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WD 2004/ 044752 PCT/ US2003/ 034439 MEMORY CONTROLLERS

W TH | NTERLEAVED M RRORED MEMORY MODES BACKGROUND OF

THE | NVENTI ON RELATED APPLI CATI ON The present

XPIP¥YUATBn and application no. /_,  entitl| edPCT/US2003/034439
"Interleaved 5 Mrrored Menory Systens” (Docket No. P
14529) were filed on the sane day, have essentially

i dentical specifications, and claimrel ated subj ect
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menories (DRAMs) are conmmonly used nenory devi ces that
Menory

ively | t f data.
@%ﬁﬁﬁéﬁf@@é@ﬂ??e ?rergﬂgsfséandar :ad requests to
DRAMppe ﬂr@seﬁf‘fplpﬁ@étﬁntaﬁd ?@mt%ggb D refsp%gﬁﬁ%&r'] g?%gg\ﬁdehe

request may orlginate froma

Minpigd Maveoryl Sysiems” dlPocket Noy P14539)DRAMfiled andbpsanealay chaare
be use by t.he.processor or another
"%ﬁ’?“%?‘g’ Jefc%gg%téﬁ%?y c%%or?tg %0 Icéar‘%ﬁﬂ?te%gubﬁ??ﬁmgﬂysi cally
separate chip fromthe processor or may be on the
Tﬁm I@éPthe processor. Conputer systenmns,
. % ver systems, follow a technology trend in
Whi Cihe phdleATEARMMORUHDIENSS ﬁ{?ﬁmgr stelis Qﬁﬂ%r&%ﬁ% Qn&’t%ﬁ&daﬁt
cconpanyi ng the

absol ute size and in device density.
memeyer nmenory subsystens is an increasing occurrence

qm@}gft ind hard errors in the DRAM devi ces used
Bl?{c%Klp'%p errer‘ﬁRﬁhe menory subsystem As the nenory
s ub<Jomipaiter gystonts, typitalydacludd BerfibrgidesicssC DynBmP@Rddh hotess

in any given quantum of data

f -bit
mainries (PR A B commonlsIpd moma dsvices thal Siorslgtieaslozee
_ . bl
aloflfts 68 &a%“ﬁﬁ?‘ﬁg“’*é’o”&a‘&?ﬂr‘éﬁ{SF‘E‘O R Eiedladh Johd R B T A,

The Keta b be storediprespoassion veriepéquest mayfoviginateafigh @ praessor or

ntroller Si t CPUs wth 64Byt e
Bl 3, AR R o SfdcH ey S P RAM graepes 1P AdEASERENGE gy be used
by Beqredessoe bivatiottzy SHif. TR Meibiyco@YIfer 69 bRk £ Bhysf4aY parate
features targeted at limting the sySteminpact of

chip So e procesier oranay berondhasame chipssHrawpenssasr y
oS sy Rl Al i S BT LY SRR s e

contro nt an
menBEGubsysiams 200in¢0dbkpHA bBETRbLGHE G2 @ld #3Rvice density.

Accompanying the larger memory subsystems is an increasing occurrence of both soft and
hard errors in the DRAM devices used to implement the memory subsystem, As the
memory subsystem grows, so does the statistical probability of 2 multi-bit error in any

given quantum of data manipulated by the memory controller. In many cases, the memory

controller operates on a fixed data size corresponding to a fraction of a cache-line size of
the platfoml_ processor complex.” For example, a memory controller designed for CPUs
with a 64Byte line may store eight 64bit fragments independently.

Recent server system products have exhibited several features targeted at limiting
the system impact of both soft and hard errors in the DRAM memory subsystem. Today,

it is common for memory'controllers to implement an “Error Correcting Code” (ECC)
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algorithm where additional bits of data are stored
along wth each cache-line fragnent, such that any

si‘p(g &Ja%gserror or combination of bit errors within

an al’l %ni bbl e may be corrected in har dwar BCT/UB1083/034439
mechani smpermts a systemto continue operating

reliably in the presence of occasional single-bit

satgforittem, Iveitese adiftionsl Yits S ditd) adeReordd 4 ﬁl &Jch Radi@lifhe fragment,
5affet|ng up to_an entire x devi ce.
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RERRE b5 g PARR S5, Hifbnaioncion ol o reaaiabi o
protect maﬂrsyfaﬂ%xsiBRAl\b dévadesTBYt RO BCRSn&RbSsh %a?%‘f@ik &ﬂl)vln when
E‘E[“Iég"ss ons of two or nore bit errors to scaftere
oﬁiﬁgog e eRcauntersd an agingleacpasy tocthe memeryestere; liecause the
liitéd Qrfebit ot ((GRRABSS GlecE¥RY %) ?&%}? de?a f)ilgsu Plgf% ﬂgck bits for

menor store. rrori ng every

e idata h;fabmy pot befabla tdi% toven alil P&l‘ﬁml ﬁatlomwlfo? lgilore bit errors
n nown sol utions avail abl e
gtcEE)[']':day a J’ssgttﬂreea% tpgﬁaﬁat the avail abl e bandw dth of
t he Mmmmlgﬁatbii@fa’s ermbiatagiihg ivd dplek of vehy @dfﬁ.rﬂ?nfﬂ%%am
mrrorlng apablllty FI'G 1prOV|des an exanpl e of
TG GHTY bIHOF dain pyty thejeffestive capacity of s g memory

31115.!; st&%'ﬁh}%&Hta J | upl ed

a pri m;ria channe 1%1 fg;kgﬁ)m Slr’nﬁ??%srzavéiﬂ 3’?1%‘8533’193 Wﬁ%er at the
amg bledgndwidting thevBeraony sivifsysiem teeupinddlf t@©pRFidealid/mirroring

@ggﬁ]ﬁe 16 and nenory nodul es M2, M4, M5, and MB are
€d to mrror channel 18. 20 Prinmary data sections

DAl Fl
© s S g5 R 0.«
Sy§?6’i {%ﬁg a mcrmpontrquz 12 thahis co@sled toarminmry chalmel 16and a

mifRIFR nd NB. te.t hat
pri rrg?u;ﬁggstonblgggt | onge§ [B%Z M%{S W A5 PUP)SY topramary
chagieoh i 6 ead memorysmethilasM2, WM, A6, and M8 4re coQSIs Q3 Rkrof Baanel 18.

con nd DB2' . 25 1 h
PAEK dgta??"?{w BHPAL RBP4 i A Hreprovided tn et abs in
midue T QB NS, anB W07 add AN RE BEITRDA 16 *ﬁﬁf‘eb@ 4nd DB2’

sec@ad repeater hub through the mrror channef

sthivanemery hips irpnedulesdMa MK, Mépaeids. Note. thiveriarayy data
bchan Pripary .dat e
seqHeftDAT, BB, B8Rl DR WEntii 8 GRARRLY oo erndant data
ScQtlQmpDAd DBi 11bA2T midDBREpeat er hub and redundant dat a
E]t in the menory nodul es of the 30 subchannel s
cou

BmFWerssé( gighge P@H’é’@t eantrglier is smupindyto ¢ fisstaepeater hub

throvighhthéBriBary RBMnEWRAGHE {
ey e G SR oY Bub AR TRARR T obnll Two
subchannels are coupled to each repeater hub. Memory modules are coupled to the

subchannels. Primary dated is stored in the memory modules of the subchanneis coupled
to the first repeater hub and redundant data is stored in the memory modules of the
subchannels coupled to the second repeater hub,

Memory systems with more than two channels have been proposed.
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BRI EF DESCRI PTI ON OF THE DRAW NGS The i nventions w ||

be understood nore fully fromthe detail ed description
given below and fromthe acconpanyi ng draw ngs of
hWIdes of the i nventions which, howeverPCTUR2003H34439
not be t-aken to limt the inventions to the specific
enbodi nrents 5 descri bed, but are for explanation and
under st andi ng . i j m
representati orﬁ?ﬁgﬁﬁgﬁgﬁoﬁéﬁﬁéﬁé rro s?lsyst em

FI GSTh@ in¥estions lotild bk untiessyrod mare flEFrom thicidetatleddescription given

interl.eaved mrrored nor steps according to s

bl FBi e groorRanyine Gttt o rpiadanonts of thy BVBIpER Which,
hawaes alibiile RbEsRkaAlth A tBE invaitRnt BANES hebitic LRILEG¥RID! Y
10 systens illustrating ranks of the menory :

desosibimh bricse fos explpurtiny aadundersandimpotlyment s of  the
| NVeptd.qnsa Pﬁkﬁﬂ%&a&ﬁe@rp@ég‘aﬁ%ﬂ dk %‘8&@{%{@%&& Gt &3fm.

of an interleaved mrr nenor
i | 1 uBXGShEiage bloch diaprasakepresentatinmsof imtedeved mfrréred sen®ry
eF‘oodi nments. of the .inventi .. FIG 10-13 are block
R4 (- o\ %F%%oé‘?ﬁeﬂqo mengfo. YSPUABtul es according to
15 sHGS. s18RebIaBIndisgah réftBsehRUEI dromtsreabédTRirrokéd ﬂ‘igm@lé/e

bl ock di agram representations of interleaved mrrore
systehs iustralng repls of theonemerny asssmbliess acsatding fowspms ewmboditments of
thEEH(r@Hﬁan.nS- FIG 19 is a block diagramrepresentation
of a systemin which a nenory controller nmay be

i nclliGef isscidockddiagyar tesesertatorbeftin itedicived miffered memory

inventions. 20 FI 0 is a hlock diagram . .
sy gy QA Bses ol ThewBecardins Drsame qaoments of thedavenfions.
a rEG.orm_yaetbldekId%raﬁ%ﬁfe@édwioh@oﬁﬁ%o:?'m&ﬁlég%%&diﬁg to

the inventions. FIG 21 is a block diagfam
somg gmbedimentsiod thedaveationsnory chip according to sone

enb egl t j L OnsS,. .Fl G..22 .1 S bl oc

i 2 RSTS84 bloc B NEb A anbus 31 e B el mgmiowy
sysemeaccidingtb ccinerembadiménts bEthe mventidnens. FIG 23 is a

fl Oﬁélri\/@ﬂra of .the operation of sone enbodi nents of
t he it # 8196 _ Pesantstiopafwysteng wikeh 2 MgBREY ons
comfamhlﬁey-ba;neruhs@mgrdgag% Q556 oAb SRS ¥he %;enmsa

interl eaved mrrored nenmory systemis a mrrore
me Bk 28ysa blork diagramyrppreseintajion phsoateatetails tmhn@y WoOincluded in a

me&%“ée%éﬁé%c&%ﬁ’ %?é%)%‘)’e/ e(r.)n % ?ﬁ?ents of the inventions.

FIG. 21 is a block diagram representation of a memofy chip according to some

embodiments of the inventions,
FIG. 22 is a block diagram representation of a memory module according to some

embodiments of the inventions,
FIG. 23 is a flow diagram of the operation of some embodiments of the inventions.

DETAILED DESCRIPTION
The inventions involve interleaved mirrored memory systems. An interleaved

mirrored memory system is a mitrored memory system that typically operates in an
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interleaved mrrored nenory state, but which may

tenporarily operate in a non- interleaved state in

response to the detection of a triggering failure in

We20e0d73)  assenbly. A di scussion of triggerramus2003/034439
provi ded bel ow. Wen the failure is

failures is
corrected, the systemreturns to the interl eaved
in.5 the systemis

MleHERE8 thiltEa® LAk A nnel .

'cgupﬁg to onl?erbégfr6 mr%bﬁﬁgﬁglf;@%gg%rﬁgpp?ﬁw anon-

intatleaved statedn respanse tothe datentioy ofi fig@eringilire IS nfimd@ACh
and redundant data

el,stores bath pri
SRS s Hision o s finediniorss praticpd 2eav Obbanche filuenis
cBRedtéd) e sPstem FES th the irkdHRa e I‘Fﬁﬂ{le r“yfsﬁie‘? "Bach channel in
channel s. A nmenory controller of the systemcontrols
theRysteRds eRUPISH toPne granqre memospassemtlBs.nTrrandniedeavedurirored
s T A es. The r
e O Y B3 WO PP ST oot
Seohens, pnd gogresmtling Ipkimaty dndeediydin data Bedtidns #iYe @fok &M Ab memory
ofﬁif‘f%r%ﬁec% meg{?ry state. The menory controller is in a
non-i ntte?'ln}se ved node when it is controlling the

Sy st &MenoracaRollirreid SIBGoskat fe o @Aﬁalg&fr;gﬁoﬁg;y}iemof

S stcggs operating in interleaved mfrore
LpLeRply statesangragy new-intestaaved statssa fible @senufry controller is in an
infb PB4y e, al l.scussed. However,
it PRl e et} BBk Bl 8 S v
mirtpeesian m@qlmta& d'Ehﬁe 3PN m\ﬁ/lt;io_ﬂeﬂ iBkred h(ﬁﬁmwfiﬂew&d mode when it is
dnterl eaved stafes. ri ous types of nenory
coggé%ﬁ%fhie&&%&“f)’éorl]’é‘?&‘.ea‘ﬁaé'ﬁ"fﬁ- es of menory assenblies
| nciSevalraramplés SRS opdpatindiis ‘ﬁft%rférav%fzrd?&fmg&o& stites are
in hard drives systens,” 20 but the inventions ar ot
provadad; helome Examplas of nemintarieeved statesiancalsoidisansedo However, the
: | rel an _exanpl nd nat
imPERsoe SR inie o HE WS 1IneAR <SP o syl i tefleaved and

non-int¢rleaecdstates;y (DI MVs) for 64 bits for data and 8 bits
ed. The nenory devices are

for ,ECC. ECC i.s not requjr
not Y PHOHSEERES mﬁmﬁ’a’rqs?eélgﬁlf‘ﬁ mp s be wisrlo Gyramplss ofmempiye
BBl ¥EHEM ' ; 1Al t
asskiibli dé NS BRodiRY aﬁf&%ﬁ@%ﬁggﬁg %?%glﬂ %%%odé{)f.gg%tems,

according to currently widely
butdhroippentionsarmppiso linktedndirmoyy dedileseachunchink gne loy Mete memory
s._are not

SO g S BACHN A 8B i e e

art! gna . ! .
duab melirieanémare (BIMMsPfod 84 bité foatath Snd8 BieRH BOR BEE id %&” ar
ly or a portion of the nenory assenbly

ne assenb or t
requifedy The memoR Geviaes s fof imited fornartissler teshnalogy. o czatnple,

i BBy DYt 0L BRSBTSy

data that is phys
usedhigalnelsgy. Asdnethettexampldi the artrionydavices maly &g ipd BimefBi¥RioYies.

Leal l th t t ent t he dat a.
oo DY sl nc At R0L5 BBy B Gharis

PCTheJB2A03A10 SR AferEAMRL s iVVididd NEpRATASREED

PEI? MVEMORY ASSEMBLY P 9\1
assembly or a portion of the memory assembly at a particular time. It is intended to be a
broad, non-restrictive term. The data section méy include data that is physically
discontinuous in the memory assembly and that is discontinuous in logical memory.

Typically, the contents and extent of the data sections change over time.
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FIG 2 illustrates a system 50, which is an
interleaved mrrored nenory system System 50 incl udes

a menory controller 52 coupled to a first channel 56
wokoad/serand  channel 58. A nenory subsyst em paTaligi0iBH34439

menory assenblies M, M3, NB and M7, 5 which are
coupled to first channel and nenory assenblies M,

£ %@E%Wﬁﬁ@ﬁ%ﬁ@ %ﬁé‘fﬁﬁgﬁiﬁe@ﬁ?ﬁ%& Wiy

conn @Gﬁﬂ ﬂh@trdt@s@s yh3mIPe] whidh &' hntiR@FSaves nfiRbred fgﬁnﬁoﬂz $rstem.

the failed nmenor modul e can

S EHB PRy Gentier 5 sublets 3 A6beiantlig anémorcpnd
cHBiHel 58. SR nciory dBSRIESohitl nbsy Shtnondh MM hnd a7,

system 50 song ot
whi¢hare couplad tosfirst cha‘nudrSGmmahngmm aes&h;lbhesslvlp,dﬂ;:lb[&,%ﬂll\ds

be o or less t 31 lts
1n slo

e B S et B8 T by MpdiesGiny Ve s

caﬁieotdd boihE Shanhble VEhemdR: W ﬂaﬂlur&\’ﬁ{ %m@fﬁ@ﬂ/ mbIgh ﬁ@émnaﬁory
y.

e slots that may receive menory nodil es are enpt
mP e gay be regroped Gomg its glof #ndarroprslympyrating eemionemodule can be

idbrdaded thdyigr primary data 15 sections DA, DA2, DB 1,
and DB2 and correspondi ng redundant data sectl ons

DA1' Althqugah 'systéDBS (’land smm& oﬂ]&ibystedm debseritied hbﬁé&mre ﬂmlstraiéd with

fofi bl g bty S ' cidhngt, i DbstofTNolifecs 1T hegamay B Hiese o ogs than
foaciembryl amﬂnﬂzﬂﬁflﬁéﬂchﬁﬂn%l ah sorhél @mb&iﬁ%@ﬁtb Qﬂésfstéﬁi wﬁlhﬁork even

lgg%f undant dat a sections would be identical
thevgh sews of therslpts that wrycwmc@@vtm@m@swmm arrpl e

oo Tm%a{aﬂ?ﬁ%btrsegun ant Ot a seclflsgsn&g%?g&%% Y ¢ %

correspon

setivoaPAla PA2ZDB leamirﬂBEeandt doere@oh&mg feduldant daty Bd:&ﬂﬁs ]UA‘I ]

e. correspondi ng

c ns e the nver se o
D7D S Bkt it o4 el Gepeotiall sl Pimemarshotions
DAEUADDEBIS atdBBANE id ék%&ctbchﬁaf'ﬁ RIeY i e8P Rt implem%ntatlons of

ordinarily reads, t he correspondi ng redundan

thejpyentiopsihpighe zfém@ntadwmns wqulchmemmbuuthmmpmumg
dat.

prigey el AT Brchfe DAL o RRAF o P Tk Py amd

corgasponiding sethuniant datd sectioni muﬁeﬁmﬁﬁ d khowh Ry SFéit &ainple, the bits
ments, such as are discussed

in ‘Ebmﬁw,‘éaflﬁ%a & hi(’e{lﬁ %Bﬁ?}%ﬂlﬁ igyers.9f the eRyscspendingits in the primary

dats sddpslant - data section rather than t he prlnary dat a
section_even though there is no failure in the

sy s%ﬂnmy Hafa s¢esion i tu@onmth@ahemmtyecou&omar@rdlﬁanlyi adads,
mtﬁﬁl% ol’-l)tﬁill éaﬁn&am, da?%cn%ngel bq\ﬁ?cuer Lo eellq})éhalst,‘nents the

SSE IES

merﬁauya:ommildr aiverybDikads the @‘Hnary @&&eeﬁéﬂa%@thaﬁﬂﬁ. cokedRbding
, and MB, respectively. 5

nory assenbl.ies M,
‘%"‘@@é Sﬁﬂ%ﬂsﬁmp@#m&%@fmzt@@syswm However, in other

embodiments, such as are discussed below, the memory controller may choose to read the

redundant data section rather than the primary data section even though there is no failure

in the system.
In the illustrated example of FIG. 2, data sections DA1, DB1°, DA2, and DB2’ are

stored in memory assemblies M1, M3, M5, and M7, respectively. Data sections DB,
DAI’, DB2, and DA2’ are stored memory assemblies M2, M4, M6, and M8, respectively.
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Accordingly, until there is sonme failure, system50 is
operating in an interleaved mrrored nenory state. In
some enbodi ments, a pair of data sections (for
wormpd/eid7DAl and DB 1) forma data group, susividredsnzdass
the data sections are each half a data group. O

course, unless the data sections are exceedingly

su s when the systemfirst starts onl y
ARrdinds? i @0 e RS B 50 SRS o pisdlopyed mitrored
rﬂérh&rfz %ﬁtealln Sorhé &BbodiAéntE % PAR 0B dath BeckibR (@thékﬁﬁﬂx DAL and DBI)

course of operati on, onIy a small part of
formmp datp graupoyucinbatthe deta sentiens ate pachyhalfaglats m@unmﬂﬁ qogrse, unless

K
44 s Sl i S0 SR 508 61 L S
pagsefitbt dats sachiens willdetrénd o anittediasd tine. eFéﬁeaamphgnnmmﬂmm

contr I ler, to IIowfor tighter, ti t rances.

ogarse o WEHE- Pl .%S%%ffeq‘?@%i Sg%tﬂ%re oF b%ll%%ﬂnﬁu%‘fnﬂy
réaBlor wgitten. B preRabE bhi MR requited, the darBbdtioRdhbt Wi H@@e@d
|sahalfcacellnev\hlchtogetherrmeup a who

toggthrebq stored in memory gssesnblien that argithe sarae distengetfrasp ﬂ@At_l.emmy
DB 1

Cl the small part of
caﬁrﬁ&eﬁgﬂmg%%%%ﬁﬁl gctﬁerﬁ%g%e ) An advant age of doing
t h| sAs sn ¢xaaipld, or someadbodingints, the smul pard af BA(Qioamifaiohdkne

w88 wap O o R el SR Tine i e B ot fne

(AemeRempleahe Shall B'd}t SE D AB Hal be hﬂﬂo&d"hél?cabﬁ@hﬁe%ﬁ the small part of
bandwi dth and half the read | atenc In contrast, In

DB msw bgap eespdialipachy ling))| An pdvapiegeraf doinghis is thet fooresds half of
683 B e RRDOR o AREOR A1 5 sl e g5

W C
dat@dup isrrcndgi'om thetsevond Chdnnaln Thiy 1estdi’ iis pitetie déhd bandwidth and
urri{f the controller, channel, and 20 nmenory chips
%ire %0 and 50 ot herwi se have the sane
capah brtiabfh pribd 8rt sYHER 1 6, AMShAhEmaY data®sltidnt bt ttﬁ’e Sk

partl cul ar order of stori'ng primary and redun
chermieh Bisratprsnis will take atdeastistice a5 lomgfop dete seatibng DA 1 md@w to be

ro BTN R (P SRR Sy 30 YRUEL G TRRRMEE Hopf ol

sect

menenp chipsmsestians Bard 50 dWBerwide ha@erlﬂe Mtne cEagsb[i)ggéd vel y,
an be

and Eata sections DBI, F[lDB DA’
TRV FIOBR AR oL fb%ﬂymmqviar opflsT ofsteringeprimary and

sto

red[rﬁ(ﬂﬁ,?&ﬁth Yetidns v@i%l Arze.%bei 13&he &’ﬂor ? éﬁ‘el mgn‘% é&%ﬂé@% e n%)%!xample,

and may be st

in qmothewan@nela;@ta\@ctlm Ipl tDAlZg DB1 ,eamd nea’ anasretmtstcmeﬂ;m

mefoly assdiMics hHOM3, RIS and B, edfeochill 3aa bty Bpiiony g, pB2,

DA2;, ané Doy basiediih hemolvt assé‘yﬂbhewz gl Midl il I, rddBectively. As
IIedHtlhe first, 30 second, third, and fourth nmenory

o datarppctions BRLe 32", PALeaudiRAZmgy basfpredin pemory
P sl 1 DR o, s
DB2,dgrstaredh msﬁemblwsei\@ Mdy Mbeamd M\aespetiiveho

ne%ﬁ%‘f@@’ %?n% gsrsctaﬁ] Blits 'NII (i/IZ M3, and M4 might be called the first,
second, third, and fourth memory assemblies. This, however, is arbitrary. Any of the
memory assemblies could be called the first memory assembly, and any others, the

second, third, and fourth memory assemblies. Further, there is no necessary and particular
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WD 2004/ 044752 PCT/ US2003/ 034439 neaning in the | abels
DAI, DA2, DB 1, DB2 etc., except that in sone cases,
there nmay be value in reading from DAl and DBI
wagmwodiem7sand from DAl and DB2 together as dimoused034439
above. Primary nenory assenblies are those nenory
assenblies that store only primary s data sections;

redunda t ry. assenhlies are those nenory
Gathan e LPEREIA T, EUAS T, DB i ekdh fotimeaint sasen b may be

»@ﬁﬂ iesditly FBATS N1 RREBHPdRtherk AdAPDA ITRADIDS together as
assenblies that store both prinmary and redund% at a

dissussedaboveln FIG 2, M, M2, Ms, and M are prinary

eSS S8 o I A B

menory

daR, secaiohs tétmndmt MemyrynEsanhliesaith®s nkhorpikseniblics fia ote only

%ﬂ 6& t.he re und nt nmenory dul es are on anot her
dand e sectips of) memoBy 2 o8 grehose gpegpary pssemblges that

i Pé\ﬁQch&%t&@H&% P@ZW ﬁﬁsﬁ\@l‘v{\é are

stort Bdt-Frimatyy
FIG 3 illustrates aM%stem 70, which i s an
pnmmmm @ssprubliesrand Mis Myt M5 qul M ara ®@d@ydanememory assemblies.

nd fi nd seco
Rk oo B 0T s Bl BBl S et ang
alRehel methhadent dﬂtﬂﬂ}&ﬁddﬂlﬂﬂﬁe 0Adnotheddbinnel Bés'ﬁ'ltmg[ﬁ‘l\éreate@ﬁtency as
d 2!:‘l DB3' and DB4' are redundant with respect to
SH%spondi ng primary data sections DAI, DA2, DA3,

DA4, DBlI, DB2, DB3 and DB4, respectively. In the

exanpl e of FIG 3, data sections DAl and DA2 are
Bstor LES YOI THO BAT&nSEGTIONS RER MEMORYoASSEMBLY
and t.o [ Ly assenbl V3 at a

C oo Gt OB 70, WRIR i ROl pitGored By syppem.
Sywdena7(siacdbdaninddidy canebiloBA andaﬁlet aslti QEREd CRanEIRB6 hnd 58 and

dat a sectlons DB 1 and DB2 are stored

nbl
meRors e Ues MEME. \Bediggant dua secfigD AR, DA DAL DAY DB1,
DBE4'0DBY duld IE R reARREHIh Mipec Wg@tca%@s nm%amcuons

DB4 are stored in nenory asse u
DAL QAL PA3DRA4, BRd, DB, manchDBtls‘cmea‘Welyn rrem)r y

oo TERp Yralne 0. 2 seRlidS T DRy I9A 2 e GO methie)

assemmmwe dam.eam [1):: 8l mpaanae@toewlanﬁeﬁﬁy %sma@dmnﬁta

e stored in _menory assenb data sections
Se%ﬂas %ﬁé B4 grecstared apemory Asyembly g;fés%ﬁ%ﬁ’tlw DB} ng DB4°
[
e RRid Sifeny o RORUGRE, & ?eé%‘ﬂ%@%l AT Rl oo

assag’blafm yalgRectivas RAJS mltd DA2’ 8B stbreairid niaAlory assemblydvié,diatan

soolGIeR ERIARR e e L My e oo e sectiond Ly and

DABRGe stobd il hefiRfly dledBIFAY. assenbly M5, and data

sections, DB4 7
Many other orders of data sections with respect to memory assemblies may be

used. For example, in another embodiment data sections DA1 and DB1’ are stored in
memory assembly M1, data sections DA2 and DB2’ are stored in memory assembly M3,
data sections DA3 and DB3’ are stored in memory assembly M35, data sections DA4 and
DB4’ are stored in memory assembly M7, data sections DB1 and DA1’ are stored in
memory assembly M2, data sections DB2 and DA2’ are stored in memory assembly M4,
data sections DB3 and DA3’ are stored in memory assembly M6, and data sections DB4
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in menory assenbly MB. In this exanple, the nenory
assenblies are m xed, because they have both prinary
suhoogelursdant data. An advant age of havi ng bogdyrus2003/034439
primary and redundant data on the same nenory

asserrbly is that it can be inplenented vvlth merely one
FIG 4

PRty By b B G aPE e By sssemblics
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these ma e partitione
sqstiert DB ganifedmdaamnt@/secamsBMﬂ ate stbfed i femoBPaRembly M2.
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t heofgnéf%m S"%@[ﬁ%e%ﬁw‘ﬁ esf%dﬂ%ws@&b% gersle%m%'r@ssem Y- eThe two

dand deetichs efe ih BTt POItoRAS ofthé InBRbA a‘%gﬁn@g MRiferk F\le anous ways in
% ot her data section. For exanple 10 il'lTustrate
W SrscharEtionsd onglistelbuted inte differsntpastionstofd msmaryi t

asRRlH (PCB) card 162. Menory chips 164 ... 166 are on
a side | of card 162. FIG 11 illustrates a side 2 of

car @Jnﬂazsomechﬂnddmntnemwofm qhips{dia single 2Hig) of2le hﬁmory
ctions DAL is stored in chip

dat
mdglfPhay ol gl ssEiint WHES bing o e phins Korssinglociip) mayynld
anbthertdaiase@RBE Fob PO il@hdiesd n?a‘nlo%f {n%ﬁﬁlizq%h hich
0 ps he nunber

ections are in different gr oups

e #Pirfed pirquifbosrdi@EB) card 165 Meghoiynchipsl64..... 158 Arenmya side 1

of 8 267 P16 1 DMfiGhdily o 1ifl 2 8RS TEXIGUURAL Bicnlo *r‘;gﬁﬁgqa[@ 272,

I ps on side

In WGSh 1@ midosl, dfid sectmndbﬁ.l 15255015411 @ c]ﬁi% 1|6|4| U666 3h& DB stored in
being stored in each of

DAl and DBI
chles?ﬁt @SS el?é 4?11 S(Cfg% ﬂ:?elngqr@%%s boldmgdifterpnt qg@rqu:lmmg aygfin different
groiRyBTcHipd S PRI Hiribeh 8F Hifin Efpg ?Sfﬂglﬁ:{ngs zz(gt ' PP miY e one

in different parts of eac
or girasary Ibipmeceribiodisoeits, there arp he cliihs @rsside Zh€hips 18y .. be7Imagbe

sﬁﬁﬂaﬂarftﬂ‘?l se ons stored in a single chip.

tern €¥& fé 13, DAl is stored in sone of

chiBie. Musweslﬁﬁ daﬁ(ée@Bnﬂ-(DAﬁaxﬁiDBP? blite QfoR&] eQéh of chips
166. In this case 5 f er ent

hi 4 30 ...
1645585 ofichis ase, i oriiss ehibe s sy Ho kg BBrentdata

: sectfb!ﬁgare Y disfRpRt Farts of 1:%3]1 of'thk &k alnaﬁ strﬂ)%!%e% tﬁ:eoﬁﬁﬁ RiUfiple chips.

shown as bei ng di vi i nto on
There may be more than two data sections stored in a single chip. Alternatively, in FIG.,

13, DA1 is stored in some of chips 164 ... 166 and DB1’ is stored in others of chips 164
«++ 166. In this case, the different portions are in different chips (more like FIGS. 10 and
11 than FIG. 12). In FIG. 13, data sections as shown as being divided into only two
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However, there nmay be a greater nunber of divisions.

For exanple, each chip nmay include a different data

FIPHH478s used herein, the term "rank” ref SRGI/EI3003/034439

those nenory devices in a nenory assenbly that are

sel ected together as a group. That selection may be

N RO, 10 o, A PRY be o BRI of B SRS Kok S, ach
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i mpl ement ed, excep
meglogy gysanthily ahdin chmbmes thni'e azamﬂmre o bnemh'péﬁnexﬁcb@asskﬁlbly.
| d.t ne rank per ne nodul e Somne
Mol 1B kB idclo e R <o iBre BEBD the e o AR ighe’ syftoms
dﬁsbld)ad&mﬂﬁaldxscﬂvﬁw Ray ok dns dwe) Jrfnﬁfr@fﬁﬂcéiaéran&ﬁfet Héii%ﬁdm on
For exanple, in FIGS. 10 and 11, if chips 164 ..
hoyy they AregRBlemeiedegrgent Fyhses theyoexpressly ace Lianiéedito aewnmclﬂer usiber
I11 0
of 2l (fok BERHIOFIBO14 s Wiitel to SiGariOpe BIERLYy %2081‘?1 o

hol di'ng di fférent data sections
di f flesene embodisents,|the rapksverregond o tie posions bﬂhé ﬁﬁiﬁ&w

i holfls el B Srlihs: P Gble & SoR) oL i tfr?élps 164 .

166iatehin @ACrankakd FEps IRITD! V72a86RERbMter rafl, %enfihé gérﬂ
a menory system 90 with a nmenory control
mgmqry gssghblyholding diffgreatdaimerton @mmjccg@sp@u@ dﬁt‘erent ranks.. In

T RV T —

contr ol I'rs
1298 In FIGS. 5 and 6, nenory assenblies M-1, M -3,
| ed to channel 96 and nenory

as sgﬁﬁaségyﬁllﬁ'f%!a an Iy Rystegas 01\ rapK PRTANGRTY PP
FIG.ITcilliagtat R . mé\ﬁ‘é’f?%jfstéﬁ 56 Wath la8%enMry Lontr IleM% e%gﬁgﬁng "3€cond

dule. (As nenti one

°haﬁﬂ‘?1%9€?nq B Idfl ﬁﬂﬂllfsﬁ‘{#ﬁs dEpweLy syStemsO8 mith amepery controller
6 is,th

40Ty S 5 0RALRE AT R ey B

Migs wnﬁ, a9 Mh?lam:cbwﬂledtcfﬂzanﬂﬂ 96 eAG mERBB/ dsséiablick M1-EM1-4,
channel s 96 and 98

G 6is er a
Mt LA gl ek Moo gpsomien Minb. <) Ehavene
ranlOPE o moluleO (A e et ld, IR Inal B bRk poBhE
annel(ﬂlgs al soqhappenl ng at %nhg gg[?r)g@%ge%}%hrr%n o thecwy
assciblies pesighammel) 1 n both FIGS. 5 and 6, the ranks of
" onie HERRARE eI Mgk anty oy Rpnoslse 2. g e
operating channels 96 and 98 in locked step, whereas memory controller 102 in FIG. 6 is
operating channels 96 and 98 independently (not in locked step). When the system is
operating in locked step, what is happening to one channel is also happening at the same
time to the other channel. In both FIGS. 5 and 6, the ranks of memory assemblies M1-1,
M1-3, M1-5, and M1-7 are referred to as ranks R1, R2, R3, and R4, respectively.

Likewise, in FIG. 5, the ranks of memory assemblies M1-2, M1-4, M1-6, and M1-8 are
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Li kewse, in FIG 5, the ranks of nenory assenblies
M-2, M-4, M-6, and M-8 are 9 WD 2004/ 044752
R2,

PCT/ US2003/ 034439 also referred to as ranks RI,
WD 200414782, respectively, because they are acaIANR26)3/084439

| ocked step with ranks Rl - R4 of menmory assenblies
M-1, M-3, M-5, and M-7. However, in FIG 6, the
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aspggblias hamig 1 @ranksl dfemayreohtyollebe M and 433 ertehétecoudRd do first
to channel 116 and
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afidr%és ﬂ@ﬁk%nd@ﬂtlm%mywmwml, Y203, Sf mdr MR- Ttave eaupled to

B e BB TR PR N B o e

referre O as
118 RIS, 7vRd B, the eankSof mérrery @skehd]yps 2R ara Rer® to as R1 and R2,

Wi i n F he ranks of neno assenbl i es
i3 emar) afmeiply My Mptefinesn 40 ay K5 AL dpiankit eermary
RABHRVR-RE @éfsn -
e e ﬁ*@&i?ﬁ %R‘M%"fﬁ% of G agsembly 2. are
refﬁ’é"%(g RIARRS, Lilsgnise, in fN@ 8, theradk@E 1Bemary asseﬁabhesddzm

0 B0l 8 e B A i

respec Ve

and R8epepedively. yHobevel) én Fidh Bsthe fanko oﬁﬂx@ﬁiﬁﬁﬂ assehfblied MLNQ2-4,
chip sel ect _command is nulti Iexed

M i s et 1A T RO RIO! BT SRS, BB R 1 and
RISERPRES eespeéﬂvmyssécsﬁe mm&%g@@g&%gﬁé@%gﬁlg&g&?&%f

the chip select infor
chapepidd®t or s that may be considered part of the channel
a system

o HREEEL B M o B e, i B

udes a neno

the clmpéle dn tie daber 6fta sapdate Selap shisoresyRelcBorl 86 nfb%ryl@zﬁps, the chip
represent vari ous channel s descri bed

Sdeﬁ@f‘&ﬁf?? ‘{%‘ﬁ%\’ 6‘3 eanyeved |°W%r§omu°tqu thapmay be @mmlereé rpert of the

chafRUGH Rflarkid R ANSb: e[lélgp FIRI! Yo RRRO8 i Fach E melliony

are cou
contmliee ﬁ%thgéxs souplobiodirgtiod secilm&chnnﬁele OBArRKl 38pwhiRHEtay

o b . R s b
are coapled to clontdelq86bhd héfod Bseaftiict RO, M, VRIMYMISSEDRbied%0
channwl 13'§/|4 Different ones of chip select conductors 142 are coupled to memory
assemblies M1, M3, M5, and M7, respectively, and carry chip select signals to them,
Different ones of chip select conductors 144 are coupled to memory assemblies M2, M4,
M6, and M8, respectively, and carry chip select signals to them. The separate conductors
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M6, and MB, respectively, and carry chip sel ect
signals to them The separate conductors 10 WO

2004/ 044752 PCT/ US2003/ 034439 142 and 144 may be
vormigrssed part of channels 136 and 138, but pamAsss®gosy43e
separately for illustrative purposes. Referring again

to FIG 3, chart 1 shows an exanpl e of which
dat a ections _may_be stored in each rank

13 sk A0 i oG BAAT OB g L bt it Spppvatsly for

im&gﬁy,etﬂﬁgﬂdge&are two ranks per nenory assenbly (as in
and ‘each rank stores only one data section.

FIG 7
M kiRl agaipad FIGV3, chaginikshegrs aﬁ)ﬁ&mpl@ofwlacﬂ@mul@%ta

shtfiond AR b foreiifzach {ficif A niSBiorgastemly in SRS i o e in

W{tﬂ:h there kre 2o r4aB2 perfemora Bé‘scﬁi&y (&Aﬂa FIGMA,and 84tk vk stéonly
rank R5: DB3 M, rank Re6: MB, rank R7: DA3'

OR?edaf*’r%FﬁWRs DA4' Chart | © 10 |v|2 rank Ri: DB 1 M,

MIFREK R DR VT A Rk REZDBi rank—RaT) DA
M1, rank R2: DA2 M2, rank R2: BB2

M3, rank R3: DB1’ M4, rank R3: DAY’

M3, rank R4; DB2* M4, rank R4: DA2’

M3, rank R5: DA3 M6, rank R5: DB3

M5, rank R6: DA4 M6, rank R6; DB4

M7, rank R7: DB3’ MS, rank R7: DAY’

M7, rank R8: DB4’ . M8, rank R8: DA4’

Chart 1

There are various orders in which the data sections may be stored with respect to

order of memory assemblies. For example, chart 2 shows an example of an order of data
sections in system 70 (and M1 and M2 of system 80) that is different than that shown in

chart 1.

M], rank R1: DAT M2, rank Ri: DB1

M1, rank R2: DB1’ M2, rank R2: DAT’
M3, rank R3: DA2 M4, rank R3: DB2

M3, rank R4;: DB2’ M4, rank R4: DA2’
M3, rank RS: DA3 M6, rank R5: DB3

M35, rank Ré6: DB3®
M7, rank R7: DA4

M6, rank R6: DA3’
MBS, rank R7: DB4

M7, rank R8: DB4’ MBS, rank R8: DA4’

Chart 2

As mentioned, in some embodiments, the memory controller may choose to read

the redundant data section rather than the primary data section even though there is no
failure in the system. An example of a reason to do this is it may be quicker to read from
the redundant data section. For example, the desired primary data section may be in a
;ank that is busy or has just been accessed. In these embodiments, there may be an
advantage in having primary and corresponding redundant data sections in different ranks,

although there may aiso be disadvantages for doing this.
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M6, rank R5: DB3 M, rank R6: DA3'" M, rank R7: DB4
MB, rank R8: DA4' There are various orders in which
the data sections may be stored with respect to order
B0 29etiageIs2 assenbl i es. For exanple, chart 2 slramaisasms3/o34439
exanpl e of an order of data sections in system 70

(and M and M2 of system 80) that is different than
r ank

t hat ; DAl
S Fi®) qmllﬁs@rate%g ‘E%E A’% IS%x’rhn{hggﬁn B rleﬁgg f\)fé:d memary system.
SpetemDAS inchiles 2 preloRtconDRbr ISMhat Is@Biplédito aPgeateiub 18K

i n some enbodi nent s,

iRt A sl { PRt Tomele? Biio b Rrcpeh  sepond ghapal 186,
Subdhunti 19248l 29586 bbﬁmecr RrhRhtet ﬁt@gtsfaﬁd Qﬁﬂcﬁa{?\éls%k And 1198
section even thou there i's no lure In
atg coppled o repegter huly g"&’s dvernery @esemblies M3, M8, MayandMd arecdner

t
Sﬁ&h&ﬁeﬁw&r %mﬁlﬁgwg}ﬂ{’]a éecéjﬁ% %‘g'?ﬁugghﬁnﬂ 139 4’? %Zﬁa 1 iek

he desired primar
MlﬁaMla,Mb@gyd Ml?h&soq subthaneel 96cmd assehblits Ml Dade4, M16, and
9

o 5L SRR o o o Ry i o

prlrrar

the bitichamek. Pﬂﬁh&l?r ,and PednH4H UG séctﬁ‘éﬁs\?%ﬁa% o%%ﬁ ﬂ%@efcnbed in other

di s dvanta or doing this
CXpEp! eﬁJEQ@@ olpaurgg Charmels 56 and I58|8tFI§iSe3aBd$yf§trefmrt&ﬂ; as direct-

attbl QRnhels RRalst Bﬁ%& gﬁg&%gﬁn%rc{xgﬂé gﬁ{len% f%égé Wgmory controller,

System 180 I ncl ude
whetrap bdghanpels 102,184 k96, imd)1938)8FIG hﬂ@ﬁgﬁbt AirbdtlattholtSidoRRhels

90 through a second channel

be%agxée gﬂg‘f@&ﬁgﬁgﬂwf&%‘b}é‘#@ 194 are coupled to r epeat er
B e et T
Hoygeyergthe inygpiions mray|be igplemgnicd muh ispsterhPhavivig, fowﬁqhammfs Nor
exdapfie, %?%G@%@?Lteﬁ%ﬂ, WESE IR, fterleaved mirrored memory system
having a memory controller 202 and first, second, third, and fourth channels 206, 208,
212, and 214. - In the example, memory assemblies M1, M35, M9, and M13 are coupled to
channel 206, memory assemblics M2, M6, M10, and M14 are coupled to chanﬁel 208,
memory assemblies M3, M7, M11, and M15 are coupled to channel 212, memory

assemblies M4, M8, M12, and M16 are coupled to channel 214. As mentioned, fewer or

more than four memory assemblies per channel may be used.

C. EXAMPLES WITH TWO DATA SECTIONS PER RANK

 Insome embodiments, there are two or more data sections per rank. Such systems
may include one or more ranks per memory module. For example, FIG, 16 illustrates a
system 230, which is an interleaved mirrored memory system. System 230 includes a
memory controller 232 coupled to channels 96 and 98. Memory assemblies M1-1 and
M1-2, each have one rank per memory assembly and are coupled to channels 96 and 98,
respectively. As an example, data sections DAl and DB1” are stored in M1-1 and data
sections DB1 and DAI” are stored in M1-2. The order within the ranks is not necessarily
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M 1, ML3, ML5, and ML7 are on subchannel 196; and
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data sections may be stored as described in other 10
exanples in this disclosure. Channels 56 and 58 in
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ordeb ef the1ab@ ¥BdHoR §wiRintthSanRa L5 25 esRarily sipaificant

M2-1, rank R1: DAT, DBI' | M2.2, rank Ri: DBI. DAT
M2-1,rank R2: DA2,DB2’ | M2-2, rank R2: DB2. DA’

Chart 3

M2-1, rank R1: DA1, DB2’ M2-2, rank R1: DBI, DA2’
M2-1, rank R2: DA2, DB1® M2-2, rank R2: DB2, DA’

Chart 4
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~.240, which is an |nter

and part of a redundant data section (for exanple,

parts of DAl and DB 1') can be witten in different

(for exanple, adjacent) colums of the sanme page.
Woadwmd/As7sef systems with two data sections peicTiidRgs034439
with nore than one rank per to assenbly are provided
bel ow. D. EXAMPLES W TH MORE THAN TWD DATA SECTI ONS

PER l}{me ASSEMBLY | n sone enbodi nents, there are
mor e lllui‘ilaEFétaéY%féE?ﬁ%ﬁéll@t@rlef@ﬂwcéwmé frempEy system,

288 BRITLY 2 mERbry R FRIIE Q (ﬁg Cr:l'l%o bhdntStk i 74 SRt A 8S %?Lt?lg]% 0is

mrrored nenor
likp aystam 240excens thed system Mﬂmclydasommmjz basemBU& MMpnInd MZ-@ to

fbp@ﬂaﬁ}oiﬁl]déﬁat se@tl ann%ogml @%ﬁ%ﬁ%ﬁlﬁ?&%ﬁh@gﬁ&@ ded.

are couple )
data secti ons DA 1, DA2, DB 1', and DB2' are stored in

Bpna B MAHEOY syEmBRE dfsﬂ%iié%f’%%i 20 are -
coupkrs 15 AEhaB &kaikbPa s{ ﬂ%%h??ﬁ%&fﬁfu @z%sa

two nmenory assenblies per

Pagt eiboughnthoge detailsrring mése(Imé Mnmorja:dns'oﬂmfmﬁmpms;tnts various
m@ﬁiﬁ h%olle?yéesgr%‘édqngl ??gsﬁﬁag?sal?@ua‘giz}esé%g% FcaJétir%SZO

er nenor ass

Emtplasmf citatify sm:tncme;a mmig&on&anbrmﬁmmslﬁ%@édraﬁ disc
show 25 exanpl es of which data sect

g °°’P“‘d%ﬁ2ﬂ§°%€ odipentsh tha Blecesaprk memoBeamRtralieroRnd memory

m@stseikyd. The order of the data sections wthin the
ranks is not necessarily significant. M2-1, rank RI:

DAl ECGShpircuijpy. 324 prewvideRIECORbiroDRY: memivBy: dontroHer32B2nd BAR be
pa@iﬁ rrk%g%{ cwg‘nger%%z ﬁseﬁﬁtate%zm ltD%%’[ qon}wi\% opiixo‘ﬂqﬁ %eratmg
sydbA@ (OBFand/or bhePsofiwaink3 165iroHBZso ke control for memory controller
322. Typically, this software control would be indirectly applied to memory controller
322 through various intermediate circuitry. Failure indicating circuitry 328 provides an
indication of certain failures in the memory subsystem. Examples of the failure indicating
circuitry 328 include circuiiry that sends a message to a display indicating the failure of a
memory assembly and/or channel. Circuitry that controls a light emitting diode(s)
(LED(s)) is another example, Power control circuitry 330 provides power for the memory

modules. In some embodiments, when certain failures of the memory subsystem are

detected, the power provided to all or some of the memory assemblies of a channel may be
shut down. In other embodiments, as described, when certain failures are detected, a user
manually removes power. Failure indicating circuitry 328 and power control circuitry 330
are not required. Other techniques may be used for instead. The communication between
memory controller 322 and failure indicating circuitry 328 and power control circuitry 330
may be indirect through various intermediate circuits.

FIG. 20 illustrates details of some embodiments of memory controfler 322. These
details are not required for all embodiments. In the example of FIG. 20, memory
controller 322 includes memory access control logic 336 which controls reading and

writing between the memory controller and the memory assemblies. Along with the
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Chart 4 13 WD 2004/ 044752 PCT/ US2003/ 034439 FI G 18
illustrates a system 250, which an interl eaved

mrrored nenory system and includes a nenory
woroani4bzse 252 coupl ed to channels 116 and 1¥8TnSymbensso

250 is like system 240 except that system 250
i ncl udes nenory assenblies M2-3 and M2-4 to store

addi ti onal, data .secti ons as shown. .Additj onal Jyrenory .
Ry BB Loty I Bty e oS 14 & aibigporats n the
inderTAvbPmirtdred hémbiyl tiéde! Bt @St @ dhetates @ 2 Ao Us RN mode as

which a menpry controller 322 may be a part, although
drusse BERARITORTS Rt 2pdtapniaamiob Mmoot onpe) inzico
bEGRES SR PIoYRI3B YR AFEARY %F&g%gmeisgsﬁwﬁeg EhdnRSd 13€and 138

this discloSure and Is i ncluded as part of circuitry
a@Z@amples)=Mbempirg scoefs wntralibgic §3@@0ectsiebtirddions Mehomymory

A SRPTGihe df sdebimr be SRR R Moy a5 ewlip) oginag
imeinded ahk sdlectian SireBIEP342 thafklebe whtchGladis bERE a6detdel] Régi(sjters

%4}@ ovides ECC control for nenory controller 322 an
34fe8f HiE- 29apdiregipters 34 pyd MFAITIGE A1 awd 22 gre disgyssedbeloms om

and/ or ﬁ%ﬁ@0%¢%%5%@§§g%@ég t V\?g%gmg%lﬁbf%} é or -
Failaprodojection ciravitie3 5030, indlydds cirbuiry td dutect shien tafalure has been

cof BB Rt S5 Btk R el b ARt change o
inRtle£ved nfiitorelf dietnobPmbddtoGalonftefésved ilody, AR xMhAY beles

an indication of certain failures in the nenory
triggRsiog daike Ismhigagpiads lost wheee thadpta cemonbs taever without
o SRR R FCUR Lt e 48 4 B0

withoueeniplying slat/fom eiiemiaet mebnyc A ¢amectablaterronmiy bé soreected, for
exanpl

light, emti] i ode(s LED(S)) .is anothe e.
exglir o 9kt FOR ot i leatias B ubirededitented pnpLsais. As
desvRited Yelowl W86 emboUimens, seviea EbEiMble erfhls th B8 54Ad Memory

failures of the menory subsystem are detected, the
asssERbcap be{terErstad s 4 (triggsring omer. Ardinhalyneoractabledfeidury wilknot

. her embodi S
bo St AR mERAGRE, o M borfUfrodh et N ORGP es may

be tresed B3riggening lfdilurese Forkea, pcvme embadilngnis, thadicoaldibegome
trol circuitry 330, are not

Cl i t 28
fuilpigs i %’irﬁ&gf%?‘gg’égﬁﬁﬁt%gﬁ%%aB@%eﬁ%bhﬁaﬁé eepyEng data
frothPiho& ARIBAh&AdH QSkeRBI B AWl B IR ﬁ‘ea?ég% g:‘?m%éreﬁg% gatgl;?:gfi}.n Heally,

failure indicating circuitry 328 and p
thegej wenld be 50 88 casesnyCansed ofdfiggering fiilusghayinelideian original or
20 1.l lustrates details of

_ P 8195 sy Craes o
develobEd e Bt FrBhbfilstanntl cShafdnditg, H3d SGRSRHAEER © 50
detHGl 23 Bradflowahart itigiratag thospeddon OFH&A: SRPEments of i

) xampl € of FIG 20, nenory . .
interleaved mirrored memory system as shown or described herein. However, the

operation of the systems described herein are not limited to these details. In other
embodiments, some of the features of the following description of FIG. 23 may be used,
while others of the features are not.

Referring to FIG. 23, primary and redundant memory assemblies are initially
operating properly (box 352). In some embodiments, hardware tracks the occurrence of

ECC errors per memory assembly. Single-error correctable (SEC) errors and double-error
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control l er 322 includes nenory access control |ogic

336 which controls reading-and witing between the
menory controller and the nmenory assenblies. Al ong

Wi 1s04/due@7524 WO 2004/ 044752 PCT/ US2003/ 034439 poav@i2u03/034439
controller as a whole, nenory access control |ogic 336
ordlnarlly operates in the interleaved mrrored

non |n er \?gsgl%% tlg%)%g oﬁ%ﬁ‘at ea bﬁnﬁﬁ%s@%é@éﬁl@ﬁe@nyﬁa '

céss of deaaafhbmon@t coliadtt bit B @1 chAbEBHSHS IR N34 bodiments, an
i nter betvveen control logic 336 and first an
°§f8}3’6 c WP&%ﬂ?@V@ 1 Hie syigne K ad?ﬁi% AEPEIS eBBUAtd]@Sf &prerdefined
188 B R Sirect IR G LRl

destinations |n %f%%%%garr%rj%%a’a@ger#o re%glfecfeél égﬁ'e'based
cewt of BFS errersimany\hei checknd agrinshe ﬁms;mramms nfag bk hgrdn@gitte.

| ect hat
AL (ISR f BRVRE aEB g i ErRE A Bilyre b mepmory
motulE bGhtaidBigPrichare@its; redund3A 812 BFboIH S TR clfahﬁéfcm%&m&g% failed

ed, bel ow, Failure detection circuitr

22 are discus
SRR S refPiresioms agiotis shannel The efberwhonned suthont ailed
m@ﬁoﬁ@h&dﬂeﬁs@ﬁﬁ@@ﬁb%ﬂn Glckif '{Uﬁr 1350 al so includes

circuitry to detect when allure has been
cor rWheregtriggening faijwe usr@ta‘cmril(bnm’sﬂrl&, forsxatphibecaiss s t he
r r.1o e from, in er eaved m rrored
bR B oftot opl o e Fad (O SUEL i caeampprineanrmery
assambiiger dssogntilies.| Hudwasre Mﬁ’r&ﬁwﬁ%cﬁm‘oﬁeﬂ 3‘22%-%%316& i @A the
cannot b covered without obtaining it froma

PO AR Mg & tspvedda Repafiled oy wseybiise Horar vl
idéndity 18 “Fiehih® ﬁfe%q;gbs&hﬁl Qéé or rue fo? gaeqﬁ%éennggrﬁure, and

redundant nenory.” A cor
reconfigure tdprhmicatly sudx&a!rﬂala secthms lﬂgﬂne Eﬁﬁm:mﬂﬁﬁl debmmi redundant

he.interd d t at
caly SHoRE 5oty r B ity b dputppy assembly pais

escrr
arecsmapmﬁts&bﬂ thathé Breferel réddQieSiABoBER hjt m@ﬁﬁ@{ﬂé hyetingn be
eted as a triggering error. Odinari

i nt r
3& repention of the tdgserpg failhrstnotifieative: saftvad: may place some sort

cor

o SIBIEEISD il ) BT ETBRRTE 1o e

correcta

immingnty ﬂ‘és sofﬁuare h:altlne will squest 2ailkdesin’te 8ingle-dhamic® opRatdh (B6x
356? h}éures hat _are not. correctabl e w thout

ARG PRIBINE AAbYIGHM MemaBy 5spiolia C@niigyratignawrite
(CPOowrifepid b FRICYoR 6 Rilhre! ML infehilont Bl A% ibtB1cFildinhinis

| deal , ere woul

fail
typec%fjs"@ vateay Gg%gll éﬁicfws"q’f@gleqfhﬁr@yma of sofgsraeontiohcduldiee wsad.
or 'I-ﬁ!rdl?ire il séﬁﬁgrﬁzlg R e ?r%girlpfg?lgavego gn{ygpﬁas SAts) r% Stgte

extrene nol se sone soO

Dpelfatlm\lorsarg!e-chahndtmﬁhmta@cahrétﬁopbmfoﬁt doivis) theQiBransactions are
i nter|leaved mrrored nmenory system

f,
s, 38 338 R Sbnedn Bergeir ReseRion RS dnvisiblado © ki on
softwdret N@nﬁ;ﬁé&ﬂ%ll&%rMH%an Hgfs‘ala%e Hc'fﬂn% c%?.ﬁﬁe?

t hese details. In other errbo

disablingall clagking, mdetrlfamﬁnewhmeﬁa@cfacqcmgmts cﬁoﬂﬁrafé coaﬁnum;ates

:f‘)

with ¥ BhS&fdard ﬁ%ﬂaggmgﬁt Iggntic"oll%f' totrgﬁoéeeggvrlrjerr Font the v1cum channel.

Software notifies the technician that the victim channel has been isolated, and

- communicates the location of the victim memory assembly, The location of the victim

memory assembly may.be exposed to software through, for example, the configuration
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30. Referring to FIG 23, primary and redundant nenory

assenblies are initially operating properly (box
hardware tracks the

35@,))20(, enbodi nent s,
occurrenctglgionIce ECC errors per nenory assenbly. PCT/US2003/034439

Single-error correctable (SEC) errors and doubl e-error
15 WD 2004/ 044752 PCTI US2003/ 034439 det ecti on ( DED)

e Fagistos spasg o@emndleqbﬂlﬁdﬁﬂmﬁzl ot ds@sekeRsl leEiagf{tﬁfr%&?mﬂann MCH).

#, lgﬂﬂgs l? cl ass of _detect abl
c orfectapbr ey gmrumiasied daclydes sraphicabrepresentation sent to the
editplali, oembssebaand céitoRér 484k {d ﬂﬁﬁﬂn‘l{é (fﬁq'_%ﬁ s in the

systemljnf% gﬁDED error is encountered, or if a

pr e- detY HR&ratfihistrs totariareutasitiealiy waitisg 5t ehe traffic on th
edhafieNoVoliet re red. The tine-based

5 count ofﬁﬁgSeEéC):Méw?g%héﬁa%msglgg@ g@?%lﬂlgﬁhﬁ“ﬁgwﬁaﬁons intended for

tthe memenydssenthlich 1

refer %)naé)th il'; . mgeét elé? Eﬁw@%fslssw hF%Bﬁ Q{Cﬁ)n channel.
?ehtld n ROrne {Rﬁi& P& E‘H’ﬁ? {bex A§8)pthedeshyicibatzny swap out the
ity Sty g, I B S

fall(ﬁd menory nodule is te
G The other channel, without a failed nenory

g e g I L U R M,

triggering fal
bréngingshe vintimchawet bk ab!lve BEE oBhRhichSs &ith Ma%b%grd cntroller

e-1s t.o, t he correspondlng nMeno
bEas %@15}5 Bpvadn &‘P&“f“é‘% chapgely Wéeqwnmynte aliiwsthé gemory

asse

®ﬁ&oliee tmﬁpdib frshidiel fiRbey, h E?rg}f ) r 2 @M‘? signals from

%g%@ e Issued to the no
t WF‘Ffanc?)d@dter;ngtth@nébess?ﬁyl ;{@weﬁamtg onfsBE Midtface. In
6108 BRRSd n ai and 15
Sreconti élgllﬁlgs égénnérlr? If °}’g§§?ﬂ aensihls for daving slosk signalivased
| f

by thermemang melisystan, mmmaemwdmuocﬁ@ £t i ons.
redundant nenory

neceg nation qof primary an
n%ﬁ”ﬁ% S’F"f‘%“’p eﬁéﬂ'alschpowwao stahm@amﬁer m@d

asse

suheaiﬂla@lﬂﬂiawﬁbkﬁ’loétpﬁiLZQﬁ bﬂ#é Sf??ej},og (Feiﬂol\f/]%}}? {Ié];?r} cgl;quttry in the

recepti?on of the triggéring
TGP Mt o lackcpisalipea furmillisetoria (boxf 182). SR fﬁisgfbmt | 3 frware

t he machi ne” t hat

N f
mﬁf—‘@tﬁﬁ@ e “sidi ?fe%gﬂeﬁ WMSW@H%@ that the qutrm $lofe are

-SWwWap even

pomlmed matilstorfeai fecithoWay! o thd S
Wiy ; ed- %e% ?cg 55 A ecxsely match

356 ating the chann
thj @@iﬁo ,-?#X‘éf?»,{ﬁﬁ{;’?'&g | g Sﬁ]@:@rﬁsﬁght wImm:]demnf the sequence may
t on_har.d
pr dﬁgﬁp&fxbﬁsﬁ')esdlﬁ & vﬁﬁ?(li Hﬁ(ﬁg@% f'oxusgméret 10 H{l%&@]ﬂlﬁ&n that

ventl ons are no
the, Vl@@ﬁaﬁr@uwrt@blmswaﬁmmmwmm%ﬁ RAf (i SOf twar e

co used. Hardware Il Sequence the
tr gfr’]sfl&!t, i %ﬁllé °r¥1e§ W?IQPII'Y epEelles 322 gﬁ@ds m?n;ﬁgwmma&e 2R

utzl;qg:emmmajp ﬂﬁg.@aﬂwl & ecation,
i G Sl tf?%;ni*%??"s%eﬁéwﬁeféf’%ﬁ 5 oPe Gt Rt
p1y the yiptinyehanndl Groxr 36thi Tisis staye Bk dn

lmpemmﬁiﬁﬁlnﬁm 228 ere?lmﬁo\?r%{f rﬂ%‘%&’ﬁ rregzaged\/\glelvllce; I?Ir(]}S

20, 5{ ectri caIIy |so
and 22 include reglsters 344 346, and 348, respectively. FIG. 21 shows registers

346 in a chip 164. FIG., 22 shows a register 348 on a memory module 160. Registers 346
and 348 may hold configuration information. FIGS, 21 and 22 may be alternatives or

‘complementary. When there is a failure, the information in registers 346 and/or 348 may
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di sabling all clocking, and tri-stating channel

interface signals. Software communicates wth the

baseboard managenent controller to renove power from

wWie20dd/gevsn channel . 30 Software notifies the permsioesnzadse

technician that the victimchannel has been isol ated,

and communi cates the | ocation of the victimnenory

assenbly. The_location of the victim nenory a secﬂgl
badgst, d hatipfosmetiqnsouidie fetrieved iomn e ,cowpowwnef?ﬂl? emory.
HEQek, 3 5thd Qles! g%e\ﬁ%&él@ 4h04HIR B4R Yy %@%&Q%g&@‘iﬂ%%t case

regi ster space mory controller 322 or associ ated

register 34 inyFIGT 20 mey ejyide thatinfoudrfion whigly san bre weliiitasHo rdgiisters 346
representation

nmuni cat ed, i ncl ude a.gr aphi cal
angz&ngl?ggﬁgﬁgeﬁai%sﬁﬁg%/fm%?r%ggﬁggjgﬁ%ard control |l er access
t 0 iQdce fiendétin SitanhEIRs baRWTPahd caibldted, :ﬁdﬁﬁ?ﬁz&é f&}otvés memory
r the traffi¢c on t

har e automatically waiting f . e
cosﬂe'r%ﬁ%% fo W@B?fpﬂce%g/f%tﬁrwg _@f.ﬂf Aepmaticaily dupfipatsall of
il Sl St i RRARE Vot ASkeMbTytbox 581, PRAYe

assenbl i es. Cancel |l ed operations ay be rei ssuéd to
willidetepiovhioh channelotea theetictim @iwhdhat Hie neopen dath iterdeaesnestored by

i sol ated.(box 358), the technician nmay swap out the
th‘?%“?’??ﬁ“e‘%%ﬁg%ry assenbly along wth any other nenory

ass Q}If@hiv&aeswﬁhadtdﬂﬁéticamaﬁwdt wﬂ:% the ﬁsﬁy B8 ﬁomﬂaﬁté{?fﬂ'ﬂ@(oﬁmpete)),

notifies menory contraqller rough a configuratjon,
and gyngaically se@uGRee ltssi}gtbﬁﬁq tﬁgﬂtﬂif‘é"?f{ BATORCRERAR S gReration with
reddRind Wit o&?ﬂioﬁ@&‘[@é%&iﬂ%ﬁ&lé%&fh&&@ b@tﬁ%ﬁ?xﬁé{s‘i?ox 370,

controller to re-establish power to the victim
AUEFYtraBlc), amtibex 38u ds ewpntibnedyidn inyenlidnswee ndh eesiristasity the

cont I to prepare for channel power-up by renoving
detFﬁSeOfrrPgQuf‘{r'ed interface signals from tri-state (high

| NPERkae aR)différant taiies of figh-inbelcHRARBER! FoéaRipld) i Sfully @on-
onto the interface. In 15 sone enbodi nents, rrerrg)ryisno
em

interlsayedstatetheotim ghanaslip Aamplpielyr it dpvnsorthatdpeiR
longbiiloPed! 56 gssgﬁ’éé, b ﬁox&?ﬂﬂc&%ﬁ ?!oﬁft%\ggf %lpv%rg gﬁlagﬁﬁgnsa ert]nd for

eactivates that clocking a
pragipqal ppposes,dhéyrare all tibatédoas ppiowey ddtosestiols. | When pover isoestored to

any. subordjnate.phase.l ocked | oo PLL) and/or.
the RR B aF 9P EBiey i FemaRs Ryeminieh il B Bhigpgy and
redGidRANSEIRTBiBerh 61 KectiodPis e bdtabliShdde ih BiphitiaB @ 6 oM dferfcatod state,

362). At this point, software 20 may utilize the
the vigti chpnnel andanyemeyqry desemplies{herpig femein operating exespt foribe

N .
il BB et (F anPORHR Bl ok, B QaBEERRD of i memg
assemitly fn thé hen-vietitrohany thatconsspontds torthe faiiad metnosy assémbly

t i nder of th d :
rem i prmEE e pa I BB BTeLeAb S seant
soulshfBbMicie, the PREaTbé Eitfectel by nibedty CepyiRf duta from the

unsui tabl e, as we precisely what i's wong with

corespending sosériledaemornessembly &6 thadatiedymeneny'+ bt these c3ses, in this
partiaﬂif QodSrtediGvESP &Ltje,gtﬂé LR thlE1 afS got have to be shut down as itisin

FIG. 23. It may turn out, however, that memory assembly has to be replaced. Variations

of these basic types of non-interleaved states may be used. In some embodiments, in
response to a fajlure, redundant memory for a failed memory assembly is recreated and

distributed in non-failed memory assemblies on the victim and/or non-victim channel until
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utilizes internal configuration register accesses to
restore the operational register settings in the
menory assenbly on the victimchannel (box 364). This
Nayedsbarizudes any i npedance and tim ng cal i Fr@g$2003/034439
required prior to utilizing the replaced devices.

FIGS. 20, 21, and 22 include registers 344, 346, and
shows reglsters 30 346 in a

4 resp ect|ve FIl G
tﬁ%‘?*’ﬂ“rféﬁ Ed g@mtﬁs@‘v‘@aﬁ@t@é fo brrgdundant memesy yntil the
faihael isecolefled. Regi sters 346 and 348 nmay hol d
configuration information. FIGS. 21 and 22 may be
alternatives or conplenentary. Wen there is a

ai | Wishy and/ or 348
Pfrray 17 ﬂ%&%&%@%@%ﬁ%ﬁ%e | ost. That
i nf ofmeach systemn sHoavnbie a figture] the ad:nfdi'pmdulaﬂex@ @ﬁdhﬁﬁﬁ@@ diffegent

nme cases,

-fai |
8o B tp ISRy oo brearpyed coultpmdifoet,
Hoagser, a e GibS hirsid rah b kibREnBRh tb Bab gl &efeﬂﬁ%%emenmms

formation which can be written 1o regi s

e witsemeror aly @f%wspem&ﬁbeml@d describadyhegeis eTil vagious 5

nd Lib
C@ﬁaﬁv}éﬁrbgm\r% \%I s rm%%lcct% A ﬂr er e§ F@?ﬁhltoglé ﬁstb%ge;f@?d toasa

ﬁtst)tpiymml atdwhich ég enlled a wécbhd ehahmemiﬁ arBialahy Thephiio@tBeridry

ng the victim

h
as?‘ﬁg%egj ma%ﬁaé'ﬁrﬁtl ‘E%R %%“g% gterepf mydepdlsect whi ch
ch aﬂﬂﬁémumnéﬂi@s a lﬁiple!iﬂe%téﬁﬁn Bpé&nbﬁ%fﬁﬁﬁﬂ%ntﬂ% "’%eference in

interleave is restored by the copy operation.
thw}eaxﬁsafmm #n embasiiraent.d éiﬂ)ne;pndmdemnt {hmetdnd)cdmmutd,’éor "other

d.d cal
crfbRTplD e e ARELE s s iR Re T in
compa@tign Wwigh thei antbodineemts inindluvded ineat 126Ysinke @AHoiRRALsAUR N
int erI veg Cross E’Gth channels (box 370, .
%ﬁmﬁlﬁﬁ& AnveEBgns. Ahe yasiqus gRRRETanCe an
nibﬂ&iﬁi&h 'OThhe 8mBodl & s
© 23. 1st’ The?e a(r) e&gl??}zr!:édrﬁé ?g%&é@n% nﬁﬁét?ﬁ éﬁifﬁ%ﬁi gfemng
toté@membqﬂmgﬂanm e, ina fully non- int erI eaved
| hannel t down, s
¢ haf o pRB ok RS ASRBoncE SR, G, Phcswiclgas fmay

Sys

“might’, affeouldt be mcmmmm paGiviiar an%hbnttﬁauﬁéaﬁtamaﬁs :-jdr ons
treated as

ona i is b B SRRt sbaimboibosionsr sl ot o
"an¥ eleinefi, FAPANRS hot thél RIGL & dnfy &%Qifgiger (ﬂltlé]l a%tfth <3pe ﬁéaﬂo

assenblies and the primary
claifs gefeytod é@@dcbmzal"selmnesm dbésstoe dreclude thefecticirigahbry than one
lfed state, the victimchannel and any

oftﬁlsos[lrdktfbﬂﬁfél&ﬁ‘
mory assenbli es therein remain operating except for

th a‘hefimreh&@hsrméﬁmy‘esﬁﬁﬁ@ﬁ@ Iidve foPticudd B4 1iGsd herélﬁ hta%&
aﬁl‘f %a sections of the nmenory assenbly ie
thosg skillgd E’t aying the bemafit efthisdisclontirs Will aphesciatsi thadnany other
varifRR T6nPhe B g description and drawings may be made within the scope of

the present inventions. Accordingly, it is the following clanns including any amendments

thereto that define the scope of the inventions.
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remain in or change to primary status until the
failure is corrected. In sonme cases and in 25 sone
enbodi ments, the failure may be corrected by nerely
copying data fromthe corresponding non-failed nmenory
assenbly to the failed nenory.. In these cases, in
this partially non-interleaved state, the victim

Wﬁ%@?ﬂﬁﬁaﬂ?es not have to be shut down as it is in

t may turn out, however, that nenory
1,aSSGAThbMo@a&1trbﬂbrb@n[{ri§|ﬁéaCEd. Variations of these
basic types of non-interleaved states may be used. In
s ondirg ptabskcoeintanory ¢shalel nedpersedt o a fail ure,
redundant menory for a failed nenory assenbly is
recrré%i'f‘iéblacﬁﬂ%?°°ﬂf°§?"i°i"l%ft°ed in non-failed menory

assenbl n_the vict and/o 0, ti m hannel
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intePacef FdpEdiGdy, shdd this way, there continues to be

redundant menory until the failure is corrected. F.

ADDI s&hdOivi#tland bifeahMadundbht ANBD s&BED MeNddnd addire aemory channel
system shown in a figure, the menory controllers each
'"tH@FéS gesgefivelt-ent  reference number to suggest that the

toIIrsr ent.ed coul d be nt .
rionere P G fias SehrBRERT Y P as e e Buise iR Bee e
rrJ?QNoese@brfdfp‘ﬁﬁw‘éﬂtdaiaréQ&ﬁﬁEeFHsﬁ'éc'tr an@Nd work with some or
of the systems shown or escrlbed herei n. The
v ar IwbE@in tedaenal Sccarsontrdl Bircuii af tin@d bESateB ab Grtdribsres aidred
or different. Which one is referred to as a 10 first
meftpannede aad gt otbdr imed is apan-ntedeayedmedand channel is
arbitrary. The various nenory assenblies in a
particul ar system may be identical or different in
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ordir@dly op@rate 3t anlicteneaesd nororehae@oy ewis éndon ceseise baedtection bbsuch a
~connection with the enbodinments is included in at_
trigogring failugnige é‘l‘?ﬁ‘ﬁ@iaﬁ@ﬁ% eontrg) gircuiyswitthes g aﬁ* !“Feﬂeaé{?‘l' mirrored

enbodldm?nt S t he, i nvent i p
mefmo ano lnterleave mao eand 19 cgireciion oY 1ggéring f: Iure the
appear ances A an rfjo CF & qone e ocfgﬁe P &

memdR RcRT BAHINERIS) reding tcnﬂé .nfeﬂga%éarrﬂowa rdory RERY r I ng
to the same enbodiments. I|f the specification states a

conponent feature, structure, or characteristic
}I/_ 20 "mght", or "could" be included, that
3. par fhempraery efeiﬁfpldﬁﬁ efrplaim fl ietpinethe memery centieller gicludes failure
har act i.S not uired to be in If the
o BR PR S st Casl iFarLhe Melyo Fesdgibies A in ergntsilc
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ﬁ i cat'i on or P er to "an

norﬂﬂﬂ’ddtméhrbﬂ} ass@hEﬁﬁ%tmentdhﬁéss&ﬁ&ﬁthméplﬁkﬁﬁlb tled nBR6rG assembly.
bei ng nore than one of the additional elenent.

4, The memory controller of claim 1, further comprising failure detection circuitry to detect
memory assembly ttiggering failures and wherein the memory controller initiates corrective action

in response thereto.

20




10

15

20

25

25 The inventions are not restricted to the particul ar
details listed herein. Indeed, those skilled in the
art having the benefit of this disclosure wll
appreciate that many other wvariations fromthe
foregoi ng description and drawi ngs may be made within
the scope of the present inventions. Accordingly, it
is the follow ng clainms including any anmendnents
thereto that define the scope of the inventions. 30 19

5.\What THeSneflo d¥REbIIEISH cldim A\wWhBER e BREYVOAi®T indhBPinitistng G failure
first and second nenory channel interfaces; and

indigating pesegess control circuitry to: 5 send first and
second primary data sections to the first and second
menory channel interfaces, respectively, and send

f I S'Fhe ?1 ﬁE%Rtro(ﬂer glalmdﬂawner hae c%reré:c 1\|!eoarg:§on mclt.{des |n1§§tmg cﬁiannel

and firs rface

mm@e@abnﬂthe flrst and second redundant data sections
are redundant with respect to the 10 first and second
primary data sections, respectively, and wherein the
menmory access control circuitry at times operates in

7. an |Tr'?? aremasnrapfroierof died, W‘PFE%FV MFYWE Qnepletiurteriagludes

re%ster c} Wtéegea%gt 8?rpetc rGfCtIO](I lﬂc srpr%v(ﬁ%%qogte%ta f;[% gluthrs to the

chBlfeRftbirQE agéoﬁigtléd ity tnb eeﬁtmt@atamew menory assenbl y
triggering failures, and wherein the nenory access
contr ol C|rCU|try is to ordinarily operate in an
interleaved mrrored nenory node and in response to

8. det dbe memoryfcoryigien obclaim i epeain ihg corediclivgrastiontinghidesdidentifying one
access control rcujtry switches froman interl eaved

of eFapes Mok ﬁﬁﬁoﬁan@a@ {8 el g Torr e A g E ARt SoEfigh from the

y

oo i 5L S b0 A LU LAP S e s DR
mrrored nenory node. 20 3. The nenory controller of
claim1, wherein the nenory controller includes

9. f ai Aumenondenedier empasinge faildre geteaionleitcity totdetegigemangassembly
failures in the nenory assenblies and in response to

triogetna &l sy s9¢ MM iAgsEt ?%ttoltcatwtweordnﬁéy %@rﬁtﬁly an interleaved

mero(r)ec} rPemcrrglaoge é?td?nsreg rc‘:%seﬁ% riete%tlon 0{’:\ suah n%f |9germ %H‘b? 3heT rp]%nory

SSe

acdfegsptl:oﬂﬁ& Sirdi§ stvi@dhleéeﬁorﬁrgﬂ'rme“ea@é@lﬁm‘eﬁ mefRnynodd REa AERORENeaved
controller of claim1l1, further conprising failure

modeéreicdfteatvrredtive of the tlgdetingi@ilues the nERIEDY ytces semtidl grcuitry returns to
triggering failures and wherein the nenory controller

thejiriertepyadanjrered merpery ('@deact i on

10. The memory controller of claim 9, wherein the memory controller initiates corrective

action in response thereto.

11. The memory controller of ¢laim 10, wherein the corrective action includes initiating a

failure indicating message.
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in response thereto. 20 5. The nmenory controller of
claim4, wherein the corrective action includes
initiating a failure indicating nmessage. 5 6. The
menory controller of claim4, wherein the corrective
action includes initiating channel power renoval. 7.
The nenory controller of claim4, wherein the nenory
ontQl I ei.n .t he
1 ¢ 8 el o W A rid B LRERS RO LS
chafrill sdvef @mbalt he 10 channel |nterface associated with
the identified channel. 8. The nmenory controller of
claim4, wherein the corrective action includes
|dent|fy|ng one of two channels that is associated

i th hﬁﬁ@mpauCP'EIFOéEfgﬁHmWé@e‘whﬁ"ﬂfgthameméawf@ﬂ@ flata?faﬂc'udes
re?&grts a%] er |n htegc?r ecp\;e { ncf\rla']culanelrowé] in C%Hl?ﬁ X’fj tggre istgrs to the
St°°0 ik &1 deliP ‘F

acerved ata séec
chem@nﬁ@_}racelaés_o&ateéwniem@rdsémﬁ.e@&rraﬁhén.er conprising: fai I ur e
detection circuitry to detect nenory assenbly
triggering failures; and nenory access contro
circuitry to ordlnarlly operate in an interleaved
14 r (18R é\ﬁmﬁﬁﬁﬁmsﬁ"%&éa"aﬁa wherainelep epselive getign inslidesdgendfying one
uch_a erln [ t he acces 0
of §iei e e oRdet P Bk S FraRA oA PP o PRGSOy the
omzp%nﬁé?a@ Jaeay.ﬁgmsrécaée\eea@ 1628 AP SREbAS IhE defifdiel BiEha"
of the triggering falilure, the nenory access contro
circuitry returns to the interleaved mrrored nmenory
node. 10. The nenory controller of claim9, wherein
15¢ he Aresvinrycontselier epimipdsing: first dndsesond memeruphaneelmrfagw pnd
response thereto. 25 jt. The nenorgqcontroller

megje ?WTG,COWE?’E‘?’W?H@'"@HY PRCPTIDEY 481 fegidpH cPagedions to the first
and Qé&ho%érﬁ‘&if {\eﬁlln‘ c%s srpéjrl .ﬁt%éa()%ﬂ.ﬂ?r&%ﬁ%% or%]'nog!g buTQ?mes fo

nmenory con er o ne correc Ive
opaﬁkmpmn&ﬂmaugaﬁrmﬁbtlat|ng channel power renoval. 13.
The menory controller of claim210, wherein the nenory
controller further includes registers and wherein the
corrective action includes providing contents of the
16, eg iT8% @ereory genfrplier °fé3l'?éi‘iﬁ ﬁ%lfuﬂhﬁ’t WMPEY a@sed@feawwrw'tmﬁo detect
contr

-memloa ass‘fj ytIl eegn C’fglee‘ { é’"% \grerrl %He\%emgayﬁ% sc rloﬁca'g.gtry swrtches

fromh %n.ﬁtbrfe\éveragm@a@d mertmrt, md&!aamednsm!eh@awea RodSF Ree.b@&@s&

with the failure and receiving at | east one

detsatioh biacH 4 wiggerihgfaillle.ot her channel and suppl y| ng the
recei ved at | east one data section to the identified

channel .

17. The memory controller of claim 16, wherein the memory controlier initiates corrective

action in response to detection of the triggering failure.

18. The memory controller of claim 17, wherein the corrective action includes initiating a

failure indicating message.

180. The memory controller of claim 17, wherein the corrective action includes initiating
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15. A nmenory controller conprising: first and second
menory channel interfaces; and nenory access contro
circuitry to ordinarily send primry and redundant
data sections to. the first and second nmenory channe
interfaces in an interleaved mrrored nenory node, but
at tinmes to 15 operate in a non-interleaved node. 16.
Thelnennr gantroller of claim 15, further conprising

RO RS Pt i on circuitry to detect nemory assembly
triggering failures and wherein the nenory access
control circuitry switches fromthe interl eaved

20M 1 r e @ckmaBwdhiyollerod elaitn0! 7t Kiger¢iothe nembeyrcoeledurtmodecludas
response to 20 detection of such a triggering failure.

regigters ARG WhRSeID Hhy cermetivecicliavingydeg prayidinaiepntenis af tee reoieises to the

trol| Jnitiat ti ti [
crpRbpites et B ST ERE P gger i ng failure. 25

18. The nmenory controller of claim17, wherein the
corrective action includes initiating a failure
21. ndi e neA@ry B/ERGaS cldifh. 17 TRirdIem® tytreebetat@nlirefudef idaltifyingone
17, wherein the corrective action includes initiatin
of 2% ahhrneisdhat [seueaciated wish Hie failp® and reseiviagas fepsiana date lseatipn %?m the
claim 17, wherein the nenory controller furth
otsqcharael gnd THRgYiag Bp Leogier R
i ncl udes providing contents of the registers to the 5
channel interface associated with the identified
channel . 21. The nmenory controller of claim 17,
wherein the corrective action includes identifying one
of two channels that is associated with the failure
and receiving at |east one data section fromthe
ot her channel and supplying the received at |east one
data section to the identified channel.
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