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WD 2004/ 044754 PCT/ US2003/ 034162 | NTERLEAVED M RRORED
MEMORY SYSTEMS BACKGROUND RELATED APPLI CATI ON The

w@e@sont7sappl i cati on and application no. -/-, PENUS100EW4162
“"Menory 5 Controllers Wth Interl eaved Mrrored Menory
Modes" (Docket No. P15192) were filed on the sane

day, have identical specifications, and claimrelated
subj ect eV EHRUEAEEHMEROREE MENERY 8YsTEMS
inventions relate to nmenory systens with prinmary and

redundant 10 nenory. BACKGROUND ART: Conputer systens
typi cal ly include menoBAGEGREEENDDynani ¢ random

S I (DRAMs) are commonly used nenory
“@é@ﬁ@ﬁ@@@e relatively |arge anounts of data.
Ve nEHeypregRit appli @tﬁcﬁlé@ livdtion @0l equest s giifllcdedtt
re ueeéptr.s to%&’l&l\/ls. 15 Eel dgtaoto_ﬁé"mred in mow
Contred pisri¥ eh datedcapei Mirmoeet Msmorsalylodes " dDoskes Na. did 892) were filed
rocessqr.or ..another ip. The, data _proyi ded by the
on Biins o LY ioBRN] Shecfithfons, A SRR s BT Mo e

processor or another chip. The nenory controller my
be in aﬂzghgsi cally separate chip fromthe processor
TEQGHANKeALBHEBR t he same chip as the processor. Conputer

syst.ens, includin erver syste follow a technagl o

©¥ b Tseph P ttds i YF Bt §BFm b Brfefley SR Y
merR@h absol ute size and in device density.

Acconpanying the | arger nenory subsystens is an
BACK&PﬁéNégAg&urrence of both soft and hard errors in

t he, DRAM devi ces used .tg inplenment the nmor

Ut in TR R oo R BB ich o PRl e s
merSéidsi (DRAAL) 426 eBakiohiyt Wse@netoRp ibvicdd that@idre elhivelNlarge

gi ven quantum of data mani pul ated by the nenory
amagivtstaf glatae Memeoryragnirolders issue white teanestsangIeadbreqnesty torDRAMs.

operates,on,a fixed data.size correspondj to a
TP PP A et (4 G S5 o RBER L ocessor or
anofPePERH S The Gﬂ%&ﬁdedl'_‘@f the PRANEN r@slpﬁﬁsfé%)é rémfeﬁﬁ’és't _ﬁfaz be used
desi gned for

Us with a 64Byte [ine nmay store eight
by tBe piocedspragranether chie Jdin demdry comeqdlsnmaydeve p physically separate
h‘quOdeﬁts have exhi bited severail. feﬁﬁures targeted at
chif] from G Rrocyier Ayuesehs PR Eomp FriBSE HSPEessofa " har d

er rCynsputét syBemBROMuTRIBREN eBsRENS, Billow #H3NnologPrédd inSwhich

common for nmenory controllers to inplenent an "Error
mengyy sebsyisiss@Gorlmcrepsiag)n both ebsalimsizaiand in devdce depsigy.

ata are stored along with each cache-|i

bi f . :
AccBpignang 1 5reihs B8 Srsha et 0&sBh kR eg ce 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 a 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 platform processor complex. For example, a memory controller designed for CPUs
with a 64Byte line may store eight 64bit fragments independently.

Recent server sys‘;em 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)

algorithm, where additional bits of data are stored along with each cache-line fragment,
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such that any single bit error or conbination of bit
errors wwthin an aligned nibble may be corrected in
whasodnat’e4 This mechani smpermts a systemt o PONUSIW0#034162
operating reliably in the presence of occasi onal
single-bit soft errors, as well as in the presence of

a_hard error.  affecting up to_an entitg_x4 DRAM |
suclythigt 2 sipsle B 119k 8T emiIARionAT b ariomnARE analigngg nibbicgmay be
ai ' [ . But : ]
conf B4 1 P B RRml At AR B o Aoty i
the piegenea obogdasivasl siuplabi sofy erorcaewall hointthe praseme)of a hard error

store, because the limted correcting,code (typicall]
affegtinggtte ayjqnbirg ¥t DEyY dlegige.gBxigngipason t%#s algorihaicare py4ilable to
r
profb g ORI PO el EMERECEC A Bnl S BUEL b when
muldplegsti etross aé trsiuattretbdrpa sihlekeosotd the ntkab@y sei€RcaiBe the
. maintaining two copies of every datum.in the main )
limitad,poFigeidtearase (WpiGaBy SirgediRitsfobptery p4 daadiisuers! & ¢heck bits for
ff j i ' . .
ovar 128 Shlafse AR ok bo e B VLM BEIRIor PN bEfbro bit rror
scatteptbacrads Sl affptdd datd. hat t he avail abl e bandwi dth of
the menory subsystembe cut in half to provide the .
i Aisroring datagis RS 1o mgintaiming-ivey copigsyof\eveiydagum & thepnain
r r . . .
ey SR S 7 R o) LAl 0l o pgen oy
subgysidpl iethlémeraatiun indalf, Kiennablutionanvhilablertbddyadlscirgninethat the
18. Menory nmpdules M, M3, Mp, and M/ are coupled to |,
avalbqbﬂmm%h&ﬁﬂ&m%oarwb%mv SH iy hel toyprovige theumirrefing
capeh@lit?re coupled to mrror channel 18. Primary data
sections DAl, DB1, DA2, and DB2 are provided to nenory
chimps. 1 prodidesad ekeaphibf spdiemdvisingundmbly miivdlorig UAdAG! 1, a
data sections DAl', DB 1', DA2', and DB2' are
systgndfiipdudess memerycoarpier §2hatds counriedip a pimanypshagged 16 and a
. e an 1S :
mirdfPenadite15: M8 RGeSO EMEERES LRSIT Laueld) oyttt
chariretl U6 aiadinefldtyamodeales M2 BADM6, andDBRIS areloddpled anshifiZchannel 18.
I n anot her nenDréBSﬁ/stem a_nenory controller is

Pringsy, gpta geqtiona DA b &eapad DRfmre providaddo grenaqiy chips in
moddids TR1 ,mggg[ﬁgﬁd %nﬁ r u@gg&lﬂ dﬁﬁgs%@ﬁcﬁ{s DA ??l?,;ﬁgg% g Eﬁd DB2’

mrror ¢ S anne are coupf
are propidad e mbntory &fpoinymedides! M3, A eME0 tifd B8, tNott ket primary data
subchannel s. Primary dated i.s_stored. in the. rrermrg
sectippslinAds DiF L, DHe2, sné identenl or ewentiallytifentical torredundant data
ter b]ﬁ@ ant data is stored in the
Secarr(r)glr?mﬁ?i/l ’n%gﬁl’es of 51‘foﬂ]gﬁgsiubchannel s coupled to the

sedoatbthénrahery systom, 3telipcontiliet Brodupleti o A régearer hub
two_channel s have been proposed. 2 WO 2004/ 044754
thropghrihegpigmey ohppnebandprieppndnerratgdmbdivopeh thegmmraphagnsl. 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 subchannels 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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The inventions will be understood nore fully fromthe
detail ed description given below and fromthe
wa@ewenpasyi ng draw ngs of enbodi nents of the | PUENS10051634162
whi ch, however, should not be taken to limt the
inventions to the specific enbodi nents 5 descri bed,

b f | d de | FIG 1
s a bl ock dRGHARERERIBLRY G CHEGAMINGY a1t
TERRL Yy 1<§1ﬁrw1§lyb%t1ﬁﬁla t(ﬁ)ld%re g’ulﬁ f6fn tﬂcl: 8&5119(1 @&Eﬁﬁ'ﬁon given

represen I ons of terl eave rrored

belo®ydideroin drcocohpanying drawings m‘ﬁednbmﬂmteﬁtsaff thehmventlons which,
inventions. FIGS. 5-8_are. block di
howevssy shouldinot be tkep o limitdhe inygaiipngite f BreRcifie FBYbpdipeents

described & ax’elf{)fjéxgo'iﬁtah&g ﬁ@ﬂlﬁrs%ncﬁ@e r{TE.m)_r y assenblies,

acc o’ nbodi Ment s 0 e inventions. FIG
9 IF3G: a1 isladﬁkclddlagiaﬁmepmwﬁammt(ﬁtajmmr aft memonytrairtos ayste.
mrrored nmenory system illustrating_ chipset select

| i &3S % @ﬁrlﬂp%d@éragbﬁ?éreé%@éﬁ%@ﬁﬂ@e%?w? gtrrored memory
systérHé’ g&&cﬁ@tio soﬂe%m?ﬁ'o%uﬁélt@{)ﬁhg H@ggugﬁsag ram

represen menor according to 15 sone
e rrhrqxds NeBtfe lbck Jinagﬂam/mptdsmsuonE loBtterlehvad narrerehlnmkory
di agir am representations of interleaved mrrored dm)
systesps tupgatnedanid ¢idhe BeBIoRasHBbiRsHRIFELIRS (o foge embodiments of
the 1h?é’n‘?1%h§ ons. FIG 19 is a bl ock diagramrepresentation
systemin which a nenory controller may be

I NGIGJRH afslock dibggnt @p&@cﬁﬁat&ﬂhﬁ‘dlhﬁﬁﬂeﬂsavwﬂ nii@red memory
inventions. 20 FIG 20 is a block diagra

systerapil Bsfeating chipetelesilines rocarding tpwamer?ﬁg}vosgnw% pifhe dnventions.
i hgﬁgﬁﬁeﬁ ?1%2)25&'__4 %1’ %%8 egén o'hg’ QF% go?}g%%g{ll@ Q&c%r(ﬁflg to

somé epbediaithitdf e mﬁzelﬁldﬁenory Chl p according to sone
enbodi nents of the inventions. FIG 22 is a. bl ock

di A&p8n 4rle€bar@sl3é<mka%1ag§ﬁmdﬁpr55%%9f1§ ohRiicaY HLRIF P emeTY

s. FIG 23 is a
yst?rﬁ%%cg g§ am g#e ﬂe()%ggé}tépﬁgﬁqﬁokf%mslg%ne enbodi nents of
t h@IGNVEeRtal ok dlaéﬁmaaﬂmmwﬂimmﬂhm a memory

i nventi ons i nvol ve interl eaved m. rrored peno

contsq]ler py beApclpdadacrergingdo spime ﬁ@@@m@mfﬁh%wpéw% a

DoRGA TR P ARy dphls SBin: S BRCHRL Bl ifthudbd n a
menit2Pebitrdlled hevordibiy tounedherniboditneinp of theiihyentipas.ate in a

non- interleaved state in response to the, detection of
a G gglisiatdoskadipgra repropaniatios:fb pynerBYY iR geconing to some

emb&ﬁ\?’%ﬁ?ﬁi&qﬁ %Itfeﬁtfdngge” ng failures is provided bel ow.

urers
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 mirrored memory system that typically operates in an
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corrected, the systemreturns to the interl eaved

mrrored nenory state. Each channel in 5 the systemis
weomwplerds4 0 one or nore nmenory assenblies. | n BEI/US2003/034162

interleaved mrrored nenory state, the nenory of each

channel stores both primary and redundant data

sections, and correspandi n pri mary and redundant data

integ gaterl LB UM OR Rt P MATGHIHRY {emingrartly ppeiatsn a non-

intofiPEVRRState i el 16 (GRS stk e RLETH BN RLY

assestdy. eAahdsuasl(yn nf)tlnl-ggaﬂnm' fatlaes ds priogided belbe Waemthe fallure is
contrﬁl ler is in an_  interleaved mrrored nenory node

corrgfisdh the Syséem BRYIS[Q thRdntereavey srEpTadmemony Hade. Basfhannel in
the ?saern? %?g)}lpﬁg\?ge ééné&%ﬁ@rve\:hr;eﬁr;{ﬁ? %ﬂb&f;&gﬁ% 1 n‘?errlehied Rirfored
mersytytseate, ithe memory ofieach tieamelkstaeabeth poavaey ahd mdaﬂ@dre glataf
Sectéf%/stems operatjng in i ntgrl eaved mrrored ne

cgrrgspollgm&ggwad}é gn ngﬁﬁa@g%p@goné]are store% in the memory
b ved states are al so discussed. However,
Ofdﬁé}eﬁtlr&n%%r{rﬁ?ons are not limted to the details of
t he's memozyrpbmlief obths spsiamicontrelt éd @awgidnaiiche interleaved
. non-inter| eaved st at es, E I OUS types of nmenory

mirgERENPRSSUHEFI R Ayint et TRmemory asbrabiey is dman

: [

iR e ve%‘né@ﬁﬁé@%%@ cHffo el e pifinin Hlcfiarod

mir®oed membecktaté/eThe ynemoy b(ﬁﬁroélar:is 1n adbhdeteredyed madervehen it is
devi ces. Merely as an exanple, and not a

congr%lgﬂ}g}( hersyptem lwvnma‘reéss Ray be 72-bit dual
| 4.
t orSepRiE SaRds JeSL Y ob e ifin'thlcfed s BBl ek are

uir e nenory devices “are
providéd lbeiltm/.t €darhpleaopaoit-interleaved @atbnadeadnp. disoassedX dgweer, the

the ne dew ce chi ps .manuf act ur ed
mveél&le%% %TPH@ lalt%tortgﬁfi?t?ﬂw%fgm ezsm@Eé@f s¥tHRbInggietleawed and
none}ﬂtgflgeﬁfedgf%?é%p the nenory devices may be pol yner
nmenori es he inventions are not restricted to a
parMarioul gypes o fmambrigassenblidsanee; befibed! Exampldabimemory
is stored jn a part| cul ar

asseﬁ@i*&% fﬁgl r grfé%ﬂsrytng}d% s ;a%iti B?Stswworfl%s Qfechiss iy haeddiiggs pystems,
but e ifveRfibhd 4t haf sot liflRed.! Y gfngg) ﬁB&ﬁlg$gacB‘?n(9§deaonebJrgﬁ&e memory

non-restrictive term ta section nmay 1nclude
devided. aMtiedit ad a1 gxaypies ahd yoi3reqiiisannentt, memoly odulEremap boTY-bit
assenbl i sconti nuo in | 033 i cal _menory

duahipine m wwgﬁh\q@% rﬁd Abifslar dats and 8 bits e ot BCC s nvi

o S R S i R R T

the Iﬂﬁﬁofyﬁlﬁ%\és ARSHYEIRA Ms@hip? mdnufigturad sscoadiny s @iiredlly widely
S ich is an interl eaved mrrored nenory sg/stem
u e(g;

ehnolRey ASAOLheE SX Pl HBe (neEIoRY Aevipesmay b pRlPEHMEROFeES.
The fitVedtiofi 130 A6 resthicRB% 2 pR&RARE signaling technique.

The term “data section” refers to data that is stored in a particular memory
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 may 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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channel 58. A nenory subsystem i ncl udes nenory
assenblies M, M3, Mo, and M/, 5 which are coupled to

wo pog4eohaannel 56, and nenory assenblies M2, MCT/NB2003/034162
and MB, which are coupled to second channel 58. The
menory nodul es may be inserted in slots connected to

the channel. Wen there is failure in _a menor )é rrg/ﬁgllk ,
A. t EXAMPRESTURET PNEBATA SESTION BRRMMORD ASSENRLE;
10, RIRRGHEY s RRRLE Sp A ER IR o PR & iR B mermary systom.

Systein e inslyigésemesiesceonietiens? eupledrte alﬂr‘stlmhmml 6d and tlsecond
four menory assenblies per channel, this |s not

cham@hﬁﬁ r & dneTeRg sub SrYﬁS?HbIECIﬁ‘ﬁ?SemWOWe%%efPWbﬁﬁ ME.dve. Mentd M7,
I
s R R i BRI ol nBRTE, ARORHARE a8, g v,

whidtBite COGREV® smmrqhamml BBe Thaheensotpinoduls majfajeansemeklen slots
stored in the nenory assenblies is divided into

conngeteddp heqrkpanel 5 Wheatthesg s failure ipamerppsy m%d%e @mfa&ﬁféi memory
modilPe Jag%g(?%gé{?e% %\ﬁggﬁgg)? én?%éfaotp?ggtob%ﬁ%g Smory P@aul’e cHitbe

mseﬂs@ﬁfmmalsldto primry sections DAL, DA2, DB1, and DB2.

IS expect ed that in npst if not all  act ual
urpﬂl gl aytstesm a0 and sqmpeother syistemsilesqribgd bersdn argdliwdgtnd with

fourgﬁrﬁa%rﬁlég%\g@]l @thn&? (tbgthbﬁ@n%?ﬂ"e% E[ki%recﬁﬁﬂ; 68 RRPIbMEss than

I ons or exa denti ca

fourtrBerb¥ JasserikbNey per, chaniuli Iresomaddbaiiments ) ths peseth mgll work even
redundant data section could differ in a known way.

though somg afipieelots that BRY seceivg mepaoty dariRerC BAPR- sect i ons
co V f
or It’flr}rlg rd?/ﬁ t(é IB? gfogeélg E’nstﬁ‘e 2k n#ﬂ?asg%hlgfsgg gf%&% S}gtlc tp?ltha[}?rtdgﬁ

sectioh® DV1e AR DRB1) endrBMrayldccoﬁegpmlnng r@dl,dlldﬁllwdak@/sebﬁakaDAl ’
wth the corres ondltﬁjl% redundant data_section being
DA% aPRdp.anf PBL nwhichpesgidpinab or @Sﬁeﬁlaﬂs 14?@#6%13” @sm%ﬁqcspns

correésporidi ng re a sec |on | re

the f@&R OIS that ﬂletrbdhrﬁlyﬁttcﬁm seblﬁmmedmld iba idenkiedl to the correspondmg
enbodi nents, such as are d| scussed bel ow, the nenory

primggy data Secionsréfyr eviemie DAL i &Eﬂflﬁ?é to Peelan Hiemteverap grimery and
corr?sﬁ)g}lé‘hﬁg tr%dgl%ggﬂ’t Sdtaﬁgsg?ts(ﬁ %0?1(2(1 Wey i} £ ki ﬁ%ﬁ_\'{ og%re%ﬁﬁﬂllp}]e the bits

in tHe'rb&tﬁfdﬁﬁtcﬁth XA cﬁumfbd:dl&nvérsedﬁﬂ&: Seespandingdids, in the primary
DBl', DA2, and DB2' are stored in nenory assenblies
dataections, M6, and M7, r espectively. Data sections DBI,

i e T G

withR6d £6i520:diAg e Adandatarseitivgl being anbadkup. hBY @m&elﬁbmﬁments the
failure, system50 is operating in an _Interl eav

memAry copteeller glvrys yeads thearimary satreseatittoathes thes theacquﬁSPorshng
redu%ﬁar% dafas ect%hslf % P& %'H%ke%tedqg}heaﬁgte% I%gwever 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 DB1,
DA1’, DB2, and DA2’ are stored memory assemblies M2, M4, M6, and M8, respectively.

5



10

15

20

25

30

forma data group, such that the data sections are

each half a data group. O course, unless the data
wWGeemtioottss are exceedi ngly small (such as when P¢EUS2003/034162

systemfirst starts), only small 5 parts of the data

sections wll be read or witten at a tinme. For
Accgé(%rl?llyggﬁl ?@}rg %@%Irnglrfgi?%)elsqgfgq%ﬁlr ei,s t%i)sq% 1%%&4112{1]1@&%2{7% r%irrored

t : [ dadolcel I t

merR) S P sothe Ry bt dall sl SonR (Rir e, Dt and DB1)
forrh adetalpouh eudt thaettle ditanectiony amesshelrbhlf e slatahmbumr ©f tduese, unless

ame dji stance fromthe nmenory on roIIertlo al l ow for
theé gsyé

3ty echions angiexgeadyizhy smelbéuch ethihe sYsifgIfEst startsply small

i . Qa{ 2 1.1is C .
partF :8?21% dagﬁa&te té 1%%1{55,%”%1' I %J%drt o#ntt%%at% | sé'aF(ﬂracP(?}n i)}aeé ﬁ{é&]@ ioF]dGmary
coutshiof bpdraigeat, baly amka] pyt of DAdlaad aaniall partrod DB1( #As cancurrently

exampl e, the spall part of DAL may be an odd hal f
readcQfWdtten: b isapatergd kAt reﬁ‘é}ﬁ%} gt gt sqctipgy thak wilh be{raf
; i : A
eS8l il A1t 6% 8 R A8 B0t Hor
contrbléerftd nBow chratighedr tahing bhdderaacm. ti ne t hat anot her hal f

of the 15 data group js_read fromjfhe second channel.
ThiAs HeEample, ihsqrs Sebediments eﬁ@ﬁﬁm@pﬁ%ds ahgffrcagheline

- o i t .
and ?%Q%%I%P%Bi B £R0F ERRE tiné WhRfH t?%etﬁ'ér mﬁ%ﬁ%ﬁe{ﬁgﬂn@l}e .cﬁéﬂe line.

ry data sections are on the sane
(As Bhexkahplegthe istalbiphit of Bl mby beas bdd wal€ eachs lineagd fhersmall part of

data sections DAl and 1 to be read throu syste
DBlmlawbaﬁnteﬁ?rb%EC%cygile‘ﬁ?g‘s} a@&g@&? AGdeing g e PEreads, half of
the &Qﬁgfh\%&rcaﬂ Rd 1 &4 e)’ﬁrgpéhgﬁ%él 3t ﬁﬁé%ﬁﬁg?iﬁr]eomm&%r half of the
ot hér Il e I nventions

se have the sane capabilities.
datasgreuptreacefdinithé ssttohdcleamyielp aifhis whlés inawiberthofead bandwidth and
fJori marieéand redundant data sections with respect to
halfitheregd ddenyf t he nmenory assenblies. For exanple, in

an L ] . '
2098 DL B s 3,505 050 X5l o B
chaiaretl Therefoes pewill takd 3t leasn dvidahslong o1 dusscdoBdns IDB2 ,and BB to be

DAl', and DA2' be stored in nenory assenblie , ,
read\iroughdyspm L0dhpetbrqued)systensl, %&%tieﬁalﬁfﬂ@rﬁamﬁ and
t . : O in

meriEY chifn SPlemy g e AN BRI LT,
andiddheensiond aremet f3étictedDdahy padlficilar awddr o3& ingygrimary and

stored in nenory assenblies M, M, M, and ,
redyndapfetata spefigns wish respgct o theopdsy of %é@%@liy&sqw'\{ﬁlemfowample,
. j b . iAHS ) ' .
in e illne Gl Eclifth DT, DAOShBL HaTASE ey ITUERd n
memdrpiasgeathyties My M3, Mheind Mhoespeahedyriand eatacectichs B1, DB2,

called the first nmenory assenbl and _any others, the
DAEeahBA2( R pigredin anemnry epserbist §§42a%49 Abo.i2ed MEgpspsetively. As

. a o .
anofy P Bl le SRR L DRARTA S BAS D Stte i bhcifory
assebiBlies DB2 M31,0MS5, adptrespeativdly) aad drtacastioms DAET BAPAYDBE, and
DB2, be stored in memory assemblies M2, M4, M6, and M8, respectively.

In FIG. 2, memory assemblies M1, M2, 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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value in reading fromDAl and DB 1 together and from
DAl and DB2 together as discussed above. Primary
worRomys7assenbl i es are those nenory assenbl i esPCTIES2003/034162

store only primary 5 data sections; redundant nenory

assenblies are those nenory assenblies that store only

redundant data sections;_ and m xed nQry assenbl jes
meaping i §debekeRdlyDads BRd) P82 qtqwaftxceléttr{g%tén BOMRA CRRes Ly may be
valu§ Hrep SR TR DAIR DB ElBier ald D Fand Do Reeips
disc@seld Mdvar e redundant nenory assenblies. In contrast,

in_prior art system 10, all the prinaré.%ggnr nodul es
ar BrIBRTOMEMORL#sTembUsipre thosamemopsassehliciiat sirmoply primary

T

redufalat HEWNSeREIR s MdaRX e AGRINBY. ¥ssefblies &ve ithdsa sitenadrg assemblies that
system 70, which is an interl eaved mrrored nor,
storesBeth grimary sndypdendany datp srofighe sind’ IE}E%DMQ: MM g M6zare
i o s d blies.
iSRRI RV, RO IR sl
In cdAxdst, iAo, arBdtem 108 the PBRAryanem@B4hodiules are duodaphannel and
with respect to correspondin rimary data sections
all t}[ggggiur[gggf o7 e @A@}lewg on ng&e%g@ngﬂée@%gl}g in greater latency as
descBﬁ:?lcPeCt ively. In the exanple of FIG 3, data sections
‘and DA2 are stored in nmenory 20 assenbly ML, data
sections DBl' and DB2' are stored in nmenory assenbly

M3, data sections DA3 and DB4 are stored i me
B. as BWOVPLES WHLT QDA EASTORIONS RERBIEMOR ¢ ASRNELY
ot BTGP s RAREAWoterto, WRLR (Sl Ra (it R Btom.
SystBZ/0 iacladsd dmeghotyncontratiely7zariefitl andécomliathannele66 pah$8 and

DB3 and DB4 are stored in nenory assen ngd dat ,
memgsy. efssAblieni 1-Mq Redupgent dafa gecdions Qd‘xlmg%% K&?@f‘ : B_A‘* BB,
s r..: .
o2 BRTE B4, Al B AGKe, AR Bl Mo esion
DA EXT9ART2A 3, IDA 4 TOB heD B2 ibBS ke DB4dmspecsieelyi ons DAL and
DB1' are stored in nenDr% assenblé M_, data sections

DABn thecexpmple of RIGs 3 iatasecHonsdRdl ynd AT #E stod m mpepary
L Qn 3' j
T T
sectdas DAY 3hdPB4 dat Borsé i inemsryDBsdmblydMBAlatd seatienssbB3‘eahd DB4’

in menory assenbly M, data section 2 and DA2' are
are siprgel dRMCHIONE AP I dndnta sagions g éné &%B% PR STOFMRIARGnOrY

M3 | i @By M4, dat
e 21 B RS D S 2SR ¥Ryt i o
sectiofd DB #dIvB4 et steredraimemonssestbly ME,. antmlatahsestions DA3’ and

exanpl e, the nenory assenblies
DA4’ are stored in memory assembly MS.

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 M5, 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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are m xed, because they have both primary and

redundant data. An advantage of having both primary
wanw4nedsndant data on the same nenory assenbP@I/iS2003/034162

that it can be inplemented with nerely one nenory

assenbly per channel. 5 For, exanple, FIG 4

strate st em 80, ch i,s an Ieaved
and AL 30508 r@%%@m}pa% o ite eyl e SRgRy espmblies
are THRXEA! Uec@ﬁ&ecﬂgy Max%%otl??ﬁ'ﬁh &) andlrBduidahem80, a nmenory
controller 87 is coupled to first and second channel s

56 Amadvagtage ofihawihg hmhtpnynaryrmdﬂteésndamt datd ohRheagame memory

especti IIutrated ri m dat a
asscGhtY gk Sirepn e ich ety 5% FiepoPbpsEeinghce Shannel.
For Séx‘afn%fé FIG R{IRGa18$ $ SPERInY 8/lwhiBINth A ihf¥RleYydddhrobéd memory

section DB 1 and redundant data section DAl' are

systememddn whiohehencys asly enb menidy aSSnmbkyqtee wharzel. a]mdsySt@m 80, a

merbig copp for 820k FeEB o P R sty 1) SR YR memory

modREENTY afd MEIRE YougiBE rspRESvetAT APHRISHENKE, ﬁrﬁnarW?]af%\hsectlon DAl
these may be partitionéed or distributed into different

and pedundamislatafseeliorel¥Bi 3 are strsedhinl memary alslsmw:rly dhend primary data

sec T Ay F QUL B e T o e i Seo 5ottty B

ot NRLest&hs T EnE 80, Rﬁeré Qfe ﬁ/osdafhgéeﬁtl&ﬁ r_ﬂé} mBor Admbly. The two
anot her data section. For exanpl e, 10 1 llustrates

datassenteonsraye modi{ferent p@tivid eftthe mnmloqsdwelabkyr i Theelare ivagotist ways in

whigh gty bl piilipred g EPaed it ofteadit patisos 3T Sraros of

asse?rﬁf 162 including nmenory chips 170 ... 172. 20 In
. 10 and 11, data sections DAl is stored in chips
164Jnder scmeﬁerah@khﬁﬁms josnesefdhechipn(or alsingde dilp) of the igthory
t hi ase,, the ortl ns .hol di fferent t.
modalle i RefiEHRE dely et E SR iR it i et M Rl mas potd

anoﬂﬁEr &t BRtibR £6) @éni]p@él FIG: 10185216k 4 Riehb®y modulk 440 ich

be one or greater. I'n sone enbodi nents,” there are no
lncludiﬁspgarmheclsaldmltboaﬂ@@) rafl 162, M@kﬁonya;yupsel 64on I6H6dee dn a side 1
12.il.lustrates tvv?
4 -

i i . I
of o ih2e 2107 b i e Bt cqrayeR diptiding Bt S
In FEGS PR anlOA | data sd@fons DAL R 's%r&ﬁ%%h1ﬂsrl%4p°rlt6'6%ﬁ§ D1 ’tlg‘ﬁored in

menory assénbly hol ding different data sections are
chipsrl 7@i. f. fl@2.e it thmease, thé petions lnfldinpdiffdremslatansections are in different

srorh o chigy i SRR shps 2 BByl ol & A %gﬁay 193 i 6% one
or g@a%e? r ﬂ?@dn’{eeérﬁbodlﬁleﬁg Qhere]a'?e 0o S]{Jé &n §HODE i e ©h may be

ored In others of
onsuiﬂlp‘ﬁ’lthﬁhlp$064 16&66 In th| s case, the different

rti.o e in different c I ke FIGS., 10 .
D167 iecef 0 dasf Secpin bl 8 BRI peitzsiorsitin gaoh of chips
164 hqwa apthiRedRg tHd yhieess bﬂhenfeﬁioyy aééemﬁlmlé‘ﬁgﬁ{f%é%%a
PCT/ US2003/ 034162 groups of However, "t here may
sectivas aregn diffarentrpant of earh ofithe dnpsnmd distnbm«éﬁpbmh maltiple chips.
There may be more than two data sections stored in a single chip. Alternatively, in FIG.
13, DAL1 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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chip may include a different data section. As used

herein, the term"rank" refers to those nenory devices
WO pooa/osEsry assenbly that are sel ected toget PEF/USE03034162

group. That selection may be through a "chip 5

sel ect” contact on the menory chips or through other

techni ques such as a chip select command .nmul tipl exed
grougp phcliph dloweess thatieiagy, ba hesaispnembe ol diigpas. | Borgxpmple, each

. Qne .« nbly and in other cases,

dnppﬁgpgagﬁggﬁgﬁggﬁﬁgﬁxgﬁéﬁ?ank per menory assenbly.

Modighged béeimptheiteroh Gdak oreéers tonhoseohermoryedaviuek $n a Temory

menory assenblies of systems _describhed in this 1
assegibiethakaie selpgipd sthennata siowp, That selseidon WAk de Hapugh a “chip
seted St ATRERCHDSY Oflp? dr BReh D BikipdolfPy SRR 8¥hip selec

comPRhl infultiléexedunitie stheoinforaakion.( frodonexangs, therd-is@nlyl6nd mnk per
limted to one rank per nmenory nodule). In sone
memoxy sferbht and ippther sptes, there pexporedhimoRg BN HEE EMeTHEssembly.

h ' 1 ff [
o P e AR A i B
descaibed inthizrdisdlesike @mag have @ik, Wd) or mordmadkapa hodidaaleparding on

rank, then the portions of the 15 nenory, assenbly
howthgsoata dmplerreated nexcapl whaye tioy GRBrofBY pEe 1&8?‘?%@;?&?6%%” number

. . _ , K

o i [ SIS G, 41 R0 ST o s
FI @& sordembddifa@ntspthamshls coirbipdhd &d the porivng of yist raemory
wi th one rank per nmenpry assenbl }/ . FIG 5 illustrates

modyleshatsiing @ﬁfgteégdg@ sqgitions. ol oreamples Bk oY |18rand 3 1 gif ghips 164 ...
first d : .

66 44 p A28 s 20 <9236 5 AR EE U poionsor e

men@ bsebBr hdl @id g differbht dita otosecaild comespord so differentiranks. In
98. In FIGS. 5 and 6, nenory assemhlies ML-1, M 1-3,
othexpmbedimgnts, the ranksayenld efinosgsranddp thermartions (@erexamplss i FIG.
12)asserr‘olies M1l-2, M1-4, M-6, and ML-8 are coupl ed
“to channel 98. Menory assenblies ML-1 ... ML-8 have

ONEFIGS ahkn e flugeaml myeridsl gl gem§ Adth oA rarked mentey assemply.
be nore or less than four nmenory 25 assenblies_per
FIGchihseates a meanagy sYssera 36 avithet mewpryrtoasoller Ynandefitsandrgeond

ne t Lokl ek in.E ' [
cnaJEIRIORBRR, T Rl L hor? sl dom 0B LR ANG e
102 30 fitsh afrd §ecofid tlsannoR®6and 98. ThEIGR:|5%and, athd@ assemblies M1-1,
I ndependent (not in |ocked step). Wien the systemis

|
M1-gpdlat.iang th laggaplesta shange b6 snd mempamssembligsdis-2, M1-4,

b L . :
b LRSS, SRR 5] e n
rank' R @enox§ sdale. €3sMienlionedylhete mbit b® moad or s thaa f@ur memory

referred to as ranks R, R2, R3, and R4, respectively.
assepiblienp@ehaniel | G 5, the ranks of menory assenblies

'\P’“C#xgg%ggcg%ﬁ?n%ﬁ%s“@ 'a§d @ﬁ&hgt %Qngﬂfoc%ng%ﬂglsﬁz inFIG. 5 is

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

9
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also referred to as ranks R, R2, R3, and R4,

respectively, because they are accessed in | ocked
wat@p/owi7sh ranks RI - R4 of nmenory assenblies RUF/1S2003/034162

ML-3, ML-5, and ML-7. However, in FIG 6, the ranks

of menory assenblies M-2, M- 4 ML- 6, and ML-8 are

referred to d R8, respectively,_ .
alsopgterigd &0 aty@ 91‘3%1%@»31%3%% %Eg ﬁeﬁm’@% ael?ﬁcwsedhesf gRRscagted in
- 7 i
lockpg i it anks R A0 Ra el erhnl oS MAT] WD SR S BIITL 7.
Howeek $n FNeNg) the renkd asﬁ:héraog/ dbdentdied MR2, lsfiled, L6, aoliplletlare

to first cond nnel s (116 and 118. Menory
refegrgchtq 25 1amlgs 1}% 1R FF@C R§ ISREPHY LY Repash dhey arg i‘eceéwé

sty and nenory controller 122 of FIG 8

1nde£>%1§dénﬁgo‘??%&%ﬁel 2&116 10 and 118 i ndependently. Menory
as$a68| 7 esd 8/MhikirateRy&emMA-0Tnd amierh(ﬂ 28, eallt:h of mhmhddwt: memory
channel (116 and, nenpry asse

assegipienpagng ’@Bliial Mgmosy e ¥S 11@f@d 1?% apg f@sh C?u%lﬁ%lto first

r
e SRR SRR XARSF NS 112 88810 GG Lo
116 laﬁtﬂ T ﬁdlot:hede&teﬁdandn&é' contrellera?Rof FIGNe Dpdfrytes channels 116
nbly M2-5 are referred to_as RS _and

and 11§ Riebdndyaine, IeROCE AP ONE M2ah 03 Vs b anadE-d ascqupled to

chafgrgégéﬁg an es%&se*}gléz ll\%/&s%d’f %Q%ng@d lgl:Zeng{Moﬁpled to channel

118r &f BIGRd dnd 33 theRbnlasnal riinorfRassentb1y-M12- Rareaeterfed, to ani 1 lAdd R2,
and R8, respectiyvel However, in FILG 8, the ranks of
the raplkgelmemerRAsFILY &%2 -3 arquefgred tpps B3 agd K4y thegagls.of memory
ossefP M afeo el FER AR, il ot oPBEn 317 e BhBA09.7 are
refeﬁe@&s&dtﬂ andiRPehikentdey i 1G. Bethe amis of necdibre hssemblied VR-2,
I n_the case_in which the chi %Olsel ect _command i s

M2 M2 &y 284 d2-3jare plag referrediioms &l ad R4, Re e dih & andR¢, gad R7
and %?%gﬁ’éc{ﬁg@e %ﬁfv@é\r@r Ul 8S eerﬁﬁks &Qﬂélﬁ&& a‘g&rﬁﬁiﬁs WEsz 4,

gl ect ||’1 ormat1 on nmay be convey
M2-6y&id M@Fﬁim&eﬁeﬁed teds mmls ReaixbR 50 (‘Relrladldﬂarz, RdB ahli R14 and
channel or separate fromit. For exanpl ,
R15apd iRy Hospectivelyubreguse tﬁ@h@fﬁfﬁ%w@dﬁ@%ﬁg@# n%fé Waﬁs of
chafRYP @d to first and second channels 136 and 138,
whi ch 'may represent various channels described

herethe. cabeimowlich drearip sebsct bbnnﬂhﬁd isvbultiplected/it may be carried on

coupled to channpel 136 assemhl i es M2,
the qlgnngln dn g capeolcoisppiate ?calp %ﬁa hriomtacgen the; m%%frﬁhlnf»n% chip

ol GE T b FVAEA 002 i LEDUR 88 cLRIIB by o o
chamiel pr sephiaed frarh @i s ekamplb i FIGO9,[A éyfs&rremo mokEleod nehiopy
se| ect _conductors 144 are cougl ed to nenor hassenbl i es

congpller 42 thays coynled i first @a¢ erceny ehapnelsddo aad f §S.chiiph may

Sy 1 BRI I R PSR o8 MO

are coupled to channel 136 and memory assemblies M2, M4, M6, and M8 are coupled to

channel 138. 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

10
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142 and 144 may be considered part of channels 136 and

138, but are shown separately for
w@eposess Referring again to FIG 3,
exanpl e of which particular data

illustrative
chart 1 PCDUS20831034162
sections may be

stored in each rank in each nmenory assenbly in system
70 in the case . in

42 i v Somospspiropshennely |56 G LS Bpta sapbh egparacly for

111us%@ %e pll%ﬁgser

ata section.
ank R2: DA2 Mp,

M, rank R1: DAl M,

rank R2: 13132 MB,

rank R1:
r ank

R3 Ref¥iing h@aln t@AIG. B3 chdpAl shovM?an mnipld?éf w]lﬂm palMéular datk
R4: DA2'
sectiggs maxbe I\?B’re(; Hyflacieen

whlé?h heIQAég‘e twovyatnk

re are varlo

one @ty sbeioht or ed mrth respect to
__ _assemblies

rank R5:

For

&ncitory ety (i MG

avgnml fa)

M6, rank
emPla’r%S@F@?

. DA
dgac

chart—2 shows—ah—exah

ylngystqm O g%ﬁqg case in
and¥ch rAiR&fdreslonly

ta sections
order of menory

| e of

M7

M1,aploREePAdf data 10
M1, venloR2spaLem 80) t hat

M3,ahsle R3IDBM , rank R | MAtaN@R3rRAK’ R : DBl M
M3 Raik RE DB2MR, rank R2MDhadk RANBA2T ank R3: DA

M5 HAKREGDABB2 M3, ranki®4:niORE DBY, rank R4: I
MsIr REEDA@A3 VB, fanh\’f@ra@ﬁ% 1!&@4 rank R6: DE
M7, I

@ odi rrerrts

| ML raniBLi DBy st em 70 (ar
M2 rank R2rBBZ t han that o

d ML and
hown in
, rank
M4,
DA2' b,
33" VB,
B4 M7,
nti oned,

; rank R7: [
g? art 2 As nH
y controller may

choose

Chafta read 15 tFredundant data section rather than the
primary data section even though there is no
i n Theee @y yemons ondereiawhich thf dada pestisnnmey belstordd with gespect to

ead fr

orde B pRgHeTY REFL e TS

redundant dat

R e ol R g Y

failure

ag eog%er 8f data

sect{BRY iPSystdh 20 (FrAM1 bhdM2 6F Hsteih 80) A Ss didtenPBRA that shown in

accessed. In these enbodi nents, there may be an
chart 1.
M1, rank R1: DA1 M2, rank R1: DB1
MI1, rank R2: DBI’ M2, rank R2: DAY’
M3, rank R3: DA2 M4, rank R3: DB2
M3, rank R4: DB2’ M4, rank R4: DA2’
M35, rank R5: DA3 M6, rank R5: DB3
M35, rank R6: DB3’ M6, rank R6: DA3’
M7, rank R7: DA4 MBS, rank R7: DB4
M7, rank R8: DB4’ M8, 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

rank 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 also be disadvantages for doing this.
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advantage in having primary and correspondi ng

redundant data sections in different ranks, 20
wa@bkaohought t here nmay al so be di sadvant ages for BOI/I§2003/034162

this. 11 WD 2004/ 044754 PCT/ US2003/ 034162 FIG 14

illustrates a system 180, which is an interl eaved

mrrored nmenory system_ System 180 i ncl udes

CoRIG ol ipstAes & A L0 iAo ah 1igf1sad B TR proA qperegy Systom.
systhfl 183 Guck aim ARGk 12 WA 1oAY Bireillir b0 188
throwghes GRtPhadelt B4raaf aatsdatdrtinb 186 tlaovgisaibechadh oisnsell BS.

sirfaserar el SEEnE et B RS B b 19
o R i My 1 s bl e

subch®ficl 290 aaseneoh M2 ML 216,Mhd M8/afe, onesutichauh8l e assemblies
subchannel 198. There may be npre or I%gs &Q?nN&%pﬂd

M1 1Ry P 1s ged 17 e omsubchannsl b 4R @pssmOBRs ey MigM16, and

N el B0 TRAE 168 B rtRBot s o

the saBcliainélb CBrimaryeadl réddidant &t sdcednd maypbe soragicts-desdribad n other
channel s because of the direct connection of the

exangfesinehis disslasiee. fehaprgls §6 ard 88 reF1GS. Yagfldxpge referred to as direct-
92
o BT e AT B ka0 ot

whefe@p 8iicindeUdE?2, ThE 108 2l 108 HEIE! bf e @ohdivert-atach gbvlemnels
W th systens having two channels. 15 However, the
becapps/afthe intermedipteEePese) ent ed with systems having four
ch E . :
antf & npl§Sherp EXEER: o poen BB QMBI e ammels
Howavek i itvétiohs flay & implRnenddfwittsdysteasdanihg foin channelsidFor
fourth channels 206, 208, =212, and 214. . 1n the
exaralanfiCe 15 shors pyysieaa0f) Whish i an ipterlegred mirgprig Bemogy system

o o P L5 AR G s

212%‘1‘&%%1 '[[Ieﬁlelﬁamfs/léh%llbﬁlbry %Sdnbl\)lé& l‘f/[fll,g\/ldpluidﬂ, 910116 M 3chacmmpled to
menory assenblies : ., an ar

charngigl )6 ORI T RSRMBIoYiZ, Mgs M and W4 ar¢ eqppieddp chagped 208,

. e
mend es oo M1, HHi BRAZ RS A BRR R T8 1950 e
asseabiesivie MS M1 ené Miterd vaupded towhencth D d4.5 As trieatisngale fewer or
rank. Such systens _ may inclyde gne or nore ranks per
morgrghes fguirsereiy. assesblies agfshanngt megy begisedy ystrates a
system 230, which is an interleaved mrrored nenory
system System 230 includes a nenory controller 232

C. COFY{ANPLESONETHAIVEO I0A BAGEISITOMNPER RasSKnbl ies M -1
and ML-2, each have one rank per_ nenory assenhly aﬂd
ar én sernp pElodipeaisaihaw age teo agotpslatagecHaRgReE Fanke Spch Agstems

may@ﬁglﬁéeg% %ar{l(gr%trgnk%%‘éf RS rPAL AR FEPdxandi€ [HECT 6 HisRates 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 DA1 and DB1’ are stored in M1-1 and data

sections DB1 and DA1’ are stored in M1-2. The order within the ranks is not necessarily

12
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sections DB 1 and DA1l' are stored in ML-2. The order
wWithin the ranks is not necessarily 12 WO 2004/ 044754

weonAEe803/ 034162 inportant. FIG 16 is showad/uk2003/034162
channel s being in | ocked step, but the channel control
coul d be independent. An advantage of using two data

. sectio per rank as in F .16.i.s that there can be

impgitaritn Pz (0.4 sboWR PiBich %Wg?@ﬂﬂﬁl’t Euﬁgﬁﬁﬁ%rnel control

coulﬁ%%‘?H@gEﬁﬁen?.hat have only one rank 5 per nodule and
wherein t

e system has only one nenory assenbly per
c hanneivantape bhesingiwedetagpetioss pdragnk dsenifiiGebé ischat thern can be

o R ST e e R B85 s
per 1?1?5151% aRfl w%ﬂei@g%j sggery hhas 68 FR rﬂ!ﬂl&?%@setﬂ‘ﬂ%ﬁéﬁ dH8hRMt Another

or exanpl e, ent) collums of the sa page.
advdntapenh tmt tife isysitionscani iehniplemahatdbsosthatt paots ©f p@rinraay Hata section
with nore than one ran er 0 assembly a rovi ded .
and Bt 65 SRR BE AP TR AR T A PAL B G vritten
: a1Ehag) S, there are
md#ri:%rﬁé than %%\@éggﬁgkéggﬂugﬁg%gtor egieirﬂa;g% menory 15
as $xatiples of systemawpth ¢wo Bat@.sedions pbuisnk stithsmareshat ere rank per
240, which i(ﬁ alm interleaved mrrored nenory system
asse #nPaadechbslotes a menory controller 242 coupled to
channels 116 and 118. Menory assenblies M2-1 and M2-2
are coupled to channels 116 and 118. As an exanpl e,
D. daEXAMPLESNWITAMORETHAR TWO BAJ ADBECTHYNS PER MEMORY
nenory assenbly M-1 and data sections DA2, DB2, DA2'
AS%}MBE}%Z' are stored in nenory assenbly M2-2. 20 are
coypl&te ERLSHARAR! thbdBare TUEE BralWo A8t TRE TR stdr&F 4 H&Rory
two nenory assenbfies per channel. FIG 17 is shown
assemibllyn Femaxamnpes SEGHI7 idlsttrese tyatent 24k svhypar is ae imtesteaved mirrored

assenbly, . but caul ave only one Qr re than two
merR RSN EG SHEABY 470 AES Iy PR BP Do AP OuBled p Hepaels 116
and ?:Eg. Méﬁloq?'é%eﬁl%ﬁ d 191'23} alPSS) ar@REuBIR $haBRSS TH6 hiRP118. As

arts 3 and 4 show 25 exanpl es of which data sections
an easm@ple! datededtioneRAH , DAk DB’ ead DB rve ytomslse mxnyory aksembly

v B AR L B0 A AR iy vz 2
o i SR o e BBy
charidBR' M2-2, rank R1: DB1l, DA2' M-1, rank R2: DA2,

DB'F'IG!V% 125 shg)\%g li’VlE})lz ﬁerggrzy asBaAn;lﬂ')lies have two ranks per memory assembly,
but could have only one or more than two ranks per memory assembly. There are various
orders for the data sections, ranks, and memory assemblies. Charts 3 and 4 show
examples of which data sections are stored in each rank in each memory assembly. The

order of the data sections within the ranks is not necessarily significant.

M2-1, rank R1: DA1, DB1’ M2-2, rank R1: DB1, DA1’
M2-1, rank R2: DA2, DB2’ M2-2, rank R2: DB2, DA2’
Chart 3

M2-1, rank R1: DA1, DB2’ M2-2, rank R1: DB1, DA2’
M2-1, rank R2: DA2, DB1’ M2-2, rank R2: DB2, DAY’

Chart 4
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Chart 4 13 WD 2004/ 044754 PCT/ US2003/ 034162 FIG 18
illustrates a system 250, which an interl eaved

wOorReonos44 menory system and i ncl udes a nenor yPCT/US2003/034162
control l er 252 coupled to channels 116 and 118. System
250 is like system 240 except that systen1250
i ncl udes nenory assenblies M-3 and -4 to store

ad 81 IonHpstepiese sistem 3 “ésclgwﬂem‘di: HiTeied meEIopY §ystem,

and ﬁlﬁ?%h%ﬁ‘g@%@tﬁ?ql@ ?? (%uéa ed 8 canre El% agf_l lgtgg‘%@%m 2501is

like ¥{bten 240 sme that SRt IBinclhdes m&yloi@easeemlmwstmzal dndddg to
these details are not required. Menory controller 32

store asiditionehdaia septiouas shewme rdditinnal Bremersassembliesyaay phadded.
this disclosure and is included as part of circuitry
320. 10 Exanples of circuitry 320 include a nenory

E. COmKXANIPEESQIbSYNICEM DBTegessor, or disc drive
controller. In sone enbodi nents, the processor,

coft@.ol9 lélﬂStraéWQi@}ﬁmf)ﬁ sypieRp G avhielng msmorEeanteglies é?ii F‘?Y bea

3 ide t ofr, -Gl
pot BB S R S DR SO 25 et B
menidry cétkel R UdsOibddSin @it dbRkure @A istihtingded dHp#Yeft @roultFS)20.
and/ or other software 326 provide software control for

Examph:@ pﬁcmm’y 320 @clgip2, merrmy@amrgwllertlwbél\/%@ﬂ Wegegssor, or disc
dnv% 8<?ﬂtrr @F{ Vﬁ so%?%%%l#r& n Iﬁ§ 3%%’ r%ﬁé’ssé)r &e&%rg%@f&ﬁer and memory

mayWelstaekéd.y. Failure |nd|cat|ng circuitry 328 provides
an indication of certain failures in the nenor

Su m@lmwm%mo@@egﬁcg@nm fos PeemTH PRBirglleg 322 and may be

s e S oS P
systé@f %@Bﬁéﬂﬂ/ﬁﬁ&%oﬁ%ﬁ@6 r6¥ide bo ftwate ol doninembosy eontroller

light” em tting diode(s) LED(s)) |s anot her exanpl e.
322.Poyeicallss this seftware @gntmlwfaé@)b?)mw Poigg fo mgmopygontroller

G e e R R e

indi®@8 of P& B8RrésOndhd memoB0ssiternt.NBxarapios yf the $eildvt irdicating
a channel may be shut down. In other enbodi nents

f
circuitry 388 enqlmlronﬁéhth@@enéﬁ mmpssape e display indieding dhe @ﬂure ofa

user 25 nu ¢
L e R R R O
(LED@&‘]}HS %ﬁ@the@ﬂ&ﬁfplé ERdWérGofisol o uids mqﬂo*f'ldés povedreacthe memory
The conmuni cati on between nmenory controller 322 and

modiulgs| I sompembedimegtscivhansariein Bieres tithssnemory sHbsystem are

B R

shutSioW®. gl %Bb@ln@htsnmwrlmp‘évh&h beﬁfauﬁ%ﬂure‘ﬁh@é écte3€Y, a user
details are not required for all enbodinents. In the

mangE PO ves PEVE, Fagurenindis g 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 controller 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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control l er 322 includes nenory access control |ogic
336 which controls reading and witing between the
woresmny476ont rol | er and the menory assenbl i es. PCDO§2003/034162

with the 14 WO 2004/ 044754 PCT/ US2003/ 034162 nmenory

controller as a whole, nmenory access control |ogic 336
men%é;zjrlﬁc? aroh,l&%%sof %[]Ea)lt g{rsle{qr(])ﬁégc%sﬁléa%tgterélglg gll\é%gdgréi;lgrrﬂ?fdoperates in the
i RiRdrk& Meatd Aut afl RELGE Sed i 4 MMrSingd 1%%{/&151‘1&6&
mter%% i anc}r seconéygg)gﬁne al rllter eg 338 anln 3 °8s
discmssd:chmfthxs elischstiee diirst emt senobnd dgmnelaﬁtﬁrfam BB raatl 3éﬁ dnterface

Dot AP (e b BC e R SO (i OV 4B ga 26 and 135

are 622121: | g}gtl\l/[%ér}‘ &c&ﬁ%oﬂﬁ&%ﬁw 3383680 l48inhA6nd iA%h f;'bte%o

to be witten ” Menory access contro og| c
assefBhes fionthieuddassectors teéaleemittenrto CMemyiry ageeSsiconttohiogic 336
sel ects whi.ch rank e|n accessed isters 344 .
inchiges s SIS iy A 1ha! Siks SaoR #Blegr DR Beceosedy fpaisters
344 §12F 1™, 20 9hd ¢ s%&g 306 laﬁw@axfaﬁme 296h§os | 'af%nchgdlfsgéﬂ' ok
50 detects riggering f ures in nmenory assenblies.
10F&ihirt detectitet cﬁr.duutqn%ﬂ deterits rigg@itp falilgmsiimoleneg assemblies.
circuitry.to, de ct thefallur asb
Failt (dpteel e piropitpy ﬁb@éﬁ? G s Figrdry © di MRS Dinfaili hapeen
r r
cor R0 efREHRE iR R b MTIPuES M merns °bﬁﬁ‘*é§%é€“é R om
interlaakrggmrrrorgd freidony endds tovheon-diatrdeaved node. Mnexempleeofdat a
cann covered w t hout btaining it froma
triggramG AR Fﬁ is ffgwardeta 1 lgsh MgiEthn flda el PeTocverRg ilapt
obta ﬂ%ﬂ? g'oﬁloef FRGAERt mbmotd.t K%Bheft%l)é e ?st(ﬁleftﬁé’cr@an be corrected
menory. A correctable error may be
withowtrdopging datafform eochumpihret menhorgu @rnoﬁ(éﬁlabbcbemrmaymnnorrected for
exanlggg\é qrcl)gglta ngg %%g !wﬁt o 59&% (riglg%tggetéqememory state. As
descfiBEd GE6@ qlngoﬁl% eRibddiertd) el %off@éf%% en@fsslﬁm ¥nfARelbry
inferpreted as a triggering error. Ordinarily,
assemblyr@ata h)ﬂlterpfretecﬂ as 2&riggetihg awor. Mrdirdede cordctalsle failures will not
triggerin ailures, but in so enbodi nent s, .
be dfeE e T e o) SO SBPAd Bap GFOE RoFicGRIS Aiures may
be tré%cl?r(ﬁe g tf%gfﬁ:ﬂ% f08 es, Fgrrtg&%ts%g%%‘r&éﬂgtﬁgﬁ%ts tﬂﬁb‘? emge Bk doe
failures phaitarang)taonembly vdtimenteplacmga m@pgnyragseuhaiﬂg and cappizg data
non- f d nmenory assenbly. that will not.be.tr ed
from FoggBrlpS ey et HRRVAIAC: b Hepted b iagonat Fglubetc Adealy
) .
ther G5 be FBUGPGRYS, | ChBEFE! Paorile IS MY iAGdL by Hinal o
devetopied dakcnmasxmmanyobssmntdysambmmnmesand%nﬂs@ﬁ 2R1$.S a

flow erati of sone
engga% qsﬁ? @a&garaﬂw ohsome FHRpRsteRt of &
: t n
interfigv e tEorEd g%;?ﬁ%‘% ¥ty BESHRR or RUENRE holehf, HOREIR 8
operhtivese thetyatdns ddsoritmdierein erchmd limeted $o theserdetails. tThether
tion, of

enbegigBischoriantthe GrRsrSOlPe FHlo RSP BRGH of ik 25 ) 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-etror correctable (SEC) errors and double-error
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30 Referring to FIG 23, primary and redundant nenory
assenblies are initially operating properly (box
W@ 044784 sonme enbodi ments, hardware tracks thBCT/US2003/034162
occurrence of ECC errors per menory assenbly.
Single-error correctable (SEC) errors and doubl e-error
15 WD 2004/ 044754 PCT/ US2003/ 034162 detecti on (DED)
detegion(REIM 18 mayRejadepsadenyly tragked DEDEIross mgy designate any of a
l.e
clas%i gﬂriég%b?%lgf ﬁﬁ'%no?fc%l??cot@hgg%ﬁfﬁ% ?&%nsgﬁ(ﬁl Iﬁ) y&m@ Qﬁqbod1ments an

erro€ fbwiidatien bscursin the kyém mdd DEDCeeﬁdr@mmamreﬁedl Br iflare-defined
systemif a DED error is encountered, or i

num;bﬁéo frorienishle eipRpEE caeowRIPE buhbrbisat tﬂqglrad eThe time-based
t e
courgtrbcf% (ﬁg gl’bte chgazed ngalﬂg[ a tﬁ%gﬂé}{ei,d\g%ég Begﬁ‘o E{%ﬁﬁgable
AUTO I’(&$d51@) ferytu h}iirdwme defbcﬁﬁg)@m afrom A @aﬂure“shﬁ@b(e@ﬂi b @eStlory
refers to hardware detecting an error. A failure may
modyde gontaining REFATY dyjadedundant datmpipthr Thaekanashk %pntammg a failed
t n n
erf VIG5 oG ST oSO RM Ot i
menedif miule, il'd‘callecﬂ tiernoahdctilchansiet. hout a failed nenory
nodul e, is called the non-victimchannel. 10 Wen a

t r VYB3 Higeeang ﬁﬁll@rq 1§ dgteeted (lx 3390 xfoggzgmplﬁ becassadp| e
unc&‘?e%géﬁeeEé@ ertdP .‘r‘soéérf ?ﬁﬁt?x%h €, R isle iy éleh Yo &1%%8%&;%5189@ rflemory
re IS re-1ssue € correspon

asseatbdeoidsyerablieds mmare $n nidﬁrody\acnﬁrdller mmna(ss@ﬁms theldata in the
322 re-assenbles the data in the proper order when

proneé arfisr wihen reads, aig issyed Hoths gau-iailadancmenymssenatlics niblardvgare will
i
AR b SRBLL Tt O T FRIR s AR

recohﬁgmlefdlygathfbaﬂy mgotil thatl daya seutidhstih dlie detia ré@eini o2becdrie tddandant
victimremain or becone redundant data sections. If
datarﬁé%%@al@ﬂ%@ﬁégﬁy@;ﬁ%wwﬁow pimAgrapdgpdpndaiuneranty asaerpbly pairs
S f
are GEBEEECRR e R AIBRPERIRHIN dodBhol AR BELAN

r e(U’imhlrém:pfif)n bflfhettﬂ’lgmmglfﬂ@ré ablification Mdoiffwag@iniap Place some sort
software may place sone sort of call for service. In
of C?‘lbg’é SH¥ice. &0 FEPYSR, HBgrSAbRY potifréhermashine thehahotswap event is
S
g YR NG o A 08 oW SR 6 o

356), iolatidg e clianndlabhmathiidithechainn slenoniiemblyg CdidigutaionWrite
menory.  assenbly. Configuration wite, (CFGwite) is a
(CRGopiighise wéviashaciontoaavdiyase. Theinvartionsiasneotdimitadde using this

oo TS Gl 0L or RS ol SELIMES AR Bl g

us ehrdvriae i kequehtd the mﬂﬁt’iclefrbﬂﬂnteﬂazmddtm@fbréd ®ory state
interleaved mrrored nenory state 25 operation to
operatipyfossinglenshrnne hepn-intarisay %aat@ae%wrl@& thag pe trangagtions are

lost, #E?rg}}a? (Phet %eaﬁt aﬁgwacroﬁﬁglhrgt%n re@{iins I 1bt1e!]§) c%ﬁfﬁggﬁle' n

ura remarns 1 nvi si e O CO

softwarkt WrﬁoryMbﬁMl}érGQﬂWﬂ IthemrelcteZealiylidolath eite \ﬁbt@mtchhlﬁfﬂl 1y
i solate the victimchannel; . disabli n% al | cl ocki ng,
disabling al} ¢logling.iang tistating chanmebintestose sigpslal Softeareropamannicates

withGREBWaLERE Snagement controller to remove power from the victim 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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wi th the baseboard managenent controller to renove
power fromthe victimchannel. 30 Software notifies

W b@4verbni ci an that the victimchannel has beR@I/US2003/034162
i sol ated, and comunicates the location of the victim
menory assenbly. The location of the victim nenory

~assenbly nmay be exposed to software thr %gh, for
regiwsZApps a0l meROTSRRIBHAT LR OF 25SpelaiRe cHigBUnY(Aoraxatple, an MCH).
g / 6 ' .
W RS RAR A S o RS G TR O e
dispMayér d basebuaed carhitodlenmycekstodiimminatecat kDI ncl ude a
gr aphi cal sentation sent to the dis

ba%ﬁ%@&@afglgﬂ{e &F ihardwaieqgtomaticplly waiting or;%% ’Ere%.cw %tfb@
% . i L
i B0kl 555 S8l AN B PULEIAL APl bl o

the BérthbBrastdni k] Qgnalled apeativmangxbsteissgedpahahowuitim channel.
intended for _the nenory assenblies. Cancelled

Onge thsrrhapag) hpebaeaiizalated (hax 198 thotrshmician maghripeaut the
faile?(glg%rl]cg Qssetil ?llgg\ggﬁthba?ﬁ%tﬁe?%eﬁogg a§£%1i§35§ﬂ that Mannel if

ICian nma out "t he nNenory asse y
desigdong with any other nmenory assenblies on that channel
if desired. 10 Software notifies nmenory controller

32 8oftyatsnstifigs BSHIOTY HORTAlSH 2 beaughiac agdighiRtiop pegegt ingoesin

i SO BTy 0 IR G54t
to revésedblish povaenelthe vibiim chemebnThis géquevendbevehisailiows e memory

menory controller to prepare for, channel, paower-up by
contrelien{d prgpars dor hguiel eawrTTH bY speodngHigiredyireg interface signals from

e

some BibodifRatss memeRpeontoilat 329 is e¢spdable Sorr driying sliobk eighals used
driving clock signals used b tqfie menory ?ubsyst em

by the TR UPEYATARE AAIS FRANVASP RS erkiag 3alell. Sof t war e
i

subordifatephded layied 1bar@dd.) aandfor (EdaYed lotkeddibop YDLD) ¢ihmitry in the
menory subsystemto |ock, typically a few m || iseconds

memasy sutEgstym tadocknivpicaly atdew sitlisarands Lepxmfs) uft this Boiph goftware
"ser | . Ry i .t hat

1564 BTSSRl SRR STk SR e 0D

popiiletet iathapy corrdct tdehnslogppdhd swappwd-iredevdees otnop peeissB iyatch
match the technology_ in use on the channel still in
the tgehmolagydn ushen tgshawiel b inssg ba samaiader of thaseguence may

' t L ' f :
oo B ERTHL W ekl BERoR, PRSI & ity R
the deRfodh hehinGuitsble, welvellas proctelyswhat iswradng withwheng Wi t h
them 25 Software then noves nenmory controller 322
i nSeftvars then BeNes Pempryrosiratle 32&ﬁaty0 itprretcopfguring datgeand

ot DAL B D 8 B AEESIE e  BEEE e s
in theAndrhery \ab<ehribly 61 tHenadtir bhanndb@dbx 364). STHHs sgge inchidesiasy
impgir:l)r/lce and timing calibration required prior to utilizing the replaced devices. FIGS.
20, 21, and 22 include registers 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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I npedance and timng calibration required prior to
utilizing the replaced devices. FIGS. 20, 21, and 22

WO pakes4 egi sters 344, 346, and 348, respectiRE/YS2003/034162
FIG 21 shows registers 30 346 in a chip 164. FIG 22
shows a register 348 on a nenory nodul e 160. Registers

346__and_ 348 may hol d configuration informtion, F]GS.
be logt. Tha 19‘@%@%@%? {’%WFFH{VP@ Jomfhe Ceaﬁ-iﬂ%lﬁ;@ﬁtr@pyfal%@ﬁmw

HowlcHEs 3y ManBeisly M R SO o sy BB s
registesi44 imRG. 20hmy isduderthatdnfotmbion whicheue de faurittentib eegisters 346

cogrestpﬁ%ndi ng non-failed nenory. However, in sonme
and/pg 3480t thg gey dpﬁr@@@%%yéﬁﬁf 16848 may be read only.

| N IRy EASEn chinil) RUAEL 38 4nd Balftkffed, 3B WRY BGsHfiEingry

t hat ntormati on ev%/rlttento reglsters
conteolttt 822 B¥Bs mbmtyecapgwtaye, iwises it el metvatayicabsdughchesll &

On h icti h i s..back d lib d
menigy oileriGe HAES! HERGRS T BRUFGT PP FITHIY (ha TS0 Fgrdware
i PR SHEA ShRER okt ap Y SR BAL B st o
the dopywpyratissenbl y (box 368). Hardware w |l detect which

channel was_the victi ch that the proper data
i ni@u“f‘@%@ &vijl @uwg\éltlsﬂbgﬁez@%t whe ﬂ@owwg éqrgrlptsr{wﬂip (compete)),
and SRINBIE Pohenc® AATBIAI i GRLR Slintiind ity S08Y obctation with

readiandeirite bpetatioms oot egdie mterdeaved naverbotie ohayekt(bbde370,

AUT Gl et b 25 oAb SieH I eHAh 1 15 RS pguor restricted to the
fic), and box 352). As nentioned, the
deta%ﬁlﬁ'?%é are not restricted to the details of FIG
23 Thife atb differant eypds bf soreinterieg pabstatks. nBor-dxaingid, @ay édly non-
) tates. For exanmple, in a fﬁel Ly non- interl eaved .
interdgayed stafe, eyl ghanmglis spmpletely syt dowmypodbattheisygienyis no
i _ L o1
tonge] Bk, T e Aol P BfanfT ot it e 835301ifope and for
practical pugposeq) tiagtareall trpatepas@smartyhiay, seedoral [Wherepdvedt igigestored to
primary dgt a sections. \Wen power is restored to, the
the Vetmichinnea iffefata tsiropiediaioils EpeRI@stembics pad therppingary and
reduftdsf TRlstoF rdbrl REctidhs IBE¥% @Bﬂ }%g ‘in‘F%Qﬁ‘ﬁﬁﬁ nﬁﬁ-fi‘xlﬁtléﬁea%d state,
menory sections’is re- establ 1 shed. 1n'a partirally
the victimichararel ealary mémoém, assdnitdiey tletréimrerhain pbrating exoept for the
.. menory assenblies therein remain operating, except for
failed paemqryapssnbh (RS agseadlien 11y thag Passs@é [981aj ssgtjons|of theygemory

s o Ok o R DnBPRSY GBR SR bl
remdir iDoyclaggetorimary aisruntihtherfaitlra igericotadr ilivednte 8dsas bsd in
until the failure is igrrecte(gb In some cases and in
b

some gmbedimegisyhgifarene may bR corrgsted Py meEsly sepyiag fala dom
conér*[sg6§&1¥g ﬁ&HJAfdrlr%lQ Sk ﬁEes%pié)?)f‘go d;hgnﬁga%erﬁéﬁé?ﬁﬁiy? %ré AR0s EALL 89 this

nmory-assenbly to Se cases,
partially hbm-$nterleaved state, the victim channel does not have to be shut down as it is in

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 failure, 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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partially non-interleaved state, the victimchanne

does not have to be shut down as it is in FIG 23. It
worey4ow7s4 out , however, that nenory assenbly hBST/US2008034162

repl aced. Variations of these basic types of

non-interl eaved states may be used. In sone

enbodi nents, in 30 response to a failure, redundant

the failage {5 domectgd s i thisgwae ity cerdBwapioybe redynstantmpmaryaiiil the

Adistri ed in non-failed nenory assenblies on the
faﬂglﬁecl% Fér)ﬁ?e;é&\eéfor non-vi cti mchannel until 18 WO

2004/ 044754 PCT/ US2003/ 034162 the failure is
corrected. In this V% there conti nues to be

F. r e dsREARIONARINY ORMATIONANPEMBODIMENESr ect ed. F.

Al Tl | ND, ENBODI In ch .
Sy bbb Mo it b e MR PN R e B . iffgrent
refdi@ite nantbed tfo%lhggﬁst thaethe medheryRuft6llers fbgﬁdé@ﬂ@é tollak diffgent.
e e

menory controllers represented could different, )
Howpngsyamemarsheapiollercony boflpxiblerpapugletorhayg diffesentimplpmentations

ond R of 5 S o T TR B B e AP B, oS

cha¥M@dlé Shbsvicinaha BhseShaywbe ithe dahre dridtksrest. Mlichont Rerefardd to as a
or different. Which one is referred to as a 10 first

firsiohenne |and mehichnis epllads seapndehaanelds ambitraryiadhe vajigus memory

ass e A by SRR B R e R R AR

det gh kboditheai Qﬁiilﬁﬁgﬁinein&ti@ﬁ ok aﬂd@ﬁgs Q¥ eHelifVen@ion e XREMBleAce in
of the inventions. Reference in the specification to

the spaeifigation farimembodispeat.e rbegierediment; s seme enthodiments, S or "other
or.."ot.her inents” ans_.that a _particul ar o1
e gt e R R o SRR schioRle P PR desprineg in
conf&daGHitofRe whibbdintatsF iid¥a i 8t lesst sorak ¥aBEdintend, but not
| east some enbodi nents, but not necessarily all

necesspokyi abeambodiragnts, o theripeentionss Theryariops appragances "an

ear.an, "an,. odident.,." " qn phodji nent . " or .
ern R S BB o BALr B B oo R Pihtsap iy gl reforing
to thesaneensdemer®odi ments. I f the specificati on states a

cg&})%onent, feature, structure, or characteristic

the sppgjficaiogttates apeompanghly feabae, stace @r charagteristic “may”,

:RAGE L GUl ar..con t aL. ur, struct.u or
) b Koffe: BETRARER, ot SR poPlyolEh fefpatroctpre: e
chafipReisfi¢ Badot Squited & W iAtlugéer B thedspeadificMion ordlaintleeiB Rt a" or

t hat does not nean there is only one of the elenment.
"anf elepqet, e dogsinohiicamthere isonky ons afdheelement: dhthe specification or

.additional” .el.enan t not eclude. there
claiffithist 02 aafEHEN brenichE el A58 AP br e e b are shop one
of thdwd®htidranslemest. Not restricted to the particul ar

details listed herein. Indeed, those skilled in the

ar tThea0vengionsaremehessirictasktotths particwen desailsdisigd herein. Indeed,
pRrEeG. at.e that . 0 re..vaeriatjons.tromt.he
tho @ BRIET R DR Rl oGt RS et ety other
variatiénsSee ehedforegoing description and drawings may be made within the scope of
the present inventions. Accordingly, it is the following claims including any amendments

thereto that define the scope of the inventions.
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the present inventions. Accordingly, it is the
follow ng clains including any anendnents thereto
wo bat/odissi ne t he scope of the inventions. 19 VECT/US2003/034162
2004/ 044754 PCT/ US2003/ 034162 CLAIMS What is clained
is: 1. A systemconprising: a first nenory assenbly
coupled to a first chann(éLAﬂgs second nenory assenbly
coupl ed to a second chann d a nmenory controller
-ngﬁkgmﬁﬁ first and second prinary data sections to the
Tirst an& second nenory assenblies, respectively, and
wrilt e fiA systeamdorspomgt r edundant data sections to the

second and first ssepblies, respectively,
whéﬁgﬁﬁnPH%”¢¥$%?b%ﬁﬂmﬁgggﬁh mF@E@H@antpdata segtlons
arg sé&qmﬁa% sééﬁntﬂ? g\%ﬁ&d o dasnd éHaﬁhelaﬁkﬂi second

primary ta sec respectively. 2. The system
of acrhemmyl:pnmh]éﬂeo writhfrst and Secawpﬂmmtmog{s to the first and
assenbl i es ch |nclud

|
secaq o G Ty AR PR s BB oA AR oot
sectfons c°0nd Fl@ Eirét '?Hérﬁ’cﬁ’g a@sterﬂb?i@? redpbBive® Keherdih %{eeﬁt‘at and

eac I nc es elther one of the primary data
secosld(redtmdantaiataﬂmetmfs ardqeeduedbun dathtrespatiatoslee firso asd se¢ondl’ pemary

temof claim1l, wherein the nenory controller is to
datav%\e?tf%lst‘ﬁﬁﬁ“’&u&ﬂﬁ fourth primary data sections to the

fipst andieSoand ARIRIY WASRATRL RS ant SSRAA ALY as@fitblics

Wi te third and fourth redundant data sections
eaclsiacludd onlycbrkiralst. nenory assenblies, respectively,

V\hreln he thir ndfo rth t data sections
T e (R SHECORHY G 1y St g ARG SeoR oty Gavepplis
eacth bfﬁﬁé ¥t Q\%ﬁc 8 Baiks %ﬁerelﬁ%ﬁ&?%k\{ﬁdlﬂdes Rithd Ve Of SheSPirRhry data

alm4 erein the first and second nenory
sectmserr’mhe eShe smlohdim dhtadectmms] east two ranks, wherein

T AR ML K MR e R
four?{ia }larﬁxlll}?ré/rﬁaia soBhEEEh Bnd £t ARTREYnFRABNEA) ds8EmbIG! MG tively, and

det ect i on circuitry to detect triggering
writé dufdm}dsfoofth td“(h&lndlﬂﬁﬂa'(yl sastgmsihod tm$eamd and firgspeonery assemblies,

respEGHHED MIEFera e o and e e Ras st eStion e FRURUA with
1 O T iy 0o, B kestayg =t ot o an

mefor y d&mtsysibﬂnexf claith iy, mhetefreths st sémnd mamdrg avsethblies
each 1nc{ %&ra gtd 1e£"’s}%5 ¥an S, wl?erem each rank includes one of the primary data
sections and one of the redundant data sections.

6. The system of claim 1, wherein the memory controller includes failure
detection circuitry to detect triggering failures of the memory assemblies and in response
to detection of such a triggering failure, the memory controller switches the system from
an interleaved mirrored memory state to a non-interleaved state and after correction of the
triggering failure, the memory controller returns the system the interleaved mirrored
memory state.

7. The system of claim 6, wherein during the interleaved mirrored memory

state, the memory controller only reads from the primary data sections.
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30 7. The systemof claim®6, wherein during the
interleaved mrrored nenory state, the nenory

waeonwtnod7ser only reads fromthe primary data SBCL/US2983/034162
20 WD 2004/ 044754 PCT/ US2003/ 034162 8. The system of
claim®6, wherein during the interleaved mrrored

menory state, the nenpry controller reads fromboth
pritvar y RYSSEATARHE A 1@?3%1@5@@% rggmory
L . . '
S o o Tt PR 8 sections.
f ai9. ur esThersystem ofehmimyl , adeemittlicasernony dontrokarinciades hilure
to detection of such a triggering failure, the nenory
deteclion FFEY I g dnggrang rfalhg $INdag Benony ?%ﬁ@%h?so%ddn Tesponse
- i 3 . 3 |
o O ha P e PRERRET, e Mty RiTRYol Bt o it data
sectains dtomi am6n-failedmadmory esseatbdy td fnemoryt assembly thaipegidces the
.fromthe nenory controller to the nmenory assenbly
fallfi‘if&?mP’é'pqsé?f’é Ythe failed nenory assembly. 10 11. The
sysjtyem o] F Al 3 is ol
AL 301 y oY R ol MR RS iR atoll & Co B ot he
menawy eohirgllarmo theenseayradsenitdy Hel repbavds thiedhbédmednery assembly.
menmqry ntroller.is towite third and fourth prinmary
dat'd" seq e&ﬁétewfﬁhentlh firehen fempidting ﬁﬁnﬁ{eﬂswry assembly on the
N, r .
B R L ORGb B P O ot oo, PBflpein the
mendryy rcdntinelbayriytoassierthird esd foueth peiedary daty secttoas 6 thetihied and fourth
third and fourth 1 regundant data_sections are .
MLy A lewr?%’e?fé‘é%éé? £ wikfthitHiand fonith tedundant date pegtipns to
V .
the Rk o SR st iy AR Bk Pnd o
redumdangrdptanediidsaresdhndanc vittliregpecetonhie/thitliapg feaurth pvesei data
the first and second portions of the first nmenory
sectlggg,erﬁmegt.lgeﬂyé included in different ones of the chips
of 1bhe f”[’h%%gstglg_o@“éﬁﬁﬁﬂ, SfePihy f@&%n&@@@oﬁﬂ@n&ﬁ%fabgeﬁ{bhes are
and second portions of the second nenory assenbly are
meniarg immdlatksieacldintfudirgnhermagschfs aht eviehsip hedirst diel seeqminsbrtions
mepory assenbly. 13, The, systemof claim1l, further
of ﬂ)@&%%smﬂ@ PRTRRY amnﬁlaa?c} W ffswa@ws of e chips ofjlaq Byt
r‘ 3
e B O g AP b A g b Bon O S8R momory
assewibéy &ienndlidedfin differentdnsectthe chipsof theassmdbhémeryassentbly.
25 subchannel s of. the first and second channels. 15.
Thé§syst stsrterewépfﬂl&,h %@F@%ﬂﬁ%@%ﬁé@;ﬂdé@mﬂ@apws-
coRgurr I [ ]y : '
ceaand prr st gt PRimITHrRt iy Rind R Hd Ehol{peater hubs on
the fimst gndecrs] chafindlyend whsteimtie faetcmddecondunsanty adsdniblies are on
ecti A system conpri si ng:

on 0 16,
subc?nannels ofs the %rst and second channels.
15.  The system of claim 1, wherein the memory controller concurrently writes
only parts of the first and second primary data sections and concurrently writes only parts

of the first and second redundant data sections.

16. A system comprising:
first and third memory assemblies coupled to a first channel;

second and fourth memory assemblies coupled to a second channel; and
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first and third nmenory assenblies coupled to a first
channel ; second and fourth nenory assenblies coupl ed

wao 200a/08560Nnd channel ; and 21 WD 2004/ 044754 PCT/US2003/034162
PCT/ US2003/ 034162 a nenory controller to wite first
and second primary data sections to the first and

d bl i i I d it
{1 Aaommory COBReIE 1 B A o heReD BRI Lo tecfines b fipt and
seco?lﬂ %Jn%rk%s&ﬁiﬁ@i@% éeﬁamh 88d WS BRE bhy &lovnd WRRLEIM dhfae

Irst a seco dunddnt data sections are
sectioasl tonthafourtti artd third peemtory assehblies, respectivetlys exhergn firei firairand

N NCTE IR TN A

dataQELiff) RBpeetiv@yi try to detect triggering failures of
t he me’rm?@ assenblies and in response to detection of

sudfi. a tTheggsemrd cfaiam|l6y ehereinghesreoroyy canitallel iretudes failure

switches the systemfrom., an interl eaved myrored.
et SR R HTRRSHIR Rl e Rabe s bl in response
to d@c@crt{o?l f:sﬁéh Q{rig[%?ﬁnét ifufd, %blﬂgﬂf RntBl16 swilBedBERYMem from

controller returns the systemthe interleaved mrtored
an interenvgd stiabed ndnoryistatstpst mm-inferleheddntdiz andvafieraionretthen of the
. non-i n\{lﬂirlﬁaved state ils a fully nan- 'nter!lea%/éd.
triggepge dailiRe e MEmOopa Fontiollgs erph e systrudhe gl ved ainyed
AoiveQmpl etely shut  down. 15 19. The system of claim
e 10;3, \I\E'érei n the non-interleaved state is a partially

non8i nt dieegsted ofthire 1Awhertinehe hamirgtrlesived statess & fillenon-

NN R ST T

dowhhe failed nenory assenbly. 20. The system of claim
16, wherein the nenory controller includes failure 20
detl@ct i dihesystemiofclairh d7debaein the nguartenhapvedsthterie s partially
the memgry assenbl i es dinr nse to detection of
nondajeyieayet sfeiggehemge chpmnal with fhedaiBot fsabibds not completely
GRRInE REmBR Ksdffifes 1Re6h AT opeMiRg Bt firltBfailed
ﬁunneﬁ%?émgéggnﬁwgg{osgﬁieﬁnry agsengf@ tﬁa% re Iages f%g

menfaay hesdnbiynory assenbly. 21. The system of cl aim 16,
wherein_the nmenory. controJler js to wite: 25 . third,.
Ana0F our R SHPAGEYIadR1 & SRR RS megiorh cORIGIEF igfes faiture

i &?g(gg{'h BilurdsG8 RRGhENS SARBi 4%l $n
detetétﬁc?}{r)ﬁfkg% o%ert%?} r uln%arl]tur(iata sect nasssto tlhé1 Pouﬁets onse
to detectiomhifrsdch areiggesing Ssland) theasemonsqatblleralopieswne oeinore data

the third a fourth redundant data sectiqns, are
sectiogy| R RO at?lﬁd p@mﬁssmg&qf@ AIRERAIYATSERINY et relaces the

faﬂe%gﬁgnmﬂgcdggm _ respect ively. 22. The systemof claim
21

rein the nenory controller is to wite:
The system of claim 16, wherein the memory controller is to write:

third and fourth primary data sections to the first and second memory assemblies,
respectively, and write third and fourth redundant data sections to the fourth and third
memory assemblies, respectively, wherein the third and fourth redundant data sections are
redundant with respect to the third and fourth primary data sections, respectively.

22. The system of claim 16, wherein the memory controller is to write:

fifth and sixth primary data sections and eighth and seventh redundant data
sections to the third and fourth assemblies, respectively, and write seventh and eighth

primary data sections and sixth and fifth redundant data sections to the third and fourth
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30 fifth and sixth primary data sections and ei ghth
and seventh redundant data sections to the third and

wo caroi7assenbl i es, respectively, and wite seR€nUR20a31084162
eighth primary data sections and sixth and fifth
redundant data sections to the third and fourth 22 WO

2004/ 044754 PCT/ US2003/ 03416 menpry assenbli e
menjogy SR8, JesDRgiBes RYeK %ﬁ%&fﬂk Slgﬁﬁwenﬂb%#w,ﬁfharﬁamdam
data SEARNLE afeezgﬁ'l{ﬂﬁgﬂt; Wlt? ﬁésaec& @&ﬂieqﬁﬁl, 3ixth, SRl any eigﬁiﬁbﬁmary

respect to Si xt sevent h, and el gh
data pedtivas,yrespitativelgect i ons, respectively. 23. The system

of .claim 16, wherejn e third and foyrth nmenor .
as3&nbl i § sysiem pEolapm d gy wheseinghe o fewth iSOy asspghlies
are BBy {d e Mdhithy BOroiRE ?ﬂﬁ alteife rfifst%ﬁ? @Mﬂ%meﬁéﬁggﬁb&gs.

systemconprising: a first group of nenory as
co4! ed At gystnf ¢angirisatgannel ; a second group of nenory

ass lies coupled to g secon hanpel ;. an a nmenory
coR ¥ ISP Qfgl.‘ TR0F Y \Reerpligs F?‘Hg‘?‘f@r%ﬂ‘iﬁt drnpel nary data

' 3 i { .
S e&%é;ﬁ{ia gg&gﬁ({&" r{/lvr&?‘t%g aS8enHiks E(K\.S)Iéd {0 se05: Chafthiel; SRITOT Y

asse a second dgroup of prinary data
seemenmyy tontaillek gmst one of the second group of

menoys ssenblies;. and wite a first grou f
r e WEHGA HESt GHRUR @@maahéatﬁ geckionp @a%tﬁe%ﬁ@leo f tﬁﬁ@f% SR PL

men%wyﬁcﬁt)lie teBSSEIHRA Jr g{lﬂfﬁ% ' tcﬁtaaseéf?(?rﬁrlig a? egéﬂa)ne of

prinmary data sections t east one o

the steansltgrgupofpmehoryeaspayblessambl i es; and wherein the
r.oup ant data.sections are unda?i

first % of red ng rgjg t
wi PRite & Ep grouppTendantdata sgpigns topl lspst o8¢ 9 farsgcond group of
mendBF hdsBRBliePHd \%xg'tg a%@@&ﬂ%r&ﬁ;ﬂb‘ﬂ)rﬂfla RAUNd A nsqgtaﬁleést one of

sections are undant "W t'h respett to the secon
the fgstqrpumdf pemomrassetaitl@ssact | ons. 25. The system of

claim 24 erein the nmenory controller jnglude
f aPihgieEs thg It SRR AR YPOHENAE & nilg gy esget to the
first gﬁiuéléff?ﬁnﬁi'y 58 SCRIRE, ﬁn@ﬁm&ﬂ@%‘oﬁﬂ dr feﬁulﬁ]&aﬁp 8415 SectioBls are
etection of such a triggering failure, the nenory

redundemt mathl respestito tthdhesondgroay of prmaryodata sactiond. er | eaved
m rpored nenor tate.to a non-interl eaved state and.
reb " odns Sem AT gt 7 Wliqr@ggf&mﬁ@owaqqn{m@?r oS fiure
0} r‘ . d %f
oA 0L S A B M Lo
to detdeeioriofi sudhen tiggening fadwuter thielnesmory contalter fswvitchesdhe system from

.detectjon circuitry to detect, tri ring faiJures in
an injgy aﬁféim Iyoraé wmsﬁ gatedfa WOH'IPT@QE%%@W? PepdteE eprrestiogrof the
trigg@riﬁ%%agﬁ% RO éRblyWotrofi G RIREHY s e djh{%'ﬂeg\%a' thitro?&te
or re data sections roma non-failed nmenory

memaswsalel y to a nenory assenbly that replaces the failed

26.  The system of claim 24, wherein the memory controller includes failure
detection circuitry to detect triggering failures in the memory assemblies and in response
to detection of a triggering failure, the memory controller copies one or more data sections
from a non-failed memory assembly to a memory assembly that replaces the failed
memory assembly.

27. A system comprising:

at least one memory assembly coupled to a first channel,

at least one memory assembly coupled to a second channel; and
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15

menory assenbly. 30 27. A system conprising: at |east
one nenory assenbly coupled to a first channel; at

wo e@gi4ene nenory assenbly coupled to a secondpPchasmes/ 34162
and 23 WD 2004/ 044754 PCT/ US2003/ 034162 a nenory
controller to ordinarily operate the systemin an
interleaved mrrored nepory state wherein primary and

r e GURRIBOTY caBiralles ¢ pydinns ﬁ%ergf@ﬁhe $ystennin g ipterlegypg mirrored
e B8 R R IRe R RSB RtlyPlepd RO rfn second

memdirg cBe}tﬁleﬁite@facé‘d autnat2imeswh epante thdsystentrinr yn@hitéridaled state.
istoo erate the 5 Séstem in the interleaved mrrored

meAdry JhasEstemof plagmiy; @5@@%@6 memogy eontrplighis tgopenate the
t
syst&ﬁ'ﬁ?r 5 fﬁgﬁ&[@h ?rgfe?le@%%ﬁ@t télt L g g%’ri]ﬁg)%ﬂure in one of the

menidry ggrembligs & alieteated bytth@nﬁmmr yommﬂitef @hd &f resporise bedetedimn of a
system fromthe |nterI§aved mrrored nenory state to
triggehag o hus. AR HERADL POl bs iR fhedySiewy FlB thegRtealeayase

mlngfedqgﬁﬁélﬂ%taitén 't&l{ej h6n-i Qﬁea%&r%% a‘flﬁ%‘ft@?&drfe; 15&5?@%38%@1@

tem eave mrrored nenor

fallu'fél ehemsinen afntmlllan Etutfls thelRestemnhé imeerleeved miresrb@meatbry state.
state is a fu non- interleaved state when the

chafinel T\hmshst%rﬁ@f £laim 28, wh%wh%@%mr}eaw@d #tategs adighynon-
mteﬁ&%d stgfévwhen%ﬂe ¢ E{Bﬁ?ls‘%ﬁﬁﬁ{@fgﬁe p@%.%sem% f%‘?‘?léav Ly shut

erleaved s elrs'a par I'a non-
dowﬁtate when the channel with the failed nenDry assenbly
i s _not conpletel down, and any

shut
as3S8nbl 11hs sysep %ﬁlarvé ARi Whespwrthe nwymé@zf&f‘éﬁ@d sigie i pgattially
non-ll%hgaqzed WG NerRE CRInYt whf the failed memory assembly is not completely

shut down, and any memory assemblies therein remain operating except for the failed

memory assembly.
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