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WD 2004/ 044754 PCT/ US2003/ 034162 | NTERLEAVED M RRORED

MMaRY047Yeg TEMS BACKGROUND  RELATED APPLI CATI ON The
preser{? §ngpl i cation and application no. RC{E2003 34162

I\/lem)ry 5 Controllers Wth Interl eaved Mrrored Menory
Modes" (Docket No. P15192) were filed on the sane

day, have i HeTERCBAVEIEMIRRORBIPNEMORY SYSTEMEE! at ed
subject matter. TECHNI CAL FI ELD The present
inventions relate to nmenory systens with prinmary and

redundant 10 nenory. BAGKGRERNDNIXT: Conputer systens
tipl cgl L\ﬁg' ncl ude nmenory devi ces. Dynam ¢ random
DRAI\/B) are comonly used nenory
devi Qg@ rge ano &
plebéh Oﬁl&"aﬁox{ ﬁ‘ldaag:bﬁﬂt%n ngl 99 _amouRkfcdimEAbs

Menory ers 1ss
Onmqqzlws WithdnBRaMed MitrofdicManbey Modézsé (Bbd{BEHOJ Pi15192) were filed

o FRRaRE g MrafL R ot ind it P e

DRAM in response to a read request may be used by the
Erocessor or _another chip. The nenory controller may
F@Pcal |y separate chip fromthe processor

or
cyst ohe Peecliarafichd Meie ) Aofon el SRt Rery ST bl
memeryd in which 20 nenory subsystens are |ncrea3|ng in
U size and in device density.
ng%gﬂggﬁ&i he | arger nmenory subsystens is an
| NCreaapuer §E@HHs tyP6ely MehRRiNe A idetots. HeHathiCFnabm abfbss

t he DRAM devi ces used to inplenent the nenory
mePEsIDRAMa)are pemmgpkypisgd lggmgasdeéfmeg ﬂtav\sforegdaﬂmis larggre

artuibld Stda &alm%ggacgh&aﬁ&s Qfue ddug&' %?lcﬁtea&’re W ADDRAMS.

given quantum of data nani pul'a
Tieoduta 1ol Heastared in regpoyisecta sodte t‘dflpleﬁf&imrr m@ﬁt@ﬁmhraqubaﬂssor or

n a fixe corresponding.,to a
arpfiet i, T Aok o 9 e BRAD! B reSROmas I asofs et may be used
byPHh® PR ER6L &Qiﬁ@%h%i‘chlf OThEMEMB onﬁ‘oﬁ@r'THz{)Vbeclﬁ 3 oﬂh%llzﬁg separate

designed for CPUs wth a 64Byte |ine ray st
chgufsom the prgaesseror imtdigeondarsame chifeasdhe pweesser. syst em

pro ed severa ure eted .
B iR Shferpr Rt f Feck O, et which
meandsryrsﬁbSyﬁteﬁb ard IRAbA SRR IbBtHsAbasSIyfd s28 and a6l dyvice (ﬁﬁsﬁ)f I's
common f or gm)ry controllers to jinplenent an "Error

Aqegrpaeiing the Egaer mermpey)subiyseRs iS4 ingisasing esgarencse4both soft and
haﬁi &rfor® fn Iﬂé’m%eﬁtc&r ®Ed & idfenibdt eGSR0 sleh EAs the

fragnent
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 syséem 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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WO 2004/ 044754 PCT[ US20031034162 such that any single

or conbination of bit errors within _an
Wézog‘{léf%s“bbl e may be corrected in hardware. P%ﬁ{%szoosms:uéz
mschanl smpermts a systemto continue operating
reliably in the presence of occasional single-bit
sgobfthat@ny eingle bitSeriv lok c@mbih#tidnhe bitfe@SeN@#hiffan alifkichibble may be

error gffectl ng.up to an entire A DRAM devi ce.

cerggetaddn SAEwEFe- ( FHSMEshEBISM BeRmES & Sysiem fogsmainieopsrating reliably in
iR/l Bfide AGRLARIal Bhd100ie B HROM AWHFRT tlHlrodefiEe G hard orror
nmechani sm may break” down when " nultiple soft errors

aifeating pp b entizel xd PRAMIidayce Bxtcmsenston this algoeitton yre available to

P S e s P Vs B FEL st st Reaitiogh when
mfuﬁfplc @fedriord 28 eﬂailmtebédéiv) a $Thyle B8esd® tBOMOmbEy ﬁ@i‘éeﬁecailde the
rout ati.ons of two nore bit errors. scattered

11%?%%%%8 ﬁ?%@ﬁ)&&liﬂ §t°§e°k1h3ts NPT §VEES ng%b@, eel@eheck bits for

VR PN B il I e 2 co it p st ohfof B8 o B bt v
saafwred;am@ thapﬁentetcwam‘ a given nmenory subsystem

i mpl nt at n Known sol utiops avail ahl e today
o R e el o edind e iy ot AEReGY A i e
mBiﬁH@l’ s¥or8. Ubﬁﬁ'ﬁﬁ@%ﬁ:\ké%' Bitbf ddta Hiaé fhelePeBiR\afRil W a g1ven memory
15 FIG | provides an exanple

suglf;sge;; Ix@.ﬁgmqgm@ r SopwR selptions avpilabis today alsgrequire that the
avadlat] idtA ok %Qﬁelﬁorgﬁg%ﬁgtfsﬁqgcﬁﬂgl 1alf tgnr,i\révl?&lth gring

coupled to a primary rror c anne
capghilifyenory nodul es ML, M3, Mb and M/ are coupled to

Ve, 10 LB} 145S ob SHALE OF VEIA fSInE FREniorp I RS B G 1, &
SY§t@ﬁ1t ﬂm&u&% mQh&glaontQﬁ%r 19fcht Efé%uﬁl%& P4 ﬁl\ﬂn htaﬂnel 16anda -

menory chips in modul es M,

mirkey ghanapk 150 emeranodyies NbNM3 MBland Nﬁﬁare cmﬂed:leammaew e

o136 e R S D58 Bl S 1.

Priudy BB sections Devli DB4| DAL, mmm hl ﬂr@fvldéiﬂbtméiﬂirytcﬁlps m

eRlE N g )67 ine eumlonia eshioniphth i 343), emd DB2'

K C]ﬁrg@ldfed {ShehOREM R in HéBuledRIX MO Eﬁ" ahd M%ﬁ r’Nﬂ@ khar anary data

nnel and a“second repeatef h hr ou ror
seqtivan P&, DBLoDAS B2 etesdmalawpﬂeatialmdaauhl toepéaidemt data

- sediie RO LB BB The rmeory modul e of the

sub @:hamﬂ&ir SueRrttP kRtem, laOnédi@ry lcbhsdlich @RRRPRE 1418 Birdd @ébeater hub
redundant data 1s stored in the nenory nodul es of

threvgicthe RHERY datsl ed ¢ seconérepsisninby thisugh de migor cls.@nel Two

sk Y50 05 R s TG el

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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BRI EF DESCRI PTI ON OF THE DRAW NGS The i nventions w ||

be understood nore fully fromthe detail ed description
Wio280/ 0458 ow and from t he acconpanyi ng dr awi ng§Tg52003/034162
enbodi nents of the inventions which, however, should

not be taken to limt the inventions to the specific

enbodi nents 5 j ’ tion and
Bgﬁgﬁag%ﬂ”gwbx Feriie DRAWIRGS

under st andi ng I's a block diagram L
r eprHBscntativenwi beaurglerstrodanare delyorgm ther detriled ylesapipiion given

FIGS.  2-4 are bl ock.di agramrepr [ of . .
belor and Eapdfi freppdinass SRoRE: oL HRPRREbEL o R ifisuyignemhich
hAFRved SHEUN Sot®k tlRA th Mierthe BREntidnk GShe Spdbifis enbidimknts

di agram representations_ of interl eayed mrrored nenory

deperilipgsbusrese for prmanetion apd pedersianding Y- nenor y
ass M §Sa blg?%@ffagllaﬂgre s &%ngﬂfggﬁbpﬁ@ henffy mli6r system.
I nventi ons. 1S bl ock di a ran1representat|on
of aFIGSn2drdrebloekl diagranorepresengatinny of injesteayqd mirrored memory

il lustrating chipset select.lines,.according to sone
SYSIPRS @rens %9%@1?"'{3%&?‘14%5}8?{%’ 8%%‘? MVERROS- 51374 e bl ock
di agriey, 58REEEEE dlapRRbreplesiRativhy ofiiileasedaaizrel mgmbry
15 sone enbodi nents of the inventions. FIGS. 14-

[ . 18
systegs BllusiRting rapkeeh e peBoBhssemics, FoTdmEdP SERG éﬁlbogﬂnents of
. I\ QJ: menory systens according to sone enbodi nents
thgfr{‘{ew%&ghventi ons. FIG 19 is a block diagram
r epriise Ativg block dbgmnsigptesetitionwifine nterlaawerbmyrrored memory

control | er be | ncluded according to, same : .
SSBiFot] PHEHING SBIPsetslePt s 1o6MInEsH Sppeesibpiient offigipventions.

di agey 699 %?eﬁﬂ@él@dih@ﬁm%lt)r‘émﬁdﬁd & théméryatiodies dacording to

included in a nenory controller according to sone

 somresoetiodisngs offthe inwentippent i ons. FIG 21 is a bl ock

dia at i f | i i

e
syalens lacebirdigg arsohesnasdithaits eftheinventivsor y nodul e

accordi ng.to _saome 25 enbodi rr.entfc. of the inhventions,

FI G FIG19 is ablpqkoipar AR PRI OItOn & B SEYSR ORISR Ao

co%Eg Ir@ﬁ&%ﬂ%ﬁd&dﬁcbﬁﬁ%ﬁb 568 embiimblat AF tehventions.

e I nventions involve interl eaved

- mi r rEGed0 iserhdogk digmramyrsprevntation of sasasdatpilsthatmayce included in a

e o el Bt ERGRL o B YR

PCT[ 18290 &/ {614k Bagramireprlesatation of 4 fremeey chipacoordihgtoesome
but _which may tenporarily operate in a non-
embpdinerineidie BVEREOTSH 1 esponse to the detection of a

tri gaer bpg S ibdiltiforhf rbhYeseAREBA ¥f 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 fypically operates in an
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assembly. A discussion of triggering failures is
rovi ded bel ow. Wien the failure is corrected,
#efurns to the interleaved nirrored ne'l;g;rgjszoomszuﬁz
state. Each channel in 5 the systemis coupled to one
or nore nenory assenblies. In an interleaved mrrored

IRTBRIEG YA Siredred nkﬂﬁgf@ﬂ@ Bt Shichasdy ©habRely Sicpdte i DA
primary and redun t data, sections, and

- inderlqag |1m@smm the defgctionnfgdringerogdailse in the memere

I
a%%%{hsglﬁ} g]rSE% the eé‘rfagg%etg g&ﬁg‘flﬁ@%‘gr 2\“.1 on ogﬂ[l%}
comdotsd, tha\sgsterh Petnins rtm)ﬂxedninﬂmeg{ nmtra'eé mencbrasigte. Each channel in
nonlnterle d states. The mam) rfntanller is.,in _an

e PP AS RIS OBS BLroRis ROt Thlen Jpranjigterloaved mirrored

nfefIoky &thte] thE nlehRdrp ¥Sda8ichdhnalidrd Kdth AMAE, and rediidgkt data
menory state. The menory controller is in a

s¢eiALY, ARGegrEsaRadingaEnaL) end radundant dag sechipns 31y storgs in the memory
o?&lﬁm%mé on-interleaved state. Several exanples of
ens operatl ng in interleaved mrrored nenory
st at Asnan@y chfirgilepuf te dyddah omtrdtxthapbaatiaf of the interleaved
non- |nterl eaved states are al so di sgussed. Howe tgﬁlr
er is in an

myrrered MEtoRy Stk and Ay pfyInfsricpyed states. (hhe mpmory can
inkdPRA oI TP R eRbryIH SIS MBen ifs cBh @S iS2ME Gy RO in an interleaved

non-i nterl eaved st ates. Various typeS of” menory
mirseredrmemery sily. Bhe mepery eudnllerds invd nereintarieavekmedmvhet is

f di
o R B RS ®, TC Tl entions are not

SO | $evetat exanifdenuf\systads bpsatingdh intoddaveemiriercd memmtﬁ states are
evices. Merely as an exanple and not

prBE%‘éé g@ﬁ’é’n Examples pinqrsitArieavedsiat ﬁ@r%lsmswsa%ﬂm However, the
inl Ehﬂoh@ﬁ‘e'ﬁ%mﬁlﬁeégt%/ﬁétalfls%ftﬁée IEkf'uﬁplEé’&fs‘}%%sfi‘rpﬂltéleQ{ré@and

I's not required. The nenory devices are
nqnolmtelrlﬁmeldetat&so a part| cul ar technol ogy. For exanple,

dev act.ur ed
PN o B S S O
asedifibilfee inchide MRinGory nivRlul¥e BRd HisckeitipoAfonEBY dib€in1ekyd GEVes systems,
Menori es. The i nventi ons are not restrlcted to a

byt gheripaptigns afe gpiNo; Lipitade Miemeryanodniss eagly inpiude pae or more memory
aevRsed | M@rei;é gsfe ar%bﬁiaﬁu 192 Pndi Q%%mgéﬁﬂﬁﬁﬂﬁg%madﬁ% fn?rg Pé B-bit

menory 4 r’'a portio ry asse
duat mdnmanmrw I(Bﬂ\/ﬂ\/.[shﬁzr Gdtbitis $ori dataamd SbitsdohBCE. HI(hia akpt

tricti t. T d ct.i i I
reffia’ {Thi meftony flonises AT UL BT AE Lo A ool it HoE rsmpple
th@ﬁféﬁlagl JevilRmah bt DA %ﬁi@@hﬂaﬁ&&ﬁ&ﬁreﬂ%cé&ﬂin%% PRSI Yvidely
s ggcal ly, the contents and extent of the data

hnplegye Hitrigethey eamylepihe mepgyy Zigvise0may be polymer memories.

TR R e of 1 B B B,

whi dheitansfdataneeidn® asfers todata cheae ¢ stare®d inya partiéan 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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System 50 includes a nenory controller 52 coupled to a

I nel 56 and a second channel 58. A nmenn
Q&o@{’/‘g@g i ncl udes nenory assenblies M, M3, ﬁnga? 3/034162

M/, 5 which are coupled to first channel 56, and
menory assenblies M2, M4, M5, and MB, which are
ACOUpERAME FERYTE ONR DRt A SBCTKNG PERMIENMORYUASSEMBYY

be inserted in slots connected to the channel. Wen

t herlG. 3 iitwsrpies & sysier Shewiely isgdutedeaved @Jﬂaﬁeﬁ@@mﬁwsyem
Mk@ e fled® n{e 18432 oﬁpl%h B a ﬁ&q | e l%%e:{?d)ﬁ second

oper at I'ng nenor e can Inserte
chehmdl 5816 Jﬁbmhmsgbsystpst iechudcs mlﬂory(ammm]vl 1sivESt, Bibs and M7,

SRS ED B H5L 58S et A SR v

whiBl aRReoiPIEE tPdechRBPéhahiABg. TRYMeABRPIYIASSARPhE Eﬁerﬁbﬂﬁn slots
channel . In some_enbodi nents, the systemw || r k

coapesied toerehianadWhen thase isshiurs in o memeny moddle th@ f&!ﬂédrmeyl

VLA ALRO Sk 11461 U A Bl B AT e
infafted nﬂ?Aﬂ:;e skk3 1, and DB2 and corresponding r edundant
dat DAl DA2' . DB 1' d 2' .. whi.ch .
oot Bk §i%eilng sepIe e iFRAISPabateviin fredlntlvit
fo@“fher%? a@%ﬁntﬁ‘i@gw%haﬂﬂel itBis B edgfted. MBhert RV BE mdre Blolbss than
ac

al | ual inplenmentations of the inventions that the
fonramemeryrassegnbligs pachamnes Insame enbodiguents, theisystemivill work even

théiiPhsGi %Pﬂleréﬂ}ts ﬁg@ %ﬁé% &e&%?ﬁ fn%ieé ep mﬁéﬁnpl e, DAV

enti cal a prinary
cor rihs patado be stosdudn d&nﬁeﬁ@ryasmmhb@h d@ﬁdédinfb primgdryidataa

kpown wa F exa he bits_, in_the redundant
seiith Dbl DAz DRl D RE 25 gorrosskiing mdpe! e sociions DAL,
DAP! DBIPRE DER: Bikish b idddGicAdr @&Eﬂtl&l?ﬁ&éh&?ﬁb InBiBRry sdBons

primary data section is the one th nmenory

Dab mza IDBY, and BiBRadi is gxpastedghat invinobt if hes ad:lcacmhmmi@mwganons of

tod FERIAD il B Fech Bl U R8s BoRARS entich 1 M eopresponding

prihﬁ fath pRtipnO@érexa@ple] DAL tifla@tichlta DA e Howeves R ofifiaRgand
redundant data section if no failure is detected in
covﬁs@og%g Epndas;dafa pectipn conld differ gnp e wees, Farfepmgls, the bits

in feSedlind&: Jﬁﬁﬁ%egg)h%%ulﬁ BE GRS J1ORd 56?&%&&&%%1&'?12 #RPrimary

to read dant data section rat
daiprsbctmny data section even though there is no failure

o S Rl iRl g s ik ose\at B b ey BRI odinfyyiy reags,

wﬂhrthéraiﬁa's oxﬂﬁﬁg%&hidaﬁt (M:a seMBon Bém: @Héi: I RERasiHodRhehts, the
Dat a sec%(l ons DB1, DAl ' DB2, agnd DAkgg are stored

meppoRn pentEellerawRysagadathe mimayslatassetiovarather thea ghe apstesponding
I A el i it

nere 1s " sone fallure, system S ing in
embodigehie ssnell asvie disceded 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, M3, and M7, respectively. Data sections DBI1,
DAY, DB2, and DA2’ are stored memory assemblies M2, M4, M6, and M8, respectively.
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menory state. In sone enbodi nents, a pair of data
sections (for exanple, DAL and DB 1) forma data
Wioop/e4dTidh that the data sections are each h&CT/H2003/034162
data group. of course, unless the data sections are
exceedingly small (such as when the systemfirst

starts), .0 i i L
S5y, e g 0% a6 i
fate. 16 semmsanbidimpes,at paimof datal s;zctwns ok pxauaple, vkl and DB1)

fq%g\?: 3 @agg gl%ug’rra u|§L Hﬁg%ﬁgﬁ%cfg&tg{]?? g{?gelag]ilogég etgtgr Cﬁ‘g:g 3, unless
#RG651 QBforshad eﬂ%édm%? s8R uch QORLELThe BFstérh Gk Gtatts), only small

menory assenblies that are the sane distance fromthe,
pahefithe date mqtlons wil beyread provwriiter atea tipg. eﬁorte?:ﬁppﬂg, in the or:

t ol
TIPSy o o ORI OB i
réddlor watttebBItlis p&f@reﬁahft nobreheirdd, thext ddth séetivngythbtneill bearkad

up .a whol e cache I|i ne. t he snal I art
togethpphe stagpd B%“QWOHG%FS%‘P1$356‘H’? fis the ?@ﬂ%ﬁ S fFap e émory
&g}&uepfo aIBﬁlfoFﬁgthﬁuﬁﬁ eMeRnbRl f cache Ilne ) An

vant age of dol ng thls is that for reads, half_ of
the dawa earoplp, iosompembeditenisgie smell part 6f DA anmbalf gache line

aﬁ“ggﬂeéﬁ'& PF‘%E??P#J lggcg? éﬂﬁh gﬁ%g?m%fﬂéégﬁerresu g v@fo che line.

(Asn &0ath1d) @swbmamtﬂarmmmmw bé hleodldEMf d:aahehmyandl the smau part of
cont r ast In prior _art Il

DR hisOpR A BRI Crrbo s AR GRS ShinifeRd thn?%‘%madtﬁ half of

ﬂ%@iﬁﬁ @Bu%@ﬁrc‘ﬁe &%}i £6mAE fiSNchahAdl a8l RaBE Gile MRt ah¥thertHAK of the

read through system 10 than through system
d58 grapssiniad gronhihe serotd chdnpel, Timresdts in swige e reatbangwidth and

S | stens 10 and 50 ot herwi se have the sane
h@EH&JF?‘ﬂE’f%‘%y The inventions are not restricted to any
par t fsniastOmdRior aft spsén i10GINthe PHinkryedith sectiohsrtkaot the same
data sections with respect to the grder of thi}ﬁg&{é b
chanselthiceaforeiy rwﬂé;@&ﬁﬁﬁ léast tyige anlong &9r detARSEions Bl to be

AL ehdrdel, and

S8 o008 o Behy | Afen bl oSO RQEIRAD CorbloBb thi
n&ﬁﬁ)rﬁi emps ﬁmynnemméo BRl 30 otlﬁmvxse@l&vlm saam@amlitlebe
store

res pgg? ln\r)]’éﬂf’ns /gge m’i {}%&q‘ﬁg )Q%B?rgculalé?rger ({e%fq'}[%ﬁ priggryand

réﬁ%ﬁdant Bk seciidfls AR réBdct Beths lobdep f the nienery YisseabiedHor esample,
M3, M, and M7, respectively, and data sections

umwhebﬁmbpdlmsnt, dataertiomBPA LR A2; BBd d apg DR syay be stored in

bl i
n%ssﬁgéﬁsg mglée Serlfbms M@ﬁﬂﬁ%%ﬁyﬁ’iﬁﬁaﬁ? %m&%¥%chbg 5}3@ DB2,
Deal) @nfgll)m lfelTsrt]c&tad in iBénerg @ssedbliehM2d M4 b, ﬁnd:M&fwre;sﬁmwyly As
asse i es is e 0 e
awwwa@g@e%@ sesbior it B2t R Lanf Y s BY g oemory
Our {]‘% M, I@i‘?dbﬁnﬁ(nﬁﬁ SeSpeckidy, 488 dRiAGectidas DAL’ AnA2’, DB, and

rrermry assenblies. Further, there i s no

DB2g bs stareyl inngmpay sssenblies M@ MAOMS g M8, respectively.
PCTTYSE0Y 34187 IR A6 S T 3By o e i,

1 SOne casé

7 s&%nd, third, and fourth memory assembhes This, however, is arbltrary 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 fromDA and DB | together and from

DA1 and D132 together as discussed above. Primary
WEnh40EBenbl i es are those menory assenblies qq{g{szoosmsuﬁz
store only primary 5 data sections; redundant nenory
assenblies are those rrermry assenbl ies that store onl y

redund . hes b
megnng ngg%laggln@f@e ?ssé | es t gl%{?rgg E%%(?ﬁé%rggr’rg% y may be
vaaﬁaimrreaamigdﬁam nilat ancsPB1 itepather m:d ForED A and DBV EggetBr as

and are primary nmenory assenblies and M3, M4, M,
dwsq@@ g¥e redundant nenory assenblies. In cont r ast

i N PpiRLryahdmSY 25RMbESs arBkilost AR nidky ARENbINS rtmmowakuy @simary
are on one channel and 10 all the redundant nenor

datmhsuhess, sedendant meotone assembligsaire s INERAY qsw%ﬂ@aﬂ@{f store only

at as descr bed
re E@%p gé%ﬁ%”s\%’ng%ygrg P!}ogés/\@Fat A ssembhes that

st§1\ésb*oﬂﬂjlﬂlﬁmy\/hhd @éﬁuh&anaﬂaﬂalsécﬁiohealtﬁﬁGnﬂ,er)IMd wnmcyMG are

system 15 System 7 S controller

YRy AT DLEOH MAHANE: 58 MR G i Beppfy efemblics
| Umae G Andie |n‘ilﬂﬁllé@éfe on 68%hannel and

Ir%i%ﬁg% H%?m%%%%%tenﬁ@@' m@l and D134' are redundant

aliviab edundpre aweniary owdnles prsredi angﬂnsr ¢henne] repaltingdn grqatss satency as

DAL, DA2, DA3, DA4, DBl, D132, DB3 and DB4,

d‘?sﬁlg?)eéictlvel y. In the exarrpl e of FIG 3, data sections

DAl and DA2 are stored in nenory 20 assenbly M, data

ti D13 1 d D132
Bas ge'ﬁ%@w warE TR ABASE ORI o ORY sspvBgY
S t ors %} 35 fifk% aMEsteﬂ%awﬁi%ﬁ td éiﬂ%te%ed@ﬁﬁo@lﬁﬂemo@rs?stem

in menory assenbly , data sections DBl an
S*ﬁ@léiﬁ 7@ ireltes p extmany perimllyr 72awkdrst andispcond ghapnslscit qgnﬁs‘SS and

megery SRanpiss MAnTorggit § ?"gsgg{".x%ﬁﬁ\eiﬁoﬁéﬁ' ég'%gr’quﬁhé’ DBI’,
pife:, s datoBs %Fdﬂe@ﬁiﬁia%th RpLcR iy dBAéRNdingtpomeny dm sections

menmory assenbly M n]égot her orders of data sections

Dwilg BM@B@@CDM@D%WBBQ 3 and PBEsTeRREFUERY: used. For
xRl kRO 8 AR, 3O OBV D AR AA BOCIP6rcdth nRfiry

henory asse data sections
adBORbIgM 1 [AhBsectiorm BB Braad DB’ amrﬁwryd mmwswbly NE, gata

sect 1.ons Y .are stored s
scabons 363 ERORB GRS Evd Ty Gome T Py S ot SR e iy, HHd DB4
a@%%@é@ia&%@wqﬁe&bﬁeﬁw 818 sebfidss DBaasd DBL' arwtereﬂﬁm medlory

in menory aSsenb g ¥ data sections DB2 and %data

asembled/lﬂ,rﬂatﬁeﬂmhgns A JPAY are gared L BEMPEASS Y

seofipns o2 S DRA ol RO B e BRRF AR M8 418 tions DA end
DRA4 aretidted inhedody hsseaibly MBassenbly MB. In this

exanpl e, the nenory asse
any other orders of )t/iata sectggs w1tﬁ 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 sec_tions DB4

7
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are m xed, because they have both primry and

d data. An advantage of having both pripar
g@ﬁﬁ@@%ﬁaant data on the same nenory asserrblpfrfuaS 003/034162
that it can be inplemented with nerely one nenory

assenbly per channel. 5 For, exanple, FIG 4
and DiAgt aratsmsethinsyanmma%mWMSh I thisexainples fHeansaoky assemblies

mrro temand in re is only one

BeeSrey nie oot mer s fekplitdiag | o “emory
cont Aﬁlah%ta%a otfﬁaﬁﬁg BbR q)nmr} Md%dtﬂﬁlﬂnt&ﬁfao&ijthﬁ BARO Rlefhory
56 and 58 to which dules M and are

agspuplydythat i sprela mwxyent w:th mgEly eReIESmpLY| émm}bln perchannel.
Fér? g%dn‘f‘:ﬁe hg! 4 ﬂﬁﬁﬁ{aﬁa?&i %?531? ﬁ}?,%% 01§ 6 Sdte?ﬂﬂea@%d mr%q d memory

n nmenory asse primar
syséeeni aminin Dhich maé is eitly pdantermdat Ssanioly mexnclﬁwa]a liesy&tent 80 2

in meno ste n here are
RO UE 3PS Rarhtedo Aumhand Sec08S g0 e ang b o e memory
mdaekd M‘lfaném b O IEL repbcRRR | ANBuRfatdd) ﬁnﬁﬁﬂﬁla)l’a section DA

assembly. There are various ways in which t hese may

artdere@lmdamtdatarﬁ@@hm DBi sare storrddd niemogy assemblydi, q@drnmm data

di msnt
SG%{IOI?RE? gﬁ& ¥edu%‘ Oa%?ﬁ&fg%%cé R Dl}lgld %{ s%ﬁ?rr'& in nn{%gl rz?se
nay Ihaystean?0 aad 80, sinseé mnwo‘dﬁlalsa:tﬁhhpéﬁnﬁﬁoryh&seﬁ’fblﬁ IS:The two
si ngl e..chi nmay anot her a_section or
3&"}(%‘%‘?5? arﬁ%l“é‘&gf@g? Il’qr%%‘%sn"%tﬂ@sm%in% %?bbdﬁeée S apARSHaYS in
Whi@ﬁ ltliég@ﬁaf‘b@f)érﬁh&%dcdr H@s‘t&hﬁut&ﬁﬁfoddlffa% Jrfdidd o}ﬁgnemor%
Menory chi ps are on a Si de 1 of card 2.
aSFfmblYll il ustrat es a SI de 2 of card 162 including
hi ps_ 1,70 172. In. FILGS. .1 d, 1 dat a
oot e g ehiSipgnts 368 of fhe Bins % siele B3P, ot e by
mbdulsinay adldione defisp&ioh,/Rhile othdrd &f theRhipdi(6r L£iifde chipPmay hold
partions hol ding di fferent data sections are jn

angfher date pretionyr Berszramplee RiChd 0 iHystrates amasmmasy mogplssl 60pvhich
inGHIRS: ep]rﬁlﬁednmxggr‘rkgg%lﬂn_gﬁcBge&z 962. t%[gljn&?y 5@ s 1@ O nl%ﬁ a‘.i’é on a side 1

gr eat no chip
of<sandel 62, FURI idsillafttrites.a SItt?Zoﬁmyd K indndiap aimmoryvchlbs ¢7\0 ps 172.

In%géﬁ Tgnqﬂl%lgg fla%a seﬁbpwgﬂég Iéslr l%gt% LALES 1t6\(g¢ 21%6@3?%& 18 stored in

chif8870 LN 1701 B thRT8se, tHeoRRnk mgﬁﬁngflﬂh@ﬁt AR RENoRE Hilferent
holding different data sections are in different

groypstof clyps. cBhernustber pechipg @@h@ﬁd&ar s166 sndt iad 70 hr- ddgmay be one
g}@ tcilr g%ngsog{%or ed d}rr;l]_éﬁgsr galen ﬁﬂqgg S%Haer na vcejllaili/),"'ilr?2 may be
onfsids 1 witlBchipy\l64 .s. BiGor ed in sorre of chi ps 164 ... 166
d t d th f 4 30 .., 166. . .
m Fis! 3%1%"?%{@0&1%#8?@% ?138,1 QR arkeine sioid e feh of chips
16@ h' Qﬁg glﬁ%fé chdek thefgoféins %@th@%m&} a&s@ﬁ‘lﬂlﬂo(ﬁimé aifferéﬂi data

dat a sectlons as shown as eln divid

secmny ane\if dsfb@@paﬁmfmwuo‘mﬂmﬁzmmm& thrg.rgbupsltlpfe chips.
re I AU
glll}’v | b(? r@g\%l\ﬂgafn X an%l 38‘,%%'& gﬁ)readclﬁ iaﬁ ﬁWE chll]i’f g}iﬁggatévely, in FIG.

13dDAT ¢y @ored dndomesefhips164 ... 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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As used herein, the term"rank" refers to those menory
devices in a nenory assenbly that are sel ecte
ngzg?%iﬂ 4s a group. That selection may be thpg[g%ﬂg)smumz
"chip 5 select” contact on the nenory chips or
t hrough ot her techni ques such as a chip sel ect command
gr% tdfl%h@?,‘ eftoWeids, m&ﬁ%{zay By PEERE Rinbel Bf $91%onS aFSﬁexample each
ere | dy one ran per “nenory assenbly and
chig ey inchule ¢ diff¢rentalatarsscitr e t han one rank per msm)ry

?Zf’];g;o s\éﬁher'g%hg}e%e 160 yre c?sctlolfﬁi%s§gl?e§}% \Agvelg%sr | g‘?{ﬁe?nory

askdhntsly €iabare gelacted mﬂi@ﬁm Q‘Bﬁp Thvid selacruomrn@ Heatnkﬁghar‘chlp
?( ndi ng on 10 how th are

se@ﬁé’@g@tamtge P’FrES?rfé‘k Hpeadhipugh g P]I' qfﬁ: eg; 311 s c’hlp select
o?ﬁﬁatdd 1RpleXTRRE oiﬁl 8f infsfod. fMso Ee%(lh §herE i<only Bnd Bink per

t’'o one ran per nenory nD I n sone
memirydissverblisand in ethea nisss,chere aspoord tltam otk eenkqrer menrHéssembly.

ul es _hol din dlff ent data St ti0
Mpdiie JRERAY inclRh tafoa® qn ks, T RembRl Rs8gtes Wiguems
deddribell fin BIRAYEAGHGrexntly Biveme, W0, or . mork 2nke fper inddale Qldp&idmg on
rank, then the portions of the 15 menory . asse

hotvoihey #ig IPlemepte: exgsptavhser theperprossly aue iited %ﬂ@%%m" number
Of(\%o%gfoﬁg%an{cﬁ@ﬁ(s} %)@nl(i I%@E%S%gﬁghﬁoﬁxa fe, in

Fl GIn sdifie ¢m§¢dﬁsnt5 theichn8s cdrtagpanddo chenportions of st mnmory

i 9P S8R TR, TREERA g IR S .

166lafeSt oRb Qar&%ﬁ@ @Hips 280 Chamnak s S6tRndar@Sthelrits p&uons of the
illustrates a nmenory system 100 with a menory

meraTy aesembly hodding different data serdionswenld ceﬁasmed &0 él@fe&m ranks. In

ﬂ%?egﬂb%nfh%?ar e%gbdp g&fréép@gﬁ% % ahék;rém FIG.

129ssenblies M -2, M -4, - and M - 8 are coupl ed to
chan 8. nor assenblles -8 have one
o lgs,s "?Fé‘ré\)/ﬁlir‘s iR PSS TS 3K s PRy 2@y,
FIGDS ﬁlu@&atése@ﬁeﬁlh 1kyf SRE 9TRIR h YnedRrR SISk} €BarkEfirst and second
channel The erence between FIGS. 5 and 6 is that
channelsr9p a@d 8r BI(I}eG illggtrgtes a:n@nms sysfemd,06 math svgremaneealreller

10285&‘5‘1;?1[ %fdéec%ddoc‘h‘é&g%gég 4 309 PGS RIS rrfeg&btgf%%sleﬁ%hes Mi-1,

Mi-noefes dﬁngly? aeQoupled toochsaek] 96 emd meiﬁbﬁ;,nas%dsmblsgssl\ﬁ b3 M -4,
erating in Io ked

MEReddY e paipladis ﬁgﬁmﬁb‘»’ﬁﬁ‘ﬁ%ﬁﬁﬁap 165 Mok -1 A8 dave one
rarfl AE e GlORPY nnge | mmtsﬁhdihgﬁlerérr%?@e @horé Breleﬁsaﬂﬂlc’tﬁ f&ﬁ' memory

mory assenblies
assembéey gl chanak) r anks Rl and R4 respectlvel y.

LG gl P Geef S ag@% ol AR ARSI e, 5

op&@fﬁhé—@%ﬂﬁ@é OB 43H68 indbSRdLR awnea@hstlﬁemy lcaiislerl102 BPFIG. 6 is
R3, and R4, res ectlvelg ecause they are_accessed in
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



10

15

20

25

30

| ocked step with ranks Rl - R4 of menmory assenblies

M-5 and M-7. However, in FIG h
wgigw(wﬁ?rermry assenblies M-2, M- 4 M -6, 5%5%@31034162

are referred to as ranks R5, R6, R7, and RS,
respectively, because they are accessed 5
almﬂ sifgreside at kankoR 17 RAIRS, Bild R4 Réspebtieehy, bécanélilBy are accessed in

b S T S I i
HeR8hr OhF86:S6 E@raﬁ@oﬁ%&n&?%ss%ﬁﬁ:‘ﬁeé?ﬂﬂpi a1 'iloﬂvlfl' Ld, ?hd M8 are

second channels 116 and Menory cdntr ol
refirad 19 aorokaR &R G Ran aed B3, réspectively, becadss they @mlaecbssetdo P

old gr 122 of FIG 8 operates channels
m?‘.:[%enge n%“i%tﬂl c}ggendently Menory assenblies M-1,
M2- SFIGHR 7 and Qhitishitc Syste®d 180U SftenD 120 Badh st whidibhae %emory
nmenpry, assenblies M2-2, M2-4, M2-6, and M2-8 are
assgaplies daYiBE SRRk Mpmary qapirpiless 117 ang, o2gre pah qoypid to first
arfdf se BRARhYnrRESARnY 1VE- Meﬁ{o?y Ecﬁlftﬁlléxeﬂztdf ﬂ%&t £s g%mnels

the ranks of nenory assenb M-3 are referr
11830 rid8 Rﬂlocmdestmdsnmomemcyler 323 efiG) 8\Mperatearckannels 116

and 0SB D R RS D2 R ol - ere coupled to

chhml{e@M & a:d ﬂnan&ly(asséinblieh BA2- M 3-40M 208, HRE WA 8 98 WubRE to channel
, .and M2-8 are also referred to as Rl

11§nén WS F@néﬁdﬂﬁéaﬂﬁ@f&??&loﬁeassﬁﬁblyw 1 gejrefggred to as R1 and R2,

Rl SO o R Blp 5 gt Bl P L ot

assegntip Vs 5 M@ refictedRiaCs B artl Ry dndRil@, raikbs D f areth R 45seaibly M2—7 are

rofag BLmdn et A LR 10 0 Bt ey aSSerm 2 2
MEaASRI2-6) b VNS bhealsdveReree k@ s RTMAIRAR I snd R4 tﬂﬂ%ﬂm and R7

it may ‘be carried on the channel. I'n the case of
and &arespestivellii plogerercinFItofithe ransof mempryrRsESpIlies MZ -2, M2-4,
f v,
My 8B F L bhed (' SRS KODATRY 0101 CIVE RIS R K14 o
Ridrand ®iéy @heclivelp betausk dreyexsaarpesed indefen@entB, ofdhssankerh
130 b&gl ‘udes a nenory 25 controller 132 that is
to first and second channels 136 and 138,

V\'h' %.'i‘th%%ﬁse ih S @SB Lhi P%élb@tlb‘érrﬁﬁhﬁﬁ n@ﬁlﬁltﬁi‘e%@& '1?1%% be carried on
herein. Menory assenblies Vb M7 are

thechapteddln e caerod 81sonazsc Setp pberT m@& enrﬂiel raemov chips, the chip

sl AT b & cHIRIRT by 18 cbb TR S

chaﬁxsamsbpae&e Mom i’t/BFoﬂ\&an@red iiIG. Pespetin V3 Mcludesth @embiy
nt _ones of chip

hi | h 0 f
come §7 B DG ArStand Sersng Fbennels TR Yoh Rt
reﬂygsenﬂ%noué\@:anﬁéigdé\@ﬂb&ﬁtfe?éﬁt Mégloy as@@xﬂbl‘f@a;rmff 0] 19[5 aud M7

sel ect signals to them The separate conductors’
ar@@pk@ﬂﬂ%ﬂn@(ﬂﬁ a@tﬁ@mba&tsiﬁﬂbhesm M MéandavS bie coupled to
chag%lﬁ t Ef&e@g{ ctancg ]:)f ‘}B‘ A eclt %onl ucto?sn fj42:L a%g bmpp et:d t%rn?en“i’grgm
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



10

15

20

illustrative purposes.
chart |1

WO9H4™ay be stored in each rank in each

assenbly in system 70
are two ranks per

B AU N pRagR o S

illBBZativbpurpoaesk R3: DB V M,

2 K. R4
pe3 K m"-{g?ﬁréﬁmé% Fi(gf‘ﬁ
scebens Yy

DAW hart | There are

Referring again to FIG

rank R2: ,-
rank R3: DAI MB,

i P

3,

shows an exanpl e of which particular data
ngﬁ:gﬂ;zoosmszuﬁz
in the case in 5 which there

menory assenbly (as in FIG 7) and

aﬂﬁl@l?@'eﬁﬂ 1‘3‘8 bLMare éh%ﬂrlﬁ sEﬂ)arately for

r ank

r ank i?4

e P e gl

bé @bled i eackAak in biich rhaﬁkrya‘QSenw in dyBtenr Hnik tiRBcase in

vari ous _order which.th at a
whishhaese gremiyy ks PEREONy asserply @&1 %{(3”7) 3nd, gq,chd-fu%( s(%ores only

) %/ enmbl i es. For
Oanpie of an _order of

exanpl e, chart 2 shows
data 10 sections in sy

an
stem 70

MlanakWil: DX M2 of syst
MihginkHWAI n chart 1
VB3BtankM3: DRk R2: DB |

NBéraan Mhosrank R3: [
-DAP, rank R5:

rank RG6:
30 rank R8:
4d in sone

aiz,8a)k RhddBls different
MMrank RRBERE DAL I\/Q,
‘MARank RRKDARP. DAl

M3,
5324 Mk R4:amk2R4: DB2'

\%a

N2 VRS IBK R5: DB3 M

5.
@/féranu\ﬁ@ mg,pk R7: DA4 MB, rank
, R8: DAW Cha

may choose

t ,the nmenory
%rea f%ﬁ%he r edundan

t han

rapk R :

r ank
r ank
r ank

rt 2

dat a

Ch&elron rather than the prinary data section even

t hough there is no
of a%'h

oL elo‘g@

esire

i

failure in the.s
0 g5V ariguyerders i whighithe %8@5@0@%% Stptg
D r L AnSRCIHaRD shﬁ% aR S48 of 4Grder of data

ata SECtIOﬂ may

be in a rank

8 PVégpd’espect to

that is

sdetisns iarsystam 70uaid Mé end Micefsysidm §0p thahisghifferantdhamtbal shown in

the{e may be an

advant age in having primry and

-espondi ng redundant data sections in different

M12RiRR1: DAL
M1, rank R2: DBI’
M3, rank R3: DA2
M3, rank R4: DB2’
M35, rank R5: DA3
M5, rank R6: DB3’
M7, rank R7: DA4

M2, rank R1: DB1
M2, rank R2: DAY’
M4, rank R3: DB2
M4, rank R4: DA2’
M6, rank R5: DB3
M6, rank R6: DA3’
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

although there may also be disadvantages for doing this.

11

-advahtage in having primary and corresponding redundant data sections in. different ranks,



10

i5

20

25

30

20 al t hough there may al so be di sadvant ages for doi ng
this. WD 2004/ 044754 PCTI US2003/ 034162 FIG

WO 084/9447ds a system 180, which is an interl e&'ﬁé‘ﬂlsmﬂf"'“““z
mrrored nenory system System 180 includes a nenory
controller 182 that is coupled to a repeater hub 188

' : Er %SJ‘; 13 ilshsbs £ %ﬂs%ﬂ ?01 %glé(ﬁlr]g %ﬁ‘iﬂt&%%@i&ﬁrm#&l 1%9&0? szstem.

a second bchannel s 192 and
Syatetn TRLGALRAed DmERpEyaioatrolhartl 82 8t aamuplﬁd sharppester ubgl 88

thepwgk Arrabange! TRpn sopeait TRE 07 fordteh {ond RHB 155,
SubRh } 51198 aP(E ,194\/&3 B@alecﬁi%C{eﬁ&t@hﬁb 088 mameéls 196land 198

asse I es

, and ML7 are on Sugﬁﬂf
aré @@yplechie ralmtmbub £20. Nfemonytiagsernliss M M3, ML5.gnd M/ 3, on

ben f Aa4mbli
subRRe! Toes aheirich MEE, SaffiMo SEATRE e shnic] 194 didinblies
M1 eduvngavit 5 dat M Eeat oo ssbohanneb £96; bod essembliesddE2.iNBH M, and

F o T TR e N
th Etﬁﬂ:ﬂﬁlllm% PN R aft reliiRiaft dRL bech MBS beQ;ﬂox@ﬂ a$ Bisscribed in other
annel s

to the menory controller,

whe
exauiplesamthe$ disdoye. 10krnngle 56 andh 38 TOFGS 3 Pnfé;ﬂ a&%ﬂ%ﬂ@d fps direct-
h
oSS G0 B0 P Sl B ST i

widrtdd sapetanfiss Inm; |19g 19\5@11@“@@@@1[«*&3 141:ve hiohwhineetrgtiach eubchannels

i nventions may q&pted wi th systens having four
bQ@h‘éﬁﬁrﬁ’@ﬂ?mPHFwdlgﬁéﬁPﬁ?@ $G 15 show a system 200,

Whi CRyd é(ag%lés S Edf&@%ﬁ% Egeh o e QritFRdiRicihs iiﬁiﬁihﬁ Bvo Biainelg. -

a menory ntroller 202 and first, second ird, and
Hbwewed: fthe frventitns 129 ®e impemented withgyatems havipg foug ghannels. For

oSSRl PR SRR, Ry bRy s

haVidlh a %Fﬂo%&bﬁr@@%ﬂ ehdlaﬂrst @gcdmamhaid a?tﬂ&burﬂli)chmnds 06, 208,
asse I €S an I
213nanh2l4. dnghe %ﬁa@ieymea@%%w‘é‘é%%&? @éﬁﬁﬁ%ﬂﬁﬁﬂwguﬂ"d o
ch%ﬁel%}ﬁ &ﬂo:‘y%s&%ﬁEMZMS Wgﬂ% BRNI19 3RboupRUES ciftinel 208,

our menory asSse I es per channel nay be
memer). asﬁemlﬁmmw meaﬁmlsmwmwtmm IRAMRMELY

aslg"%gl?l? nﬁ\gt? B%g %Agﬁ gg{}gﬂ'ﬁé g%q%i%to c | nCI u %ﬁlgngd fewer or

Hﬁ:ftﬁal{ ARK facRRFy A58EMB1Es afinel RSy bemaeﬁ)l e, FI G 16
lustrates a  system 230, which is an interl eaved

mrrored nenory system System 230.-includes a nenory

gggtﬁw&% Wﬁbé%A’EA@%@hﬁve one raﬁk II{\)/t;:mry

”Eﬂmmwoﬁ&&ﬁﬂmeKmnﬂﬂﬁﬁﬁueumpMEﬂomnhahade$@@g@nthWQ@Wﬂ@nS
30 respectively an exa a sectio
mepinchide @ns CHREY RS TORRE Hafe: EaoraRe b 1o iesa
syt $46 whid ifh irﬁerﬁéhve% mim?ecpfhglﬁbry\/!yktﬁinn Sybemr230kaclides a

not nedessari |
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 charmels 96 and 98,
respectively. As an example, data sections DA1 and DB1” are stored in M1-1 and data
sections DB1 and DA’ are stored in M1-2. The order within the ranks is not necessarily

12
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WO 2004/ 044754 PCT[ US200"34162 inportant. FIG 16 is
0, | channel s being in | ocked step, but _t
S %’(‘(5‘4/(}(3'4%3 M o dvgﬁ?ﬁj&éﬂ(}g@)susz

channel” control coul d be i ndependent.

using two data sections per rank as in FIG 16 is that
there can be an interleaved mrrored nenory system
imporiantYeIOr ¥6 ashewbwithshidiels bednprin dodkgd step, budthe chhnieécontrol
(g@@ | e .and wherein the system has only one nenory

c E‘?T’E‘Flﬁpeﬁg?ntchannel. Anot her advantage is that the

| nveRh h@nidza s BEngd R GARHICEEhsSRr bidlas RRFICS 18fis Mt there can be
primary data section and part of a redundant data

ms@&ie@wd@imor@mmw,syﬁ?m\@tmew agseantibigs taat bmlomb' one rank
Pl 8 b TR For B ks ST ot

adventh ol shap die invenkiond ¢dn brimplenieatedan chat pads ¢fey prinidly data section

IR CNNCT R —
GRS Eh R eRamb1E SdPacBiitf cBifs bI'RB sdiPpdlal @ sections

ht!
stored in a nenory 15 assenbly. For exanple, FIG 17
i || UStemplesof fysdgms with pyodatpsectians per senki witlemorssihenjone rank per

1L Or ystem System 240 includes a nenory
asg%rrl]@?%ﬁ%é?{'@%g%%ﬁpl ed to channels 116 and 118.

Menory assenblies M2-1 and M2-2 are coupled to

channel s._116 d . _As le, data section
Don oepbres W fidredlad oS HR LS s hidnSTEx Midory
ASSEGRPY M2-1 and data sections DA2, DB2, DA2' and

DB2' are stored in nmenory assembly M2-2. 20 are
cougdheadme embbdimenis, tha:g arelineregharatyvdodatasecdonsistdred in a memory

t MEpDry asse i.es r, channel.,~Fl.G, 17 i.s. sho .
ety B ko AR RC it 17 3 Rhiea S BAROR 2400V 8 fp e § ¥ ¥ mirrored
mefeeEPitym. SPitbmQA0 ixftlitiay & nflory edtrolier PAY @upledio thidnels 116

ran swger rrem)rg assenbl é There are various 0O

d
anfl df 8+ Memesy asseimbligsdid-1 ang &2 amuﬁ@#ﬁ ghagaels %é afg_ifl& As
anSRBR, dufbu DAY, DR BBIVLEFDED: MRl iy badtibly
M2+lchad deffa sedtiond DAL, DBG; DAA3 and DBZharelstoredinlasenary assembly M2-2.

o 557305 et A58y 8ol Bt Bghmvtisp
chMgreR, rank R2: DB2, DA2' Chart 3 1\42-1, rank RI: DA
DB2' M2-2, rank RI: DB 1, MJ3 M-1, rank R2: DA2: DB
| FEG217 is shewirwith pemorpyagsemblipsiape g pnks 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: DA, DB2’ M2-2, rank R1: DB1, DA2’

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

Chart 3

M2-1, rank R2: DA2, DBI’ M2-2, rank R2: DB2, DAY’

Chart 4
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stem 250, which an interleaved mrrored neno
g‘@s%ﬁ “2Ad includes a menory control ler 252 @GG SgYs/034162

to channel s 116 and 118. System 250 is |ike system
240 except that system 250 includes nenory assenblies

M- Zprangg WRisatbOq syitddh 85@ id fNpleriditca nﬁﬁ.-s;ed%@ma—? gystom,

shown. Addi tional nenory assenblies may be add
arid, m&u&wmm GMEWEEGWPL@ tecignngle 1116 podi I?at Fegtem 2501s

658 S 48 e YL SRt e BRRD HeSAPLSRMESS itfins o

st6r@ QudifiGith] AR RedtOnS @Qﬂi’oﬁinl AddRdAal RehaTesicmblias imay be added.
menory controllers described in this disclosure and is

i ncluded as part of circuitry 320. 10 Exanpl es of
Bl r%xmﬁ%%ﬁs?bqﬁg[mmpﬁy control I er hub (MH),

processor, or disc rive controller.' In sone
enb ddGrEhikistratbedqiibod ssysiemé whioh acoemeny|coptrollen3a2 may be a

t acked., E rcu itr ovi de
pedptiolen Hive B B8 Tper. ey binfralie) s BLHlsSRS rious
mEBHR CYntesI @dstihed3n &1@613616&@& adcBis fiicdet tas p&z€or ciedwitty0320.

is optional. (?eratl ng 15 system (()S) and/ or ot her

Exngilcaar 6rguey poiichde dsramery sortenier bib @AEH)yaegegsor, or disc
drﬁ@%ﬁtgéﬂe?r &e eﬁ?m 1t the ﬁ}%b&ss%?f&l c{aﬁ@%ﬂzeg,' aniQrfbry

Fect] to ne contr
mishveotgphed.ar | ous intermediate circuitry. Failure

cor e P Ebproniteh ECREngTy HemEPomi el g a8t gpy be
pattt? reiory EshtioNei $BY bri@parste ok it." FC82BnirslGh bptonal. Operating
circuitry that sends a massag to a di spl ay indicatin

systpm (P&) mﬂ/@ agher gofipanedRp Do videsoRmate ontipbior aeaieRssontroller
32‘(?L xc§ iy tﬁlé‘é‘&ﬁvf ‘%g?&%(cﬁ u%P d&ghdﬁaalgag@ggﬁb g{éﬁ? cortroller

323 Iropgiowaridas 1mmd1afamrcuhg raihmeyindicatig|casuitry 328 cpmyldes an
nbodi nent s, enc rtain failures of th ry. e ae i
indiE 0Pt A BRI e gaark SUSYER- Sraplss ot (g fire jydicating

cire{ ﬁt’? 3Q§ 1ﬂc'l\fde'¥ﬁ€{i’i'h¥r tRet 360 al Bk 162 ARPRD @ﬁdﬁ@iﬁg@ﬁe faﬂure ofa

I'n othér enbodiments, as_ descri bed,
me;m asmmbh’i andfos shannel. deireusnethat conirolsr 1inht emiiting dbpde(S)

DY e AP, S0 G Gy o

mddldanmsnse éiﬁ)bdhﬁexﬂ@ eheh@ertdin &ilked of Titenanomysobsgateimndre
between nenory controller 3%5 andfallurg |nci,| g

deteriedthe poverpsodded 9aller sem ot e memozy, pispipbliesp ﬂﬂ% may be

shlétgfé}x)rhf‘iﬁ otnBf glé&giu‘ﬁ@ﬂt 91§ écﬁb@d’ ng@é ncf‘fd'lﬁli%stﬁe ddttded, a user

ustrat ta| SOﬂE e ments of mam)ry
mapoalty shiozes BRRr. Thibze 1ndmt1u§ tiagulitsy 328andqrowee gontrad girwiry 330

a n the of . F mepor

SR FO s O Pt dSe R 5SSl TR EPBIepggiap betveen
medRfy BhiteiMeE 92 41l failiire actiic¥ing Bitlcuitty BL8 Mgl aRteresitrdl R&cuitry 330
. menory controller and the nmenpry assenblies. Al ong
mapj hehncﬁﬁ?@t through various intermediate circuiits.

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
controlier 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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14 WO 2004/ 044754 PCT/ US2003/ 034162 nenory controll er
as a whole, nenory access control |ogic 336 ordj n%ril
WORUWMLTSAn the interleaved mirrored nenory RGFES2HYFPI4162
at tines operates in a non-interl eaved node as

di scussed in this disclosure. First and second channel

mefb§ RS Rr 3598 v, AtthoriRedsasirol DegiveBhoianiilPbperates in the
ogic 336 and first and second channel s (of which

inteHleaned imjrrored Tearepry Zepds, bit 8t iR RucERys In RERBriteteaved mode as
.cont .ol ..l ogqi ' A '

GEGRL phOB ot B B SRR KA B P btace

bebesenrepniad degie 336 and fitst hrabiecorsiBhantets(ofiwbichrchaels 136 and 138

T L
asE)%%l&E dr Sheddha ARHosHS vRfwritlet%o. ﬂ%n@g;daoaess aoairelilsgiissed

ow. Failure detection circuitry 350 detects ,
intindeygenk selpction Finpuitsy BA2 thehssteptsadhiengnk issbeing gropsspd. fRegisters
et i i LK ' ' '
e e
t ri gusinferigtebtion cir@uitrg 3 $hédetédmatriggaringeBilurbeinmemerny assemblies.

e TS AR S B Lo
coneb@@CA nigkelRL tihRe 'isﬁ)_n\éﬁ@dﬂ chlBEDthE SnehiRB¥ coMidlier folthasiat feom

cannot be Tecovered without obtaining it froma
inteclcaved aritrored meamyory Aasloite 2 oorisnteslenyad mede. jAn erpanipata
.can. be. .correct ed, 15. oyl :
G aiee RHsT s s Pk 0B BnbAltqBioa withou

oEhing @ilfReh a bedlundax amplogy. AlooegiblERurmid ese that sroutie corrected
| eaving_ the interl(ﬁlaved mrrored st at e.

As
WS PO G54 0 TRIRRGBERTH o FEHEEDIE G5 Ty bé Corrocted, for
ex‘ifﬁ-bfe,eﬁﬁcg%ié gi(ﬁf ESHes witholiBaviiy Me IRIRaVed ARERBOI¥nGANSIRE. As

I nterpr as a triggering error. Odinarily,
desaribed belatyl in soaicl cnmbeslimgrity, sevstal corgecirbletrrary inpkhe same memory

tri eri,na failures,  but .in sQ i t :
st PR e ot iy iabetd Cp SRRt JER RIS willno
bel Bidctén 88 tridpefih N Rilurds /i MR ne daasbidimaetits somb eoectabid fhilbres may
sone failures that are not correctabl e w.thout

berteepted o5 Hipgaring Fduyes o SyEhes) i sape cEBAYIMsEisghiery coplddy sgme
faft'l\.?rlgs;} @i &€ Ho%%&%bl@%ﬁﬁfggg IliéPl)tz/iBﬁé a Welor{ Q§sleﬁ’191gt dndbpfing data

gering farlures. there woul d be no suc
frara s @on-Hiled sEmaf asseinhhethanyliinet beireatedusyiriggaringdailuges. Ideally,

origipal or developed defect in.a nenory.a | v, .
i paliEbe 6t el Sie Cfies Soekesiod SPLRRRA R85 P taipal or
debIONENREdot il d MEhbA ds@é]nﬁl?,%x&@ﬁé abis€an@bomO BEL errors.

enbodi nents of an interleaved mrrored nmepory system

as JHAGWS isn fwhart Hlustrtinathe opamtigaef some gEbodimentaf 3R

. of th i i i mi
in{odvB G Benft S S P dBlefibltPhortn THGREy b the
 opbReibllbBihe Bfstérheddsofibeientn sresiot ipttedio thiseMeGils. 2B othgr

he used, whi t hers e features. ar the 30
erprbRpip oot hedanies oithe ol winkatereilioR aRFRFeaagmgy be used
RfREN bffie Alafurkdurbhal. | Y  operating properly (box
w@SZ) . In s%m‘:cz1 én‘oodi nments, hardware tracks the .
occ ReferingtodfIG. 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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ECC errors per nmenory assenbly. Single-error

correctable (SEC) errors and double-error 15 WO

YoUIU4P4 PCT/ US2003/ 034162 det ecti on ( DED)FCAfS3}08/034162
may be independently tracked. DED errors may designate ‘
any of a class of detectable but not correctable bit
deteéin (DEM)iehots iRdiShe infepeadEhitly HAGKHATEHTS errdfk m& dBlgnate any of a
notification occurs in the systemif a DED error is

clestcef deteeteblg bupnoticprrgetahle by @rrpwblmnmer Ingfome embodiments, an
eﬁ‘grr I{Jo%?é%pdnﬂggﬁrtg & n@e%& ﬁbee %s f%é@n{tgr% or§f z{@lle—deﬁned
nmhbm‘loédommbﬂtsdm‘c&s mhreaedmllt@‘ed \bhi thix isayt lb@ulred The time-based

ol B St o s chefSH a8t Pl L ppgrammible,

Amteﬁopsq Adfers b RerdRhdemREcbtifBhPerrére AURHARI mAPAEAin ¥ memory
bot h. Thé channel containing a failed nendry nodul e

mpdule éo@fﬂlﬂm nrisnagy datasiedundantcdesanordioth. Thie ohaprel ceraininga failed
I t
mﬁ%“ﬁﬂ’\?‘ﬁ{’:‘% [ ?nsc h%eﬁgd JT%”fSJ Wrgﬁﬂ%ln ii gge?ﬁeﬁ E&n rﬁvrltgo}ltsa failed
membsahedllé, hooalldd e nohnovictiny aliguinel. because an
uncorrectabIeE error, i s ntered, a read is
re- .%&%Wsﬁe{'ﬂ% allyre-is dpfs ded a)gﬁéﬁblﬂgx exg@plerhsrapsg n
uidSREMNIE BEC éfﬁir%@fcsudt&ea%ws L] dogﬁ stz?espondlng memory
re-assenbles the data in the proper order when reads
asggnably stembb%t irtargyoare ﬁainbmdlyrmnﬁﬂl}erégg eerbssembles the data in the
vv| h SS
prbBG GARE St dads bi8ILL 1o O Son YA fFnofy RRENbRES HiBtare wi
idenetifo el “gittien duarnoiycatembly teghonsidad fofl dedrigge ing Faiturt, nmtih e
victimremain orﬁwgecone redundant data secti ons

reepadigueypamirally syekithay ﬁla@fseﬁmnﬁﬂ} the XHHm SHBHHRL cﬂ@ﬁfﬁd}mdant
s%@ﬁ%lsy Iﬂ?écésigrﬁ’aaélgﬁlﬁ@&p%rgﬂﬁ%g aﬁ@ﬁﬂfg uhdbt H{eﬁlfoﬁr %sﬁgnbly pairs

read desti nati does not I'n victim
are seapped swchdhattthepreformgd eq:adrdgsthwatlbm deesmot mf:lmiatheanctnn

sof t |l ace _sone s Servic
s iedecEtRy SR wiiEng Fibre gl iaopolfrh Iy Fice st sort

oflagll for\werRicey @tespénse %(bdrwmm@rﬁouﬂ the ngRhineali ahatkwilLevent is
wi | | request fall-down to si g e- chanel operatlon ?ﬁ%x

imgypant. Thesoftyasgrautiae wilhraquest oazmo wénglsehapneliqpgration (box

actron on hard
(CFGrwtitedlistacsoftgiarepctibn sn hmylpareoﬂhsmrhtenams arendtrlohited to using this
Har dwar e or oth es of soft re contr ol be
Y GO AT e Ot STt o 5o RHEP PP epBbe Jeed.
I Nt @fakBRaE %lﬁédil@ﬁ&%é@m{t%niﬁo% BiterRavQPaIArbPelnBry state
si ngl e-channel non-interleaved operation, ensuring
opettien iecinglerpkaanel nondnisrleaved operatiom ensunag that 8o GlAnsRgEoLsrare

sk 3Ry S e ity PRI B bRl Bl ERRBIRALE, |

soﬂt@gﬂeﬁl\&nﬁdﬁg cmtfdlieﬂiilﬂmflmm elef:nealgrl ibdlgte dhd viGﬂil?Q:hhlﬁ‘@l
tr statlng channe I nt [ a e SJgna . Software .
disa bl A1k oqkds. T tThSiping o pftwais FopBIniGates

with@hé BABYGrPAMBIge ﬂeﬁmo&l&@ué@ 16 }énsavfe %%fehom%ﬂe %eﬁﬁm&%el

notifies the technician that the victi mchannel
Sofiwane no§Gesihe éschaigtan that the victim channel has been isolated, and

' 35@??’@6@& g%'f’eeéﬂ%ﬂel oot Rhldg4h L ihe eicf?lﬁlﬁﬁég en%l o'}?svgé%ff%m{tﬁm%te

~ communicates the location of the victim memory assembly. The location of the victim

memory assembly mnay be exposed to software through, for example, the configuration
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conmuni cates the | ocation of the victimnenory

assenbly. The location of the victim nenory as

W 20p04d%830sed to software through, for exanpl® gT’I{Sﬂ@X’o“m
configuration 16 WD 2004/044754 PCT/ US2003/ 034162

regi ster space of nenDry control l er 322 or associ at ed

re%g{e(i: g% E¥>f Heﬁ{ogg o gie | & 3223>e %&lated\é&)sﬁmy Reopk sihiplk,HnSVICH).

ncl u a grap i cal repr esent ati on
Wagmn wmcm ﬁﬂs medy bpteymumicated imb!éb e &raphicshreprsiserdationsenite the

te an L AUT ers to
?}‘J\%P Pﬁﬂﬁf’?@i&fﬁc%ﬁ%(‘% af %r{‘eﬁ% raffic on the
5 chapmel (rafid) dterls e Barﬁhﬁ&ta@fbnﬁtibﬂkj whiting €6vithgtraffic on the
cancellng exi sting operations intended for the ne

chasnel o Formpletecthreugl) vither Gpishingiop RRICAURE Hdstng;oReFHARS lg]‘%nx'ad for
t ) eqxr?o?rg 8¥Sf%%hg§3 ?gﬁ@&ﬁ:ﬁ opefFGE: hiiFoLRARR! to BRSndASASim channel.

e"technici"an may swap out the
f ai | @fcenaeohanneldme hbdnyisalhtod (boxi A58), dlrsy techmtician meyrsygp out the

nbl hat ch | d d
Sl e erBYY ACOROTE ot PR AR b BAfeL i

dAGEESs to begin bringi ng the vi cti m channel back
on-line, and comunicates with the asebPard_ .
contmﬁwm notifiesmeengaty aemfrcgﬁré%%r a0qeTIgyTatiqrgecess to begin

bR ik Shafifid $EC RS e e BaIRolird controller

0 prepare or C ann power - up by renovi ng
totrb%sihslﬁnhl pomér tothe victimechaimgr.aThis kequence ofievents albowhthg memory

T e e

uf&&ﬁ:“ gh% S#fcd); Sanae@@ﬁfg&h@h&eés@fy pHWéz‘Jupgta@é @mk the interface. In
W used by the nem)réssu system_ and. this

SO S, ThEROTE rertralier3 is e busilse fr gaiving glogksigpals used
ropr | a | gl and for
b ﬁ{f) @?SP{%Le P aﬂgfé %ocifyeiggtft]%%pl) % vgér?d/ or
d elbamabvér@ eda&idaﬁ ﬁg@oﬁrﬁtdi)l;‘.ewal Gari Ijnmyer tul’sltatlnlae mnérfurz%ly _
subsystemto | ock, t a i se S.. X .
sopompaainphish askbionp (Horel et lagked o B bR in he
mer?ﬁH é?llb?f%'ée?ﬁ fI166k, BYiGHY 2 BR TNARESINIS (borB3BYY. SAf iatpoitisofiware

Ictimslots are opulated with the correct
mhy: atilizd the $seript preseacsdeam’émecrhanumﬂp casure|Srahihe vigtise slets|age

pq;g%a%ec} W@Q :‘f’g’%gfr}g?c %ﬁo% eﬁi equem %gtf ﬁr{;@@%rg g%l ﬁ&e& seeibdly match

the I‘i?e%&ihhsllle}g;{1 FrExsse loh $he dhianived sl uhise,plhs sérhdindet of thecbqueacemy
i nform

PHQﬂB@l ﬂpaﬁm; rg;étgahﬁroiggt %}?{t@gll q%\énlg_{x:- n&ar% (ﬁclfuﬂcmn that
the L&?ch%a? §19§u§t¥1ﬁ east\%?lrhs %%EW §YwhoRB Wi therh, 322

re- con i'guring”stat nd ut|I|zes i nt ernal
conf §efuwat ltlmn TGS sieanryamﬂsﬂwzaonnoeetr@rpenﬁm@ng state, and

t t tt t
wfret DR coRHERREM TR SEhtrosan e it dn TR on AP RERRY Yettings
inhY mehiaPy%L@ékﬁ K%ﬁ‘ihé VibliAGheilel (oABEYN THwstidedtcipddsainy
to utilizing e replaced devices._FIGS.

ing2dmreland @nmgs:@taw@n sepatired pior tg vilizing therr@elﬁ@f‘ef fﬁle\YéaedeIGS-
2&'2% ax?d]zﬁH&YYﬁe fe%g‘ceﬁ $445 346, 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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 pigctieal pinpressnigpy ateiRll tigaled 28 BriTaY;

30 346 in a chip 164. FIG 22 shows a register 348 on

a nenory nodul e 160. Registers 346 and 348 may hold
WOrdDHYUATEHi on i nformation. FIGS. 21 and 22 nayf CHa/S2003/034162
alternatives or conplenentary. Wen there is a

failure, the information in registers 346 and/or 348

be:TfSo%to }]ﬁlﬁ?ﬁf&%ﬁéﬁ? gﬁ‘%@ﬁe Eagévg§§%9ﬁhg %éﬂf@a%on&!ﬂﬁg hos kailed Bdinory.

on cou e retriev om t he corfespondi ng
HO®Bvdrainl sethe wRES, the registered4f andiar 348 maybegead onljeln that case,

T el %tdfg ;:Z@ffggg %‘%ﬁ&p@ﬁ%ﬁ%ﬁ%@%&@%ﬁiﬁ@ plﬁ%l'%e ’IEJr ig%;p%tregisters 346
aﬂcﬂéﬁﬂfmitﬁérhew fRef@m&BorYakdch®liet.0 I egi sters 346
an

or 348 of the newy inserted nenpry assenblies. 5
Onc eOnrethy ivistimshaneh isdiack 3p pae kalipgateth gORWRTe gROYES Fromory

sof oy o . '
o Qe EH B BT EalEP B s iR AR St Al Bl FREEE f of
m@fnory6ito the chaiine] idelrdingathereictiimotmokiyragsertidy (Hoxt368). Hardware
nmenory assenbl box 368). r e wl] . detect '
Wb A ENSHeoPARAEL YRS et A gt thero e s Sl e eblbred by
' is restored by the copy operation. 10
ﬂfﬁ&?@%\gﬁyﬁ%l autonmatically detect when the copy is
conpHetdwafenuitiautenatiselixyigtect when thp soniiiceqmplets éﬁﬁgﬁ’c@ompete)),
ifself.back to in j . .
o SRR Sl P b Ty QSR 88 portion i
rdal bl Weitd/ Gsbranosscehghin inthreuved acrokbotiBdtynnels (box 370,

AUTO(traffic), and box 352). Jrenti oned, {he .
AlRbeonang bix A5D. Asdrettiohich BegypuioRiige el 5o qbe
d&?ﬂ JFihese are different types of non-interleaved

Sfat s, For exanple, in a fully non- interleaved

st at Fhert bre diffeentriypdsaf net-iiterleayepstaies | Yorepempigoips Ly non-

.that t system.i.s,no .laonge 1,0Lqr :
iRt SPob FEERAAE BoATRod S B sy B AR g ne
103BEr thiforedd 'TAGkdchaY, tHRUORASGER chdngy] contirgldll the daib ecbtiass and for
primary data_sectigns. V\hen_pome%égs restored to

|

JORERPS; (ERSRRASYY 1ishr%stored to
aRSTGIRL aﬁlﬁ?]?ﬁl@ dufa8s wgiemme, AerAOry RS R in SiapHn 8 and
Menory 4 ¢

sectrons I's re-established” In a partiall
redanddno stetus efimenhost setiigns it teeestabbishiod dma pawipllynep-iigrleaved state,

] nbl.i th i [ N
RPN ShAOR BT PSRBT/ ASE S 25 EE Bloghtor e
TRRE Sreniddf aslBhBlyBEAsbislicsf. TnhkatXBGEDIHY dafaseeiivnk pf the mdmory
non-vi ct1m channel that corresponds to t]g$ fail ed

agsemblyyin dssrontiigtim chanaelihatcogesrondnipdhe Gilsd memopy agssmbly

unt.il the failure j o . 5 S B and i
xS5O R B 1 IR T oot and i
SdTRE ehodiepits,the falug thayoa ddnected by mesgy wdpying data fiog thed

- ly.to the fail . In th o
cRTReSpRACInE e HHINd PR assanly Py or oy L Bgfey i i

p%ﬁ@i‘ﬁ g%n-ﬂf?&&a{?éﬁ st1@ (ke Vietihahiel dste\Wot Beveitd bé Shuit down as it is in

t may turn out, however, that nenory .
FEG.<23n1it maj fign put, hewqvepthes swpmoys pssgmplyrhes 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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of these basic types of non-interleaved states may be
used. In sone enbodinents, in 30 response to a

failure, redundant nenory for a failed nenory assenbl

WO P MBfed and distributed in non-fail ed mPFBEUF2003/034162
assenblies on the victimandl or non-victimchanne

until 18 WO 2004/ 044754 PCTI US2003/ 034162 the

| ' r j , tinu

et SorebRUL BE Sy, ket bOEin SR FT 4h he
falurBbiTe@d\L | NFORVATI ON AND EMBCDI MENTS 5 I n each
system shown in a figure, the nenory controllers each
have a different reference nunber to suggest that the
FIre M ADFIMONAL INFORMATEORMNM IS0 EMBODIDENTS f er ent .
However, a nmenory controller may be flexible enough to

hav eIt¢ach systo shoy inreliguae itammemarydonselierscach hepere different
f . n -
rtﬁéljen& n&ﬁb%%% sﬁié?ésns %%Q@m@@xllegﬁotrﬂ géx}ccfdllgr%q‘g&ﬁ%%eg so ﬁgbesdéfrfr‘%rent.

various ¢ gure
Howedlérf 4 exemoty collroliér mayebd Bexilsit endugdl to baasiifferéh) ihiplabentations

channel. and which s called a second, channel is )
] i o SO A 2 1 S i GG S EaRid pgrent, Hhe various
cld@héls Shoval inINSHQFEIRYy BEtHeA8ME bF &ffelint. tWhicrRRYs teferred to as a
details. An enbodinent is an inplenmentation or exanple
figst chapaeliand adiqhgmeallefarsepandshanne! istarfitrerye dihe iveriousonemery
y Loent, =~ ' Y . e i ments, "
oS5 AR R b pve AP BERICHRN or iR SRPS, ™
f eat An embsdiment ip pe imglemeritati acdresxampleaf desiavédtiods.| Reféfence in
connecti.on W th the empodi nents js ingluded in at =
thF QR al e gD S RORIERS (RRE CUPPAIEEh b SSgie pogitaents” or other
erBFRH L théans @fat & B%ﬁbﬁlﬁ?fbﬁhﬁé} Structh®, ¥rahhQbRristic described in
appearances "an _enbodi ment,"” "one enbodi nent," or
congentionaritholie pubediments és inolndedbines krastisbme ambodisfents; buigiot
odi ts.. If the,specification stjates a
sk R MO SRR, O} Bivebionts TP Vi 2P krGe
erivalyment, " 26ne’ srhigidiren)” of CsutheEmi@ihaitd Uugdetlot deb@barily all referring

parti cul %r conmponent, feature, structure, or
to egraodimeats s not required to be included. If the

Speqk fHe GRSt ' 0O I y L G
o eriL eSicifhuh sfitod T BhE thdture trulure, b Bircterisic “may”,
“raipfiipont ‘could” bdiackuded; itlat particolar enmponksij festure boracttne, ban
addi t.ional " el enent, that, does, not ecl ude. t.her e
RS hot Rt be bibRded e Slesfisron G e Bes g or
"ah'NslementOMst dveSndthean@Bdrt isCorBflondofitheslBREdtl ¢R4h8 bpecification or
details listed herein. Indeed, those skilled in the

claipms refertp nep aditigral elgmengrthatigdoes rnt pegchulg therqibeing more than one
?%q‘{ ' F;nt;@l many other wvariations fromthe

of or gg%ilo%leelesc?'i ption and drawi ngs may be nmade within
t he The apentidns atdreot pestriced toi thy particulmsdetatis tieted iheggliny , Indéed,
is the.follow ng cl.ainms including an ndnent s

thqs Gt o e, Bt 5 Whcloma pAl RS o that many other

variations from the foregoing 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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19 WO 2004/ 044754 PCT/ US2003/ 034162 CLAIMS What is
clainmed is: 1. A systemconprising: a first nenory
awsemdgaqamsaupl ed to a first channel; 5 a secon

assenbly coupled to a second channel; and a ne%gﬁ?ﬂﬁ&ﬁmmusz
controller to wite first and second primary data

sections to the first and second nenory assenblies,
respectively, and wite fir&ABA second redundant

Waheis chRhtd @Ns to the second and first menory

assenblies, respectively, wherein the first and

second reddnyiem campusisect i ons are redundant with

the first and i 10 dat
oot ot Spbefatoty SneteRddadir ol ai m 1,

~ wher aisecédtlan&hé@tas@ﬁiblﬁé’&@%@gl t%@@éoﬁd%ﬁﬁﬁl@ilflahgs each

i ncl ude only one_ rank. 3. e systemof claim1,

wher & TRETPPRY copirelfer s writefirshandrseeandypriapse dish setionetche first and
bSHAYES, . ™ h k incl
seftild &Y ab@iblied, ‘P&PE&%@G %@ﬁﬁ%@}gtga% iS%(‘%)ng 6?4113&@& gg%

either oné of the primary
se¢ions éuithn deaond ded firss metriopnassendblicEhe sy ety viHersih @ firdt and

Ln th troller is to wite third and
P P 5 “RonS 8B b esEntonhfepr i Bt saom primary

damyetiionaseqiEbliveds, respectively, and wite third and
fourth redundant data sections to the second and first

menofy asdBaBystess of clrigs b evhersie the firsilaad seqont] meentdry skemblies

eXMdndild &hly LRdHpgant data sections are redundant with
20 respecttho #ﬁg third and fourth primary data

sect Bons, Thespent bﬁf:é:tjim 1, S‘:hefjéﬁeth&)tﬁitemi @écr?gfi aleMoty assgmblies
ergin the first and. second nmemory assenblies eac
evgﬁélf‘ﬁ‘d‘ge "éﬁe S{e‘é‘g’t r@%owpﬁ‘ﬁl%’s‘?a"b\ﬁé‘kéﬁl%“@é eithqrmR of the|puigrssy data

sé@fionddr dnBOf Mleird®ina @t sesfiipki 0ns and one of the
redundant data sections. 6. The systemof claiml,

wher i n t Hee sysieny of cladet I sihersin the clentes corardller i t@ Write third and
1! - TIEW b Sy f
iR BE oAtk L] 8 APrERR e drid RGN Bihs e crapssivvsly, and

weitecthird atd fogeb redgdimidatarsections o M6 B8YoMd &RNMiFsPieBiory assemblies,
from an interl eaved m rroref]y

swi t.ches t he st e
¢ ﬁ{i}’{]y’s‘{’%@n% 'g” apd foyrth reduadan date sections aregpdundant with

reSylf ©Ghé Bikd@hd F8ith Jrinh 9 Qhta @Qctfoﬂéé lrléi.':ﬁa?cetir\{eggv ren; rr%_r ¥ for ed

controller returns the Systemt
nmenoty stihesystgn of claithd, whetimthofirstimi steénd maosi Bsemblies

L E e R R N TN
sestionk inod sne of the redundant data sections. '

6. The system of claim 1, wherein the memory controller includes failure
deiection 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 fhe
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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20 WD 2004/ 044754 PCTfUS2003/ 034162 8. The system of
claim6, wherein during the interleaved mrrored
‘fvj S te, the nenory controller reads from both

gﬁ% V d redundant data sections. 9. The s;?&féﬁ?‘%??’"“m
claim1, wherein the nenory controller includes

failure detection circuitry to detect triggering

fail 8res fThe byseenirefeliih 6)SeRioM @ pathe intdtldaes&PRRSied Memory
to %%tectlon of §uch a.triggering failure, the nmenory
sientie sy copfraller gads BpmhgferTindTy 2@ Eydradant data seciions.
non- Hail e TBRRLY .

repl g'ces ?ﬁe fai ?iztgﬁﬁng?’ml“?h;fegnsglgﬁl y.ryfo. iﬁeh’\é%?%ﬁrﬁlmc
defectignaineniory toideteeti triggesigic Saibures infiwr methpyrassantdisp amtlin response
f . [, nt.r.ol | to the ry assenbl
S BB e e T PO ol eoRss g1 orfpe data
sejishsefiomb mohdhitedimerhoty abRMbBORIY hEhOE adsdnibly thalRPRE the
aggéenbly on the first channel and a fourth nmenory

falled m¢BIoY a8eAY- second channel, and wherein the

meno c : : . [

ot o Gect | gnieRlofchiig, Wbl fepilelnRithatl i ol SH3 the

mgmewnhtsinireler to depeemory@bsembiinihat placdsttbe failed chearodly assembly.
urth and

fourih redundant a _segtions to,.the f

T e 8 iRl 1 Rt Soottsine g Gfepbey pagmbly on the
filshéHadnél add &wﬂm&ﬁo@adsmmén ﬂle_tsécoiﬂ%hﬁxﬁﬁﬁ afid Wherein the
redundant, wiith respect to the third and fourth primar

merRery coggellardnte witiedietand fongh primarytats sspensiie e thirdand fourth
mém(lgrlyhﬁé?ﬂ 'eF,I}@spfcbﬁv%ﬁy, toSGR M IR ﬁﬁ?e%%ﬂ@alaﬁ \%ﬁta Y Fions to
mendory nodul’es each °r ncl udi ng nmenory chi ps an erein

the foairthi and thinhwiemeryoasskngddies, irespsctively, twhercin the thirdkamy figurth
he chi

ssenb are included, i i fferent ones. of S
reflfoffalh g2 Fors sy luith oot S B Sho i PR cate
se@tighs Segeodvdder ti ons of the second nenory assenbly are

included in different ones of the chips of the second

nmendly addespiigm of glsim Teheseis thefinst ans| sgtondimerhory tabsgmblies are
RS AEAIY il 200 oM DBLARNh i 0B

of trepfarat membiylassenibly tledndlidedtin diffbrae onschf tiaching of thefgt

wher ei n e first .and second nmenory. assenblies are on
meOTy a%s&wiz naéad'swl&ﬁfelflﬁ@ ffr?*r Ssﬁ?&gg@%mao thaﬁ%r@mé mempry
asskR®IPME LRIMdRE it iffeRind ondd@ BRI dRigs!HE tHEREENA HORS gikéeﬁfbly.

concurrently wites onIﬂ;J/ parts of the first aé'
secddd pAhedysjerdaf caigebfinies comprisiog thindraad fowrthwhianmssals.

onl y,par he f..rst. and second redundant data
sec#'ons&ﬁgﬁs%g%ﬁo CII’SI%/HS e cecr)ﬁ%?lplgsf%&s??? Tecﬁ‘i‘fgwpfﬁt‘?rdmbs on

thenfersminyd sasadrehhnimess, aeipheein e first AddsecdiidansRbry aS5@&MIEs are on
and fourth rr%{rgnrdyseassenbl ies coupled to a second

sulqgh% qf the cond 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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21 WD 2004/ 0447-54 PCT/ US2003/ 034162 a nenory

controller to wite first and second prinmary data
swollognssisa the first and second nmenory assenb E‘f”ﬁ}'s2003/034162
respectively, and wite firs, and second redundant

data sections to the fourth and third nenory

assenblies, respectively, wherein the first and
secorfmFBanfeakpllerde ¥ridlisst aeksceend nrisenty data seationito the first and

S 0N SO RN AR e i

sections, “respectiv
sgpieame iten thetfeunthearsk third oretnont 4s8emblies) sestestively,| whie@ein the first and

AR % b L S ok 2oy

datacsactiords| tegygRtivelg failure, the nmenory controller
sw tches the systemfrom an interleaved mrrored

memorly- st g sygem ohelaim He, avheesin the maermoery camfrollek instudes failure
i of . . ° N
GRSESIS ol ARG ES (ISNTETRE N s

controller ‘returns

tordetentionaif aveh a ttiggerifitpefaidys themefnoey ednmolld: swittheEih sfdién from

-interleaved state is a full on- interl eaved )
AL Y pRerac € pndnint iop et e and ghersoapssiop of the
tiigeAinSRIRES i BHéry cBRtvller Iurh? the §yStedMhd SRRREvE lﬁﬂ%‘red

17, wherein the non-interleaved state is a partially
DRBLY #f#€r | eaved state when the channel with the failed
meno as ' shut . do and
_ rrerm?%/" asgg Isliécg_ﬂsé% er elﬁg%rﬁér%ﬁhg 8%15?“3 r}eﬁﬁgg;%tgﬁa%w non-
ingdvlea¥ed dtatd whee therchameb with the. fa2éd mémerysassd of coﬁiﬂé’cﬂg shut
d16 wherein the nenory controller includes tailure 0
‘ection circuitry to detect triggering failures in
t he NENDrYhASSRMANS cﬁ;%n@?%h&eﬁ%@ﬂ&ﬁﬁteﬂcgv&eﬁ[tﬁg i¢ aoﬂ]art%t]ly
such a triggering failure, the nenory controller
nomyistesleavkstae when the¢hanmel with thedaged memvry assrmifigid ot completely
r,y._assenhly that replgces the
<HSE R B3 6 Blelhol oIS el E5G5R brsepipe efolprfoaie oted
meneryesssenbilg, menory controller is to wite: 25 third
and fourtfy pri magoé ata _sections to the first and
secdnd rSystg@ ﬁ’gwéé’, whergig tecmemery,contiplderinghades failure
detdatiod cRelged e idiee RS j e, fourth
and t_ﬁi rdtr}rrer%érb)t/ assen%%?lg%?%g%g%%ﬁéfs)%%b&%earn ilﬁ response -
to dptection efuelng triggeringfailodthd aremata tontediet capiss dme®r more data
| th respect to the third and fourth primry
seliE BORA pdltohed BRRBEL sshnty S0 Moriory Sipembhy et replaqente
30

faildd, mavheyeissenithe nenory controller is to wite:
fifth and_sixth pri mar}/6data sections and ei ghth and

sevéht h r@a sy of dlaim] 6, sdetain the nemaryigonthilted itndvrite:
feiO; %ﬂ;}ﬁ ARPOTIL btary’ GERES dnY & Yie fﬂ&danﬁn’sééo%d Sﬁ%\r/r?o% stgrrrllglies,
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 fifih redundant data sections to the third and fourth
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primary data sections and sixth and fifth redundant
data sections to the third and fourth 22 WO
4 4 PCT/ US2003/ 034162 nenory assenbl i
ﬁ@%@é@%ﬂ%l y, wherein the fifth, sixth, seventpﬁ,%mgﬁ?fsm‘uﬁz
ei ghth redundant data sections are redundant with
respect to the fifth, sixth, seventh, and eighth
meményessembdias, aespectiviehn whereisthe difthy ekty, seR&nth, Tdnd efghth fdundant

f cl.aim 16, erein the thir nd fourth, menor .
caffseilifiPhe eat Bt b wearot e el ans P eh g e Py
daff Rclidi, febptivapd second nmenory assenblies. 24. A

system conprising: first group of nmenory assenblies

coupPed tlheaysiem of cleimn hparherein greghind grdioprth ey pssemblies
j I l.; MEeNDI,Y:
srE S0 ) R iy ] SRS A A oon Albm Rt
sectdons A gysteim domgmisingne of the first group of nenory
assenfbl ies and wite a cond %éoup of ﬁri mary data
secPFitgHETPY HMIRAL ASHRD BT couPlrd fe & LEHggskip of
e QYo AR drefomad dssbfbliss dublei$s a ScBHP cRinel; and
redundant data sections to at |east one of the second
gr o@pnenory getetller tessenbl i es and wite a second group
of | [ t l.ea ne. of.15 the
71 ¢ SEER B P o bbbl b BEhea e P Py o of
mefarg hssgmbligs it write u setant grtapaf peitiayodsta Sdctoisad dnRastione of

with respect to the first group of primary data
theseeqndAeup of facrory asealh BS;QPgup of redundant data

SeC RS fittk Broup SEHAGAYL: With BedtiBRPRGE 12 dnB o ﬁﬁ%egﬂld group of

group of Frl mary data sections. 25. The systemo _
meglogy assemblisstaad avrite 8 besond goup of primani data sectieisiid esleast one of

fallur 0. detecti circuitry to detect triggering
thef%ﬁﬁ%? soo?er?ﬁirgagfgﬁg’ﬁ)efs’gggenbl ies and in response to

det edbietinthe firg yedupaf tedug@k ing sédiohs/sre redundar Qﬁﬂlrl’.é?ect to the

controller swtches the systemfrom an jinterleaved

‘firsh#oup 08 BrIRBRIAfA seraqns, a1l the proADd sroup b kdindant data sepkigns are

A, [ rd ' |k , the
redﬁé&rf@:t: 3‘79@5% ?%It?)fehf %E%O%E%F}%th%f%%%@gar% ?%10 Elg{isﬁt erl eaved
m r 2%r edThawywempoistama4, @be2th. thd hemepstomtrotiér intladen Rilyre

i.ncl udes failuyre

et St o P efe0Rk BlbanSlory mEBem Asetpillies prsbin; psponse

to debu2i6® 6Dsuéh a $SEsEbnG BFlued) the MemESROAGE! ler bRitelRds 85d dy@RnPfrom
atri g%er.l ng failure, the nenpry controller copiés one

an igterlepyed miozedyaemery state foragimanisslaavedistatapndafisy gorrection of the
BT BB Al PR 1 il
memory state.

26.  The system of claim 24, wherein the memory coniroller 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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at | east one nenory assenbly coupled to a first
channel ; at | east one nenory assenbly coupled to a

nnel ; and 23 WD 2004/ 044754
@é%?%%ggl 034162 a nenory controller to or leﬁz’lDS?‘{?sm“m
operate the systemin an interleaved mrrored nenory
state wherein primary and redundant data sections are
senta thembiyeohirslidr tamdimeitpasbratet ey st ia in Blterleaved mirrored
interfaces, but, at tipes t erate the systemin a
MEBPYiSFS FRYSiRRing g red?%?amr&?é 2 SePUPRSATS FerE fasthfipst and second
m &?%&ﬂehﬁté?ﬁ% YutGR Bidetd Sﬁeratéﬂ{e ySBR1ih Boh lﬁﬁeéeaved state.
systemin the interleaved mrrored nory state unt
a t ra8ggerihagysterhiofieleiny A7, ovierein thﬁmemwrmmyolmmmmm@ge the
ec t c rol. and espons
sy PR ey SlofSR Hny RBM< i Bt hRuERGS e
mendy fasdehbliesisideizbies b e mylﬁb@noﬁ&alertdm ih Fdspoikse ay @étection of a
mrror egFmam)r state t non-interl eaved state and

triggerpg fuilipe.dbg mEmowt cmﬁeﬁ?rrswg@é?sl thegsystes mﬂéhe infegleaved
il ﬁierﬁ&?tsfa@é foShe A& hﬁrié?:ﬁﬁa{réaesta_?% SRk E@m’: kﬂﬁ\‘cﬁggenng

mrrored frenory state esystem C aim 2
failirerthé memhef mtrdlmreﬁumsathesysmﬁae mtsrlavedmmomé memory state.

[ n:rgpl ea %gg&h # cha d’t‘m’n& f%ﬁ’ (gata%.ﬁﬁg(}ullynon-

mtﬁﬂé‘dvem;t@fe vﬂieﬁltm aﬁnnMMﬂﬁha fdxree nik@idry Msehboay esingleRlyeshut
is a partially non-interleaved state when the channel

doWit h the failed menory assenbly is not conpletely 15

oper 3t i na e e O R R ol o b E Rl HOE bty

non-interleaved state when the channel with 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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