBRHISABINsEs iAo indeMicHe thdt RaRCmdestaaes: vl In

the inventive principles of this patent. Thus, the
somg ¢agesh pddidonl bardfiss ere reglized gthen some efitheprinpwlespee piilized in

.detai|ls disclaosed herej ' 3.0 e .
vari s B Refo G AL S NER G e Chipedob R AN EATTn A gng, These
prindipies mdp be Featinéd Mempriddehid e, Athsugladoaid spedifie details are
systemof Fig. 3 includes a nenory controller 50 and

shovgrfer prrpagss Of REtERingbE irestisoprEples HMTHS Alker pRABERRFNLS
3 . . QF e

may B SRR, SRS GatR ot ot LR AER AR of Bl ptchE Thus, the
invetistelp@inoipldsiank sotIdniteintd thansgeniieudechilp disolosédibereinc| udes

one, or .nmore inbound |inks, 56. Each dul e may be

capighp dlistraicgan PRPAYmMSNEPEA WeROBHATSrIRRS SO AkeasHing i the
e S Petore e AT A8 S DA ok e 0
and aliesalvhdira greanyy nednles &2 ftles comesinidatr theoughmal chaniel made up of

.Jyodul e detects that it is the outernpst dul e, or
unidfgignRdike T Be S GRHAE AR BCER B B SR BN S OF BRre
outb&RINiIB 3! £d MGhbEER RAEHEE inBRES TR miore 8W0E88 1ials 56. Each

arranged to transfer 'data to and/or fromone or nore

modlf mayeepapitde ofwedrizingrsignels fram link duliek amihemateound pgtgand

u hat 25 data from.the outbound. path i :
fromiolapilf pa bR Ry EAdOnSahe B YRR b e phptectively
disablRgRAY réliMie Q‘@tﬁl‘és,tfbﬁéb&fngﬂé, gfltht enddate doddrdingt i9a the o@@emost

or nore buffers may be di sposed between one or nore
modplenesTyspeasive ks eeramand fiem the memery eoirpigt-hs. The

modul,e : r

ot ERRE Bue Famo PRl oItk ¥ sl Bbo trppefer dta o
and/¢Hfebth @se oByorddsf th@pathe aF @dtxamprytistmeduds mag panauegddrsooh that

the rest of the system they may be fabricated on 30 a
data &gpniha oylheund path isfransfaried te ameuay dpvighdngidafasirorg the memory

deviddi§ ¥raﬂﬁ‘¥n$@tortﬁﬁg{b§g%#ﬁh.a@\ﬁe Qk F‘@ge %ﬁﬁ&? Iﬁ%:br?)ggiistposed between

arrangement . es are a 0 any
one @andreandnaory tdgpieesdnd one or more of the paths. The modules and controller

are not limited to any particular mechanical arrangement. For example, the modules may
be fabricated on substrates separate from the rest of the system, they may be fabricated on
a common substrate with the controller and links, or they may be realized in any other
mechanical arrangement. The modules are also not limited to any particular type of
memory device, e.g., read only memory (ROM), dynamic random access memory
(DRAM), flash memory, etc.
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menory device, e.g., read only nenory (ROV), dynam c

random access nenory (DRAM, flash nenory, etc. 4 WO
WQoO5HHBO041 PCT/ US2004/ 037285 Fig. 4 ill ust re@EESHMM/037285

enbodi nent of a nmenory nodul e according to the

inventive principles of this patent. The nodul e of

Figio Aild3fhddes e BOsikRar %8 SﬁB%F ggc@gﬁngﬁ%&% é'%\\,/entive

recél ve signals on uni iTecton
princgries cvfeﬂiisipa@nt HEhesmgdhdt sf Big. dimdides ¢tvb mthivelcumkﬁs 6 &hd 62 to

.and 5 ectiv e o0 re ne y, devi ces 58
rocei i Seals 4p PARGEH T ¥ks kLS 66 FERIF She TERA S or
unidiFE%i8nd flink B 841 8Hd k¥, r‘ékﬁe%Hbél? OhB®r M&hﬁn@y féHeesh s dte

not limted to any particul ar arrangenent

arranged i tr@@fqr datalto and/pik&omronarey mee of the Ir@drlvarcmmg:e ment

tra dat nd/or fromthe redrj .
ot Pos e SF Fiel i pifeadp o L e el unigiregtional
links &€ BBy Iﬂarﬁ}iﬁlbﬁiﬁaﬁl'géﬂﬁeﬁtsfoi hadsf&Rayaiato th@or Bomith€edrive circuits.
redrive circuit 60 m ght be designated as an outbound

If therraeidylg ef Elgr ¢ if to bgnigediiy amgmaryt tystem susbais Vet siheve adiigy3 then

e QR B YA 030 L R i

receldeesncnreaﬁeas@ﬁalﬁm hmnbabochd w4l inctuding Gilist54anghds 4B Age the
recei ve _and redrive signals _on an inbound path
Otheru rﬁ%m‘c?oﬁlwglw ARighiSslesiggatsdBs an ﬁlhora}n@ redgiys fpFat angharanged to

recel{?@ﬁrﬁi % gx?a%’ ot b1y Hl%ﬁu atp gfﬂgs 56A Hl}ila.}g 6]% Oﬁ}athis

trans out oun | ve clirc
exampleg omemomyredamnmgf(de)ncam as h’faglhetalmangmrﬂmrtyatdﬁw ﬁeﬁaﬁéfetred from

15 the inbound.redrive circuit .6 T ul e may
the O%fgﬁ%}e redgye gequdidl tfaghs mepmory ée\flwzs)&aags% TR egife(s) to

the nﬁoﬁﬁ@fgaglve cRagt gel ectively disabling any redrive
features accordingly, For exanple, if the nodul e of

Fi "[:he mccihsle may fbe cayzdie oﬁde&eqmngmﬁlylsstys betrTmsest mogsle dad channel

.3 dt dule.. detects that it i
and sSRE ot ot PHureS ArIsOUnR YT OaF AP Kl odul of
Fig. 4 B36b¥ @sed 1ﬁ‘éqmrﬁ&'y'%9st§ﬂn§bﬂé‘lﬁ 8s fhﬁt éHoWﬁ Még BUEnIRRInERIe
redrive them Lik ew se, t he i nbound red rlve circuit

detectsrihgt it igrthe ewtetnaskmed@evibe puthiogndredrive ciresipreadiveginceming

signs T ES LR ot P IR R T o e B oy

drive§itiall 568 wAll sedriad doviekpondenterd dafa retdifed el ke ﬁ‘l@in%@;t 8evice(s),
that it is not the outernost nodule, it my

and/og gthst pigatle that way hagenaraied interaphy bl thsrmedde. aAiltﬁglaagely, even if
the m'bﬁf?l@ gilgtec{s thaﬁ 11t ggog%{%n%%gﬁ?srtg%g&gﬁﬁé%%b C?:é(ﬁ'gﬁ’g?tfs% %r? ?halt 1r¥ is

response
capablhof:dspecaﬁg astthcmgy if 1g gy @uteingRamsdile ¢iir eesinple, ini BipouRsito a

i 56A, and it not redrive signals onto outbound
comnvan%%nsmqﬁilfﬁy csntrcv elr)sﬂrr F:( tsgl Casfoit HBY 1gase sighela fecsived on

inbouﬁmkgaﬁo% # %@Mﬁ@%gngﬁ%m% thGurfFRHR 34 supbuf fer

according to t I nventive princi p e S patent.
THeg.rfoidlubteatest anbilgr embodinentides mamoemmogulb uhd en efibodiment of

s e L o O G L R YSy orri
include@ AthéBory WafRt 6N BhFn® Avd Rladive 8FEL RN arldi 9248 radReAihals on
unidirectional links 54A and 56A, and redrive the signals on unidirectional links 54B and
56B, respectively. The memory buffer also includes a memory interface 66 arranged to
transfer data to and from one or more memory devices 58. The buffer may be capable of

detecting if it is the last agent on a channel and selectively disabling any redrive features
5
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56B, respectively. The nenory buffer also includes a
menory interface 66 arranged to transfer data to and

WO rod0Ine¢l or nore nmenory devices 58. The buf f eRCTHS20DE037285
capable of detecting if it is the |last agent on a
channel and sel ectively disabling any redrive features

L e e e

chanhélséveadLittis got, for exdmapinakspoavies to & comnmiaad fioin a fremory
exanp| e, responsive tp a conmand from r

contigfih rA 11566 heyedt REE THEFaP B1LY FFERRLY P%?técﬁkg‘f%?%@eﬂémss)z

mod REMWUFRE| &€, thAiSMGRILEEH e BRFL)  modul e, buffer, etc.
that 1s interfaced to the channel. 5 The nodul e and
buThemodileBing bufferaofdigdt ark innt limided ® anyypapaeuliramaagement of

arran nt of unidirectional Jipks_or. a articul ar

uniaic AR e Rov piPatlet RneRg Ctdot BuT s RinGey theHebry
interfadé 8hd AeSedid diRthits. el BoGilE GBFIS 5 id fo BNBedBMhRnPly system

Fig. 5is to be used in a nenory system such as that
such gk gwh shawiFinglig33, thanardiieariropd 66 might be deyigratpdtasisa outbound

.desi gnat ed as _an, _qut bou redri.ve.circujt . .
redrig A e Pe Lo T AR s SR ot BB iy lnging
linksFaAharid84B) dha theldhdrirbdisveddur 6d nidB beadidignbRd @k Be inbound

redrive circuit 62 m ght be designated as_an inbound
redriy@eiFquieand; araned toraceire andgedriveosigraeony an haundpgth jreluding

: i gn ' i ncludi ' '
inksSERTBESE, B AR BRUAACHAAR b KB NG rccive
data @ronf thg dudduhdradeiee bivenit 6lpiral thrsend dite tothe boboudd redtivieircuit

circuit 60 and to send data to the inbound redrive
62. circuit 62, 15 Various mechanical arr angenment s maybe
usedgd. I Gl ;
L i R EnRRGY oS %, A A e
and/aréniffiev ef Bigs.cliartds5. 6Bor exmaip2theanemdnyfdegice$ 88, medrival dirchis 60

eal | ze se te [.ntegrated circuits.nmoynted on a
and Qo b SiRueY HbaF ey SN EE S b b aped of o
commn{& bRt SRAPbIGE sPAmitEirdult®oakRMRANBNS SorlBMatiéhs of the
fabricated together on a cormmon integrated circuit, or

compoments ady brei fgbiticar@] togetherbom aeanemion mtegreied gireuit, ror depydladight
i.rcuit. The,circuit, board. or boards, ,if.any, . be

be fafilifi o POGIGC RIS ARRN RE oBRRE A ph o8, iR, Ry ve

capable o B&iAE phibgedl a6 k6kbRBI AvhetieHoat, FAbriRatetRitbERbRAN €,

or arranged in _any ot her vva¥ There may not be a
motherhogrg, or pwenagd in ary otbgia. elhare may@ot b sitet Boagd,dor
o ;. Y
exaniyfe 8 LEDpROl stricBelTls bt S0 RpRP b pod T Ritory
buffep at @rdingBy tHednwigide beintiples bf AeEpAdentingdshedfzed td@terfloadevices
menory devices to a channel. For_ exanple a nenory .
othenghan wemeer: d¢deasdo e shammel. Fonegamplea memaei ks aggordipg do the

. : . ' / .
vl % Bl L Sl 3E 1Sk KOO br e o
a chaapgar at us according to the inventive principles of

t hzﬁditional embodiments of apparatus according to the inventive principles of this
patent are described with reference to “inbound” and “outbound” paths, links, redrive
circuits, etc. to facilitate an understanding of how the apparatus may be utilized in a
memory system such as the embodiment shown in Fig. 3. These apparatus, however, are

not limited to any particular arrangement of unidirectional links, to the particular
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patent are described wth reference to "inbound" and
"out bound"” paths, links, redrive 30 circuits, etc. to
WO 20505008t e an under st andi ng of how t he appar aRUBUSRAY4/037285
be utilized in a nenory system such as the enbodi nent
shown in Fig. 3. These apparatus, however, are not
arangb LA S i PRE b LR B b CAPAETER aff ophgygirouiey, or to any
oftheﬁmﬂbmﬁﬂﬁﬂdn&@a'ﬂimW/ 037285 arrangenents shown for

t nks d ot her
% ﬁﬁv&a § a@%ﬁgﬁ ey?%? plp ﬁ’él Pﬁ‘lﬁfFeé‘FPéﬁﬁ APPHAYIYEIE, gemory
modﬁ@@\éﬁd lelfbry éufféﬂs Y8ddr@hg %o AdGhtdnfpa ngnﬁesﬁrzp bEthis patent.

nbodi ments” of a menory system nenbry - nod uf es,
Refeﬁmgdﬁ Vig6f bre er moxecmdnmg maodul¢sed2 are bageidva mmrtmi:clmuﬁé)oards

v s 0BT g BB TS e e i e R e Banc

(DIMMY ihagmep B plilggbd REE R SoRlcefod oR @hbthsl AR%itHoa R Rt I8s dtRer
create a dual 1nline menory nodule (DIMVM that may be

compepneifs eithesygem. e%h@?@&ttrtgrfonwf@m@tm@r be pdapiid fop Grermodettor

exanﬁgejrtﬂg Pﬁ@g rforn? ? glnugn% g r(ﬂaou‘i) ?{%T& éﬁ@,@ Iél?/flallmnlg random
acce@mmmﬂrgf(DRed\w}Mwﬁl@gmfactor used for Doubl e Data Rate
(DDR2), dynam c random 10 access _nenory

rmT:hﬂ régdulme @eale}a@é Ve HemeraeRy) devicqs a1 iRr ﬁaeaa@ém cgr(p@xmch@-type
DRAﬁ?gﬁ%%ﬁ nenor gi}%ga%§b41&¥%%$e ISO ?Qggﬁﬁrnmnmy

devioer fromya cldiﬁneldha;t 1ﬁ1|erfmm teduwanddks tolthe nientoey tawtedlet 5@, which is
ontroller 50, which is al so

dules to,the r
also fElRFsflia g § Bosts The Rbatel ATdHA AReIntite-PRint dirangpmipnt with an
outbd%ﬁtl[%ﬂlttHatHﬁélﬁHesadLﬁl?d?ﬂ@'Tﬁ% ﬁﬂ‘," aﬁgﬁ aft bbon@ Ph oco ) ngﬁgge%%ﬁnbound

i ncl udes outbound |in 4, and an'in
links Shaflhe lhoksmhes b mplenstntet iwithspab@lle]l Thiditectivos] bijanbeusing low-

1t nE d W|th paral l el unidirectional bit |anes
vollags ‘ﬁ%rqn §H%age differential signals. In the

enp okt eRBddEmehts oif Gig. &, ndddesHal sighallinss gl’éadsecll i1 Fn@iofs such
used for functions such as command, reset

as commang aliepetainitintization andthellikre Instaad thas, funpteas arwersoilehs
dlrec@% glntﬁg ?gtngx%tzo%eg He% %m}/el v%mgii]vefi‘% e n%ruo gﬁf é}lartnger of

erna |ve

additidal digrahBhesshgnbé uéddrts &n?l%ﬁhebl%udﬁ @ghctiond. npl ement  such
funct| ons. A reference clock signal REF CLK is

gentsferenes d901%1813% REEGRK Hesnergted/by a glosk symshesieer {76
fer. 78,
s DR RS TS RN s USSP TR
quasitasyndhratoub oloeking solesmes atvdtcicloosly gergracdclacle mgﬁﬁd a1teCused to

le .and red |v i ncom ng data Beca s?( .a commp
Sampﬁé’l”érrgﬁb"é IR BRRE| ORI [BSORMMIEEIPrenggSck iy ayaiable at each
agentsﬁe%‘ﬁ alTRAyIR c%c‘k@& Wilth ﬁ[dﬁglﬂe&ﬁgﬁ’cgftfa%ﬁfﬁ%n %tc&ﬁzﬂﬁgflyggiocal

atirvely, a local be "genera
cloclq srglhabmayi begtneratbd anlgperierile uf:zelya’_efménce Ah)ckn dishapther

alterngh{{ﬁ? %g?&%h\ﬁg@ﬂlﬁ ﬁ:i%: ?Igsgg%’g%ﬂl%hﬁ’lg Eflblg e gfn@ﬁronoﬁg gt[r]oballr?g may be
used.

In one possible embodiment, the host initiates data transfers by sending data,
maybe in packets or frames (terms used interchangeably here), to the innermost module on
the outbound path. The innermost module receives and redrives the data to the next

module on the outbound path. Each module receives and redrives the outbound data until
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used. 30 In one possible enbodi nent, the host
initiates data transfers by sending data, maybe in
Wpaokesw4or franmes (ternms used interchangeabl yPEEUS04/037285

to the innernost nodule on the outbound path. The
I nnernost nodul e receives and redrives the data to the

it reddBesithe GREHL tf éﬁlﬁ)e z@l&ﬁoggﬂ stgﬁséhlggg\ﬂld% tempt to redrive
recel ves an rives the& outboun ta unt Wb

the d20G6A OEO)MisteFfLBT HIBRQOUli3 Eﬁﬂfmodtﬂe meg bk espatieof detecting (or

T R AR WL S W TR LI
redu¥AiresHashrl bBler &ﬁﬁﬂmﬂﬁgﬁl l8iseBtc.bB hARMYRIAENtI@Ie ehhdBes in

or being instructed) that it is the outernost nodul e
the dzaetiagi of dld hasg 1anynbcemd; are ingliatediby the quiermostimodule. Each

nnecessar ns ti,on, .noi.se

modfRAEERRE RS r AR P EREHEPL AP el hifine Bl yri iyt the host.
hoshy suitaBle conth@Mbaliondir6totbdli rhayeheshed YovEttBe PHYQEATREANNEl. For
modul e. Each nodul e recei ves and redrives i nbound

examplg, sheghashapay be desiperdeditogattiate andisphadule dbiahewnd ans qwlaqund

[ - ' [, F r
doa 34 AAEHGSGATTE 04 0, B ALRA o TSR Frames
of dattesihgbat@tiguged toi catrficemanids ebaicdsita waitt databsintng irfotation,
qut bound . data transfers. Alternatively, any agent may

erroryglogNAtEfe fitiR)izZatipR Patpcldipmolormpofis o &1y qopmpieaiion therger. "A

proto@@f Iﬂa}'fTﬁé’ iR neREl gt hetgatt hER iHehoSOHBNY §?mfn%ﬂﬂi ﬁQﬂfeato a target
dat status infofmation, error informatio

modmla atmgltlnamttbmmdqmﬂa thd tdtget pmtlule nrer@pncﬂhzy unmedlaﬁeyy sendlng a

respiE i ok (it o el oigabd LBRGST Baolfih R PHTBCRer iy the
target ﬁfo@@lfe doBPAMHr8drR}ORE c@n‘ﬁﬁlaﬁ&' BQQM% tRebitbolfiepdtRr get

nodul e responds by imedi ately sending a response
f r e diiguietiveo emhedilest, thd terggt miodulie mexstved thraedmmpnd ewh and

ment , .t.he 15 t duyl] e.,does, not, redri
then FRhg B RSB s O PP BT A A T SRt iRl
rece1%§ 186 BahinBd eaRedit iihtes & Fpbrse %ﬁnd{%&%@ nb@GR M6 thfitan
onmand frame and then redrives the command frane on

idle ﬁrﬁée)amtb@mbeu@fépﬁh (Rhe fargianasivleey abssuntildepnesponse emgaeaches
its 1nt>$rxgny rgggr]%{}ﬂ |T£1115r3 et Ih{)(ll] alg{hgh%e?%ﬁrglt ?e%ﬁergﬁgqn tﬁ%bound data

streain) BGY B¢l r@fliding Ei&&eip@hwfraﬂmshﬂt By & diferutdlst motllle with the target
response frame reaches 20 its inbound receiver. The
mOdlilSrS@é‘F refpatedlam@n nergers its response into the

PRSP oSSl RO S5 e R PRRBRR o
inventive priaciples rofi éhig pstpmn Skhefmemary bleffgr ofFigl 7 us:lurdat as outbound
anot her_exanpl e e i, ment f a nmenpry buff

redriyg elugi Q0go & ew?ean rﬁ é %1%'1 S %%b%ldd’@ﬂ{ W@dmﬁ I 54A
and SEIEG aEIP ol fe@flgé’t:lrgdlg@ 6 Oy RS, &‘ané)éi Ili’ﬂéj&g arf hbound

redrive circult to receli ve and re rive signals on
path amludutgiuuqsd%aetdd 56| A daengpry iimikrgacsHa in@ridc&saBe baﬁfcr ta/one or
i nbound, redri ve .Ci rcg’ hr62 to receive &mrred

morestp%rﬂ%ygegweﬁﬁv lﬂb@ﬁﬂ ough a memory bus he memory interface
may include read and/or write buffers such as FIFO buffers. Data from the outbound path

is coupled to the memory interface, which may be through a deskew circuit 70 which
eliminates skew between bits of data if the outbound path has more than one bit lane. A
pattern generator 72 may be used to generate status patterns to transmit onto the inbound

path, for example, if the buffer happens to be the outermost agent on a channel, in which
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path including |links 56A and 56B. A nenory interface

66 interfaces the buffer to one or nore nenory
WQ@i2ops5/08941 whi ch may be t hrough a nmenory bus 68PCTVE2004/037285

menory interface may include read and/or wite

buffers such as FIFO buffers. Data fromthe outbound

h
o L UL A LSBTy oL AT
multiphﬂme%sdbwdtlsrelgfcodp]leadath ftonethe uhdmerydntpethde drgmttenr generator to

b tb n ong. bit g A pattern generator 72 may be used
the iqboupd FReFiyP STCHht us patterns to transmit onto the

' nﬁ%&ﬂ@moﬁ/aﬁlfbrfaﬁ@ s X B8 to hﬁy f)él?ﬁc@é’tf drfn mﬁ@lﬂ@l&e B§d & thay be

be the out'ernpst agent on a channel
comRObB/ Wisogandaptmewszy davicd7patculeds eqmmhémé nyeayory éewoes such

ng._t.ecei ved nco nd lin
as DR PR VLS RLEEREB Biye: Bl P ngfingradd
circuftEffBiay benhiegia@en R onedr hedr® n@@tey détes) s céiRbinieAbSbments
redrive circuit. The nmenory interface is not limted
may beiniggyatpd pPRioSAPAHRICLOMBABANE Or Ay pier meghapiggbarrgigement may be
emplsgézp alt’c}{ekéln?oo\ﬁhhght %%@\81? g{e glggﬁ c x%m%?aﬁs&ﬁ@ﬂﬁ%ﬁ%%&%ems
are pesyitile én maimlaycdwfﬂﬁ e m%ntbe prlﬁhp@rs af gds paterdt. Fongkanple, the

i nte rated CII‘CUIt be Integrate 0O one or
embq%m@% y 1§ é@%yﬂhm@dl@eﬁ@tﬂ# flafa #pwge%@w@e opRgupspredrive

c1rcuir¥g{): ﬁ&rtﬁérﬁgrquéffaéeeﬂﬁf @4 t@@l@@ﬁ@@nﬁlﬁ%{/ e% tcﬁﬂrﬁﬁ él?JleﬁH redrive

ani cal "arrangenent na
circug i dmmﬂoxs,ﬁmmver; nkdyche bi- dnsc‘aomhmlndromeo Rfryngeamits are
ccordance with,

di 0
contegtpe B 1 BN Haglitﬁof%fssfwﬁ%%&lsgﬁﬂn 3 ehnngl i in
whlcﬁ gta f&r@ﬁ@ ?He%ﬂr 1rﬁérf§§eg)nl§7 ndeds 7080 a¥kRdWH R BbT ¢Ci% 09%? &fill be

data f OVVII’] fromthe oudtbound redrive circult
realméwuﬂyredntf@mfcante havidg ffulbhi-dinestineatolata dcotseab ﬁuemaa fachhtate

for e;if?gnpg% qg}pieglge[qt%wglo%ibgﬁgings(e#et?sitzp @hg:gf | OW ho 1ch cdse a sgcond
desk&@ Bir@TPfop ke wtedhtd frofiBe aIFoARY Htrna?fbeﬁfie%qu is to

be used in a channel systemin 15 which data for the

meifigr §iliustrates aemberdipentelfasredidve ¢imitascarngroithe Myeptive
princ les df tﬂ?é)laﬁzybl 'fh& c?rcu t%?lF a% %3 éf%&& ong %? e ﬁg)ﬁlg/gunégt (I/O) cells

avl ng rec access as

74, edchcoflwhiel feceivéDan mpamdtzesugnm;etmﬂtt atdyasdie fkin dutput data
self-test (BIST) functions, in which case a second

signalj § & etenatevgls alp 5O eedlsneaypubstivna of mererprend daibsignal RDX into
the ofBh{aAEYeb, NRldNata Tl WiDK P be e 18 G Bt B Signal,
e1thelpllsefme:|qﬁla&sr ivis rb&nlﬁermtthmbutpiﬂhima:mgmh t of Fig. 8
[ i / /O I
§$§ R 9F s EDpy e ﬁtqa?ﬁ%%fn%a%i tgﬁgighﬁke PG ef mpltiple
s1m11£¥9§(g1{a?sd<[e:pvﬁdlﬁ‘§ Oﬁ%&i’lfﬂm&' OF Porcells Ergt'B@lredP&e circuit. For example a

Al'ternatively,; an 1/0O cell may substitute or nerge a
redriveecrbui dinging |ngr&3blt RIS would havdeine IiCpedls dathainpirigdedd sigrels

i 19K, B S oD A e P o AR oo

woul@¥é R@toﬂﬁﬁ}ﬁyﬂ ONR term? RXI R&usedto fefer Qﬂer&ﬁll}} F@atgb&vafﬂ of the

signal nanes indicates that it mght be one o

inputdgtatsigriags.

The term “write data” is used for convenience to indicate any data being taken

from the data stream traveling through the I/O cell. This does not imply, however, that

write data must be directed to a memory interface or memory device. Likewise, “read
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simlar signals depending on the nunber of I/O cells

in the redrive circuit. For exanple, a redrive
WQ@200805004havi ng nine bit | anes woul d have ni nePQXDU$20D4/637285

with input data signals named RO R ...R8. In a

redrive circuit with only a single I/Ocell, the data

¥ [
datar 1R Rl N by (EOTRT ot B odliacd By “fd BB 5 afly
sourdenpeitjudataemonyrigv e oifhmnioey imténfacet e data" i s used for
canveni ence, to e any data being taken
PR Ran P L Aol eathor Re Sreebe fombe & Hiataclock
signalOPCKIHRU Y trdROMR e BIck stdhatl TCA késso&%tt@a%ﬁiﬂen@@d@bﬁ 6ighAREF
to a nenory Interface or nenory device. Likew se,

CLK" [Thg ¢l@k\@eno®5 11056184 & pRGE/ 1018@60@0‘1?0(3’718 52 thiatteanerniss dres

st GO C a8 i et DL e ool 108k SenfIIRE CLRe ahig hase clock

geneFdH 32€ IRbnEPORINe bbETifREE theReire Th i thaddalbék §iendts BCOSPC1,
a clock generator 80 generat es a nunber of phase cl ock

PC2 andyhaB spaeesk 98 degrges snariswil degyestitomithntnsndt ¢lacl E6pdiask of
the I/Td) cells él?af eu{slg %ﬁ? of Jn%?é(otsc 9@‘@ § )8@ %é%@g% ggg)gﬁf: ﬁmti/or

gener des a p

redn@a':‘dh&ﬁ 8ilg@sls tdnd/or te@paterite aﬂdjﬁ&laT%ochlaclwgﬁalpl B tbfs dnfit®diment,
reference clock sjignal REF CLK, and a, phase cl ock

the phgsseiopksnd gunsmig CL%‘E sighalsjap Séaté?rﬁl«saalﬁ@hﬂle seiertatdhey are not
| PC3 d
iy 1BHRRE €lACHEL GPah o AROnp Rl B R P2 space

TCF1g&dlusaﬁtes tiembddimeat éfaniy cels eccondingto thoieventive penciples
TC and PCX c¢logk.signals to sanpl.e and/ 10 redrive
of thig ppient; gﬁ%%ver 35 angsg’ E71%¢ @ dalgdianp anﬁae@nwe it as data
signaf |T9@11f1 re ﬁﬂ)ﬂ% o 2 dafhy i{)‘hﬁ% %lo%@%hlr@t The Hﬁ?plﬁ%ac?@ckcéé}%if is

and transmt cl oc nal s "are stabl e si s I1nthe
geneigaidyy 4 Mplmgayoca@nmtor 88 dyvhish éxicapable ©f pdynstmg the stepling

clock{ R i ieeBa LheBH T RSr ANHT Bie SiEPALWILY oo

from&lﬁb%nbﬂb’(ﬁﬂhé U@tp@tr dMedN R S6. ‘Pftaké’ﬁ ﬁoﬁﬂﬁ@@&t&xﬁﬂtﬁe‘f RICYREr as
86 is arranged to receive a data si redrive

showintin Fig. athe Samsh@g glnek signaliSE mey pe ns@ etSoOlatosbnpc,u argrobe signal

for ehe i8S dBle " Pt 4T B BT B bt PRE e \ein dipry moints

otherGAgEdhk enpift ofitheusddived at Beovaaiillip ) FéileRskpkl §mady betaken from
onse to the data signal RX. A wite data signal

the 0%>(P‘?fﬁ§)e Beetvakesivell.r om t he i nput or the output of
;gﬁﬁ (?ﬁlu?@ate%:z{notﬂ?eg @H}b&ﬁl‘&f@d Ufalf’b‘b Wy 2 oraﬁga{S ﬁ%gh%ﬁﬁwe

e sanpl 1 ng C
principdesusfetlis patenn rIntth)e elabodimentoofdtig olge tlsl sgmpllng Olokck rgeﬁd‘retor 88 is

wite data. The put tqQ the sanpljng clock ner at or
implaragnigkwitaRa Hlt?r.peiﬁqs& Orfind a reeaivst taglsing uRK (R?;ﬁg%f Ehe

terf o6t Y&lerAS 1% dTb 1 59 int&p8ERhE b % f
k58 s BRI T L PGBty
phaselcﬂoclt $ipsdls BCKS(H&’(MH dase fambpdblseintt acf Oadegrée® onebf phase) in

according.to th? [ nv%ntlve
response to a tracking signal from the receiver tracking unit. The receiver tracking unit
observes the data signal RX and adjusts the tracking signal so that the sampling clock
signal causes the receiver to sample and redrive the data signal at an appropriate time.
Thus, the sampling clock signal may dynamically track the data signal.

In one possible embodiment, the receiver tracking unit observes transitions in the

data signal RX by over sampling the data signal and adjusting the sampling clock signal to
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principles of this patent. In the enbodi nent of Fig.

10, the sanpling clock generator 88 is 25 inplenented
WQRM0R030941 nt er pol at or 90 and a recei ver trackimgr/usaon4/037285

(RTU) 92. The interpolator generates the sanpling

clock signal by interpolating between a nunber of

oGRS SBBL T Lo 48, 66247 Ph 0y o

betwdragddshibns i@ heldafar sognat. NEhe @%Qilmgrcldd{%@hd:rﬁ@r 8Bintay ihtlede a
receiver tracking unit_ observes the_ data signal %

loop £iler that mg@%lrQSWéV@rﬁlém%lg agg gwwevglau@lWa@et%rﬁan%%}t gpld

adjust lﬂ%ﬁ%ﬁ\?gé) ?ﬁfhgg P}g‘ﬁ%“a%\lﬁ égxfal L& 8 rg[g}betr ?‘21? gl%?%rﬁ% ﬂﬂ:dceﬁter of the

data éfbelosanml IThg inpradd tlﬁlsgmphng‘raly)cld getwmtoaﬂnhy bt takek fltolrrepomts

gnhal .. I n one possi bl e enbodi e rec
otherttﬁ%ﬂweﬁ@mw hegBaTe 28 Shdh Gt TEots Ko & %@P et? %?n
fromfRe pl]ytpge/(gft SaevENg Wwhe data signal and adj ustl ng the
sanmpling c ock signal to 10 WO 2005/ 050941
Poﬁm 800018 32851/ Osatipkeordng to ddrinventivh erideiptes oif gnapatent

I T AN TN A 1 1 A

For x3ABld, F9h& 1/0cdelanes. 8098 ufd 98Ye bl 4aknaty rh&amesfghbmﬁn Fig.
t hat neasures several bit cells and rmg eventual |y

3, thelkost nmyrp@npﬁlaally sendhiairiing framesientotheogheuss path. t’ﬁ]@ese training

Y O R R

obsetvdg eﬁcﬁjgal ttangitichomkhe ame @@h@lrto ﬂ%)abth&otadjuemhé sefpRs elbsk
other than the input of the receiver, as shown in Fi

signa o Likegfises Mt@mﬁ& megje BbF igak 81y PFFIBW@M%S%IGth%%amGS
as well. An enbodi nent of an I/0O cell
Ontogﬁ(}cor%&%gﬁ/atﬁg the inventive principles of this patent

mayighel llliedam& bibtRersatbedimdnn af ad I/6i oedl dcberding@o dled inseritive
dynam cally track the data

principles a) isqlant. oTh¢Pr§bod1@enfsoffE§%dﬁd§ Sé%@fgé n%ﬁé‘%n%aw a
buffég‘g%gé gédeﬁhfmec; | gat% Tth}l%%u?fels 4 R b@%ﬁitfég hﬁﬁhéﬁée or drift

raining nto the outbound path
compiemaativinrtnfiet tlmmesmpwaeafore'db@mﬂstempemhm mdslcqbﬁﬁpsrw élhe

to assure. t hat e. re ver trac nit

ity FERGRTP RS P BHSRT EHdo aaoEl Gk HepebTCanPe Hogemit clock
eﬂ‘i’d YHle 'irhﬁle%éﬁgélthzﬂgts E)hé’s%iis néf ﬁlﬁiﬁ'ted 1h|rl§s%%ﬁo thd\@ata signal the
outernDst nmodul e in may” periodi cally send

Waytheesamphgclmlastg@lﬁEl@nto t he i nbound path Fi g 11

bRy RGPl ERERRTR s GonBRat b S o gitechpess

through%@déb 8l FRItve Modbiif respdnsk o & ntBde@ignbl Tnhabs-Broddhtnode, the
, but a buffer 94 is added in the data signal path.

signat ipasspsifhreughowitheuy bpiag samplet end sadsivemnBeredrivemoge, the signal is

samp?eg(i% cf‘rg?ﬁ{/erpmqg%ooﬁg t%lﬁée ?@@%ﬂa@?gﬁﬁbe&%lg? HetiA9 %el‘f‘fbdoperate

ure in
in d1ff&%nﬂ&ﬁf10@ hivgss. tiaend dbeilse gmdbdiinént, shebiffanpeiatesih pads
gnal TC. The transmt clock. signal is stabl in_the

throughsedaif e mede pevpd és asseriedt Tadg igseteded i asdspamdemoge and may
result fe. datr ﬁk&l@?lbe&ﬁ'l@e the data signal is being redriven by the same clock that

is used to sample the data, When the mode signal is not asserted, the buffer operates in
redrive mode, so the data is resynchronized to the transmit clock. This is referred to as
resync mode and may result in a longer latency but may reduce jitter. The I/O cell may be

designed into a memory buffer or module that has an input for receiving the mode signal.
11



10

15

25

50

way the sanmple clock signal SCis. In the enbodi nent
of Fig. 11, the buffer is capable of operating in
WQ@RM0Res0981 pass- t hrough node, or a redrive nodeCT/HS2004/037285
response to a node signal. In pass-through node, the
25 signal passes through without being sanpled and
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tol aeasﬁaeﬁo
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be used dniasgsteimyin twidcls tiee is hmdktntdfbatong@lgnal petlecb the neaingpent, the
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ltsewrtgégnt@olﬁ? pde Rl s gnal . 11 WD 2005/ 050941

Pcp'g l&ﬂl@éﬁﬁ@ié’rﬁﬁher bfnbbnlmdﬂeamwewf:ﬂebc&amg%i HeSniéntive
used on a systemin which there is a relatively

be
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102. Amothgr arudidplexar audytbedligposed battvesn buféer OA@nd éﬂansmﬁﬂratdeloﬁl with
| ud
on RERGALE 1 SEREBhY Bl RE ATk UG5 o TP

1nterp$>£utrqn{ es the incomng data 15 signal in response to a
i ng ock signal SC which is generated b )
gelbreedp to méesé%iéiafaomm% daig S@@Rms%gﬁ@llgplexer
1
T e T

data otuhef thie flf@ celhini rebpotiad ® the gmﬁﬂmlt ¢clbck sigalyl. eOtlenae, the
drift conpensation

G S R o G ST
latch. S’ﬂ'{@ﬂrérﬁﬁnﬁéa%: ﬁgﬁélgﬁ%nvgge@ﬁacﬁ 6%5 &eﬁtﬁa@@i}?@fbf lgfl!r@{éhntter 106

Si gna C mul ti p exer ective
beforelbging éngmd)rgo ftheomxe ulllldt-:rt:cttolnel TokE f\&rntegdhtm is takeseﬁrom lthez@rtput

of the]transmﬁ la?tch, collected in a deserializer 108, and then routed to a deskew circuit,

bit lane fail-over mechanism, or other circuitry. The deserializer may also provide a bit
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transmt latch 104. Read data signals RDX[0...n] are
received at the /O cell at serializer 102. Another
worzdoshfloeker may be di sposed between buffer 94PGRItS2004/037285
transmt latch 104 with one input connected to the
buffer and anot her |nput connected to an out put of the

I I .
line (’:155 i ?LIQ% twgu%ﬁg gglgxt?erdefgorqn‘}l hégnf#ﬁéie?lg%l{ ggﬁf f@8ndicate

WhersﬁlbwttsdamQNDKmm It]hEﬁValldS coupled to the seriali zer SO0

t hat transmt latch clocks the_ read ata out
{ o ef thginvenfve B%%PJ%O% ISREeTE Feldfe £ teskewing < |
e I
Sepa%?é%%ﬁ?%%“#n et pelie Bl RERE Rk Jrdford2biponents
throughazﬁsm a s1ghaitp¢d>pagihe as itansneivediatdrediigmal qusaxmpltemtthd

t | t
emibeiffigih O Biekes o1 TEMSHeadvTREn imfadel AGNEL BT BHER cippgiment
of Fi¥V 11t ehedBdirdvd Sath AleRlel FRBIVENSS i Rifter 99f Id tH% eﬁﬁ‘tﬁﬂ%ﬁ&ﬂt of Fig.
at ch collected in a deserializer 108, and the

12, thegigidve pash inchiier ssmplingcunit 96, tasminatign ant 48} bléf\f@r94 multiplexer

r try. The deserializer may
100, %@éﬂﬂﬁﬁdﬁl ‘{ag?%?g&%%ﬁoos/ 050941 PCT/ US2004/ 037285

| i Aleco@dhﬁg ko §dr@’1@ﬂ thBlfventidd 1SrihciyEys &t&hﬁqmeﬂe@ deslsw theuit may
npl e clock signal, to indicate the wite data

be lnwg;qf@ intog redgive gt sush that dre mﬁlélduab@h lanv%omlp Hesksmegirouit

t
are 1‘?‘1%‘%? }rz 5@?{3@% gaﬁllsa "%uts Otg? ?1%#8%{? %&%19§ﬁ%s§ma% Bg %Esgéggeg in
each ogdrive cacdagio rsemdlsverﬁalmig opgh. Mlleﬁiatlaelyj Ipvadver, a deskew circuit

accoflyRAHANGE e B DA ARGHY BGR TGS SSPUIRIEre he Fedrive pats
For e&@lﬁ’ﬁ_l'evi% tH@EIBbb&iﬁierj@lsF et &l c%@lfev@ﬁrc&ﬁﬂs SRS E%ﬁpdégﬁ@ttoaﬂy
1, pat 6 an

the redriv I ncl udes recei ver
from lﬂumfeémvegﬂaths im rb‘ﬂteveemtwdlﬁ@ehut atso fFarg the endire tedeive ettenive

t d term naj n
Ateriiti, SRR kil e v eShmrpil it o batigmay be
integhalt B thé BIdrive@ircdi®) bOE ST BE Maﬁa&: BOARhOfedtNE phtRY, eP&I‘ ve
principles of this pat ent, a deskew circuit may

exampleg; égthap@@Odme@t af ¥ @dlz,w@e oF m@m desk@w tatelestmayhies located at the
outpﬂt%%i er{ ?1 é} 109 alt%ld}o?nhesm %to g?%e 1al1 %I rcuit are

int the signals on

t hHlehﬂniboldﬁﬁéiﬁs Hﬂheihedﬂmﬁtﬂsrfor @@kbw r@%ﬁ%ﬂé@s gebhiratély from
as it is redriven along a path. Alternative

redrivgpdiises degeriped Rbgyecare exgreplanycandy andwye net hlmzteg kn/ibiase specific
exampfeg.nﬁ/fo%cﬁ/% Qe fnhlgﬁ%lgﬁegﬁglﬁg?ﬁe&%wf’r{%?ﬁ% ni al%gén{r ?rg%n redrive

edrive pa
paths Euc@rdﬂlg t@thispzkem ¢ inclepdndest oflochen irBRRAVEpEndisies 6Mthis patent.
E at hs |n redrive circuit 60, but also

t.he redrlve
For ex %@ﬂ He a8 s qrabodiapPnts of padrivapirovitsallustiainst inides O- 12 are not
hmltéélecé KenGhEGYY tsy@t%ﬁfg rhqjvfﬂg st skritb Bu grdﬁff(? 51’10}/ ﬁxb Bﬁﬁcglr?a{tgg §5 too

of this pate egrate
may the ponéiples b&]atuguoldesltasvmg pignas sephrabety thfoen reeldive pethpatdosding

For, _exa enbodi.nment of gne or
to thif Gitent GRS E et FreyPIs Ot sy archnes g 1gfigput of
unidi®Bfidal i8Ry, ¢ b0 ?an%ﬁg{lt‘é&tuw‘tﬁaﬂ ks PinfeRs drAhbZBEntt#8inks such
as RamLink.

Some of the inventive principles of this patent relate to coping with failed bit lanes.

For example, any of the unidirectional links between any of the agents shown in the

embodiments of Figs. 3, 4, 5, 6 or 7 may have more than one bit lane. According to the
13
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The enbodi nents of nethods and apparatus for deskew ng

signals separately from redrive paths as descri bed
Wabwses@se exenplary only and are not |imted RGI/USRIBH037285

specific exanples. Mreover, the principles relating

to deskewi ng signals separately fromredrive paths

. i t hi a

1nver?§7\%%%@%:@%s r())? FI{HQF%FI@ &ge?cgr rﬁ&% s#ﬁ%&(w@%egﬁéctg& QI? &16 bit lanes

to avplal|Sd baglsbit lhge eAhpdidie 5119(31 azsfa rﬁadbﬂy\bbnlﬁbﬂﬁ‘t(hbﬁ) module buffer etc.
strated. in Figs. 12 are_  not imt to us

may h% 5 bfe §?‘E¥?§tl%91il%‘§ QISR Wi BBIRR © gg& 131880 Eﬂgnal may

be re@ﬁéd’t‘ecd atSRhiR bof%gg Igga ﬁ’l‘hkn%n?l éntrrﬁ%@&é é'h%aﬁlg of detecting a

deskew ng signals r at el mredrive path
failechloit tand iertber antondticsllypart with asm}afwe fuseanothertagenth mnd anypeesnt

f mepory. archj.tectures utilizing unidi.,r
may ¢ pAPEDTRt e RS Tbiistr s hAovsmIsEe 25 seghe
arpigNEENRat ar doMclimbetbf a 3631 R e@RuitAkcordRIRo e ihPsitive
inventive principles of this patent relate to0 coping
princigilesoffthispaignt The fat@yer cimwit ldjaaxfﬁi'hg 13a$1§hoovn alpiag with an
ni di.r ctl et ween an ent
ernbcfie? an B sk d T P tesRe 0¥ 0oty Y B TR
principdéscart Raftiminal ©ise kamen Qﬁlﬂir R€Hrive clirbgit, idr Wihe fail-over
005/ 050941 PCT/ US2004/ I nventive principles of

circuit hingted4e digr spegifie d@ﬁaﬂwrsmglm 8. ggrive cirewit | b2 nshrdgna
numl}aeéJ 8£ Qf}rﬁearrrlgsgﬁ% &ﬁ{i ?Oo %\étgé’l'rvg ﬁ% get%ﬁjlvg S %LI? it ‘ugﬁﬁxfyecﬁlgtﬁl @ml?é" C}Lj]ach
bit lan@is dneboclivda lag 1445 cerlleﬂMrmfﬁng"tm eeaeexorl e tBdngmatkes 108, a

nugo of bit, | agnes. be redirected at

fal-ovsr vk redra L 6?“&“1? thﬁkls CﬂPﬁPk‘a@@ﬁf‘“‘f"F&}lgb’é‘e or more
iR rRafLp RIS B0Ac8 A e 0eE] OO o
circuid idingrlymergetis a maltipbexec hpég enobr medimetipiener smgjhad; $20.

Si v oaco nd fromanother agent. Fig. 13
Bach SHGE BraA Bt ERCLHBRR e BR aSrai e SSudi Py cppled To an
adj ac@x?tocﬁtr 1@1hé‘§b et it By raueet élgﬁals RbINGInBE 6 186 t$ fis §ut?ﬁf effle

-over cifcuit 11 Fig. 13 is shown a
embommdmt ahowe irblbigi eistshown avithesx bwidchss tasrvicg $ix tﬁbhanes but any

stration I nyent
ot FRATES o84 b oS o] e B e gh T € Rapidap aprious
confif@efibnkeothdrithatl the ali@benit Hitl4R dodfibnAMEH as Glokgui t i mited
to the specific details shown in Fig. 13. Redrive .
cilwinga normal mereabepeaation, pasdrofdhe pyitches disectathesigyebifrom its

s By By PRAE S Ky 43R5 80 U0 Sy B0 v, o
WD3hWD4]gmd WBS atevdifecleliGo atghues OUROSOUTL cOUTR8OUA'3, OUT4, and
over circujt refers to a circuit that is capabl e

OUTafreﬁr@ailYeébt Irigcl A ebodigreat, ong of therbif lanespfasexample e bit lane
orreﬁ?ﬂﬁ@g.t{) Xv95, iy bd &RBFor drfbrt cﬂFclﬁg@g ggﬁrgn @E o egb t}a?hes
e tal-over “circurt is i Asa I exer
hdfa bgd binéaneris datecedntiie mplt@i@[ar sy bphres il 2Fail- oEthode in

swi tch has first input co pled to one bit_ ] ane and a
Whlcls@afo%n?rﬁaﬁ?h ERAPnamPULitey iRk OB the pahbit S Rat

example, T8l 151?%15 g&%cﬁ’g@%’tﬁﬁlﬂ?&&'nﬁﬁ%e&&b%éép%ﬂ? 1;1'1 Q ninlif leﬁer

out put . shown i n
sw1tcls¢3>¢n&3wedtrh@smto dstarsignels WD¢ dnidtWDarie sutpbtstOEny and OUT4,

respectively as shown in Fig. 15. In this mode, one bit lane worth of signal capacity is

lost. If one of the bit lanes had been designated for error checking, signals originally
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?0 nunber switches and bit | anes may be used, and the

swi tches may be arranged in various configurations
w@rdesnswian t he adj acent bit | ane confi gurati ORCEES2004/037285

shown. During a normal node of operation, each of the

switches directs the signal fromits first input to

intenddBfo? %Wlaﬁéﬁﬂw V\%%rgﬁtgﬁgaé\@geﬁm&e%g{g ?anq 3 the error

signal s
checldng éutctidn haybetdpabed OUTO, OUTI, OUT2, OUT3, (1JT 4 and

T TR D T e e R
memé [deQRBOSIAD ek BirtiRy. rwlekeﬁlb%aﬁl%nft hOEFRL 197the ﬁq}:&e%mmt is
e data on the other bit |anes. ad bit lane is
showu sersrate drom the rnirmeu opice»t,érut matyaso@iew b¢ intégratad frio ktheoedrive
he swi h ar e
cireuff ATl royeb it g Bl Pl e RS ST RS PIgRLRY be
realizefl withesidble halfifleR&s QS sidivad bt 6@63’%11%@1%%@ QhcHORS MAll®rossbar
operly, the nmultiplexer SO switches may redirect
SWltCﬁAa dsqipessibdd-gnal s W4 and WD5 to out puts OUT3 and
t -
orittisrURRRGR LN B ot SAMBnd I B, Pl chidgholl B, JRER i

data fodmttinebibidnes m&SodD@ds bﬁhﬂnd@@dlgmﬁteadaoﬁﬁﬁerﬁ lof @fail-over circuit
checking, signals originally 14 W) 2005/ 050941
accorpig/lOIRNHPHE? PHCID| o8 OF e Bate R mashke Banged 1o ranséerdaip in the

oppogfé cfn%(:ﬁ oo WAYE' E(@@le %ﬁﬁ)‘ﬁ’ﬁs ?ﬂ%&gd b@@é;]n ?’E’gtstc}ﬁiﬁ Fﬁﬁ%eéve

rror ecki ng unct| 0 be di sabl ed.
read d‘eﬁa ttln@m[lktlﬂlemv amtcnhes malytben‘a@en’eé teaugdnedtiploxa swetchesy and each
|]26 ace, .to a {rewﬁmr%/ eV|c or .to oéher circuitry
of the IO Cclls WAk baysRmptHexe aethsn HECqi AT a0g (RSt ig perizg the
read &dt.@ ﬁemrmé SRRH R %lréﬁlpmtcs e bﬁﬁgﬁé Vel o (k] Blex@xuxteféré tdBofh a

al so elntegrate into the redrive circ
multiplgi¢r-amderdepiutitplererads candﬂlmgalteonative, amenaldiment of a fail-over

. f. thi.s pat I d t i mpl e
cireufpfodt iR T8 et R CEbitert Pl e it ee Lt o
directforfallidta EloQstSddREen tﬁ%it ¢dhed bfd AHeffdrPaSHED nfomolPenterface, or other

enbodi nent of a fail-over circuit  showi in Fi g. 13 i's

CerUla'rYranged to couple \NI‘I te 10 data fromthe bit |anes

o B bt e o b0t o SRR B agent

havmg rblltrl@mepﬂ'aﬂsovféf cdpabsitypiag Blsoaye Paickic etids Jort deddrBing Failed
data in the posite direction, in ich case the
bit langs rﬁdtréct@aﬁ)w@un@pms Q%qurhihlt@e&a Aad thedikejageording 4@ the

e o, TIPS TG 6 GRRc -
over dimwét shown li Fig. &X arayhetdesigned doethaitcic ednvdatecdadailed bit lane, e.g., by

f he
obsery ) S o iAo U 00158 ST, PTG epHOS Sgnals to map-out he

failed Itahé’l ﬁ}i%aﬁ@eflf e 4&n S E&%{ﬂ b deﬂ%l]éd O EXHGE m gﬂ% g outa falled bit

emul ti pl exer er-alternative, an
lane infespofiszith a(mmmandlfr(mm atotherageuat fog ekamp]&ea meweny cm&roller that

nss S o Sy B S SRS ok e g
both @AB¥bifiles. MENDIy interface, or other circuitry.

Fig. 16 illustrates an embodiment of a memory buffer with bit lane fail-over
capability according to the inventive principles of this patent. The embodiment of Fig. 16
is similar to that of Fig. 7 but also includes a fail-over circuit 122 coupled between the

deskew circuit 70 and the memory interface 66. Alternative embodiments are possible.
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'0 A nenory buffer, nenory nodul e, nenory controller
(host), or other agent having bit |lane fail-over
W@ aApabsdoity may al so have various capabiliti esP@TES2004/037285
detecting failed bit lanes, redirecting signals,
mappi ng out bad bit lanes, and the like according to
el r I
For kgl VO G R IGHRR S Glul o 0 Bk R RRD By
deskesh cinenit, or Bingay Belintegyatdibinttetbe getriveirctiinaThe embedindat etfig. 16
iled bit |ane, obser vi n test data
also lﬁalel? %Og@mfallfw%gfwgﬂ%aéw Is W%ﬁp Swernsthgnal s
multibRxEERt Mreﬁﬁ@e cit@iif @dpli \ifhlkﬁ iy lﬁrlﬂf’%%fa\f&i 1¥1to fhb Pedrive
agent may be designed so th nay map out a faile
Clrcuﬁ jot arrhreged in ntheewpm skhet melaoxydmfﬁm of Figo v amgytditernatigemtbe
exa ntro er that. structs
embogfid i SR B Sy BodFe an TGRS lbs bk apebhre rdiopd Wi

mem@§alRliceBY have both capabilities. 10 Fig. 16
illustrates an enbodi nent of a nenory buffer with bit
| dfig- ¥aillusteates an erapedimentiof agecmaemyicegtreldertwigh bihlaaa failrever

capalﬁflﬁfrb%c&{d t?)ghet ﬁl entg%tp%rﬁélple; qg’ t elgb f(t)tgllat : |°3f88gh% of %ﬁg 17
inclufiei duttyud agd ibouhd dZidiré@iophEthibRteMess 118anddeskRWng a
circuit 70 and the mermry interface 66. Alternatlve

Plura}éhftﬂfdﬁltﬁéﬁle? Wi, Foidiss embodimentyinchide 3/npsdonaf transmitters and a
F
numﬂ;gy t&%@gébgg%%ﬁ@ely fhil %6%’@ cHits ﬁ?@aﬁcﬂ §2' a& %é@ié& g)ut{h% bit

rive circul
lanes die tHeentecfhcasuliZo,andrl 28 tremyb&ly nIIE@b atrdddintin® of Rg. 17, the fail-

over $iF b e Rk ans Bodmartane. hacdhenan g vaishnbe
mtegﬁ?%’th?ﬁe f?l%‘ér g Tﬁee L ﬁer ca i) %Qﬂ d%%%l?%@ gﬁ %H'lﬁne, in

rray a
wh1c150ase nhnjﬁatl cmer a:rmﬁsgmy map oxlthber fa\ﬂagt bit latkee Axdditbonallly L(Di‘f er
of. Fi alternativyel enbodi ed .as .a nmenor
eyl e fendies oy Beaapahle sEinbRse § RYBIRAL A drdpfagtat ©
map QW aFaildEPlaedevi ce. Fig. 17 illustrates an enbodi ment

of a menory controller with bit lane fail-over _
c pgidbtional §aﬂa@‘<‘ﬁt§ mthﬁgismnd epiaritny esvordieg pr tha mmlnese pfinciples of

oI | r of. Fi 7 10 clud
R e A A S S
compl&?@nﬁﬂ@r}la&nhal\/dyﬁﬁnﬂn@lhﬁﬁ@'atiﬂl‘i’loﬁﬁl dnbodlith@ite 5 Miesifdry | N
this enbodi nent, include a nunber of transmtters and

contrejler faepble megtory aodpizarand mesngys duffees agcoming togheinventive
prmc Lgs%y'tlile})%taces %g?%%he %%%gl%lé,glg)é Q/Ie% gfe lki)ﬁmfted {(ﬁ[@ls exemplary

systertropaay oBthle defailkidgscribéd thichgn.f ai | - over circuits are
sh wn separate fromthe link interfaces, but they may

CREPIAEY §yskan mslydgs @g?rabocwrxeat er?ehqshh@fm&@élsoverhe
capabﬁlﬂﬂ:ts SRl & tﬁ%@&l&ﬂ%ﬁ a éé% $54.119%n. e@ohﬁ'ﬁen@ & one or

ane, in case -over-circui
more owindri enddaleds ddving bhuffersevithAtididvieo caabifities such as those descr1bed

: ernat i_vel e controller be capabl e of
with ﬁeﬁfg%ﬂ‘?ﬁ 5 IS g3 2t schost el mdHied v arngsdine channel
conﬁé\ﬁ‘bﬁcﬁﬁla@hﬂg &1#B&ind and inbound paths such as that shown in Fig. 7, although

the system may only include one module.

In this example, the host and modules are interconnected with a system
management bus known as “SMBus”, which is a serial bus system used to manage

components in a system. However, the use of SMBus is not necessary to the inventive
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Addi tional fail-over nethods and apparatus accordi ng
to the inventive principles of 20 this patent w ||
waasoodiescri bed in the context of an exenpl aRGT/US2004/037285
enbodi mrent of a conplete nmenory channel system
i ncludi ng additional enbodi nents of a rrermry
prmcgggsg éﬁ%ﬂ gur eglp aa)othﬁav e(q?{s%f Bg rr uﬁgclag L getweey F#mg Tfay be
usedNacleding; thmemmpmmnth;athM@nves are limted to thl s

© SR B dims ) Ros TR 6gde die R} @SngiRles of this patent for
detedﬁﬂE di P% ou‘?a RORE HhaMhdd tﬁéaé){ n‘?p\fﬁfg sy&%ﬁ?bééeﬁé]&sfoéows

such described with re e'to
The @ﬁb@@hsn'eistastesﬁpattcm apreacbit @nﬁ@lﬁﬂtqouwbﬂﬂmldqmthﬁ aiDhertgst pattem is

w th. fai r c ities.such as ose
receifti s R enpiot (e PUbOHEEDTR bietle SHET of daghmod
reache heRSIrNRABAMHBIY] TBe BfitBrndst ISR théh ‘@alﬁﬁﬁﬁréeclast pattern on each
configuration having outbound and i nbound paths such

bit lage of tha inbeomadmathn "IFhegest pattean isrecgived B0l Ip&levqydom*rthm}bound
s L 5 S TR B R RO o B B

the modslek obstivethe te%l\/ﬁéutﬁem oﬂ\ﬁaadhfblt Bn@oS@E iould Sn&¥H b@&Bbund paths
used to man onents in a system However, the

a
to chekdop progRERi g ORgElsRC Bissllf [rmeintthe inbRVEh eI @t @dpaths
may@@@?t’e@@@x%greﬁ)ﬁ/ US2004/ 037285 principles of this

t ent er forns of communi cati on bet ween

c digiled bittlanesane Ihportatlslgdsendmg Iresditn @ the dosEhmugh EesNMBlus
nt of a nethod accordin

t hs thensel ves,
and/cf B {iRas A ?e\s@tﬁaﬁwﬁe Pﬁ?fé{?, c granpsiite thedtasht Sychra results frame
may %ﬁ&?é&ﬂl AR HRRA HIG Be Qut(ﬂ?ﬁ(%»s? thobide Ll%ﬂlzle r??)hse% Bfbdules, i

exenpl ary systemp oce s as lows. 5
any, majamrgetthelardseki inf@intagion ingo theeadite ini the irboend pathh&f the results

bou ath T te tern is. rece d and. .
from Bt R BHe B ips e ingal Shmerepat RS b ferh Siled bitrene
is uan@MOQnﬂéFﬂefd with repofR{p 188 rdsligs. out er most modul e The

outernost nodul e then transnmts a test pattern on each

b |anp alrrchast rechizves ﬂi@dg&mﬂtspamy ISFh@a Ceﬁiglpmdrmommmd to the
C drlve al.on nbound a the
moduf &C RIS R IR N In el o Spigh R B B oot e
comnh@@dauafﬂ dThé eortfipfuiflon défhrﬂ&ldtlﬂﬁrd%%(iﬂé fodaRs WhY&l ’ithi%y, bit
pattern on each bit | ane of the inbound and/ of

est
lanes wtwaﬁé sheileh b mappedewk The masiutgsaespend tq thn@onﬁguratlon

consRBES ST Ay 0SS BB BB
lanes df enyr, epdrdcenfifyrirpeimgi 1ﬂ@rrraeﬁimbt16naﬂ1@y tohch@aiodhfertBé/@Rs of a bit

El‘he SMBys ..and/or by transmtting a results frane over
lane. figge fref ORI ke iyess Wesignpder for p@@mh%kmgaiﬁ@ thesugtgy or

modu%grg%rg{sé@& ggoﬁ%hegp%?&ﬁ%ﬂ? path by the outernost

if any, may nerge their
r dda Iemodmriemtsn(ﬁ’tfaﬂ-mvemethbﬂwurﬂﬂadp@aﬂamstdeecrimbQbﬁﬁb f@at h.

Its fromeac ule are transnitte
exeml?%’@ﬂﬂ?ﬁ% ﬁ CHVERSFE RSP %gdlaﬁ patenfrpge ngf lfraﬂ%@ these specific

exampl8§)€The principles of fail-over methods and apparatus according to this patent have

been described with reference to a memory system having separate inbound and outbound
paths such as the embodiment of Fig. 3, but the principles may also be applied to any
memory architecture utilizing unidirectional links, for example an architecture that utilizes

a ring-type arrangement of links such as RamLink.
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is unlikely to interfere with reporting the results.

Once the host receives the results, it may issue a
weanbogsat i on command to the 2?0 nodul es, thrRUKHS0MEE037285

SMBus, over the channel, or through any other form of

comuni cation. The configuration command instructs the

, r o |
Do oo Ot At b nis (ANGE A 1Al SR rters.
In meoerfyisysiems swh aschoseriestribgd abovepuitiatdfergnaene Rigs. iand 3 where

TR T L
to sellidlﬁéthé Bt abn SQcIPACRTTRARLS, 108 phiRsSs, 9hd Bhkl Etat?.lg il%formation

ane. For exanple, if one bit [ane was designate or
betwegnrroemetyagRitag THistraay bewscbupligheddy sendidg datampaitemis sadbtetus

hecking f ions. T nbodi nents of fail-
patteffs DR E RS e B! e itoy dotie Rtseufpeislie
inver®iv Yrinéiplds bhehid putenif the Staisipaabidk asyde gehhsteddvONEmar €

not limted to these specific exanples. The

pridiexprRls, isferring fo Bige?, the misawsy eerdrodlspal araysend frames having
' j \" cd4 bed, Wi th
s SRR 08 0By FL 5 RESARET, BB i
sendiag dranigt bowingldatp dhivans siwdh 28 seddit-Lhderdo frRMYon@bl1ér Jt mdy be
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use ff&ﬁlilft Qe Qo of Fhezvfl%ﬂ@mqom% s dpving gradiepgitern back to
: il et
the nﬁﬁﬁ?yéﬁlﬁ%ﬂe@?ﬂ%ﬁ@éﬂ ﬁiech%l Hg{gu%avﬁs:rﬁ)ﬁ ?bli?o (XJB'?QVG ¥8fdata from

arrangenent ‘o s’suc
a merpoy5led 59 34 TadPEndugh2 00 pfdafER8med Satapatiérntrhey bendesigniated as an

. inciples.qgf this patent relate to. pernuting status
idle iBleiapRut it i melndploafela e dueh s hijeen dasiringbi not
receiAR® Ye%d‘ﬁ‘gﬁah The BEF BfiRe DROUTAES howeRIif Bnd BN rediBIFY Yattern

read and wite data is transferred between nenory
happesgémmeichithe desjgrateslddlseatisef ul  to send status

o PN B e B4 B BP0 e
or moreyhodelea 6RO Sh@Pablé of pBGhIG IR ﬂleql?éﬁeﬁ{ S, gr?gictable

status patterns on the same link or Tinks th
manngioieBatthe e pattese ghangeneer tieee diodienagmple, theeneniory entiralter
I NG b tat ti b .
o o Bl ol D1 DGRk e PR RPH SRR B i

an idlt fienteesedny asd/of reobived. A efbypdiBemd of iRARSNEBYA Bebordlas & the
atterns such. a read conmands to one or nore of the

inventyepEplspolihisaatent sluerassd imndisdiddiTiyssif theaseman epgtroller
sends@bad @cﬁﬁﬁlgﬁdﬁ%ﬁﬁg{;j éﬁéna ?é%g%vgﬁg ?egpgl{l:sﬁ fhaad {1%0) havir‘lég t(l)]f: current

controlTe use e ‘one or’ nor
idle pattern (b6R)) iemay oessd thesafieasa®] dvaviagl @64). dif ehepRLRT Rsponse

b .th | f le, if th
frame SO0 NS o P ROPLeTBT BE a0 odidn SaTR hepftcah as actul
read dgg{?ﬁﬁ). deviosRvad tﬁe%ﬁeﬁﬁgl{ﬂ@sec&lcpfegﬂﬁ{sg R a0 Ane )

tern may be desi'gnated as an 1dle pattern so that,
permutéd t(ﬂﬂapat’enoﬂﬁS); dint moiloey conddenlawwshhbatithid firsp adspeise, frante

‘ kn«ﬂW?r t E%not |5 receiving read data. This may cause
WasaBF B 31?19,( wever, if the actual read data pattern
happe/amolte RS EnthRHrIRHIGFEE phidhe (RAIE! Aformation sent in

status patterns may be idle patterns, alert patterns, and other status information such as

command error information from a module, thermal overload information from a module,
and information that indicates that a module has detected the presence of another module

on the outbound path of memory channel. Some types of status patterns may be
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According to the inventive principles of this patent,

the nmenory controller and one or nore nodul es nay
Whawrofe4capabl e of pernuting the idle patternPGTFUSR004/037285

predi ctable manner so that the idle pattern changes

over time. For exanple, the menory controller 10 and

impl%?%géf %Sr %HIX I%H%ggr& é’ﬁggmé g?ﬂr )faatrl%lé)% %n%fegfé %ﬂg%lﬂcl‘?may be
used $€nbtiffad/agentiof ar iertotcontitiaiybegi beEniplfiensedcds the fapiidadd

according.to the jnventive ﬁrlnm ples of this patent
comnlgmmtmi@fl idle gattsrp. Ehig maygsimphifisthe implepentain oy, for example,

h
ooV L a3 R0 ot Fa FERRACLATor o B AR paters. The
use orf dbmpleatentry st Phtterng mappe heseiviz] tehen & peenutgrpatterns are not

command (164). If the second response :5 frane (166)
usedeont ai ns the sane pattern as the first (168) , it

' nA%@ﬁ&‘B’%ﬁEIhﬁ%CE@‘an%rtS tRSin@&GHNRlprintHRE of MigpatddiGhay Albo be

however e pattern in the second response frane
capalvlatoé héslttonelly geeralingdniegiioe syt aserayclidd SgdundMEyrﬁém §CRC)
the first

error-lﬂ B é{ gelinl %\?;h tag‘% &18}06116 r%aytb(s: U(SH@‘? E ) S%{qr(}aglve or supplemental

way ® diftgigRisBs @ka pdtietn ﬂ@ﬁn&fﬁtatui Pitesh. aF diSexhitibl, FRdrmefidty
in O status patterns may be idle patterns, alert

systepst eashrizamens gensalnag vaithne GRG endsrthaitseshtosliesk the integrity of the
error information froma nodul e, thernal

datalostg??%g%' information froma nodule, and information

Accordiag to thdiifedn€ige Ffiﬂélplas oDthid gatdiasa seinet sdnt ey pitestonaty
of anot her nodu on the outbound path of nenory

send gheavirpae CRp gade yitl Sape that gpplams arstadnsRatigey, e rfselvmg agent

may SEAHAR0040. PETL 52004 GBEAAR L IRL SRR £heSSome memory
conplenentary patterns. For exanple, an alert patter

systefstmahutitiy alyath mmstlmvmgtdnqutmmndg:&rm cafry IRE@ datar If such a

condi ti l.emented as the | o
SYSteHb‘nsrﬁF‘@r]Pg‘?w% <aae¥8éwg.na mialg yQY§TdRefe, @W&V%T’W’bﬂaﬂpn {shigilize an
1ntent18595{1@1§f15ﬁ51‘ i? Hotbé/persftﬁ’xfg XA moR! | AMsBP hérelfE %t).énn CRC
agent to use the sanme pattern generator for idle and
referah@ranlypmt @mhcal Tednannyechetk, buhplse treantyantherdyet efserror checking

e P LA BB TR e ek, g o Tl

| NXBRGUghEhPprimGhIBY 8Sstéths pattetn Pan@ittng FRY hahd@RgRcording to the
capabl € of Intentionally generat| ng an error such as a

inverdiyeIpriveiples od thisipatent aa:mmllc@bzlsa@ ansetryp@ of memgreganiend are

Such t echni
inderfitpdefof o e ile TR MRl o TR 5 Binb S5 oo apmgpts il be
descritidavifletespech td 4 ARmdrpb@fdrsufiasd e BmbbOimedX sHaw Lin FIE 7 and in
some nenory systens, each frame is sent along w

the capextd, @éY@tﬁ@tsuals agthe smbRdanent powhindge; 6. yReferriligeo ngufalf the
mem{)ﬁfl ﬁdh%gt%g 2{"&‘@ oﬁ&ﬁﬁw'a@gmgglt lﬁgmbﬂz" {el&{le;{ gl;] a abrrﬂ)%'cgéﬂ)ge gF

constatiy mﬁmgtt{ﬁlg@eﬁﬁdﬁlgmdtefst:ituﬁff&mébaﬁ t}ﬁoﬂltcamdﬂm& S6Bawhhever it

attern, ecei vi ng agent
is notpsendmg data tﬂat t{le host has rgequgsted from any memory devices attached to the

memory interface 66.

Fig. 19 illustrates an embodiment of a permuting pattern generator in accordance
with the inventive principles of this patent. The embodiment of Fig. 19 is a 12-bit linear-
feedback shift register (LFSR) with a polynomial of x> + x” + x* + x> + 1. The initial

state may be set to 000000000001, and the LFSR cycles through 2'2 - 1 states (4095
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15 may then interpret the frame as a status franme
rather than a data frane. Sone nenory systens may
WQ@2i050%09418 pat h or paths having an extra bit |RCEU$2004/037285
carry CRC data. If such a systemis capable of
operating in a fail-over node, the agent or agents may
I t
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o R S e S SRR 0ER O LN g

one fgRects Wi ll be described with respect to a menory
buf fer such as the enbodi nent shown in Fig. 7 and in
2Figh) Blosiraing arogxampls ef therfisy statuspattbmn genbratiidrsrthe permuting

po B e o5, ERLERBIRe o0 e TR 2

illustfate M8 ¥edmde pdling forth stefe phiterhd, h‘e%)é@tﬁ&[? tBY 0¢ng the same value
permuting 1dle status franes on the inbound |i nk 56B

on eaﬁh b danerduring apgnfigst frayee, glegomagneticrinterfersace@aYll prroise) may
be refife@est ed fromany nenory devices attached to the
menory interface 66. 30 Fig. 19 illustrates an
erffiedi3nEntane by 42 pértrantfen Gapatifiwstrategdres Bbyrwaynof example, and
accordance . w t he i nvent rinciples of this
the I‘Bﬁ?%ﬁpfmﬂliéeseﬁ\f{fgﬁ ”Sﬂoﬂlﬁlteg@ fhesefefailspper tp |ﬂ?Fe%>P91ﬁC
bodfif
gl St ing ko 5T e 23 YOS o, Pl
pattemcgeﬁ@t@ﬁﬁ@o&ﬁdmg to drednvdndive pBRiples lo€ thig pa“cmtgieedaihat be 1

9 2005/ 050941 0310
implehHECY B Br e RPNk o Bt UOEHEH! Bt
Alterﬁzi’tﬁfel-}F$RlaW iR TRy 10 pR gRinkmb BB Sogid, br %s 51'1 Qféoﬁfhn@m a

data ‘path, and each bit may be used for al
processoaes f)éxes ptqmmm@ldg statermadiene thet mey ponstidrig OMcllseet @miéor
re frame, For

implet 18 18830 e S MR er o R usion S oL P other

memcwegauttmﬂutﬂl&@mem@hnggtaﬁue gfterhfle LFSR nay be mapped 5
to one of the bit | anes. Add|t| onal | anes, for

e@m additiprabinyensive nripgilesraiyhip eateat:r@mﬂ@wgdyore than one

bit laliljér1 0 (1_,%_%&91& é{llgse}{%! %tea %érglg}yt %?;n (?r?%_}nelsﬁo Jﬂlf rﬁé}i r)%kﬂéle in the

emboéitasmbéa Q’ienﬁdr? bhffblsihoﬁ/ﬁlalh Fg. Watlieﬁiuﬁfegﬁﬂ? fbab@;@bbﬂ)éloﬂ d‘e@ectlng
permuting pattern generator of Fig

whethey gt 15, angther Biemory agent eouphed torthe pl&h@undﬂa@%mz 1 This gy be
accorhpﬂl Hed Bﬁ‘hﬁhhﬁg rrfg?enlﬁt lahgh{ fle 38 t{> st for ﬁeﬁ%}rg%nce of annother

terns, res using the sane
memamegeti {If thareds mura: ﬂgn ane bnﬂaneein filrealivek, hetvewdry mrmghai oxe of
h buﬂerfer nce { noi se rrt},y e reduced. The
the biptancs gy be s (oRetect (et amehey MESORLeseR! pEeElingto the
invenB¥e YB¥ciples 8K P)Rent 2Mlis may prevent the existence of a bad bit lane from

interfering with the presence detect operation.

For convenience, the inventive principles of this patent relating to utilizing more
than one bit lane to detect the presence of a memory agent will be referred to individually

and collectively as redundant presence detect. Redundant presence detect may be applied
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the inventive principles of this patent are not

limted to these details, nor to the specific 15
wepisdsonent of a pernuting pattern generator dBSKEUSA0e4037285

above. For exanple, a pernuting pattern generator

according to the inventive principles of this patent

e 1npl t | edi.cat -001G..:

oS5 190 R STTE A BRCeFLER R bt s vor
examlld, @ &b o YLhivrd &f thetakenittens1e8edved inht BmboogianotBige 13
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o558l e R B B85 B S s crmesoncing

threel Biviands oreitPinbo@ideedvefinit 565 tpddten the gibsenceay therfeweaiffer. In
_ the existence of a bad hit lane from 30 interferjng
this gxppple; Hie fisowemer brdtes ol §p &iared e, aspyoutes Rgen: ailibe second
[ ' [NCI of this patent relating to
bUffetlﬂ?\lﬁ szg?f%g}r%r?oe&yétrﬁ%ajoaﬁgmbit | ane to detect the
pr As exaeplefofa techmiyuy fegmnfigwing a bie lanefte deteckt the presence of
i ndi vidually and collecti vellé%gas redfmda t presence

anotlygs pagit 1s RAVR hETecHT RSB be tibRac iy epl26ee RS CPEEOLAY epit
lane S9R0 YR ﬁ%?ﬁiﬁ@%ﬁ&?@%@&éﬁe%& HMB& 18&ic TP i tanother

r
agent havi ng erface with a plurality of bi
membgnasnt Seoupled torihledjt lamsyduring agresenecedaéct ement, its transmitter on

t. I, 118 sh inth nmbodi nent of Fig. 13
that (LGRS L 37T UBLEE 19 hR TR Er FRGE P IP¥iLs cace a

t r BRginher dgekt ddw¢ ﬂa@%@eseﬁde@?@cﬁ%gicﬂ@yel oW ot tREhRseMit

the receivers 116 shown in Fi 13 may be considered a

lanes, itrkioiva that thecwiter agess is piesent aséitanayveleavaall o1 mportion of its outer

port PR Ui RERRE Mo FRERA T A8 L eI BER, hE Do punc

link $4Patd Mk linRtigeface®r h2Gnwoiad 1idR SEAOMY the itnReagent fails to detect
enbodi nent _of Fig. 17. Returning to the enbodi nent_of

the prasgnceZetpst logicleuehsment degal tivo of tiee theaedriy/lapes: fanay dagide that an

ol DR by 155 Bl bRV f AL i
agenEmg@y be oapRble of rep@tiag thelBedenas@rabeerico ofiambber aguuk teanother

when a presence detect _event such as a reset occurs.

ageniafrexgmplelg adnpReyoalotutia £3spelss e 2 S@@@%C%@ﬁnﬁ
AR ML LAGRL o OB LD e B lin

presence detect event to another agent. For example, if a reset event is communicated to

the buffer of Fig. 7 through a reset command on the outbound path, this command may be
relayed to an outer agent, if any, by redrive circuit 60. This may place both agents in a

presence detect mode.
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three bit lanes on its inbound receive link 56A to
detect the presence of the first buffer. In this
Wexwap5e41 t he first nmenory buffer will be ref eRCEUS2004/037285
as an outer agent, and the second 15 buffer will be
referred to as an inner agent. An exanple of a
¢ : ¢ ont.i : — _ .
oy RO o oGO UED R Db RS Bl TEEbr bl parent i
not lintitet tbite dpaci€ic empotiongpitadiscussddiabsve UFdrehmple, bhly thiotbit lanes
ane so as to force the bj ane o the opposite
may {wa bsediarpngsence deteet mptggyl oo t fl@@éﬁ m fﬁif: eX3BPIR ovwﬁyh case
th Iﬁﬁ? k HeddO, b ptRBS et PR ot B le bit
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%ﬁ% ‘?E{V enc or a@] z)nce{m?
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ontroller respons to a status check conmmand. An
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111ustFa"t‘1Bﬁl6h§r & besd Hﬁﬁlo&fﬂloﬁule%gc}pése&ﬁ'lﬁ?n(gﬁﬁ&%tz 1ﬁ\f1?eném15cﬁilment of
anot agent. For” exanple a reset event
Fig. Q;cblmrﬁmt p(at maytbe desipeatediis zermmfr peirtgpince it imap bg Ianange@lstet
ntheotbo at h, th|
comp @GRy B cgtiters HRRRoD by 1) AL lon ty e
mem@[gf cohttbBer MYk dWidE Shd@hn ﬁdiéxébg d@51 LEP e S! &ﬁ)‘ﬂtsmce it
mode. 21 WO 2005/050941 PCT/ 004/ 037285 Redundant
may by evngeé tdemamnigaicd Mihmgemts on e memeryt ¢haenqzi thai@irploesfed
of thi tent is ed,to the spe
fortn) s s S ratef ccoBiouss e s bl B g b psin o
illusttagioR Snlylayd e inseadvé prindiples &GOt HRited to 1hesd @Al1sAIf the memory
three as in the exanple above, in which case the
agentj 19y & ths particulasupigthe memaie skannel shewadn Fighé. prhesepdreiples may
[ ude
also k%ha;p?ﬁéablé;%toglrlérgx%ﬁ r?rvrbvzlalgm’f;e'rl Ql%hﬁ%&tlll% Euclhaag?hé ﬁa r}géan t

archmebms@ﬂmemdﬁmu may be applied to systens and
caonmponents utilizing variQus other types of nmenory
arFaeh Pat i p sremery ggentageidingite therpyativa geiniplasio élgs patent

has ogé n ongvlm{e?fas@mmheoémﬁddﬂh&t%&*%g 3% ea%ﬁgom}nﬁls gorﬁosm

I nventive principles ac
recei‘{falurénntelrﬁbaami 4 trafmmiit linlsetdriaoe Tﬁ@maﬂlbcm 13€&hmvateceife link

eGP o A S e elemncl s Lvat Lo 4R 61, and
a transitARRNAGHA 142 Whick tdy! Jebik 0B hiRTe #onBUROL IR Ate Pt of
another redrive circuit 62. The outer port has receive and transmit link interfaces 144 and
146, respectively, which are also part of redrive circuits 62 and 60, respectively. Link
interfaces 140 and 146 may be coupled to outbound links 54A and 54B, respectively, and

link interfaces 142 and 144 may by coupled to inbound links 56B and 56A, respectively.
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a nmenory agent 134 according to the inventive
principles of this patent. The enbodi nent of Fig. 24
worgopsh#odl nenory nodul e, nmenory buffer, menor yPCT/US2004/037285
controller, etc. The agent includes a first port 136
and a second port 138. If the agent is assuned, for
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rive circul Iustrat
agentefibogli2den tsedfto ambadpog«e conorealftier buffeosvn Fig. Givehich ititurn are

t i ncl ude t erfaces and
part of B v B aneity Y’f’esoffgliﬁp e el howaer e Fiaurboses of
explahélt[ﬂﬁ drily, @l @lfeei%v&ﬁ%e PRk HRS ARt 1RNEAR tREY dBufiber  of

bit |anes, and
In the example system, the memory agents may be capable of executing fast reset

operations, full reset operations, and/or various polling or presence detect operations. In
the example system, a minimum number of clock transitions may be necessary to keep the

derived clocks on each bit lane locked to the data stream. Thus, the memory controller (or
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a port may only have a receive link interface or a
transmt interface. A nenory agent according to the

WO 20p&sa9ve princi ples of this patent nay be CRAPEG$20045037285
detecting the presence of another nenory agent on one
of its ports, and it may be capable of taking various

j ; ' 4 resence ce of
o ) A ERREE D el 5505500 SRBOREE sty o on
or ma® oFitig. bi2knesiy theowrbgmald mttofor dipsedetdrmgned! Jerio@lof @me. Since the
por&rl on_of it B ﬁut er gor { i f another nmenory agent is
data i &¢ b\fegéaé(mac]é u q.{émﬁg pathy all offhe puffers gerghiedheg feset command, or
. . t

cvent SRS LG AL SIS, SUBRIE L ASSIULRS SO
signat hresabdperatoni rlivereqeoritg aFdne mag noteyt thg eestt efentby senRihig the

ma. be capabl e of perform n presence detect
strearg OF PEHOS G O it Ay o1 e iSO Sl T maY 945Vt Gafe grosence
of oné €4iRAHIEMEO Hods QoRinRRFRE withla 104t BperdGGT bou%etilt['@efngg% Bfinciples,

_port. It may also be capable of "performng a
which de apt &sarequitsrmorsdlinm angdiitlpaomate nafliantadite spehi aici pl es

. ich.may facilitate hot add/renoval in accordance
lmple\}mmf%lﬁﬁ%oﬁ?s pat ent application will be described in the

C dntiexéxaipl &y seond TR Bost ﬁ{f?@emm@ BéntRluofs SHRIARY OF RYSEIRIN all of
The exanpl e enhodiment will be described with 25
the ageafsegrethg shannel e thigeeanyple grodulephaving buffars) in a fiest reset state
. . . i.ment.of
ince 0 RO e NS5 ey SRRy
may thbaterdestreamofioneafpe atfirofantduiit 02¥me Se.glsBeb frome Fbicks, and
one or nore .of _the guffers in Fig. 6, which in turn
then Gk to BEPE (8RR Hin UBETREEIA L FreTBiey fadvesé gperafion. of
AlterhAIRRE, ARI1@st ﬁlﬁ?’ By eawa({f%nggfor Q%@@&ﬁeﬁmﬂﬁj]t of time, e. g ore
expl dnation only, and the inventive principles are not
than twionfraree p¢roodshiessegndbthaioklser b8ffeds o therutexaful reses pperation. A full

et Ty 208 B AR 3L 0SB L 8o o

the 1iM&} @t BOMkrbé BRIbRALoRIif SR FReBE ST RREIAIHO RR civePoffidie
exanpl e system a m ni mum nunber of clock fransitions
canceffgijorh @nd deddlesa rAftar shekendipratios opdratipneate pedotusedy thedmstmay
bit  lLane locked ta the.d stream. . Thus, the nmenory
then g F}bﬁrtrué’}f:e_“( %ﬁfaﬁﬁl?%‘%%%%éﬁ@ﬂﬂp%ﬁﬁuszoom 037285
hos £ast FEBt dpRiatibA nfiyDypesebrtMRepetatiens PorforREid0enda full reset
conti nuous stream of "ones or zeros on one or nore of

such gsralipration gpemstions. 1/ Esbipseipathtipameyrhsginawith e geesenas detast

i . [ ' . d I Seredriven by eac
opea 3 B3 8 SEORE o B Tk BBl e
curreit@dethe oedBSB intiund R landsto tibiRe EecbiiBl t6 zensSit ey atd kot

three least significant bit (LSB) |anes may be used to

connestedtg ARIoUEer At Abeiaing grprestaee debecd opertiomgarh bufdy may
drive HitMRfe ﬂéi?in%gélﬁ% *\l“l\gﬁg ?atnteg go ?rﬁe?é%a%ﬁ nggr qn%#l gh%ﬁr@hgék P

or ones on an may assure
LSB inheind Rebijtlareand if idtletocts ohed dretivdibftthe dinee oes itindy leave its

outer o g Eatd uRifects aies RS S perP g I8 HPGRAEeE s R detect
two oRéd, it BfiCass@hE AP thetd Finb@dick QoS CHsMe A} £PERLALE RF outer
port, configure itself to perform the functions of the outermost agent on the channel,
and/or update a status register accordingly. A host may follow a similar presence detect
operation to determine if any agents are on the channel. The buffers may relay the status

information to the host in status frames in response to status requests from the host.
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10 In the exanple system the host may send a
conti nuous stream of zeros hold all of the agents on
wa bwsiosmnel (in this exanpl e nodul es havi ng DRET/E$20)94/037285
inafirst reset state indefinitely, for exanple
while the host is held in reset by external
CORfLL quﬁ Y s
f o%ﬂgﬂ%%gﬁncgﬁgtﬁn A %¥at1gﬁ‘ thé Bﬁﬂe@ ?ﬁ] ﬁleaex?ﬁlgfeas%tgin Iggf ‘,L?fansmon
through drarlblhmhhaqierattmni durirg & fastsnem alicH 12 «ilbdfieﬁalﬁg@rstae tootrain
ex uteafa rese per a 15 Alternatively, the
the lq?aﬁ‘fclowns%ﬁ VS 36 losRioBr tf% daln pfparh, & GuBndraamas igte oy align
ﬁamés' tH?t ar@ séht ovgncﬁg chdrd8Nbit MheftéAR cﬁﬁl‘éEk &g%fpeltaﬂoﬁ beRRbit lages
he ot her fers to éxecute a full reset operation.
and rﬂadelthe beffat 1mﬁy1 dvecingdeifithey lmays sich @ capabilig) etdarAtspomnce the

d the |
host @it BBuF 08 Ao R FOMCF 50 B Per Byt TGy ogppBe frame
size, ﬁhﬁl‘iglletd Yo adcBf@iodate A Sr3ks ageagncel | ation, and the
i ke, After the calibrati on operati ons are perforned,
t Ha thogtanlg syternHbmsmgrasgentiengpise ps alianativahsha gapmble of
perfohgl Mﬁlgg %lglrﬁg §f>%18{£ pﬁéﬁé figtgct i éﬁgér}cr%) naﬁgpid'éleélag%nqtﬁ on the

chamieﬂés Bbr exdingle, RACICBULT Myl bbﬂ:apﬂﬂé af p&fGrmiry & p6lling @pefation on
operation may begin with a presence detect operation

its OlmrHOﬁglf g li)ﬂ@soéiﬁé@oaéwﬁ@ topgsdqrBIRGOH 2 neRcEeBUIa decpdder do the
chanf 50 TGRS ool 0 SRR R AL e
inver?ive panciptss ed thepatemt.out er agent. Al so during a presence

de eration, uf fer | dri vethet ree LSB
bt aear s Sy é?ah%POI@aewf 55 PHEF PPy Tthg Agent 1
buffeP BembdhieSit iy SGit forB 8PH ?ﬁﬁ‘xﬂ‘%ﬁr fic | the!RRBES: traﬁﬁﬁo? ftoa%/ got reset

detects ones on two anes, it ma
operatips at 2. elf throagentis athloetitamay digedde &1 ar s patios of egbsteeport and

ccordin | f t e buffer does not t ect nes,
wait {3 & e e orEone A SH e STREoTHr UG8 froci arE B ke up
comn®rld, era'%f AR éraBlk Af orlalpor@st & its3tR Yokt ariQRkBBh €0 a reset state.

itself to performthe functions of the outernpst agent
oAt 1, dwaign@ﬂ may embiledts anpad poe 2adsiriae lzsros ogiosthe three LSB
resen

oub T kg OrE st Pl el iyt B ARPEREPGE e agent

may thBe trefisifitielo a Adi@alibthfi@t Spei@ion'118y. the status
information to the host in status frames in response

t AiskS3s the agerfuaast driveranss phte thothree DAB wtbpond Ty @@dames to force
a potef% %Je%%?g AHt %Z&@ﬁ ﬁfflf TSt r?ch?c{ngg gﬁﬁ)?atgo%[ 33%&1‘(1%?? f ﬁltcle %rhewly

e exanp

detecteldrageigthwoidd pmSGmﬁblbtelbecbmﬂfeaIallbﬁSedﬂ UrHengesk fﬁ@stheﬁ @afdition to a
such as a clock training state to train the | ocal
hOtd‘itP‘&S’ﬂ?Era@}ﬁntahl?s‘buffers to lock onto the data stream a

fransat iRl Eﬁ‘rQnTv ﬁ%\/% defos@ntPhhe tlfure T8y JJPlia‘unarﬁ 5i€Rhes and

over the c anne ane tests o ch
place aph_aa&xturrmnt af thelthrebiLSB| iabamdR-abit lqpkatefotdeahbbitf ©rro of they

fail - if th have such, a capahi | tc
are oy ool 10 piputor et EE Ao U ety e gie thﬁs&t@ bgund Rx
bit latRNARCHE Bt td N Ge S RIRes, it Itna%é(m@éthSStS thitn Fuddie ent is

size, timng, etc. to accormpdate all of the agents
presentrandieansitiantd e hsy@eemresmeopmmyatdg én Osharejseaths agent may

decide a{ 35 ’cﬁt’cI a}/ne<|)1.¥erbaeger(1:t%g not present and transition back to the sleep operation at
148.
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perform ng various polling operations to detect the
presence of newy added agents on the 10 channel. For
Wexmi050941 each buffer may be capabl e of perf orPaTGgS2004/037285
pol ling operation on its outer port if it is the
outernost buffer to determne if a new agent has been

ad the chann ) 25i||u .rates
b, ha dint GAEARShe o Fofhs itk o R AL Bt Whon getpried am
outertagent dnd\tReH deks thisiiffotphies ©fthd het,Fat @implé\tin kBondehe a status
agent may disable all or a portion of its outer port.
requgsf, of frke sgmstothes agtiastoggley éhe igformaten , the hoskey omr pgquhy The
I to transition to a hot
agenﬂngg%lsog\%gfg ?cgfn\fe;h{%%@‘gel?%?{the agent is a host, it
rra’yhedncsahiag bad:dmmware pxﬁ thei e lptetettad agintreithor ﬂhrealgﬂ periodic
for a_wake up ndfro asstemen ment .
Stamwaﬂe%tseeé P(hehECPlﬁau iRfHate AFRSHARRE tq Te-1REp w%ﬁ entire

chanf®d13R1HEhahbw %gelﬁ dndhé bl%%n&fanﬁtaéccﬁiﬁhﬁﬁat% {if the @ﬂannel t1m1ng

transition to a reset state e agent
enBliH followsgmare eomep additiammd entbbdignentrafob mld;{rdntmrat stuqealces

SB .20, out bound T anes to end a.reset to.a
sccong eI R g iP P18 PO b0y PR A SR gy
also dd36ibddrvafs tdréreRcd 18 the &ﬁbocﬁﬁlehtbff&ﬁé ﬁ@n@@egﬁwn@ ghcﬁ&n llai%g 6 in
At 152, the agent may drive ones onto the three
the coniexof adargsr $yisten), snedsastasef st b@vmaaplé@relmevfface mmya@ém
ﬁrmvgfﬂ'g C{H%rén%)lé}ys' tkllﬁ glee%ic’ ef‘}{l @I//at Cl Hf‘ F egf 2‘%1 I D 1V%r1r|1cdples illustrated

by th%e%iditﬁiﬁhb/erﬂlﬁﬁﬂmbﬂs klfbwféabﬂ bfe&io@ tmittheo a@esptcifioYefall€bescribed
transition to a 25 hot detect operation at 154. At

hereins4  the agent may drive zeros onto the three LSB
VAR Mtk sk BB (LB BBl SRRk o
whenzeuser afpehliey newngemohtciha neaicey channan f@tﬁ;@mp&g@nﬂqe ouitee port
t hen check the three LSB | nbound

of the glﬁe@ma%%mt  The ugpsmayriafonn thesysten ﬁﬂnwar@sthat.ap a&ﬁy has been
appeﬂtﬁ:ﬁ' 4% Frmbvare &Qg&heﬁrbaﬁéétﬁve?&?ﬁg aﬁgﬁlea % er%géﬁdfgggent and

transition to a hot agent present eration
infor@tthehedit depughhe wagenp command dei atea@nt h&Sbaeh appanied.uThe host

may {38 R SofIEgorhoRat 368 R sy Bhisoen septrybiss ey 8578

throudh a Jpéﬁmgtd'f)%ra@lgﬁ BhcHERYhé BAAIRcAbRE MoYs Wit Rl &lce tt(SJFlgh
I'ndicate that it has detected an outer agent and

Afterrth¢ aq/lllng\ pBerahﬁm tineprievious outtimeoshagant mfay reportitig [pegsenae of anew
q uest , take so

outer EFort 1 goftafg BB Sier B o OF TS REET b} Gt rse

comn@@Rb brihP the RELHEeniBYo Spestiotedntd rbPme GecCintite Shamnaln Yefker the
reset. 5 The host may becone aware of the newly
new agspleis operatigealt the apstmeay inferiynbthe pEsteodirgwase terigort that the new

agent:ig gé%ﬁt%&ial oAltg 8{/?1% ecﬁy v?aqpfor @Leg#g‘ggﬁl @Mn{l\gac’r% ﬁ% query the

O re-i tire

host toeleteag@ratif the ﬂeheagehae @péraamhl aThesysaa fiedwiare mbgethen
channel timng. The follow_ng are sone additional

configg dhe ]?,@Hosacgpmﬁ&datg@ay neWB\Elwate pirseited by the new agents such as

new memory devices that may be present if the agent was a memory module or buffer.
A hot removal sequence according to the inventive principles of this patent may

begin when a user informs the system that a specific agent on a memory channel is to be

removed. The system may remove a corresponding host address range from a system

map. If the system uses mirroring, the system may remap the host address ranges to agent
26



10

15

20

25

30

according to the inventive principles of this patent.
These additi onal enbodi nents are 10 al so descri bed
WaRaR0sier ence to the enbodi ment of the nenorBCEYS2084037285
shown in Fig. 6 in the context of a |larger system
such as a server having a user interface and system
r
ik PHE Bt R SRR o e it Rty B B2 Ryt other
locataohd iiff riod ahbac@rﬁmmrma MTlss, sybenemey theapellmatil 4l Uutlﬁi]taddmg
t he speci tails described her 15 A hot ad
ffanS:e&fé{?&ég 5@3@?5 ﬁ%@ Eteanmay mﬁﬁﬁﬁvwﬁﬁhpmp Bl wnmmc%to the
560
e n%%%r?ﬁ;thgﬁ 4y YO R T RS b RRRE 10
outertrtost étga;n‘emmﬁlstchagﬁhttheréhecamsmg inte\disabfeatsoutérepostyaideissume the

fonctyr A PO R LR BB B ERa el Fef Weuld
overrdRPERADAGAN TR stenh fncap MdnNRitARSE fabiTe QU sh"ht WBiR tHeP
command t hat "an I(;1)111[1t has been appended. The host

selectpghyagenteand say ghanngbinterfigemfian domportents emaelmddg $hmﬁﬂ®tamnt
t th I a n
The %gtg?la }\é\’ﬁxeg @éSﬁm%{J: é/wg é t}ge esg%erc e@ SEe t@g@ \Rﬁi ﬁe user that the

agent @hgbenatved. Fi g. 25 Af ter the polling operation,
t he prevjious outernost agent may report the presence
of A Jotvenlace srapencegeperdingie throiaventivg prineiplesed dlis pateat may
SER S
begmosfvﬁ ng‘ﬁ?gegfoqg s&ﬁ‘%{n@eg&% datbo§e°' t‘é co fé«?ax% ’flﬁe lgsr% may add a
new zrgeht nn@lztde&)f et (brre&embadsmmd thé\i ingorni the s?&eﬂﬁ&%‘rrﬁ%ﬂ that the new

he host t t th te
aentIS e PG by BT o, eh PRGEIR (P SoBer Heineay
replaé‘gdt c%?rﬁ%héﬁ’t%h& 5 é}hﬁ lpg%lt ﬁg%né’@b%lgf)glﬁe}#.ﬂgysﬁ%ﬁ :ﬁﬁlgﬁvr%%v may then

firmvare to ost to
causeet@e hOSt ite smdetr@mmaml to tdpresipas emefrhosmagent tovkey istlmew that it
ur e the st. to acconmpdat e n new har dwar e
shoul 3RS ooy he R Shis s HEFE CREHE 4L V) g provious
outerﬁﬁ@’dt' 4288t th RAILIERY oBRr ﬁét@ seREpdike td1@e ﬁgﬁrﬁséﬁ%d%ﬂﬁgp Eé)oll
nmodul’e or buffer. 30 A hot r enoval sequence accor
commagdt Féaniware mauy\tberpmstmmt rﬂheels)sbfo sehil 8 ppﬁtcequnemdyo tbqg‘e‘nous

emthat a speci ent
outerif35he B iSRG bl S SR B neBich SR ¢ pFRped
abovdﬁﬂh)véfe@nﬁ@ﬂorﬁ?Wﬁie@@ayﬂﬁﬁfahﬁﬂg ERSfew A48 Tﬁ@ﬁﬂealous
system na the systemuses mrroring, the system

outermgst agEapAt ﬂl?én Frport (helBrcagise oA gew outsr agent The hpgmay then
PRSI RO 8 0TI ) D

into opbﬂatil)n alhcbreatnecths entire®Binnal. r&ﬁéiythﬁhé\h@g@ﬁ is dpeatiotial, €Re host
n poll until all outstanding transactions are

may lgtaﬁﬁlﬁp & AYsterp drayrerete) TRBgrt thatthe ngwsgentis opergtionad send
At o i 300 hh TS0 ot RO g
the nezy_ua@nhmscipeageml on the channel, thereby causing it to
R ke s S o nst 208 45 veen
a datafﬁéltﬂ al @S RbmABHA icOMEE M adfulti& a%%‘fﬂ%&%ént%@ﬁ 6§ Module

may then initiate a fast reset to shut
utilizing data accumulation according to the inventive principles of this patent. The

module 174 of Fig. 26 includes one or more memory devices 180 and a redrive circuit 176
to receive one or more signals on point-to-point link 178A, and then redrive the signals on

point-to-point link 178B. A data accumulator 182 is disposed between the redrive circuit
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sel ected agent and any channel interfaces for

conponents attached to the selected agent. The system
WOorgopsosem di sconnect power to the sel ected ageriT/E$804/037285

notify the user that the 10 agent nay be renoved. A

hot replace sequence according to the inventive

and aprl}l JQP S‘ij’g;%“é isongfasteggrgl Ie ve cmqnfglogr%(g I{r% d?ﬁtéecgisvgrone or

escrl ove IS

mordmgham pointeVpoageiik 186 Apndaeddfe the sigadle on @aﬁm&pamd link
then informthe systemfirmvare that the new agen

1868, 5l this embadigest, thmeombmm@t lks e hosp ashe 1@@@%&1 émks but
onent and
the i35 PO n s i Siop Etlila I liBRLARRH IEREPCT ST e e mmy
t hEle dataseentueohiA maybs & ficstdn, dostreun (FIFO)tdaer preetiroosany

out t t t t k houl d
other Jhg et abE ok U Tt N Y By foty
bandGAME Fnib e RLse HoP BRam@H ! £MBRSTy @e,mthawﬁlgemgh %ah(‘i\%dth burst

outer port In response to the next reset wait for
modampp bk usabiinthednerFonyreatice lﬁay Thtbandwidthrafdbe date patbgormed

t {.
fom e RS PRI b B g o Bt R i
orde® rbiiRe PREcHRSE PokRE BonsaRPYEn, int ndnRFRALIEANHQpbiating 8sts.

thereby initializi ng the new agent. The previous
The meome icea@Feverepal rred te w@me dafreat fulb baddidrfonpioper
ut er T te I
orerfh PSRt "B OPELe T A5y BELE Sl B RO SRR o
may b ecouawlagesta rateles tﬁmthauoluﬁyﬂ ra8 of thenhdigory levieatandehen
_channel . After_the new agent is operational, the host
delivored ip {he eraeny fovice bits §id ?@}Wtffﬁ‘iem/vare to report that
t hﬁh@&)ﬁ’gﬁ? %?Flg{q§6 PR Rki % an é\!.&l@ﬁl&aﬁ& t{]&e host
may wal stem query ost to
unidickettienatilinks of anyt Iimtlcn&sw agﬁgémelst fopreasfaronatata Sﬁmﬁ/af from the
the inventive pri nﬁepl es.of thi a%{ atent relate to

redriye eiEGHiS o DRRgS 820 Hevinedtom thersit Ve sifqiital g tq haons gF more

memﬁiéﬂdléir?ces TR@ thré %H ddtéiécghﬁﬁ?ﬁomzeﬂﬁ%é Hﬁéﬂtloﬁfcoﬁldrﬁéq’e{}éfsed
30 uti zZl n ata accunul ation according t

and add@ionaldate accemptaters mrpalydm adfled bétwepmthemedrivehercnis dud @1emory

devicghaL feminsr 1656 antioonl Scaredise piats VD Bl g tay How
may Bé St $o 8 HRiatherhryRRivite. I0mkor lq?&é\daeaecdlﬁ/}ﬂatofseﬁay ¥e

the signals on point-to-point link 178B
lncluded:bm'hen be sqmdlrsdrme@pmgé dné renpemonytisvicesitd acsumulate write
dat rcu t %VV\Da% ?/O 41r(F)>CT/ UsS2004/ 037285 and a
a ’31? Beli'LE S%at 3}']%1'“ YEBRGVER Ve circuit 184

| SFigl 2 2NueEatt Pardoflted ieM®odiMeend bf a kP hddalein@An embodiment of
poi nt-to-point |link 186A and redrive_ the signals _on

a mepenhbutfes ugbizing defaraecunlgion aeeording tocthp iieReYR pringigles of this
paterf?.io 'rl;Eé ﬂo@a{éq'ﬂtof lF!i%lv J @%e% %ﬁ%ﬁ\%}g&& wiftheP ééeﬁgwlu??ﬁlﬁ? ¥eéir ve

es are not

circuito 1At 18CuhdaalentornkgerfireT90 actahgedao ctansfendas tolfl from
may be a first-in, flrst oglt @EO) dat a structureo
one oaﬁsore sremary f5Yieesok80s yis wish thequedide Bf Fig #¢. oply epweof&é%rednve

circufth isthe8@d Pin LS A @i, BBY TRE WM JrPinterface 190 includes a data

accumulator 182 which may be arranged to accumulate data as it flows between the
redrive circuit 176 and memory devices 180. Data flow may be in either direction, and an

additional accumulator may be included to accommodate data accumulation in both
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bandw dth m smat ches. For exanple, a nenory device
havi ng a hi gh-bandw dt h burst node nay be used for
wa pwsaenger y devi ce 180. The bandwi dth of the JRIBU§A041037285
formed fromthe unidirectional Iinks may be | ess than
t he burst node of t he nenDry device in 10 order to

in c consu i, on, d, manuf act u
airecliff AP Be B 5o G T Gipe S0, RER L AR fdonat
data Reehulagors BESbLY ﬁlcdﬁfed t(ﬁintffrﬂdcla vagnd¥ketond kairivecapeit.

operation in burst node. By utilizing a data

adtemil BlugiFatesgrother gxaraple embpeineeny af & meaiony by waizing data
t feat
woou UL 2lo Bkl SF R LR BNESL 1hEbErS o4 15 28
is sindiy it thabdf i s7,fout thelmersdryiatkeacelss hbmdepa HIRD-ofpeRingte data
limted to any particuyl ar_arrangenent of

26, is.n
accurgiatpr 18§@P<éﬁ£|1F(Pm@sr%4 Xagwcwttlwem%ﬂ’ RGPt for
r
impléch IR el 2 VIR B 2 BRCHIRG dOF e EGhbY Ament of Fig. 28,
but tlm invaritive priGciples o ﬁnsap&terrtraremtélmltﬁdrto ithesd dotades 180

ta t 18 but the, di
be VPt Buh B Hi defivErohna o seouBblaind Bibs SRl et
whaté\éd @ska PRk ‘f&eéhtb&ﬁld&ﬁﬁf Hha E)ﬁensctb e Wpbra@ifg afMBORIYendlsh write data
devices. Likew se, if the optional second redrive

is accmnndajed it1®ay be wiritieh tajet; ordnors mqyomcbwcemaﬁub dusst tdtethrough

mem{yS 185 6L A8k Se TR0 A GetofAiold eelirg 07 B gngmory device at

full bugFdty,@n@ildveliid theddtatpiRr PR HIFRsYerdiay ieasad @atd €S the4b@ind redrive
wite data to a nenory device and/or read data froma

mrcu%%hryuﬂ@mu&@lewaél 27 illustrates another enbodi ment

e S e L
data privees bunsting therﬂatzplb esnéhotyhlesicep Jhéullowkhiee fmd-wr&e-lgafﬁ

of Fi 27 includes a nenory buffer 188 havi ng
mem?féd)ﬁlﬁglem aéqqn@mea%lmtﬁée@ﬁwrﬁmi OVEhd namhfém@r‘yme rﬁ’Pé‘faflﬁ%% The

write %?190%2{ gpk E&E%cﬂaﬁcﬁﬁlaﬁﬁfdﬁ d1 @%QFI g)?‘l%&ﬂﬁ i tﬁ@ﬁﬁ? 0

eV|Ces
WhllGGhﬂtQ/IS dmemgafelwhed teetlhe imemorgidecige.t Thisallowe dmiielpth ofithe FIFO to

be sp iR Hetirdisr Af RS KEs I PR 1SS Biher Fomans 6 ot pro-

accurAGISOT R 168k ARad bf fhk W PEIWBRAD sétfﬁ? to 'é}l?ééﬁla‘t’l%ly capture
circuit 176 and nenory devi ces 180.

write datagiarh ghe dhita path Moﬂnoufangard ras tadtetheothaldatads mtmidad cﬁcvr this

i S S0 BB A BT e
pre-addukifitdts€mal be %ﬁsfé@&ﬂ@%é faitd MM ndendd3¢ bliffer was the

i ncl uded, one or nore additional data accunul ators
mtencimlyb@plent:lomwswmm smphicles f\’mswﬂlidftdwe second redrive

O\giltﬁ he otlg?r ni@n%rxﬁg#%%}aﬁé/ Fﬁ%rflllss?go g‘g{l}fhls patent, the

emboaﬁﬁaﬁmbiahemar;aﬁwﬂeb ad Hlﬁfetsf&sbﬂ"b’dﬂﬁifﬂtwfbf&éhdwb Higs 2628 are
patent. The buffer 64 of Fig. 28 is simlar to

not hmﬁs@ teAnyrRagticutar mgshaningl AmsRssYyenthad mszévee@ed beinteatase a
tor 192 and a FIFO type
(kWICér:4 &g%gt&gm\g{cﬂg ‘53%%@%5. grre possi bl e
Some additional inventive principles of this patent application relate to

transmitting frames with early delivery of a CRC code for a portion of the frame. Fig. 29
illustrates an example embodiment of a frame according to the inventive principles of this

patent. In this example, the frame is 10 bits wide and 12 transfers long, but any other
29
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i npl enentation details will now be described with
reference the enbodi nent of Fig. 28, but the
WO 20p&sa9ve princi ples of this patent are not |RGH/USH04/e37285
these details. Wite data fromthe first redrive
circuit 60 is accunulated in the wite FIFO at 10
1 e H t . : tc 53
i 1 B S Th B e AP Do AR SRR 6 R
transferreddiystbfollomiet] bgnhd bitsaneheorowndesti fieiasrtyansfey i CE $tcatThe frame
. fuf { bur st rgte_thro‘gﬁn menory hus_ 68. The read FlIFO
1 conpgly %‘i‘w&e‘m Hingera Idaptedrastersdh dhe g dpwnrows (shosndgp
hadif i i ' I i
s e B ol 16 bSO RE A BBl D pemaineror
the frgine ¢udesigntadas asgbondiortign efithe fidthe. 15 The write Fl FO

h { t t hat | | at e, tipl
odh o Er iR Fagia Eins er Stheins i cReRge Rierinaeheirbiy e ame
is typieity @Raced Bi e @hé 8Mhelfhend. @8oWding Ry the HfvenfPOBNCIIES of this

turn around penalty to be anortized over a nunber of
patenfyya GRC @9@@ garithmBrst gpréion wf p fleme iy beatyarsfestediwfore completing,

S0. th By . | oaded,.i nt
or préRaBly ateh Beeihfioe b gt ANELectd Bal?BY. A5i ARV kY Ota
CRC divwe the midthSryalgemisediviag depidin®fo érie chedkQhk irdQoReon of the
smal | er. than the nunber of transfers in a burst. As

a
frame; gpqd prsferplalyibreinetitlizing sy dnfoppationgoatainadihercinyhglopethe second
poﬂidn%ﬁfﬁaﬁ@?fgo@g]e{egp wite FIFO and set up to

specul at1ve pture wite data fromthe data path

wiloh examplegifitids seshtiquadsestibwith henetady dgsnt Halv@idp@atatss that

this articul ar uffer 64. Once the target
buttefpdpg e icEs 56t MRV shiks, fFoma GompmsAoREhaiel & DRAM

- : I . ' I

comn Bt B PR DE LB, WAL R e
placedithéeweeadiportmey Barlyplelivéry ofitlsec@R Gefdr thAdirst foltidrhallows

ot her .menory nodul es.and/ or. buffers djsc¢losed in thi
appargies it (18 TGOy I PAROIES TSt AR PO GREAG S SRS kg first

porticA&sTlid Ree Whd Porbvaf e 8¢ DRAM ch§be @ tR8dAE BaylBR in the second
limted to any particul ar nmechani cal arrangenents, an(f

portioggyraseivaded to i nterface devices other than menory

devi | . 30 S0 addi ti.onal inyentive .
p?lﬁhm D égdeggo?p%qg&ppé)fé?ﬂ M2h Finbcgﬁegr?s Pait 1’5’? ﬁaegtg'syportwn of

the frimenk MdytbePadedaiee entiloll tiRAirkdpd#abh, \E@tMb@REd thr&dFRoGPMS first
for a portion of the frane. Fig. 29 illustrates an

portiogyeantpinedepnly ppiyHn tet figt portion o depsfgirad in anytather suitable

' ' DL ACI 0 | ent.. .o this L, e
oS DGR 5 R3L N el P R R
the firatyortioiherny 28 cW@bARAiAEARICIRC TS0 @Al 03002 o undicdddy, or

and length may be used. The bits in the rowidentified
may b&ég? ‘ﬁgf’g?omwun&% with ather cadeghothjwithin ang pytside of the frame.

18 i, AR SERY S PO O By S
also bt raynpértion dliht isTteeeiived edrliérdhian a ate postivvrLikewise thelsevghd
potio R BT A B e B Bt B b b
betwebi® HedTa £ R8oridl RREARDrRAEL the Ve ¥hd pBRidn, &Pthe first and second
portions might even overlap, so long as the effect is that a CRC for the first portion may be
transferred early so that error checking of the first portion may begin before the frame is

completely transferred.

30



10

15

20

25

30

In prior art frame transfer schenmes, a CRC code for

error checking the entire frane 1is typically placed
waeoosh®oend of the frame. According to the i nvRIiI/US2804/037285

principles of this patent, a CRC code for the first

portion of a frane may be transferred before

co [ refe | y_even i-nni n h
¢ PARE R ol REMSHANARRIRTo AR daBeH ey bePlocad ) tygend
of thasebOndCRRiitiah) divegibuted theughont a@eBtondgweiion, Rentlied bhBBrty in
to error check the first portion of the frane, an
the 5%083 BPLiony onfEisiRripdiin ABY pigerswiablgmernmas i Hie weprdCREFode
. . ; )
ey EAREGH 4PSLOLE gy Ry 1 e IR 3t oy
compapundadowigh athenCRIGeddeg iragparvadyss that  buffers menory

deyi h DRAM. chi rom 0 ni cati on
b EF e B RAM 10 S5 SRR HEY e PiEn s chfoRR ofer £pe of
error RREIkirM s cBEmE Sed toaRE £y WRiktBorfty @b FraRfty| 0ad may be

pl aced in the second ‘portion. Early delivery of the
Cronfeprdditienat inventiyeopriricipesaifitivspateniapmtiastirn iehntd toeorganizing
ry.agent.receiving. the.frame to errqr check the
Cre gBIR Y BRbe s Pig, o B bR enilfePRRIGH et o
scherhd for delvdPREM CRTRoEE ho0Ss thilgipRatAndaibodcthd B thdRiventive

. second portion is received. 20 The CRC code for the
princilgsf this patenin Indlyis seample) aifrenie issl Qobitstwige andhd2 fiiansfers long, but

I t he f t | ace t. t.he .end. of..,,
any offE Wi of IorePurl 8 Fscd LMl PE BB S Rge™ 0 ave
transfened fies, folowtdby itk Wrliy tHeabtv idertificdhe thahsfst “ POEfcl Qe frame

red in any other suitable manner such that

. or transfe ] Y G ;
is complefed wigpdhe B Berbr 4 Lt pes tewalenrd Roe Semenin e 10 oF.
i |
vans O SRGEARAR L bl 1l AN G B800 e
ety péwéion lo€ a (BT bodeafor framp dl+hds stgwad shhdeat indraneoNesarbitaily in

Lt hi ” id the frame, As used herein, the
the potho B Br G Ui st e pf Sl 7 raigh 1 Rbliame N-1
AnotHer @FRionkMtthé@RC RIS PoriBar@ - PR rsfl{)(v@ﬂ shduRl iI?] frafnE (Nah%ﬁparily in

_earlier than a later portion. Likew se, the secon

bits “Yothrough “‘FRyn tvs 8 thiexph PBT andan b @t thirdueshf 67 sh rovmLft2”
throut hg}r,,e may al so be other portions between the first
%1}1 second portions or after the second portion, and

t Mae IORG bodr HaARMNL1IRhRANS § k{8 ,
SO Ieong a% thé ef f ect Qi S tﬁat%&éﬁcﬁpgﬁeatbﬁgr??@ééﬁpl and N)

may hedpiendad fongrrpechecking ol of frathed¥l | jpstopartian oé frrme N-1, or all or a

. . ) . bedi ;

poriof I RGP IuRE ShaR NTbIeRAG BB pelf Oty J06 Fodt e

differE¥E pol R0 04118316289 méy SesbnebnERbeciadRe e frhfe SLEOHBIned with
portion of the frame nmaybe placed at the end of the

CRC eqdes (1 n9stiansei CRfy sedashiiemthes figmgh duereateecoswound CRC codes.

' cont.ai in. t ]
P STEE B0 i o BV
codes seenthultRE: frathes angdydependsnt ofihysd ih%rﬁ%@ﬁlc@@dstfbl@tgng’fo early

. the ne, cover the entire frane, or may by
deliveip ihioRAEtes Lo HErortROn o s prbeqobrnaapawerer, ercby

giving rise to additional inventive principles. Fig. 31 illustrates an embodiment of a frame

transfer scheme incorporating early CRC delivery and distributed CRC codes according to
various inventive principles of this patent. Numerous implementation details will be

described by way of example, but the inventive principles are not limited to these details.
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CRC refers not only to cyclical redundancy checking,

but also to any other type of error checking schene
wWawgosg4verify the integrity of a frame. SomePCT/US2004/037285

addi tional inventive principles of this patent

application relate to or ganl zing CRC codes across

{
e R O
transﬁars bag, andl friny N-T Isarmsfeaed dirgd] fogo*tved bh ﬁ*a}*rre\N nu"%w €irst four rows
| es of this paten I S_.exa e, a frame |s
of Frffgo i1 Bregnss a5l “A5reH Gilsrigraed i % Bp 1oy e referred to
as thé!"c&iﬁﬂlaﬁ'@ gorltl%ﬁgt[ﬂe TRY fRE r&{%eﬂe ay"t‘?arhxtdﬁ Fﬁ‘at&&‘?sl £r ge%@ond portion

dentified as transfer are tra
andWldilhecm&dredyo ammeldataspommt he row identified as transfer

- obpeeinRanrrpah EFTies g S et Fibrifor sobg 1330

field t thv@dn@i RiohgichiseAYeMimaal livfowhittbn| drdndNype BEI0AEhg in the F[1: O]
transferredflrst foll onwed by frane A portion of

field,gmg aclddit f:@npquﬂérf%mmhequumh@m aﬁﬁh&j@bﬁﬁd leméJ[RB 0] ﬁeld

f wr9 t
and BRI B e DBAReR gt A Do fiah e T30
field ﬁftﬁvﬁdbe erippdéte@ibnaovedage ﬁasssqaeip[lf @_]r aC[Qesmq aNd laE[B?; Shess,

shaded in frame N arbitraril gh "7"

i nLhelpda pertion Hichisigh 72 pris aﬁ@pta m vbp tBsE7 I @] ﬁelﬁrvdu@lhmas bejuped
o on AL i G L 0 Ao 2

bit camgpouind ARG eh:ttd:kshrﬁ nienaﬁe«bas EBjad Ki] nEl@lt bf tife 2rtAarerdNotated in

A L e e B
FE[l@B?ﬁGlﬁqﬁﬁ):h fs%o@hfoﬁl?sﬁ(ferﬁf tﬂ@frﬁrh? rr%f 31 B@&ﬁ'ﬁ  th dﬁﬂ?ﬁorh of the

al 5o contalined in the sane or “Comb
checl@ﬁmﬁml rddiebed ard onpduods] with ERRE ootiesih ffaneiNdithearext frame).

e e BRI L S B AP o

CRCPZ[&0] & 1he “GIRE CrAT9ss fG1eR3&] fitkhithPyEplt fd§{£‘91§[7<’1“(ﬁ A 14 blt CRC
i ndependent of those Inventive Erl nciples relafting t

(refereed foyas (G141 E3:] of theRomwaeb CRE )31§@emmfeérfmm the 26- blt “A”

con 15} T, e RITARS s W el /b0

FE[21:1 4 aidraa¢ kard 1@mmmmlan@gl§glahé agg o3¢hd st Bame. The
schenme incorporating early del i very and

remaiging §4 bjtprof dhacRebi daa<CRE beramanpELL:0] wa ammbm@hwh the 14-

aj ent eent af |
o BRI 5 Bl TR
exclubing-@n (X@R) Puriction i esatartiee ¢udilp duhd‘ch@ﬂisﬁrﬁ aBNEsE] WeicRiwWiB be
31 WO 05/ 0 0941 PCT/ U82004/ 037285 In the exanpl e

transtatisg g aipe.g Thecqmpeundr 4rhibeheckgmpgllila: 0l an Hieregrent
a0 o ORS8O AT g i

framey; lwth thofatdhed e[ 18- 0 ligeme mtainfoem d@;aimbmdhmtolf dhd prgvious frame
desi ed.as a first portion and wl| referred
S RIS iR B e s ok s IO E PEtb i 1 4r Bl oRgnd checkSum
CRCﬁu[bs b@rgaehéfaféa%fowﬁfe% lﬁ?c&nﬁ%ﬁp B84 R951iCMhta chRShnM ! |
erred to as the data portion.
CRC22 [21 0] is generated from the 72-bit data in the current frame. CRC22[13:0] is
latched as FE[13:0] for future compound CRC checks in the next frame. A test compound
checksum TESTaE[13:0] is generated through a bitwise XOR of FE[13:0] from the

previous frame with the new aE[13:0] from the current frame. If the generated test
32
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The conmand portion includes 24 bits of command

information in the a( 23: 0] field, two additional
Wheasomo4comrand i nformati on or franme type encRUi/G§R0D41037285

the F[1:0] field, and a 14-bit conmpound CRC checksum

in the ag[13:0] field. The aC[23:0] field and the

comlgdShed A LR SRR, LS Spbipablyaaine
transohéitezicwitlo thewowrentafena alies aret dveerfdrd ifhe “ACcddin@indaehe current
aE[13: 0] fields. The data portion includes 72 bits of
framgyat a in the B[71:01 field which nmay be used for
adg LdapRle tﬁ@%@&ﬁ%om e?%ﬁl?ssézﬂﬁﬁabl frOatRe rev1oals frame,

transf er, etc a pOl'tI on t CO oun
the 1406 cohevislohesident CRCM{I&&O] BEfe2die0 ﬁorrEﬁhg letirrait 26Heit 8@nmand

| t FE[ 21: f f N- T
is Xl g i Freufiir 4100 frofp e SRR fipaia, fHoce b SonpIGUAR Baoqul which
is cofpfred %o El%[lét@héﬁ] FE['I 8009 10k ®B pteviciRAWmOUt si de of the

frame in Fig. 31 because this portion of the cheeksum
wi T sth tﬂlcaﬁatﬂﬁ deteetian ofdhpdUhite df dite raesf@RT indbie cument frame,

ror2 GG RE s $B8Ekme IR BRA R A R e

gener&&d@ﬁ@ 2he[2 Bit d&h 110fhetchﬁenﬂ?drﬂe CREE donhSet@ 6T itk detbb§u for
-bit data B . A 14-Dbit (referred to

the 7%f§1t€:Rf:<i%P 1r3nsfﬁ=rr%§¥ mtth%cwreqsmm ifhare when the Aextdane triyes.
S A B SR NS i g

be fauirel, ancethapthat7@cbit datd i’mﬁhé Pielriduis tfrah&rtbulcgzbd fahR?tE Ah Sonpafson
the cur-rent ne. The. renmmining 14 bits of the
fault g Finirha0 ERE 1A pRB ot chepbsoT indhertaibaidba B clog inhe
nerated fromthe 26-bit "A" command
prewf)ln%e%%ée %@?b%@&u& ng a bit-w se exclusive-or (XOR)
f NetCRA of thed A8 atomrinel mayrbe uhﬁdked]ax:d(mnm ﬂE[ﬂrSt Diransfers of
which wil.l be transmtte Ihe nex me. The
the fre@ﬁﬁmﬁ?aelmp Hidthe b RN ]anﬁni“ va f Ud immediately
withduf aRin g%‘oﬂﬁ@ o¢ALiBgerf tl?é‘fr&%td)ﬁﬁ'if@t TRR n¥chhii€m’ rr%ay rovide
conman t CRC fromthis frane, wth the atc%
strongFER(3pojectjemef the @ datadristaféhereions frame Whiletrhchlcmg latency in
To.decode a frane at the receiving

' fc
the deliyery Of the oy ConmaRd j {he CHRREA B he cksum  CRC14] 13- 0]
) IﬂQﬂﬁn@f&/@ §r1ﬁélgl@s bﬂﬁloz Bintictl 16 ARMBA DT REE oA ot?grt?éﬁown in the

data checksum 3 21:0] is generated fromt
embogpmagit desgaibad Wﬁhtrpﬁ@e@tdp en 31 Thedirsterdsefond pottidns of each

: f h i n.
ramd AN A7 L, Bl SR e S
may bestrgysfeeredtie eadhpodti@t) and tetdatasgoriieRna c&ﬁbﬁfa(ﬁltlcfnﬁp m
the previous frane with the new aE : 0] fromthe
commands, cpmnpang gxtengions, wic. gligdpsks dgsaribsd dg zot/@czmsbumdth be

o EBRALCEIRE ST N OB, TGP ey o

accomvnbdnte Hiffecernt smdsmfrecpmremehtseirelrauﬁstmwr rors | n the "A"
of the current lete t

%ge To conp
o SOBErOg ogr! Tugive Prciptes of BibpAisaigF Risdpahe v%rﬁftvneable
mappRig&¥t RY¥End LACE Fig. 32 illustrates an embodiment of a memory agent, in this

example assumed to be a memory module or buffer, according to the inventive principles
of this patent. The memory agent 134 of Fig. 32 includes a receive link interface 140
which may have one or more receivers and a transmit link interface 142 which may have

one or more transmitters. A loopback unit 196, which may be a multiplexer as shown here
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5 the 14-bit command checksum CRC14[ 13: 0] gener at ed
fromthe current 26-bit conmand is XORed with the new
W@EH[03/850031 from t he current frane, thereby geneRG@U/USRYO4037285
result which is conpared to the |atched FE[13:0] from

the previous frame. To start the fault detection of

e T
transmdropidase seithdt thdvaemeny {FROPRARY tetdedpmit ththige Refuahed rédedrd

the 72-bit ta in the current frane. The conpletion _.
from SFH%QIWOH%&&&%?%W § cqiEolIonas ieftn s¢qugHEes Of Bk GRRTHE!

i i | .
s, By 80Pl TR MR MR B o
mappings, the emeimelldr mayhaalkyae thenetufr soqpemes talidehiglyfrat bhigdyhether

and_.t.hat ..t he -bit a.jn.the previous frane could
there B0 2 birtae BT Tow IS the BalEe 1 R ArBCR YA ST giata path as

well dsE1idh dtkiveak tladmi€ DR kSO hitdhgad.es that the 72-bit
data in the 15 previous frame could be faulted. The

CRbesmbademenkof Eigrda ifdshewi Wwigh & eeckve dnd sransoi liak intbrfaces
- first 4. fers.of ., t.he frame are receivyed d,.t.he
having ubRhre bl B SR o e i R ARG s BRUR R i 1
particolalr Roniligusedidn Gfnfetacdsie tyRFBf ndey, of the franme to
arrive. This nmechani sm may provide strong CRC

pr6g-SBtillByirabes expaplpemhodinests ef o paseiblsy kit lape mappiage
i ' .at. Me h Lver f _the."A
I R R
assung; &rr;mln%ds?jMI iﬂdstgabioﬁ ld{l’[%@ ghao Flieﬁﬁahbﬂy(ligteﬂﬂz had Ep%iﬁg’wl} Irt]Hb
.the. e i me escribed with respect to Fig. . The
chC“FHF%%m ° %f&gffbblbgp?ﬁ Brike BrnsgHERk PEfAseh Wswigsaaiping A, the
loopbh & Gfif RAiEQs 8% ti:a‘?l[[’fﬁggéhu s¢ ?veagﬁltthé’ [b%veﬁ% bARYF IERECeive
of may- be i :

I nformat 1 on transterre n each portion
bit larees dio thHedraamit bitdetdsencintipt eshtodilre laddt fivobialangsis redirected to
lt.rec]lortrwandl?H .gommpjd. extensigggs etc. The tasks descri bed
multipl UAREI B ey Mipe iR e e TaRngtoqeencen sFiyed on the
upperdBRWils REthe rbbdive bit RReSITR et ARM A to FhSmuBih1dBY¥nsBEt bit lanes.
modi fied to accommodate different systemrequirenents
oA Riningreeqance s1ay Sonftginaalaippiog aldi¢abwen fnstrmcithe nenpirg agent
..of this patent,relate to the use of, variable mappjng
whictigerntad i s+ I\ BB spapengs iy e cPuRUCVA s SR RORL
transn@isiand MRS vide Gt %arhllﬁetfehsl 8 thedRe AN At SSRHREVIIE eRBtrRal
menory nodul e or buffer, according to the inventive

stress ppiteras Prabiesithe signal iplggdin of explebitiansr Faelyefthe biidanss may

receivr%rl‘gge %aﬁge Jrﬁﬁfnﬁ%g(?ue%cé’s,e&e Jicl fg{}algt Qi% élalﬁlng gell‘irafy?gc}e?gvr]#ﬁff'el%gﬁ{(sceauences,

ave one~-or "nore’recel

for exbmmpRl sgenced Aavip alfferent ehautteal SRSs Patidivy. €
nsmtters. A [oopback unit 196, which may be a

riFE RBEHETlg CshBRA AL UBSnop RSOGO feransrmitted
witho%%()&fﬁg&%%/ &%ﬁ%&ﬁe@r %Pcts ) 2;]{1% gégﬁ%é%ﬁe%gég or &1'6 ?‘Hemorgiagent

evice, Is capab ppIrng receive
may nhaii§ysthe eequenam sntteatei entitedy diffesant sérpicntdse Fok exenyplaghat

memofi Nein§ TGS R D HLOR QT HGE SORERGA foche EEupeeaance whil
modif$RGWRREL AN gfdip Wil AN sbqiinke to provide identifying or status
information to the memory host.

If memory agents having multiple ports and variable mapping capabilities
according to the inventive principles of this patent are utilized, for example, in a multiple-

agent configuration such as that shown in Fig. 3, the agents may be constructed so that
34



| anes. By selectively remapping receive bit lanes to

transmt bit |lanes using different 5 mappings, the
weasHdoker may anal yze the return sequences tRCT/US2004/037285

identify not only whether there is a failed bit |ane,

but al so whether the failure is on a receive or

onty e AR i SR EH e ERontiEk pafull Sl B BLF s ogerare ina
pass-fir@ugh3Roddaiptewidgdoprratiegei ve and transmit |ink
interfaces having unidirectional bit |anes, but the |
i verRmBesipents dpssribed bgreingeay bq mpdidigd dpagspngemept and detail

. J | I

witiPERGE LR LRl Bhefiles KERIAEET SentuBfeeiie

modifiegRinb hee dunkidesdeao fepwitiigshe sopepfliihedollovingeldimsent i ve
principles of this patent. The mappi ngs shown in Fig.
33 assune, for purposes of illustration only, that
the nenory agent has 10 bit lanes in the receive |ink
interface and 14 bit lanes in the transmt |ink
interface. Using mapping A, the 15 | oopback unit
redirects the training sequences received on the | ower
five bits of the receive bit lanes to the transmt
bit | anes such that each of the |lower five bit |anes
is redirected to nultiple transmt bit |anes. Using
mappi ng B, the training sequences received on the
upper five bits of the receive bit |anes are
retransmtted to the nmultiple transmt bit |anes. A
trai ni ng sequence may contain a mapping indicator to
instruct the nmenory agent 20 which mapping to use. A
trai ni ng sequence may al so contain vari ous groups of
bit transm ssions that provide test paraneters to the
menory agent or that provide electrical stress
patterns that test the signal integrity of each bit
| ane. Each of the bit |anes nmay receive the sane
traini ng sequences, or different bit |anes may receive
di fferent sequences, for exanple, sequences having
different electrical stress patterns. 25 The training
sequences received by the nenory agent may be
retransmtted w thout nodification so that they
function as the return sequences, or the nenory agent
may nodi fy the sequences or create entirely different
sequences. For exanple, the nenory agent may
retransmt nost of the training sequence as the return
sequence while nodifying only a small group within
t he sequence to provide identifying or status 30
information to the nmenory host. If nenory agents
having nultiple ports and vari abl e mappi ng
capabilities according to the inventive principles of
this patent are utilized, for exanple, in a multiple-
agent configuration such as that shown in Fig. 3, the
agents may be constructed so that 34 WO 2005/ 050941
PCT/ US2004/ 037285 only the outernost agent provides
| oopback operation, while the other agents operate in
a pass-through node during a testing operation.
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The enbodi nents descri bed herein may be nodified in
arrangenent and detail w thout departing fromthe
WO 2op&asaove princi pl es. Accordi ngly, such chang&sr/asag04037285
nodi fications are considered to fall within the scope
of the follow ng clainms. 35 WO 2005/ 050941
PCT/ US2004/ 037285 CLAI I\/E%ét[]t/é menory nodul e
conprising: a redrive ci it to receive a signal from
a first point-to-point link and redrive the 5 signal
on a second point-to-point link; a nmenory device; and
a 1dat a fh@mmxymmmlwmmr@mgsetmen the redrive circuit

deV| ce
C eI SRS n SN Guipfe oo EARE FoP R a RO R e
s1gnaU6mdlsé®ﬁHlp@ﬁﬁltonbihkﬁnk3 A rrerrory nmodul e according to
claiml wherein the data accunul ator conprises a FIFO

st memgryedevies; and A menor y nodul e according to claim1l
f %&Jﬂfﬁccﬁﬁﬁ?ﬁtb? c?rﬁgleﬁ ﬁ’&%ﬂ%e TeRVE YEcfit dfithe nteﬁmr% tdev1ce.

recel ve secon roma third point-to-
l'ink and redrlve the second si gnal on a fourth

o] nt t 0- poi nt , Ccor fo.
b S enay modvs srcmny Geviibel T acreByhE o beClinks
com;ﬁﬁ@uﬁ@ﬁ@&?or{aﬁﬂﬁksw circuit. 6. A nenory nodul e

according to claim5 further conprising a second data

accumul at or coupl ed between the nmenory device and the

second redrive ciycuit 5 7. A ry. modul e

cbor dihgnrE el e T RRGER e rE cRgRigtor
conqﬁiééss;tlzmgtm@ﬁﬂa that is greater than the bandwidth of

the redrive circuit. 8. A nenory nodul e according to

claim1l wherein the data accunul ator is constructed

angd arranged to a urrul
orf o A S G Ry L AP L g
redrlwlcﬁf(ﬁ[trto rdeivdal s%c@ﬁilsigﬂbﬂ abar a thérd podfisbipodit ¢k and redrive the
arranged to accunul ate data to the redrive circuit. 36

seconf3igEd S 0 50w pEEFoUsENdko37285 10. A menory buffer
conprising: a redrive circuit to receive a signal from
a first point-to-point link and redrive the
5. A memory module according to claim 4 wherein the memory device is

coupled to the second redrive circuit.

6. A memory module according to claim 5 further comprising a second data

accumulator coupled between the memory device and the second redrive circuit.

7. A memory module according to claim 1 wherein the memory device has a

burst bandwidth that is greater than the bandwidth of the redrive circuit.

8. A memory module according to claim 1 wherein the data accumulator is

constructed and arranged to accumulate data from the redrive circuit.

9. A memory module according to claim 1 wherein the data accumulator is

constructed and arranged to accumulate data to the redrive circuit.
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signal on a second point-to-point |ink; and 5 a nenory
interface coupled to the redrive circuit, wherein the
wWorznws0509%nt erf ace conprises a data accurul at dRCT/TS2004437285

menory buffer according to claim10 wherein the

poi nt-to-point links conprise unidirectional I|inks.

10 12. A nenory buffer according to claim 10 wherein

the data accunul ator conprises a FIFO structure. 13.

A 1'@7?””&&%&{{&9%%%%&&&1 to claim 10 further

conprising a Ssecond 15 redrive circuit to receive a,

s ecreAdv e tipuitl to freasiviea tignal dopoa first peinpis-peint jipkandygdrive the
. Fedrive &he. econg. i ngl on a fourth point-to-point
Sighap PR S°CPRY PRIANBPY Bﬁlf’fg according to claim13

f W hbebryciatefabs taplal webordridatiacuinadoraih teanernatyiihiedtace

bet ween the nmenory interface and the second redrive
compgispscufata agumpiaton\” penory system conprising:  a menmory

controller; a menory agent having a redrive circuit;

and a first point-to-point link arranged to transmt a

signal A mendriéuffornddcotdiey totobrimhid) wizéseingble peiet-ti-paiot links

of the mepory agent; wherein the nenory agent
‘mnﬂéﬁﬁﬁW@§E§K&ag -accumul ator coupled to the redrive

circuit. 16. A nenory system according to claim 15

wherein the point-to-point links 30 conprise

unidi r es tmenmay buffekaccodiing & olamoklywhersinghe date ecelinmgaton

clainkﬁgbmherein the data accunul ator conprises a
COmpEISPYH SYHe 37 WD 2005/ 050941 PCT/ US2004/ 037285

18. A nenory system according to claim15 further

conprising a second point- to-point |link arranged to

t r Ens ni A meensory haffer aasardingtorpdainy 1P fAigher caneprisig a second

. troller..5 19, . i NG '
o S04 et 5 e BB O RS R l Bn  c
secorPG M oh @dbuviep&iht-fotpdint 12k, A menory system accordi ng
to claim18 wherein the nenory agent further

conpri ses a second data accumul ator coupled to the
Sefp nd A%rﬁ&? b‘ﬁh;ef:éﬁc{)rding to claim 13 further comprising a second data

accumulator coupled between the memory interface and the second redrive circuit.

15. A memory system comprising:

a memory controller;

a memory agent having a redrive circuit; and

a first point-to-point link arranged to transmit a signal from the controller to the
redrive circuit of the memory agent;

wherein the memory agent comprises a data accumulator coupled to the redrive

circuit.

16. A memory system according to claim 15 wherein the point-to-point links

comprise unidirectional links.

17. A memory system according to claim 15 wherein the data accumulator

comprises a FIFO structure.
37



10 21. A nethod for operating a nenory agent

conprising: receiving a first signal on a first
WE2i0a0s500er poi nt [ink; redriving the first si gieEl/UsR004037285

second point-to-point link; accumulating wite data

fromthe first signal; and 15 delivering the wite

data to a nenory device. 22. A nenory system accordi ng

to claim21 wherein the point-to-point |inks conprise

uniddi r eAtmeandl systakacca@ing3o chimet fodhacompeising atsecond point-

claim?21 wherein accunul ati ng and delivering the
to-poylink afrapgretis PP EE S siapeliondes RgmRRGAZRY 13,/ BF CABIreliRE:

wite data in a FI FO sequence. 24. A nethod according

to claim?2l1 further conprising: receiving a second

si Bhal Amendrisysterpecearding-tpolann 15iwlerein bl 1B&mory agent further

redrivi gdt e. second signal on a fourth point-to-point
COMRPTISHY 2 SSHENA IRIREP fBE* Hccording to claim 21 further
conprising: accunulating read data froma nenory

device; and transmtting the read data as the second
siZfhal . A3gEnggy system according to claim 18 wherein the memory agent further

comprises a second data accumulator coupled to the second redrive circuit.

21. A method for operating a memory agent comprising:
receiving a first signal on a first point-to-point link;
redriving the first signal on a second point-to-point link;
accumulating write data from the first signal; and

delivering the write data to a memory device.

22. A memory system according to claim 21 wherein the point-to-point links

comprise unidirectional links.

23. A method according to claim 21 wherein accumulating and delivering the

write data comprises accumulating and delivering the write data in a FIFO sequence.

24. A method according to claim 21 further comprising:
receiving a second signal on a third point-to-point link; and

redriving the second signal on a fourth point-to-point link.
25. A method according to claim 21 further comprising:

accumulating read data from a memory device; and

transmitting the read data as the second signal.
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