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WD 2004/ 044754 PCT/ US2003/ 034162 | NTERLEAVED M RRORED
MEMORY SYSTEMS BACKGROUND RELATED APPLI CATI ON The
present application and application no. | , entitled
wdRomrys784 Controllers Wth Interl eaved M rropegudfniiyies2
Modes" (Docket No. P15192) were filed on the sane

day, have identical specifications, and claimrel ated

subject matter. TECHNI CAL FlI ELD The&fr esent
i nventi ons AVEDMHRR MORY SYSTEMSry and

redundant 10 nenory. BACKGROUND ART: Conputer systens
typically include nenory devices. Dynam ¢ random
access menories (DRAMBAGKGREOEAMDNIy used menory
REEXTEBSABPIE %F@Ne relatively large anounts of data.
Menory contr‘31 ers issue wite requests and read

r eqUdstpsestiot appiidakion 41k apiplicatiah ao.t 0/ be, st entéibdi“Memory

responsg. . to a wite, request rjginate froma
AR I0 BrcteahdHEhoTHod, BRSS9 s e
onRPAMhd Uay SRR AGRtit sﬁecfmﬁoﬂs%a%gim@axte@@ubwﬁmgay the

processor or another chip. The menory contfoller may
be in a physically separate chip fromthe processor

TEIEHNR}'AIP?IEL'T?the same chip as the processor. Conputer
systens, 1ncluding server systens, follow a technol ogy
t r efltie presedtiimienti@nt retee Nesuysysttanwita peimancddasdungarit N
bot h absol ute size and in device density.
¥énpanying the larger menory subsystems is an
BAORGREZNIY ARGGur rence of both soft and hard errors in
t he DRAM devi ces used to i nplenent the nenory
sub&pupeter systemsHepicatbrindydeguimeory devivayr Bysamioantivesacttse
L Sty i 1.t f nujti-bit error i n
ek BORARE) RicBARioply e g deldof sl g v ke
anoomns pBddter MemorynmnirollasBsue virite ratesy shd2eadaeficsild BRAMS.
T Oﬁer?tgs onda fixed data,size corresponding to a
be S2ia e BRSIRd 31 1ESROMES 104 4itg FeABesi may pRigmate ftomp processor or
anGth@GAFS %e%%ﬁdedﬁ@&h@ﬁﬁm B re@;loﬂﬁa"fB b ¥edd QB Te th&/ be used

desi gned for _wWth a 64Byte’line may store erght
by ghegirecesgos ghenether chitle ghamemoty\contRellee may be inve physicstipsaparate

r, eV ral features targeted at
“""puﬁﬁﬁgﬁ‘%g‘&?ﬁ\% gr S erﬁoﬁ%éa%#%gﬁmbagt%% R375%nd hard
err Gbmpifmar meﬁmgwrﬁrswﬁaﬁss lt‘q?.m.wvI alt mdﬁmlogy%‘éxéﬁ in Wwisich
conmo or nmenpry coniro rs to, inplenent an "Error
meESFY SEYH B eTea TR baADs e Fize i IcieRisa densiial
Achidh - i )
P s 9L SRR SRS 10 o ud

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 2 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 system products have exhibited several features targeted at limiting

the system impact of both soft and hard errors in the DRAM memory subsystem. Today,

it is common for memory controllers to implement an “Error Correcting Code” (ECC)

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
hardware. This nmechanismpermts a systemto continue
woeoedospgarel iably in  the presence of occasipgfak2o03/034162
single-bit soft errors, as well as in the presence of

a hard error affecting up to an entire x4 DRAM

devi ce. Extensions on this algorithmare available to
sush $heb eesingle it gger erepmbation @gem\ﬂr@mm an Blmneﬂ nébRasy be
oft [
cITRENAH SIRY, ghs%cﬂSI ngis\é}ﬁ‘gccc ggétén% RLARE Setiably in

are encountere
the prasence b€ oavasiondl Ismgletbﬂmoﬂerkoﬁspaisr\eﬂl agrig ﬂ&qﬁ&eﬁdeycﬂ‘la&aﬁdl efror

heck, bits .for ta hits, or 16 check bits
*?6‘81%“3 WRA9A7 extre ¥4, ﬁw qeys cen%te%?nsw thig plgorithm a5y ayailghlp to
proRciaghaki I 0 DRWI @videB ﬁutt%hé E€C rn?ercﬁadnﬁﬁ ﬁ{agr B LM down when

across the affected data. 10 M noring ta refers
mpkiplesalt §TTaY arswncewpred ot sioglergeegatodhs mnmpty@tore.uhecause the

lilg}?{@éo%ﬁ]eétgﬁc g)d% wgilywch%&?é%snfg' Lo ?/AP @ai%‘%x% é}f leqtﬁleck bits for

ewerypl?ﬁ rietatbits) may et blaab]fe to &W@Wﬂl pamutationsSofawa ol mblebit errors
L% al s f%f% r(ei that the avail abl e bandw dt h of
SCRirEe @1 ted i be cut in half to provide the
mr Mﬁ'ﬁoﬂﬁg d&a Pﬁ@r‘s lté ﬁﬁmtaliﬁn%: W cohw@ B?é@eg}?%t@rﬁ AL

of syst ens usi ng nenor rori
meyPey Sigrel chrmngG@w émtmé due puts mtefﬁtﬁ\@mall@ﬁy Ioﬁa given memory

Uk A TP, SRR B SO e
avpnlablmfa;adwrdﬂmﬁthé mﬂ:ﬁlo@mﬁbmsﬁﬁme JWDIHaET0 Movid¥ihe dbroriagd

é% are coupled to mrror channel 18. Primary data
ons DA1, DB1, DA2, and DB2 are provi ded to nenory

chi prgi rbr@@d%’éxﬁﬁpw of s%@bms'@mg%@ndﬁ%gﬁﬂgmggre GHRABNL

data sections
sypiem P inséndepa mm@nycqnlm%@ 12 thatischobpled hpa pmMaryMianmhtﬁ and a

h DAl
ml%r c%? é? eﬁ’%egﬁ' ag e a‘?l or 3%’%3?1‘5 iag‘?w iR 8?}’(9?565’ bflg‘ary
chTrmdlﬂ&?tﬁtmeﬂim‘rﬁ mogeles M;IDMZLQQIE' and A8 ‘are dat(:@leld lt(ﬁﬁlﬂ'rdPBﬁannel 18.
ot her stem a menory controller is
EBORASEEOTE 1A -0 b Ldati D 6o ppesiqad o degmnorn s in
mdﬂﬁleé".ﬁﬂy MR hd BF7%nd reﬂ%ﬁ@aﬂﬂdét& RRabRDA be)@g F QYeR. IiHB2

mrror channél. Two subchannels are coup fo eac
arerpspiadadde nentory Fhibpinynadulis M Mg, 316; cupM8d Nade thatprimary data

wBERRITE 0 R B T Bk o

sectienxddA &1, DIBUL Iaae!, sigbB2fant data is stored in the
negﬁrnq\é dules of the subchannels coupl ed to the
SBSTeR ISR BYCNBNTPPIHEE isoBPlai fha fivst peaterdub

thr&ﬂ;% m %hznﬁ&zama%%ecoﬂa §t@1dhub throw M%& &aﬁﬁﬂe’r{‘\)}m

a sy stemlnc es a first nenory assenb
subgkanpéle gretcoupled o @ph tsipeaterdiub. 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.



and a second nenory assenbly coupled to a second

channel. The system al so includes a nenory controller

to wite first and second primary data sections to the
first and second nenory assenblies, respectively, and
wite first and second redundant data sections to the
second and first nenory as i es, respectively,

wherein the first and secon dant data sections

ar e r aodmdanbodithdnl3, a sygap acldds @ firshRerhory Sdsentiflcosgedxn d first channel

[.nar a ecti.ons spectivel y. .Various ot he
BTk SBh 6, SRR Roich VRGN it At B B L fcgmemor
GFRUFIHE DRAVIHNGBd Hvend privernytdate setivis td thbrstnderstiosdionssemblics,
]gagg,écavefyr m&d?@ﬁrg%@get&g réaﬁmstlsdag forf ggﬁ&e&ghﬁmﬁﬂl@m@

romthe acconpanyin rawm ng I ments of t

PSESPRIES, ERec el ve hergin (e fiet and sqqend redupdant dsts setieiears redgndant with
besgeitto th Girsk ﬂM@%ﬁ@ﬁﬁnaﬂaﬁa@@ctiﬁlﬂs?&.&;feéztﬁeﬁm odi ment s _

descri bed, but are for explanation and understanding
only. FIG 1 is a block diagramrepresentation of a

pri or Vatidus bémysyen¥lafelddtiosy siddmimddl GS. 2-4 are bl ock

di agram representations of interleaved mrrored nmenory
systenms according to sonme enbodi nents of the

i nventions. FIGS. 5-BREFOHSCBUNION O T&HDRAWINGS

PEh LAY @11@:26 ul(l)%?stﬁ:[(])li %%%P{/ﬂo‘nrtgé & 11@&9{!11?10% é?%[l? {r;%ow and

il lustrating ranks e menory assenblies, acc
frem S pesompangiE fienings Glembeimeniié e inyensionsryhish, Igwiever,ghould not be

Rk AGKIHH AEIARTRRE 88 GREAE Lkbien@ ﬁeskﬁﬂe@,rb!uﬁ.@é/@pexplmaﬁon and
mrrored nenory system illustrating chipset select

yidprstanding oals di ng to sonme enbodi ments of the
I NvVenFIGoNS .a blokkdiaghin degreshifatiddl 096 ridHaAgleMmBiy mirror system.

repr tagio of. menory nodul es accordi.n 0 _Ssone

Crbodt A Pop s Bk lREct: fipfea el Mol ferippens

dradinainserependwdinteals biohsinehtidngt er | eaved nirrored nenory
: ) . ‘

Sysl &ffgs. 40 F%{:ﬂk?_e&&a%sr%grg%?tgt'gj&g %: 15[51‘[&1‘?‘@ %ﬂ&%ﬂmﬂg{ systems

inventions. F _ ~diagram representation
igstatingyanke pf themepine wsembhesnasesrdinptarserad ¢reodipmagis ¢fdhe inventions.

i ncl udeds 86 CREEHESan RpeRhRAHD Ath ARSI rﬁlfror%nlﬂﬁemory system, illustrating
[ nven#gogré. FI gi‘ 20 is a bJ ock diagram representation
Yo St e areETineraompgpbesimenhial hadyeniAnsa menor y

cont riaG!| Bri3aeddch idiagrat GepBeddi ieA¥ O aleARH s ddds abdaRiing to some
éng&g&%@o xnﬁkﬁamél is a block diagramrepresentation
gP a nenory Gﬁlp according to sonme enbodi nents of the

i nverilidrd-18 Ele@locR giagrgn wplshenhiond bbigedenvedepirrersdémtadry gystems

Lo d T8 TR YenBEH Igsgq]% rdifg.to sone enbodi nents of
: . jie§ { :

the inventions. | i's a flow diagramof the
oper atl¥ o} ioF bladezumiseriiseriaion ol systeveinj whichptnicmry, controller may be

ihImbAk Adeb I RERLE IR mERS of RYRRLIGRS | nvol ve

i nter ved mrrored menory systens. An interleaved
morr d{léﬁoels a l;ﬂ)ck d%gram representa){ion ())/f some details that may be included in a memory

controller according to some embodiments of the inventions.
FIG. 21 is a block diagram representation of a memory chip according to some embodiments of
- the inventions.
FIG. 22 is a block diagram representation of a memory module according to some
-embodiments of the inventions.
' . FIG. 23 is a flow diagram of the operation of some embodiments of the inventions.
DETAILED DESCRIPTION
The inventions involve interleaved mirrored memory systems. An interleaved mirrored

memory system is a mirrored memory system that typically operates in an
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menory systemis a mrrored nenory systemthat

typically operates in an 3 WO 2004/ 044754

PCT/ US2003/ 034162 interleaved mirrored menory state,

Wotzo0epBs MRY tenporarily operate in a non- peygs2003/034162

interleaved state in response to the detection of a

triggering failure in the nenory assenbly. A

.di scussion of triggering failures is provided bel ow

injgricavadainfosgd meraory states byt vdishagay femporsyit eneratein@mes- t o

; oy ] r .state.. .Fach .channel in

At G BN T b A BRI Dt b 1o R B G NG

amembiyb A discusdion afitripggeriag i ds provided Below "WHeh Yhesthidice is

t he ry of each annel stores hoth primry and i

YTl £ el STy DTl miBPTe Wﬂ@tﬂpﬁa%hymei in

the Bpktdre lUDEPIRY tGHodr BRES indRsryAkRnbliey, ol ah %t&ﬁlgv&ﬁﬂﬁfo\fed
I'ler of the

of different channels. A nenory contro

- MEmeYSAt ke meyneryof eachshrmmel serepboth pemarytasd revdant dda

T AR A e

e menor

| ofriefferent chadelswhen it is controlling the systemin an

intefleaved mrrored nenory state. The nenpry
cont BETREFY Saanpleriel s iviien cPHEky 8 oppaeon iR iierlpayed
mﬁwfédﬁémb@gtatmd%ﬁ? b6t dHeBveAQRids TRE 'n%ﬁa\é%ﬂco%&laﬂ&-ise i an

. Several exanples of systens operating in i'nterleav
inietlpaved aurrerseyony mpdswhandt isicentpolling the dystest mvan interleaved
] f..00NI | eaved,st.at es_are. al so.di scussed..
i R L T R e S e
cotlieolting theafsitrh isen@xmrplesrdafatesystens in interl eaved
and ., non-interl eaved states. Various types of nenor
adnyglps

aS S §ﬁ¥ﬂr Bgsya@@a op Wﬂp ggeréﬁav FETTOT d Iﬁ@@@'ﬁfﬁt B9re
prmaédtuéﬁ)mmmHb@ﬁn&la%éagﬁd?éstaﬁ% alBPiuoR. Pfov@bécth?

. in hard drives systens, I nventions are ho
mepgtipnspre vt linNisdde the doldil efghesa eknmpled afdpstoneindnterieaved and
no%ggrﬁéévg;&%t&e_s. Merely as an exanple, and not a

requi renent, nmenory nodul es may be 72-bit dual

i n- Marieusnrgpa of reRlolMzyerililies 6y be sed! Bxample@offgméybit s

f%nﬁal'ECC'l (g%‘:nc is not required. The mepory devices are
assGPles g pdamergory modules apq discsos pATHSRD ) discHp hard daiypt wstems,

fihei ' bR i f
buf tHE IVBIINY aR8%t SEBmARY 1\51“ d@ﬁé{@u&g bR il %%%PeAlgemory

according to currentl y 25 use echnol ogy.
devierst ivisrelg pappe@mpie, an rgquitementcmemeny talufes myayee 72-bit

i T j L1,QRS are, not restri ,a
audTHTRAS Bmory (DM M o S o5 B4 158 B S B GC ihor
reqaized. | TR memdre kevite ataiiad litdiRd td §¥ﬁi@ﬂﬁdedMOlagﬁ AP driegathgle,

ortion of the menory assenbl

nenor assenbly aor. a po, ] .
‘the &Een}f% deices eﬂaarbetl?o%Ms FRips wany{aciurgd acoopling oam‘rmtbraw%ely

AQEhh&ISEY. 1 &4 4 ey - _
R N R S e A R e

- Theymyeniiony argmdt nebisicted & aipasitotarisigneling techniqugi cal menory.

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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Typically, the contents and extent of the data

sections change over tine. 4 WO 2004/ 044754

PCTI US2003/ 034162 A. EXAMPLES W TH ONE DATA SECTI ON
WQW ASSEMBLY FIG 2 illustrates a Sy8b§%§ﬂ03/034162
which is an interleaved mrrored nenory system

System 50 includes a nenory controller 52 coupled to a
first channel 56 and a second channel 58. A nenor

Asu bs@X&MﬁLiESéNIJEﬁ@NE%T& S@@Eéﬁﬂl HF@sMBMORB ASSEMBIAY

M7, i.ch I |rs1

9" R, Gl AR ihicHlSRA forRa oy system.
Swtps@ihchdessaaansty ebatruliet 53580up1|adeo B6RgD EhanfiEld6laad a s8ynd

be |nserted in slots _connected to the channel When

chaprs! 88 & megqry, pebsysiem incliides pemery assemblistMd sMP M5 nanddy,
whies Hée%oﬁ;ﬁaa st SI ﬂﬁe‘ aﬁ@anagé,ysa!s&&nbﬁ 8, momréﬂams

operat menory nodul é can Inserted i nto
whithare cmmglﬁl tolsotogh canseleid. She arhospmeddedresy lm/m@wé in slots

cRERTIAP HieeBaRL Ao T LR 2 miore ettt P ik memory
mb@ie & bmérﬁox@ﬂ flo@fiss didiand a beperlyeFeRitihg 2saeAp hiogsle R be

channel . In some enbodi nents, the systemw ||l work
ingsyig inte g s Kk some of the slots that may receive nenory

moduyy n&%u%g s%rst%fﬂgiov d I&lﬁe ks g%t@m@ Best Q&ﬂi!:rélﬁ‘ arle 1y sHBER Wit

asse ided into prinmary 15 sect1 ons
foDARsm@A2ssedBlies panchabBd, thisds mirrecpmpdmﬁhangmag tieimoeenar less than

dat ti DA1' ' DB 1'.. 2'  whi.ch
fopiafipstd e B PR eL T I SHETELR G B Srle L sefmen
thédfdh.sofdf\3f thPRbts tidd ehalleeteivietmednfor@ kfpaaleeslte Epty. i N most i f

not all actual inplenentations of  the inventjons_that

t he The dafa dubh St‘éfﬁ‘i # thememepkasiphligs Haividedintoguimary daty o
se%%%é ﬁéﬁoﬁ bNER1, H?%@[/) %%ﬁ@@&&h@féﬁuﬂcﬁﬁ{ da%%?dng DAL,

eht1 ca Wever, a prinary an
DAYy DBé b@mHDB@ Méd:hmdfmdentd:al @ eseotidlyndenighldo giifnbersetiona

DAL 2, 00 P eehFeh et B b S s o

thCRbERDROMEN tA@retiddany datd SR6tidHs Wialdbe id@itidalge tel o@ﬂ@spoﬂaiﬁg
rimary data secti on i s the one that the nenor

pngﬁm Hash sestons,(fr rreaninls, Ak dssidentigal te Ti/hb.- &Wﬁ@@p@n@mﬁg and

coh SRUAAL odliftf ARCHLRR ARl H KA whil PATRample, the bits
in theeedunilang data ekationsseuldi berthe myvéree of thacortaspondngrbits pothd ipnigrary
edyndant data section if no failure is detected in

d3PREUP% em However, in other enbodinents, such as

ar eTHé ﬁﬁlﬂ&?@l@t&*@&iti@ms thé enmmhaﬁﬁ@ﬁfy@hfr&ner BB, ﬁb‘aﬂs
to read the redundant data section rather than t

%rmmwsmﬁ@gémd@ﬁ date sestion beigta beckep Ingsont epgapme@ts the

i me?:[br} H?La se c &Bﬁh tp%@a% hd{%%ﬁ&r?ggﬁ E@gﬁ % c%ﬁe@ofr:ﬂmg

redundant data sectlon 1f no failure is detected in the system. However in other
embodiments, such as are discussed below, the memory controller may choose to read the
redundant data section rather than the primary data section even though there is no failure

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

- stored in memory assemblies M1, M3, M35, and M7, respectively. Data sections DB1,

DA1’, DB2, and_ DAZ2’ are stored memory assemblies M2, M4, M6, and M8, respectively. -
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- Tassenbli es

stored in nenory assenblies M, M, M, and M,
respectively. Data sections DBI, DAl', DB2, and DA2'
are stored rrem)ry assenblies M2, M4, M, and MB,
Accordingly, until there is sone failure, system50 is
operating in an |nterl eaved mrrored nenory state. In
some, enbodi nment s, %llr of data sections (for

Agssipely, umth thesmia sesns mylure; msw&japﬁer@tmsupan infrsleayadgnirrored

mbfifnfhe, Ao RBpdkEnR i iR AR ifiple Pt and DB

fce;mm: c}ata(guqh sach t]};ttdctelm datuesesiymt are chelr sl a;sclim £oUp. %)f\d:cmrse unless
S 9. parts of .the sections, W rea

i A sestiohy oty Sxqepingly sall (i Fevien he syatepy st sigely), only small

pARWI R dafa LARMAWIPDBe rele‘bﬁ/wﬁtte‘Hﬁl kinRaFor &anip irPRE oRlinary
smal | part of DB | are concurrently read or witten.

cquysejof oppratia prly 2 smaﬂ paroof DAY and @emalt prst of R laars eoncugagily
e

w00y, 125 9SSl oA TR Wi

togethé¢rrbolstoeed mmneaidrpmssémmhee ittgih fre rthd dafmic Afstdnod &bﬁﬁﬁ@@embq

n ex l.e,. jn so nbodi nents, the small part of
cog%Pﬁ‘?%OéﬁqrEﬁF“S ngﬁ‘gefa'éﬁ?& the smal| part of DB I
is aadwa Jxaﬁlﬁféhﬁ sloinE %ml%ﬁlﬁqgntﬁ QH@&HQ{]%M HAPs 3 P‘ﬁﬁ%&e line

cache line. an exanpl e, art o may
ang gheagmaglurted|D; Icla@ helf pache limgreihich éoge et malpmpta wiiole GRhe line.

v h { a f d
(AT iR, 5 SPU o F G D' daa M RGBT 5 B ot Bkt of
DBBde be angeﬁnela]{flcmab llnh;i(rjmﬂdvaitageh&“ dﬁﬂl@'ﬁ’ll(ﬁj is][tﬁattfditﬁﬁads, half of
other half o e 15 data group is read from:t
the e RPUR ik brspad ﬁfﬁméherfggm it thefegns tipohpteagther bl of the
da&agi&m Atdrdansh B atdond Elﬁanf.ﬁa% sFRRE W rgidé tRORAd Bldwidth and
rior art system 10, all the primary data sections are
h ﬁhftlmdbm channel . Therefore it will take at |east

ne ons. DAl .an | to b
+ ondt pftRraro bR S P SN Ry oD Seclits g of e same
chmnsliTingsegic odhtakkdles tvabeels fonadk AT Y amiibBS to be
ave the sane

[ stens 1 nd 50 ot herw_se
reﬂéﬁb%%slp Ssregs 90 %ﬁ%@%@ Sy Stesm 30-gsinieg the anirdlen shenpgl anl
mddITd CRipd f'ﬁ%y%ﬁ? 10 &dd 59 FhdrRBe BRYIRE Yant W patiBifigndant

data sections with respect to the order” of t he nenory
assdhp mveehonselre nekeestpicied to any parisulae ordendfettiring primagaanad

rod it 98 By Wl ot fyghe 38 ot iRy B BbRA iy Brampt,

" in authed atuhocﬁmeﬁﬁ, o5 sdoBors, DABZ)AZ @EDA]and DBM n@?@e stoged in

di | /
m%%%@%?ﬁl&éﬁ“@n?% b7 W}%ﬁ@mﬂwm aaﬁﬂa%e@e%ﬁ@d%m
DA, an@@?AZ b@@@oretﬁﬁ%e@t%@y %ﬁﬁnﬂi’e‘sﬁfw M NRr yes eo(tj;velg As

, . respéctive
anqtb@-tex@mglem;[a secm DBIDEIPBZ ab4l, am;_DAZ)ma}; bosterstdllmmemory

oseBREMT NSNS S3 M sopbetivifs: arfibasBeric S AT IS, By dha

- DB2ab¢ &ioreti iembinbStassemblies 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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30 second, third, and fourth nmenory assenblies. This,
however, is arbitrary. Any of the nenory assenblies
could be called the first nmenory assenbly, and any
wohermashe second, third, and fourth MeNDIr ¥YOT/US2003/034162
assenblies. Further, there is no necessary and
particular 6 WO 2004/044754 PCTI US20031034162 neani ng
in the | abels DAl, DA2, DBl, DB2 etc.,_ except that in
megging e fiedabels DA 1D AdyPlrl DB2:teccxeopt thah il semefcatsss thygp may be
vagféqn B@dﬁ!:% tﬁ%gqebﬁ? %E&‘B% 1 ftéﬁ%mepé?d AR Dﬁﬁ?ﬁnh‘i‘ﬁ?i ttagéth%o S

I SCuSsse ove menory assenbl 1 es ar

- disvessod gboyssenbl i es that store only pri rrary 5 data

secti.ons; redundant .nenory assenbli es E@seo r
|

as s SRBRpLeRA assmblies ff thipse MEmgATHT
daBEctBnX Qe RIAR Yentp SBIbERS afd tﬁoéeﬁﬂ&&r?ﬁﬁ@ﬁ]ﬁhes that store only
assenblies that store both prinmary and redundant data
redygdarit goig seqtionssla@] mixedhemayp assbliesaee heseapemony assempljes that
I t
e e R R e A i
privAry mbhotylaesaprhiliemand Mﬁmnwmdll\é&aramiundnm nenoheassehblies.

and 10, al| the red mem)ry nodul es .are on anqt her,
In Aol HeioE R SYSHg 1 h Absgpaty SReBiney madul 4 e OF ot ) and
all @M\hﬁ&t\éﬁ&ﬁb&%d{%{ Are B bt nER) MEVERY in/spSidYBhdncy as
3illustrates a system 70, which is an
deSCﬂb%drl eaved mirrored nenory system 15 System 70
includes a nenory controller 72 and first and second
channel s 56 and 58 and nenory assenblies M -MB.
B. RedEHAMPLERWATHEEW OPAT ASECTIONR PERDABMOIDAASSEDEBLY

n re redundant wt es ct-to
corF&&dﬁmWSﬁewwaodmh SapggHrave CmpgRFysten.
SyHéd 70 E}%ludep%enla?%@ﬁ%n% .anfl ¢8R akd ée\é&wchahﬂbﬁ $¥and 58 and
exanpl e of data sections DAl DA2 are

mewoty @@emlphaﬁéﬁbh@ Regundpnbdat seciiams st aDééeﬂ)AﬁwsDMsDBl’
R
Dﬁ q?%ﬁagd 3%%%2 ar e g?%)\é 3§|§n ér{r%ir %sser?f‘g?t? ST\%I,OHS

DM@D&%BQBL DAd, DB:B DRIDOERAd DR, @cspeaively. i N menory

o BT Ll S8, £ 205 OB R U5

_asséxh@ﬁr@sql | At RERYn¥ DAAS @ﬁ@bm Mie St@ﬁa‘iﬁn m%%hl &B&n@_ﬁﬁm Qsta

are stored in menory assenb ér ) dat a ,
secge@tl%h end B apaniorpd inppemorypesembbi A, ke WQWPBB’ and DB4

a3 ﬂen%eg\é@ﬁﬁly%a daa sreé’t‘?orn§ D‘ﬁ 1 aﬂﬁb%zsagé? Efﬁ%ﬁﬁu WeknBry

respect asse I es
asseBINME datarsectivab ﬁ)&%l’l eiﬁ)DAQm&Etstoe@tlﬂ nReenhy asanbp M4y data

seoipts RGO BT nReT) AR Wb Sions DATCA
DA%E%ng%nﬁﬁa%blmg stored in nmenory assenbly

ata sect s DA4"and
Many other orders of data sections with respect to memory assemblies may be

used. For example, in another embodiment data sections DAL 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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30 DB4' are stored in nmenory assenbly M/, data

sections DB 1 and DAl' are stored in nenory assenbly
M2, data sections DB2 and DA2' are stored in nmenory
WwosSeiihlysi, data sections DB3 and DA3' arepstptRehidsiie:
menory assenbly M5, and data sections DB4 7 WO

2004/ 044754 PCT/ US2003/ 034162 and DA4' are stored in
menory assenmbly MB. In this exanple, the menory

o284 Hared 3h Bemosseaserahe Mo &1 thpﬁefgxaﬁlalrethsmmqﬁ Resernlics

e l[ﬂgﬁ% i ng both
arg ??er%i f géégﬁ% %?gﬂvgg%t at &qsnzgﬁrr%ghe mory
assefwbidyantege btaving bothrprinery armll redrndtigdiatal dnftheree r;xemxrrse

nmenqr enbly . channe] . For, exa
o B SEEPER b R ormealer Wit mere Egerions dpierblipr chatnel
Fd¥ éxdabR{FIR ﬂfHIlMstﬁYe% ta@.ﬂ@tﬁﬂ €0, iwhioM ik 6R idtRaGed RirRiddmEhGy
nmenory assenb per channel. In system 80, a nenory

syglerrang i which ﬂmresls ©Blysing anemer assesw@blza ner @emcjlncsmanmépsa

métﬁo%%glg?(ﬁle} ) moﬁ@e@rﬂﬁaﬂd t{l ?’lgatng% §€ rgllnd\rr/ggr t@r@lal%hamemory

cou respectl
medddsiMd h a2 ammbupbd;.msjmcﬂvelyatﬁa; 1Hmﬁatadnp1{ﬁBar3: datarsection DAl

ang st B Pkl D R GHd e B oAl o pemary dta

seSHRTSRY A0l HBMIEY: RHESSHIND AL ard é?oré&ﬁhﬁ%o&%s@%lﬁl@[
there are two data sections per nmenory asSenbly. The

t wo In &ﬁﬁtealsS?’@ca@ld SAsthere arej tyyo dath Seations pyonamasy assotiblyh dhe two

dafi3RIo%s AR5 BMofen: PRLSS G MR ARG Tibre M1ty gy o
whidr thesemsaydfe partitioned yr dmahﬂabhgo d1ﬂ’€reﬁif1:dﬁﬂiorﬁ @f® memory

ﬁ’g)?dl ments, sone of the chips (or a single chip) of
B3R Yenory nodul e nay hol d one data section, while

ot hefmgerbmie feﬁlbﬁ&h&ﬁts(gafne%f?derbﬁipﬁ (&414 d@ﬁ 1 pm*ﬂs’e memory

anot her data section. For exanpl e 1077 Il ust rat es
magiuleanyt iplderadaga seeionivhidhothprg of t!na @hlpa (cprraa singeichip)meayi old
P I,
B3 s Ry, 53 i, PP i o368,

inchadesla phidted niedusichoagl PEBY cyrd 6. ﬂﬂeﬁﬁiﬂ; chips 1b642.. 180 aderon a side 1
FI and.11, datg secfio |sstored|nc

of g 162 g B g Sag L okeebl o Ttudiz AlsgIogyghips 40,5572,

In FIGY, N0 8nd 86 QatalsBRIRODAIIANRoBP flinig: il f a8 Rhd BRY 8is stored in
sections are in different groups of chi'ps. The number

chips 1thi. pk/2;i An 813 gnse, teportions heldingrifferantidate sections e mﬂy‘ferent
B !

* or geithr. dhisqae élﬁﬁodlmentﬂ,ﬁﬁare &% nbkips dZsitle DU Sh; é‘ﬁtl 28 ..t W2 may be

data sectio (D and DB 1') being stored in each of
Onﬁlﬁ?gév’t%fg}? %4 *In this case, the portions of the
- menpig), lﬁﬁﬁﬁfmdey t\ﬁpdla@d Redhs (HRI e Dﬁqt)"’bem;ﬁdﬁfré@ﬂ%aa{ &F chips

in different parts of each of the chi

1643i- 166 Buthisicaseyrtbriphitionsiof theineenyty pssemb @nMﬁfemat'dm e
seck{;%e 1&&%1?1‘ psaﬁg I)#}? @ oPth’ hlgs anra (fi‘stnf)lﬂgcjl t%rough multiple chips.

r na rve
Thete may be more than two data sections stored in a single chip, Alternatively, in FIG.

13, DAL 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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13, DAl is stored in sone of chips 164 ... 166 and
DB1' is stored in others of chips 164 30 ... 166. In
this case, the different portions are in different
woipsgamie |ike FIGS. 10 and 11 than FIG péyusdosnsdisz
FIG 13, data sections as shown as being divided into
only two 8 WD 2004/ 044754 PCTI US2003/ 034162 groups of
chi ps. However, there nmay be a greater nunber of
graipsiof chips . Hewweves tharpmay beagieater mimberraf/divisions gBorgxample, each
| ffer used herein, the term
ol iy B8RPGy Rial

§€ nenory devices in a nmenory

assensalsyd hdrein, the aanae‘kaaakt axtert oBbdRancn@sy devddes ipa mehaty
cont.acy .on

| ect b t ' 5 | ect
SRR Y Selfhigsiio et 6&%%?1’1% selpti ﬁ?ﬂ%&égﬁga@@ £y
seﬁ:@t" F&oﬁtﬁét%ﬁtth&ﬂ%&?@h{ﬂs' bt Rk %ﬂleWeEﬁl’u@IeQ §lch as a chip select

I nformati on. sone cases, there is onl y one rank per
comarand ynudtindexed Iwythaxﬂ@r inforation. boms casehdhase rashneneaank per

h nbl
mifk2 afpRhan if fher AR e ARG o R ity e B s rcadly
Meduls Y&t eapincliles oiid, b;aq oi' MotelthifksdTRE hﬁﬁmn&smﬂawﬂmﬁﬁm
nodul e, depending on, 10 how

k
dequ?gyd alrtblg? is6 Jé&Fg ﬁ?ﬂé( aveqieelto, (HBPKE THHke PetaReiule degending on
hobv' tHé)} zﬁg 1Iﬁﬁeﬁelﬁ9(f tek&e?i WherD 2P @Jligjreﬁ{y dréfihited foQF aﬁﬁfiﬁ[ﬁ) lh§mber

0O one ran menory no

of wﬁe(fenmmpheﬁl& 16tihkemitedti anmk@smcmcwquhb) portions

he hol di n i fferent data
0 e Syl eTRiofimydF oS kB A biuheeR iy $2 1 momory
mol@¥s holdingiferarit@latateides. rm%xﬂﬂlﬂe GRIFPGS. 18Qnd 11, itddpare ..,
in anot her  rank, then the paqrtions of the 15 meno

166 aeanigngrank ped ¢hipsch 70t e rléa ﬁredlaﬁw%eéeﬁ%wgn s pogrions of the

 méRES £2000Y HoRifl difEeRY s BOIRs wolld BHBSH H&M%Ws In

s woul d not correspond to the portions
othex empodiments, thd 1@nks viould nitic@Sespendhtochépartionsdfor gxamplen FYG.
lzﬁysterrs with one rank per nmenory assenbly. FIG 5
tllustrates a nenory system 90 with a nenory
CONFIGH. I5eid $211asieithdnidry sycbnBetitshe ratk b aRnRhsaSé@nbInd

98, FIG 6 illustrates a penory system 100 with a
HWW%&‘P@P‘P%ﬁysim%W&hﬁlm%@%ﬁ@t@E%‘%mgﬁﬁﬁﬁé@ gecgpd

chzil'\?:/lﬁglg 98 mﬂ 5. Fh1856 ﬂ%lsﬁ'gtgs :@meﬁﬁ% ¥teﬁ\s{l§)ﬁ RN a%ex%ryjcontroller

and -/ are cou t o channel

- Iomﬁi:yt and segvinll mmnns 96 and\#3. 4InF1®s %andeﬁwmemorssammbhes Ml-1,

MIEERI-Srare MR Sl so MG 46 350 SRR Bedhtibe rt-2. 0] 4

- MInBYan 8B ER diplb@BchifRNg, OMembBMREblss EESBHle$haﬁ%rone

channel .) The dlfference between FIGS. 5 and is that
rank PRSI Rds. dAS gEntioped there suay be %@?fdﬁ%ﬂ%ﬁ%rﬂﬁ@vlgw

.ass%sﬁég% %fi]&h I)ocked step, whereas nenory controller

is operating channels 96 and 98
in dﬂmhﬂ‘enand:qbe(wmm RIGS | Somideds gtabppmoigfrentrolbes 98 yis FmSiis

- operating channels 96 and 98 in locked step, whereas memory controller 102 in FIG. 6 is

operating channels 96 and 98 independenily (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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operating in | ocked step, what is happening to one
channel is also happening at the sane 30 tine to the
ot her channel. In both FIGS. 5 and 6, the ranks of

womig«pspenblies M-1, M-3, M-5, and M -Bcaioesns4162
referred to as ranks R, R2, R3, and R4, respectively.
L| kevvl se |n FIG 5, the ranks of nenory assenblies

and M-8 are 9 WD 2004/ 044754

ﬂmﬁw@%w@@ﬂsﬂz R3. 284 Rés reshegiively; beesusehrsarracceseed in
10%(%%3%5%&%9 IS 6f‘éﬁé%?ry*a§%5%ﬁ$s i %ywﬁreg %@g ﬁbﬂ%ﬁﬁl bn

step with ran
HiwWverkr, m/FI(B 6 fite +8ks afmletubry7assentidieeMa r2, M4, G6, fnd M are

T :Eﬁrrgg%q éﬂggﬁr %ig,aéd’g a{:‘&hﬁ,ﬁéﬁgﬂcﬁw E\J/Iggpuse %y:%agcg(sjseyﬂ -8

ind&RREGHY betakks WECRUMSE they are accessed 5
i ndependently of ranks Rl - R4. FIGS. 7 and 8

i | | J9EPat endsidugrateisysternnid 0oyd systan 129, cashof W@tch\hlaw;mmory

B 3OS 5 O 15 B

anﬂesec:md cidnaein él Gartilid 3a Mbrriﬂ:ﬁ coﬂ‘bbltar Mzm PiG. I07| é;fratehlcﬁamfels '
erates channel s an ocked step

1 A BGE0 few SR arary soBollr 832 o Teh SRLct HhaRRidl 416

ana]l(f’S #de QenJeI}S Meki/gﬁg Sd%glﬁﬁﬁésm M?MQIZ%Y MESS, AR MES afudpled to

are coup led to channel 116 an

chm@bi 16 @émﬂmry assenvplies MM,MZ -4\B266, andh H2NParg canped to channel
0
SPAERR, 5o M D I8 Dbl
thd heksr @ mhesnonf asmnhiyﬁvﬂas ]f?.m”t’ﬂfeyreﬂ/ﬁré% Risrsmdlmf, ﬂferradcsto@namory
e r.anks r asse M2-5 ar
asw#@?ﬁé? %rsre rofdo 35R5 mﬁ?ﬁag fh@émﬁféngg%wﬂh%‘*ﬁ% y M2-7 are
reRESEMHHs R7MRd RSaLﬁ(eqv%er RIRG! §dhd AnBSorRlenff adBmblies M2-2,

kewise, in FIG 8, the ranks of memory assenblies

Li
MR, §12-6, R@W-SMZG #lso mﬁ@fﬁ{dﬂo 8s Bt andbR3 R ¥ramfldid; R and Rasarn@R7
anff B ool WoySier, TP 8, &Rt S imord eoiBiios M2z2, -4

I\/Iﬂﬁﬁz&ﬂbﬂ-@&rd‘mﬁfe&ﬁd Mas4anks WB-dnd RA0OR NPand IE&Q@RII?EE&IRgtj atd
S T s R9 an and R12, R13 , a

ridmd 116 f?%PB"“VF’g Q‘é&?ﬁe\?’iqywe wesgsé@d?n?@%néwg% @@5@@@@8

chargependent |y of the ranks of 20 channel 116. In the
case in which the chip select command is multiplexed,

it Feihe pase imvhick theship sclset eomumandiis mpltiplened, dagay @foaa'ied on

ORI SR PR Ak B R I AR e

a

seledt Iiltﬂmﬁ.’:mbﬁ niap dé cmy&ae)veﬂmﬂdame thapaiay betorshigredgasvf e

or separate_fromjt. For in FJG, 9, a system
chapae] or SERRERIR SR fd RH AR, é‘bﬁﬁ) 81 # wrtersiBliinglpdes ¢ memory

-corﬁ:ﬂ)lﬂ&l 29 thf if doupled ﬁf]ﬁirs§z§ﬁ%@$bnﬁlaﬁﬂﬁ@fssl3é-§ﬁi ?J'Bdwinﬁ;ﬁ may

may represent various channels descr i bed

repr@m@tuvnnoue@hwwls desseints hesein)MenRy asygmblies MMM3,aM% and M7

' are%@ﬁ'ﬁgcﬁ% Cﬁ{}g‘méyg%n%ﬂ gr%a)rf ESSBIIUIEIEE% rl\XZ, ﬁ&ﬁmlahg i/lévze coupled to

- channe] 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,

B M6, and M8, respectively, and carry chip select signals to them. The separate conductors

10
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channel

142 are coupled to nenory
and carry chip select S|gnals to

M/, respectively,

assenblies M, M3,

138. Different ones of chip select conductors

Mb, and

wbewsodfsP fferent ones of chip sel ect conduggdiSroddibasz

are coupled to nenory
respectively,

The separ ate conductors

assenblies M2, M, MB,

10 WD 2004/ 044754

and M8,

and carry chip select signhals to them

143and s> 0w3 bo sasBlered pant of ehpnnels 1 Heandy 38 duh sie showel sqpasately for
'ﬂ#gq&%?ﬁﬁﬁlvels6 and 138, but are shown separately for

pur poses.

Referring again to FIG

3!

c harRefériag agssn wFIGx3ychhre 1 eliowshanciRample of witlch parigtiar data

section

secilans By
wiBEIetheMOiré BEnESS

each rank stores only
on@;iﬁtalsmmnr ank R: DB 1

=Y = Vo e

Pt eaink

d. i n_each rank

each

g aeaory GO B gHAIER 10 Hethg case in

one data section. M,
, rank R2 DA2 M,

DZ " mk—R3
4?&111& -'D , rank R4:
ganlﬁ , rank

R6:
R7:

Adctions
M@)fralﬂ%%r%%\ssenbl i

The
may
es.

MT,amck RE RBH M2 of syg

DAL ! W a
DA VD,

R5: DA3

@@45W@jV%F¥§ﬁs orders ifn
M@ ratk B PR t h respect
Mty rando @i,

ﬂ\éfinrﬁﬂt)R& Me4’i s di ffere

anle Rl - DA ND

HE oclbhar t
CBEEII M, rank R2: DB

FafiK— oA T1vE,

rank R2: DAl MB,

1~ |vu.,

I M,

IVH-
a MG,
R6 DB4 N7,
nk R8: DB4'| MB,

to
chart 2 shows an

Méxanrkphs B3’an order ¢M8aank RA®ARctions in §

er fﬂ%ffi@f}b’asmms Yo RS 7) Shddabh fa?é SrRE only

r ank R2.

r ank

r ank
r ank

r ank
whi ch
order

ystem 70
t than
rank R :

r ank

R3: ThéAd aﬁ@varfo@@&d&@ in WBdh iHRatal BéttonRbiay %gtordﬁ%ﬂ{ @iect to

R4: DA2' M6, rank R5:

DA3 Mb, rank R5:

Mb, rank

ordgs of pRmory\Esentdisk. g exmppde, chyy 2 Shwwampjmf B ordeppfidata
sedBibns B%%ste%{) (51?5‘1{&1 Rfd h@%‘l’lsy&@n 85)8tﬂzlft i§%iffefdnftthan that shown in

chart 1.

| M7, rank R7: DA4

M1, rank R1: DA1
MIi, rank R2: DB1’
M3, rank R3: DA2
M3, rank R4: DB2’
M35, rank R5: DA3
M35, rank R6: DB3’

M7, rank R8: DB4’

M2, rank R1: DB1
M2, rank R2: DAL’
M4, rank R3: DB2
M4, rank R4; DA2’
M6, rank R5: DB3
M6, rank R6: DA3’
MS, rank R7: DB4
MS, 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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Chart 2 As nentioned, in sone enbodi nents, the nmenory
controller may choose to read 15 the redundant data
section rather than the primary data section even

Woou@haiRere is no failure in the system Apcexsiind 162
of a reason to do this is it may be quicker to read
from the redundant data section, For exanple, the
desired ‘ﬁléll mary data section may _be in a rank that is

busFIGr Ihidlystratesta sydtem L8@ ceiehelg an ieriepgedemistpsdaneraty System.
SHUE BUTS s S POLBRLTAN Ml BRI TR o
thmgiksﬁrs?@h@hﬂh@d\%i\g d;_ ic‘)cge}a%mm}a 180 foough adaeetmd\ct)}g e atneh . f or
ol n is. 44754 P 4 |
S“%ﬁhai“}l?lﬁésl(‘% %ndéi"i&ff‘swls opigpgat wﬂé %a*Hg? ﬁ"é 8?98
ar&bdul ?I&H%&'m@@ﬁ&%ﬁbﬂ%t pmnogyafstsemﬁb@w M, wﬁnmmw
‘con ler 182 that is coupled to are eater hub 188

sub¢herned A% apsemblieca 4] Mﬁsamdé\ﬁ%la@ op specharncl Hid assgpblies
e
Mbdare ﬁg l8ulﬁ:hat|\1ﬂiel taR. ﬂ]‘her.é thay HeeﬂN?‘aberessmhm ftﬂgmemmnﬁsgeinb;es on
assenbl i es are on . subchanpel . :
the SOEHBRFIE P Wﬂvmﬂ rqdeldaah 9 RPCUPTES TRy hs?&&lf?fg Pcrli?éfim other
exﬁﬁ%@mlth@&sclm&m MneVba an@S‘Sjm"lﬂ[@Saﬁ Smimarﬁ virehanoask direct-

and assenblies ML2, M4 6, and ML8 are on

attachinbhaneidiecass of thh direst n@t;neﬁeonmfrt@ emelsto thermemerg gpntroller,

WI}”Fegg F%)agarn%glg t bﬁ %24 9fd6 antgiel 98 gﬁ ﬂ? rm?née Crlot d{radgg{t%hgsﬂgchannels

a’secti‘ons nmay be
be@iubesf thdinerangihie sepemtet ibks. di scl osure. Channel s 56 and
58 in FIGS, and4are referred to as rect- atta
chaﬁh%F’?“B%‘??gﬁEeépr‘P hpyfobesn ebep WibsHeps g‘W“&ﬁfWPt‘f fanse 3

HARIAN 8 %JeﬁmSﬂ&%nd}%%ﬁl SRAH Qlith &Y st M%%% hannels. T
sub cﬁaﬁnel s 192, f96 anél 1 S8enc1)f Fi lir4c g?ngsnotor

exgipledtIGal I sholv &syls@me%ﬁewhlch isepdutsdeaypd mimorphmematydysies

hawag % %tsef“;%) 2??3‘%81&%1{&%2 %?c\f/:ggg %g’cons St r&) fa%@ ?9%1% cﬁanl%l%ﬁrﬁﬁg ! Qﬁ%n
212,rave 014 OlshdErandpée, nﬁmlommmlewm Moy 8% and WA iaregofiplad to

channel s. For e w a system 200,
ChAREIAN6; Bermary, Aspeain ﬁle 3&@%? goumledita gpannel 208,
methofF H8REnb1feR 'NH @I’P i1 1291?d 919 afe Joﬁfaled ﬁﬁ%@ﬁ%l 2111 'n{eﬁmoqand

fourth channel’s 206 212, and

assemhhqsl 1\34 M?‘ and Malﬁtm wplvﬂ to ﬂ@mmlfaﬁd mw@olﬁdéewer or
M2, MB,
o 8 S e R oS P P B RR005. 50 reror y

assenblies M3, M7, M 1, and M5 are coupl ed to
channel 212 nem)g{%q assenbl i es M4 and ML6

C.ar e%&&’&f@ﬁ WETHH: QA%§ECX£ON%HFR%%HK fewer or

goﬁérén{bem’&neﬁenméaé FSRRRIRS IRL EechbR R im&asuaﬁsysmms
use C. MPLES W TH TWO DATA SECTI ONS ‘PER RA

may include one or more ranks per memory module. For example, FIG. 16 111ustrates 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 Mi-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 |
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25 In sone enbodi nents, there are two or nore data

sections per rank. Such systens may include one or

nore ranks per nenory nodul e. For exanple, FIG 16

Wd Jeddsdises a system 230, which is an interpe@aN8shosnsaie2

mrrored nenory system System 230 includes a nenory

controller 232 coupled to channels 96 and 98. Menory

assenblies M-1 and _ M -2, each have one rank E r

imRORiBRYy é@smlslyovah‘alﬂaiﬂ@ﬂa%?ﬂlwmled@ﬁ siepeu theghapng! ogtrol
ly. As an exanple, data sections DAl and

C&@?{]@ %asﬂtléél?ed in M-1 and data sections DBl and

DAI Ampdvastage eﬂlsmg tivb dzta séidtienopateankvas it FIG, tlﬁes thatrthere can be
03/ 034162

Glgi?%ﬁt%%%rﬁ’lieé "I%’W ¥s R 044754 E‘?{C%‘{Igssﬁlgr & oply one rank
Pél‘%‘dﬁﬁli: a8l mereﬁpﬂle jsamcm r@ﬁgd oné @ﬁ&m& ass@ﬁﬂ?%epﬁlannel Another

i ndependent . antage of using two a sections
adyantagesif Naaa@eulwemlms caipbg @Pﬂﬁmﬁn’fﬂf@r@t @aﬁs Qiél meﬁfy data section

e P o PRadTh B L Mo R B DR YDA TSN o b it
in\ﬂlféereﬂtmfot h:aansq;le,laémdmb)s:ohlmny obthe samerpag;e asserrbl y per
IS, that t jnventjons c

cha t her adyant age a

b | ROPBIFS AF Bt Yo dae ceigpS BergrihEl Mtk e er
asfasbip alelprfided deRMNdant data section (for exanple,

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

(for exanple, adjacent) colums of the sanme page.

D\I/E\AX?W f%ﬁan one rantﬁ%gw%gﬁass%@f}gr%ow X

ARSBMRBIYD. EXAMPLES W TH MORE THAN TWO DATA SECTI O\IS
PER . MEMORY lM@SSEI\/B Y I n sone. enbodi msnts, t her
mor &2 $HEHS Sfits, theze. 31 BioLe (Lamy Meqydais seqtions sinr 13}5‘ memory

as@NTORof exAifble SNEND) Blusthabdda stdtern| 240 S KiBh BSn3ntSHHY S irrored

240, which is an interleaved mrrored nmenory system
meyary systera.0Sysiem Abiacldesamgmory somtraler 242 @zmleé @m@a@@pls bl6

ool TEE R eRpbRertRe 2 ol TR g el AL IR A

anobaﬁmple,eiata weoisoDAA1, DAZ, DB, 2hd DB2¢ addBredin enestiony esiemmy

nbl t DA2, DB2,
M PRt ST AR DAz ot P 1 DB St ippreghorg gambly M2-2
ar@&iﬂlﬁieﬁ% {nkdang. e'k'hel@-&ay BOR0R dFYss IR Rb @ncﬁ{or}L £8&nbina Ber

two nenory assenblies per channel. FIG 17 i's shown
chgineh nenory assenblies have two ranks per menory

sSR! ¥ is sl &%%ﬁ%\ﬁ%‘a ngs R 196 rAiRE ertng‘h%ll’br_%l Wembly,

ranks per nenory asse ere are vari ers
buf @nld inere dalyans ecinb@itban tvamhitks pan'memenymsgcnﬁa@s éltteld &s various

ondepEhot g e cns LS i FeReRLERORRIDY § TAECLRH) §H0The

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.

Chart 3

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

M2-1, rank R1: DA1, DBI” M2-2, rank R1: DB1, DAL’
M2-1, rank R2: DA2, DB2* M2-2, rank R2: DB2, DA2’

M2-1, rank R1: DAL, DB2’ M2-2, rank R1: DB1, DA2’

Chart 4
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order of the data sections within the ranks is not
necessarily significant. M-1, rank Rl: DAl, DBl

M2-2, rank R : DB, DAI' M-1, rank R2: DA2, DB2'
Wb—ﬁ():ﬂ[ﬁﬂ;@k R2: DBZ, DA2' Chart 3 M- 1, rankP&mS%m:;“lﬁz
DB2' M2-2, rank RI: DB 1, DA2' M2-1, rank R2: DA2,
‘DBl'" tM-2, rank R2: DB2, DAI' Chart 4 13 WO

2004/ 044754 PCTI US2003/034162 FIG 18 illustrates a

sy stFéeh tElustiatds arsystem i2A9.avhiduandaterieavied mémoned mempry system,

o YA o LGRS 222 IR SRDRER L PEn R, SPUBh ot o
hk%sastmi Qapexcbbahatgysté:ﬁ a5 @ hdludecheif@ assembliss M2-SeidMB4 to
MWP-4 to store addjtional data sections as

Stcgﬁ 6%#10%% festians asshasy e ergonrassepligmaybe added.
E. EXAMPLES OF SYSTEM DETAILS FIG 19 illustrates
details of a system of which a nmenory controller 322

E.may B¥AMPLBSOF SYHTEM JTATh8se details are not

' ' g troll . t
T et S BRI R G S T

patt)ulihug@tthas dealls arefnoretgitdd! MWendtp conll%ll@@mblﬁﬁse@fs various
circuitry 320 incl ude awmsm)r controll er

megposy eaigtlers descgipedin this diseloguse s fucduded ps %E@ chroiny 320.
EX%WBQQ bf@f&)ﬁry SIZB?ncf?lEcEcég'ﬁég&cmr CY @R, Fd'cessgxggr disc

be stac circuitry 324°provi

drlwmntnolielt dn soreerembodgroertts, dhd roce8?, reemabryragnitader, padmemﬁry
ntrol | er 322 or separate fromit. ECC control

may e %‘%ﬁl‘e hal . Operating is system (OS) and/or other

sof Barcircdid® 3p4 provitRs BOTtcoal6! EOREMGy ch@FolIREBTY 3hd may be
controller 322. Typically, this software control would

- pathef megpreepirylles g3k petsparate fiombity B rentel ixpptionglp Operating

yéltgnhg 9 ndRF b@ESsoiNafy %ggﬁ@\ﬂ@eéa 4 c%ﬁﬁ‘ol cfaﬁ(.:lat Ilg'con oller

ing circuitry provi des an
32Z eTymacallyf thislsoftesreiconttdi wqukﬁwnydlmuﬁ}s ym:lhedrto Bzmonyl costraifer

ilure.indi I 8 i.ncl.ud .
32 {tFulgh ivpliouB P ekl il iretnidle LS Pmrevides ap
indida€ion af dertti@ foitures i3 Ghe fﬁélﬁ(ﬁry sﬂisﬁﬁ&’ﬁl Exansténss tedafoRlindicating
Orcwtrythat controls light em tting dioqde

cirquify¢4d icipde %H’Fé}%tFYetPatés‘(%ﬂ?ﬁl raesShgs ot deplAY Fgicatng éle faifuge of a
mendy ﬁﬁé}l‘ﬂﬁl? G5/ A0S nel, OF irduf ffﬁ Hols g?@ dndittin! %{)&11&&8(5?

enbodi nents, when certaln res
(LER(sR ysanstheaexampdie t Regitee dontioh arcplaime’ﬁ Omrmdeﬁ epawblofoa ke moemory

modiEF. 1sne SrRORrls SERDGae fGres 2600 SLORrp BRI AT
det€éd, Biepobvat pravidsd &Y (Heb8s beMle nRmdSPissemblies of a channel may be

shut down. In other embodiments, as described, when certain failures are detected, a user

‘manually removes power. Failure indicating circuitry 328 and power control circuitry 330

are not required. Other techniques may be used for instead. The communication between

- memory controller 322 and failure indicating circuitry 328 and power control circuitry 330

may be indirect through various intermediate circuits.

FIG. 20 iltustrates 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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25 manual Iy renoves power. Failure indicating

circuitry 328 and power control circuitry 330 are not

required. O her techniques may be used for instead.

woeoemarsni cati on between nenory control | er p@RdsRAtihiais2

failure indicating circuitry 328 and power contr ol

circuitry 330 may be indirect through various

i nternmediate Ci rciuits. -FIG 20 illustrates details of
MRS COHPHE AP R0le rmemay ASPeBEARIEQIl98s 33pardingrilyperatgy in the
m%{jg%{i e oftﬁﬁﬁiﬁ%ﬁéﬁ%ﬂ%ﬁﬁ%ﬂ%ﬁﬁl&ﬁ%% I e?hgig t?ct}]egjl\{%d%&;& a
disvussed in this desloswenFirsland eggoud G@onaliriterfaceniNBrand $40 evaiface

ol oo 8RB AU BRSO B s

ard¥xhinpRE0 Qddrisi¢ hbcbss Eaitfol Mogie 3B6 EddédidesiutidndiGhmemory
access contr ol Ic 336 ordinaril ytg)ﬁ)erat es’in

|
asstréeﬁ’gﬁgﬁyﬁ% é? Afa Secdions wrhsr\g%ﬁeﬁrémmmﬁwe?esa eentepl logio 36

indHRS ?Hnﬁ%elf;éﬂioﬁ c{}&HE#r @kf{ﬂaﬁ%veﬁg “Fﬁ‘?cher is b@{ng;agfegs% . h@%isters'

di scl osur e. rst and second channe I'Tace
344 88F 14 30 antlregintesy Fdhcad 3HR05IEER. Zomtdr28lard digiusscddeloand

first.,and.second cha I of. whi ch .channels 136 and.

) s e GBS Bt SR nec HintBiod hefHert Fretiog coeptis.
Fath@tb aetbaiol ebulitpB5®MSo indluti BRI Y detdd SRR teaRinfrOhasttdtn

data sections to be witten to. Menory access control

conresde Adgigeeringdpilime i gngdhet sapesdhs wameiyrcouirellsy tadrnghiom

R RS R TR ST

- iriggering Bilge scwikmetitdie lastwhéra ileular cdmioe bt tevavered withdut y

350 detects triqggering failur in,mepory assenplies.
ooty iR e TR RS- & BASGPISGIER St o G e corteed
withibut Qupyingydat-Ofr 68 k@R d aeniohe A 8brrdétBld et BRYMe corrected, for

corrected. A triggering failure is one that causes the

eXaH oueBiGlopadss Withowtienting theinterlevied anifrersd sapmery siapeds
desBRBEAbEIOHD glesfohﬁ ethtd8fdnte ?e%xgﬁ%?gctgﬁ? %Ir?fg‘\?\.?] %%Qfﬁ% fheflo
at 0s ere the data

triggering failure i's when ars
ass¢ralpip otn paniegreted aealtrigitdvgsrror. oD tdnanily) goiréctdtiofsilares will not

b IS PSP ) 550 S0 e i s sy

be fiuebdrad afploeriiMllires AP GETcE, 86 sk RNt B¥rduld be some
.corrected, for exag\gl e, through ECC codes w thout
failprsy frptpge peteorrpaiehle walnen renlacingacnemennsrspmblysand copying data

froif] %%Bﬁ-ifﬁﬁg Pg o%ssérﬂblﬁ% WATRADL BEREF as ﬁlgé%{ﬁﬁ%l/ures. Ideally, |

correcta errors | € Ssanme Nnenory can
there woatdheabesdclasases. tCavggyef iripgeriny failureOmdy inghidk yin original or

oo Br RS B ERbt reanb APt B
- CORIEct®ib b BofvahdrtNRSrIRY RQpbatibd 68L8H7 edbollinicdBRF b J

failures. Further, in sone enbodi nents, there could be

- intedepyed mirggreq memonheystoryas shoyn eslessibed biteinviHowsyer, the

opefaBiBh ?@?%&%ﬂ%r%e@ﬁ&%&’qﬁgﬁﬁtgﬁWﬁlﬁs%td%%tﬂg Tl il @

non- MeNnory asse e treated as
embodingpytey song: df diid featerss of the @llowing deb@igion@d FIG.[28 ny teusd,

wm%?)ﬁ%?%og&‘ﬁ%ég%eggrgg&gger ing failures may include an
Referring to FIG. 23, primary and redundant memory assemblies are initially

operating properly (box 352). In some embodimenis, hardware tracks the occurrence of

- ECC errors per memory assembly. Single-error correctable (SEC) errors and double-error
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 opdrBFRAD $MglefehRReP Abh- TR Ie ob¥rafidie

devel oped defect in . a nenory assenbly, extrene noi se,
and sone soft errors. 25 FIG 23 is a flowhart
illustrating the operation of some enbodi nents of an
woleid@amsed mrrored nmenory system as shown @¢T/us2003/034162
descri bed herein. However, the operation of the

systens described herein are not limted to these
details. In other enbodinents, sone of the features

 defpotion §DFB) piEws gy e ene tesekedh QERgrromynayeletisants auy of a

1@%& éf%stgétﬁ'ﬁé SuiQiot a&ﬁeata "B ,Ha%fons g@s egr]g%ﬁq%&agleﬁte an

primary an I'res
etirori Itohﬁbdtyon oCpEs mtthertgrsﬂannﬁm DEp e(rtmms e’i&ﬁ)nterbd] o8 {fpre-defined

e tnent har dwar e trackg tE Qccurrenc &L _EC%
nigppepLe Rle 5oy B demylisred, & @P@S aetrgguiredy g tiggibased
cduRESD SIRT &rfdrS R de Qﬁéﬁédeagﬁﬁmﬁt%rthﬂa%ovpvg@@ﬁﬁ%@%mmmable

PCTI US2003/ 034162 detection (DED) ‘errors ‘may be
AU Oegeargbrefars tothagdwaseideteoting e erovrs Arr&glur@! asAychedn e memprof
m@d n%l:cﬁﬁf]mﬁ% gﬂﬁl‘mﬁ}:&a?ab l‘eﬁmpn%}ntd&% or%%fhr %B%I%lgp J:onta%lﬁg 5 failed

I'na
membnyfmmhle ie refercsglLio 8s & mictilhehsnst, eThel ofchea chdnkklewitbout iagailed
encount er ed, nunber of

r e- defi ned
mEodutdals § afiedshe g BeGnabmber ed bur t hat i not
r equihh tri gauiglfmﬁn@ﬁ,%fécéd %ﬁl@tﬂﬁffor%%ﬁ'éﬁ)@éa%séw be
checked against a threshol d
W?@Wﬁ*ﬁ@%@ error iserroupiered o @yd 18@¢-@&S@edtto theepotiwenonding memory
asge%gaﬁf 511 ie§ rf—IQIIdWafg‘ nta ﬁfeln co%gll 3%2& re-?ss%gﬁio S %1? data in the

COI’] al ning primar andan

priypdr brdeTvhercieadsaed 1smd tcathﬁ mmgfﬁleﬂ ﬂlehﬁﬁkr ass@isiey. Hatiwaes will
[ The ot her. chanpel,

s referred,to as a vigtimch
e B s oGy RN DL o She aBaDE e, and
refRREme gyharﬁnean@rm@ﬁ thatldta¥86Hbnd u{ ﬂhb IR BFhaind@r bbédind Rdundant

det ected (box "354), for exanple because an
datirreetiong.c Haepessapcdesignasion pEprimary and wrdwalantmemeny asssmbly pairs

arJ &N gﬁ%#ﬁlgh Eh%f_gng ?re?é}{ed%ﬁﬁoﬁ%%%nggo%g% né glpﬁ%% |v¥ct1
r e adfpee ndekgitontdfchedeifgering fiilues nqmﬁemm itkeke mBgplateails sort
i ssued to the non-failed a senbl i es.
of BE fisiron 1 resmoREnt PSP FFRELE ICRBRURY > AStseriBieyent i

imfr@feRR MR e BwhRrohtHR wWill k@RS FRkddw ﬂo%fn%le @ffnel Bperation (ﬁox

reconfigure dynam cally such that data sections in
356), isplating Girshannel coplainingihe sigtimdeenory dsserblye dldnfigeratior write
[ d redu n
(CHBSERRN Yoo R Rl AR R B PR i
typeed softhest ccﬁ?tol gHardwe;e of ofhet ﬂygésuilfgoﬂw{?@e ‘ddn?fdl ooulpOBised.
reception of the trij r ailure notification,
sof Figraral saucoee 9 %éﬂ%fz:ﬂntfmnbm@&we drrpjgroed mystacry siate

At hd'Rhnsqctions are

hot - swap "event is 20 1 mm nent. T he so#tvvare routi ne
losiyiand thakihe ekange i memaweonfigugitioy hr@nammnmibled:p epmpatiie

' LAt - t
sott A, WRbhbr B a3yl e PRER Sl Ehlee il P 5
dlssblfngwﬂ lchoching) md tﬁ-@taﬁﬂg éhhﬁﬁfﬂ intdriftRe kipUARL SEMSara be@mMGhicates

h to using this
with the base oard management 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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type of software control. Hardware or other types of

software control could be used. Hardware wi Il sequence

the transition frominterleaved mrrored nenory state

W0 00aatisk on to singl e-channel non-interl eavegrysio03o34162

operation, ensuring that no transactions are |ost,

and that the change in nenory configuration renains

invisible to conpatible software. Menory controller
regigter syiab¢ of themorg icewttaller 322 or asweiated eiretity (for examples 8 NETH).

Wg*]gts' 1 S’thé(ghgth%: aﬁﬂe%ﬁﬁg‘[ﬁg ca%ﬂ %10&1{ m%a%ﬂc?ﬂ:eﬁre n?ﬁ%m{l ﬁeélt to the

dlhﬁﬁ@bﬂﬁbﬁe}mﬁmﬁ@aﬂa}m ??gwgt ?oallhmjnateanllflmve power from

the vi n oftware, notifies the

t e ED St 1'%5&9 S brpRreARAbaD Waling s ﬂlﬂi tedficanctite
chiifd] toc&ﬁiﬂl’é% HRu2A olthe ﬂn% % of Barfblide&iskhe Bﬂgéﬁﬁgﬁgﬁ{t ded for

assenbly.” The | ocation of the victim nehory assenb

thevmgmbey assquaidies @@csldﬁrdtqparaeonmm@rexsmd tethe nphmctmamel.

_ f t 447 S2003/ 034162
C on b ptichthel i v S0l P 3R, HeheaBba bR B
faitddreaethdry issefnbly Wteanyadﬁlai@d)nory Mbatsblies oiktiac hatiie] $f

maybe communi cat ed i ncl ude a graphical representation
degigdt to the display, or a baseboard control |l er access

to 'Sbh{sdrﬁ?e%ﬁﬁeﬁﬁeﬂg?cmﬁiﬁﬁ' §30 tﬁfoﬁ?ﬁﬁ cBlﬁ‘fg%fﬂ?l]pfl Qecess to begm

har dwar e aut omat | l'y walting the traffic on
briggivp drersd¢ting ohemoeimadt en-linw, @n@tormnmh@tesfwlﬂl L) basgbcwrd controller

to 2Bl R e I BRSNS 8 ol b S ¥Ry
coiithstlen wpr&’pa@é foﬁbhﬁhaelr;ﬁbver-u@aﬁﬁrﬁd&ﬁzg&h@@@ﬂkedhﬁt&ﬁh&&ignals from

358),. the technician my swap out the

lated (b
m%é?q (3@161 ( ox@%@éﬂﬁwwgéhmeww E’O‘é(ﬁ'yulfbﬁtﬂé pnﬁeéhﬁypvrface In
sorf SRPRimE s ARt FR LotRABSD iL fegp&ﬁfr‘b'ééij %E a%s used

notifies nmenory control ler 32 ation
by Hecasmory subsystem, andrthis giantjvatdsdhat ictocking estmtdhel b ac k

o orShBfare SRl EORRMECRR RRodl fob plh IR frgny
subbidingte bhas¢ Rickedloop! MIIH aﬁtﬁ/oﬁ&e@@te& I@kéd)lbﬁp (]‘.b‘EL)fmllmw in the

controller to prepare for channel power-up renovi ng

memoEy RS Ipri ibicats 2 Sevy Rillisccpndsi{box 362). sAa noHitgeftvare
ma& WREHARE es)enaﬂﬁ?segéé QRE RS ?t?n%ﬁ iR R vidtin ShR bR

onto the interface. In 15 sonme e I ments, nmenory
pomdpied with the caagot rt®hn<degw A€ itelswapped-ial dewitas go abbmrkeisely match

I gnal s used subsyst.e dthis
the Ao HEGE o e P B e B &R A AP o fieheama,
proaﬁwspmﬁmtresuutmt R woald HeQosdislegir sbBware abinfdraathé dhli6ihn that
subordi nate phase | ocked | gop (PLL) and/or

- ihe 6‘@1’18%368 Pasgiiahde. jap il em?;lsféy e i anrwhq@emrrermr y

36 g? rﬂog&kmel{\é’ fiﬁlr&ﬂér é‘sz £ lfg 1Je I cb ﬁg@gﬂg % tgge? X

poi nt, otvvare

utlli'zgemtahal poﬁ'@m‘tmnd@&tm%cm tearestom the olmst'umel tepiater $etténgs

. Nictimslots. are te C

in e BB s o he Vi et Moral uiSiegiaheyteser el
imp¥BAe 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

§omplementary. When there is a failure, the information in registers 346 and/or 348 may
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* omgffingg phangt iR rEaly s puddas

the technology in use on the channel still in use, the
remai nder of the sequence may produce spurious

results. It would be possible for software to i nform
Wogodsahsi ci an that the devices are unsuit abtfus@93034162
well as precisely what is wong with them 25 Software
then noves nenory controller 322 into its

re-configuring state, and utilizes interna

bedasit (gl inforpiioneghld be retdevsd deasthe sonepensting ndvefailed memory.
HEYSIE 0 B 8y 44 My 48y S TBANEK, 3560

on thHe victim¢ ge
register 34ipdii@n2emannclnderihaginfoambticredhichn candguiriteetl 1o rdpbaters 346

t ilkzing .the replaced devices. FIGS. 20, 21, and
mﬁ%ﬁ%?%’én‘%@ i ‘é‘?‘gm%‘ﬂﬁ‘?’a%??&bﬁ%d 348, respectively.
FI GO tis\awn biRehd i £8ek 39 aﬁ&l@aﬂb&t@a Q(}iﬁvpa{é-&ﬁves%éﬁmrgz

shows a register 348 on a nenory nodul e 160. Registérs

cogiagller 33 t Pragry Kenycstaie vhegrit sl aromaticeyrdulisate altiofs.

e o Ot B Bl in oy SRTRLSTRO S, el

will igfeor wiidid clrmaye! 1as Yh® vadind o8 40 heRETp et /G0 Gidéribadd &8 2esidred by
| ost. That information could be retrieved fromthe

the.cAPY QB3R ng non-failed menory. However, in sone
cas §hrdwde wil PAlishRIcaPdRecd MR the l%égy fzé.fgxnr:g@ter@%ﬁucggo}{me)),

In that case, register 344 in Fl( y inc .
and dynamieglyspanenesritsol bedk te dmerdiraved inirrased momerygiase egresati®a Gvith

[1QF..: ' ry a lies. 5
redf{t it Sk font B Bt foeiHARL o TRIR' forBRRTAR 35
AGTOmEI), m‘bﬁ 35mmas yne_n'filﬁl’feﬂ[ thk Elﬁzrenﬁﬁﬂllﬁ lai‘emdoit I‘Tﬁtri_ (231163 ) ﬂ:}el

C t , ere it w automatical ly duplicate a
de@ﬁs%@[l}gﬁ onto the channel including the victim
e MPhdte ARSEMREM HROUE REChterloifdWBES. FYi éﬂamgfeta glt%aﬁm@ G

channel was the Vvictimsuch that the prope

inteiinased dato.dhe wetin shanelds pympletsly shupdovoperthatithasyste is no
i t ' -] t_.whe he .copy. i s
lougBr MR Moot BB G oo St AL b Garf SohSana for
practicat phirpbses khéyoare ait &gdtﬂmsqﬂimﬁry dah esbtioRYYON WerSioRdee is restored to
operatjon wth . read and write operations once again
the st et e S0 it Harisaios agabiien and e pritsy and
redfhia §thiak bf BomorgREtiBRs 3 ddtablied B b IRARTEY n&ﬂlﬁlterleiafxlfeg state,

inventions are not restricted to the” details of
the yiptim ehampel pad anyamethdry assemblies thersingtmpipwpemting ¢xseutdor the

fuf3) oty o8t AP Emalithain e e Rcale Sl St B memgry
assérhblly it the ney-siceim dhanmedihat cvd@eHonds to'thé Sfled hdnRBEHEEEbly

t he. non-vi cti m channel ains all the data sections,
> Taflheeys eprescigd) I soma qagesagd in

. ; . h
sonly MR, EheTHIGHEE AR be VHRRIADY ee&‘él? c?@&r}?&a‘?@fr&ﬂ thd N€

victimchannel, the data Is copi n S nenory
corgpspagingi non-f2iled memwrpassembly tethe f2ilcdrmecurgalt theeahses, iofthis

| parﬁ%ﬁpr[o\ﬂ-lﬁt%ﬁéa{vg@ gtatig,f t % gi}:g&ltc%grlxﬂef Ec?e% 'no% Bave 168 s}l:tlu? éolvyn asitisin

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

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

- distributed in non-failed memory assemblies on the victim and/or non-victim channel until
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the victimchannel and any nmenory assenblies therein
remai n operating except for the failed nenory

assenbly (or assenblies). In that case, the data
weckhiqmngrspf the menory assenbly in the non- yegiokiHsns4iez
channel that corresponds to the failed nenory assenbly
remain in or change to primary status until the

failure is corrected. In sone cases and in 25 sone

thenfbibere decgorrscted. Ha this wayrthergontisgescio be exsluadinbnemeryeingil the

' fromthe corresponding non-failed nenory

f%@g%iﬁ%??&?%dat he failed nenory. In these cases, in this
partially non-interleaved state, the victimchannel

does sh down as it is in FIG 23. It
Frna\y Tm&mmﬁm UENFS) y has to be
repl §C&eh syvRid AbivRMSa fifre! tﬂgﬁﬁmg oﬁtrBle?@éacﬂfhave a different

non-i nterl'eaved states my be us I n sone
referonadi nymberso Sllggeaohat éwpnmwtcgmmllmlrbprmmed eduld dadifferent.

RS B Y P PRAHERSR ko bl SR RRations

and wodlawithsdineor AIDOE the ejistamsahanh ef degéritied herbth. VfBe various
2004/ 044754 %FI USZOO;)/ 034162 the failure is
cliagpsly 0w in s TerTes TP the8FE o BTl cWhich opg s referred to as a
fsf
PR PR el 9B e
asggrgbliamishpakicular spstéth gy de iddnticabendiffgreabintdetails.e r S e ac h

have er e nunber L su

oo i P RandpleFleBRERe BHCRTHI 0B AT ept A eronte in
thblepeifitatiortio MRIEHOIRREHE, Obdedmbbaimdae" Fomei eﬁi‘tﬁdﬁ&!ﬁtbg*bﬂ"@ther

have different inplenentations and work wiith sonme or

crgpqdingfnty’ eeags teReriqifAiag e (Y epicheFhA@pEristic dpresibed in
coYlﬁEdthH fwtth‘?ﬁl?éiﬁlﬁldﬁne?lm%cldae& Hleat fléa bfe efHBXdIH%st L 5}‘1@{“3

ferent. Which one is ref erre to as a flr
ne@mamlylall ambodimenth, of shegnvdntidns Bevarnaischpeaices "sn

erfidbber Yone S BotRieh) o oG b @RRR rt oy l rfering

to died abdesmbAdinengodi ment is an i npl enmentati on or exanple
of the inventions. Reference in the specification to
an Tethe sercHsAtion states recoBFRB R riERErey Str%ﬁ% OB FRFERIIFHSHE STay”,

“nﬁght” QJrheauld’edm;ﬂadza N3t pafRADS cb Rétukd gﬁ‘l,lé)&ﬁcre

eature structure or charac er StIC cesér
ch@l@ﬁmesitcl ippptwgauired toebedndiudtidnafithe Speslﬁcﬂimdnm@ihlmrrefats to "a" or

A3 AR SR b RS o SRR e Soincion o

' cl&mp edEran tasaddinional teleent Bt does nétpRechitle Gekr&Béthg mofy than one

e i ments” are not necessarily all referring
of fhg aﬁﬁ'@ Qﬁ’gn‘@ﬁtﬂodl ments. If the specification states a
~Cco ”Hﬂ@ ﬁﬂ%nﬂ&n? erell'lﬁfresiﬁfztreﬂ & ﬂ‘]lﬁ ggrtfgﬁlalc i iR gﬁ%ﬁ 'l:l?}%hf Indeed,
thqse sklllcd.ﬂnahe arblmmgéh& benfaﬁmﬁlhm disslpsure wviil apprmate that many other

Va%%g“@?%"%‘ %‘}"]ecgﬁnsg éif: 19%?1'5{ let&‘g’s )glgy bn 5 l (%hm the scc;pe of

-the present inventions. Accordingly, it is the following claims mcludmg any amendments

thereto that define the scope of the mventlons
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"an" el enent, that does not nmean there is only one of
the elenment. If the specification or <clains refer to
"an additional" elenment, that does not preclude there
WwWeh0H,0iPse than one of the additional el e"EFéT/ngﬁosTJiﬁﬁz
Inventions are not restricted to the particul ar
details listed herein. Indeed, those skilled in the
art having the benefit of this disclosure wll
appreci ate that many ot he€LAIMBi ati ons fromthe
Wil%rigglgf n io_lescri ption and draw ngs may be nmade within
e 8}) Bf  the present inventions. Accordingly, it
i's tihe f@|dyoren@nptigings i ncl udi ng any anmendnents
thereto that define the scope of the inventions. 19 WO
2004/ o3t Areseorpesrullycouplediorshist demels  Wat is cl ai ned
iSs: Wbé&mﬁl" Welak i assenbl y
cou&JSS“ ??ezﬁfl rst c gﬁiﬁ%}%togsgé%gggﬁgpﬁeﬁ%%ry assenbl y
c ouplnesinary centwdientodvrith firat end seaomdl minmendaty sections to lthedfirst and
to.wite first..and second I mary data section t he
soeh dhérichy ook BR BT 2B wh R BeR i rodbm o
sedtlont B the E&bnduiill freiandtory QskeMBAEY rediiticAvel R Blickdi thelfdsttahe
second and first nenory assenblies, respectively,

secid redundang datp secipnsare redyadaghyith sapsstitethe fest apdsweendgyignary

daﬁrsgctfoﬁg%k?%f e%fx}ﬁ_th respect to the first and second

primary to (Ya a sections, respectively. 2. The system
of &l ai nillig syaker &ickimtewherestthafidt adserndd memwony assemblies
S.S lies each include only one rank. 3. The system

€8¢ melfqg‘??fﬁ}i?n%ﬁ%?'ei n the first and second nenory
assgnbl i ke syeRaIbfichihUgehabin tBaSist indedonrd kfemotdh Bds@blies
each rank includes ejther gne of the primary data 15

cachdpelpdial lesst tioaane, Whseln sathiaslninclides it aane of the pyimanpdata
sectivid &anﬁrof egé(gﬁna t\ﬁ’ﬁ‘tﬁrﬁ@dtiﬁn&he menory controller is to

wite n ourth primary data sections to the
firdt anthsosembivkimlywhesaritd mesoryrcestpdlet isve Myite tiird and

ite third and fourth redundant data secgtions to.the
ol penges el SSER et R e g el and
writbgiirdiafd Fhiethtrédundan dgka kesichdtoriaekdebstaing d diadt tncaRey hed@igblies,

are redundant with 20 respect to the third and fourth

respectiielyy whexein thedbird aprfourth shupdant data sections prrredyndagtividh
resgéc%tc%ﬁ thitdf 156 %tﬁthltﬂgg? Hsth sRBns ?e@?é%ﬂvéf?m)r y

sse les eac de at | eadt two ranks, wherein
each r ankhe systcmdfslapnd, whereihéhepfirbirand gecdad memsecissonigies

eac%qgclg&eat ?Jastthlgfg rzgn?{g,u\{;ﬁje%% eadc%tr%ﬂcsi%ﬁhclle% r(])%é 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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6. The systemof claim1, wherein the nenory
controller includes failure 25 detection circuitry to
detect triggering failures of the nenory assenblies

wododdnad/sponse to detection of such a triggeriSesossis2
failure, the menory controller swtches the system
from an interleaved mrrored nenory state to a
non-interl|l eaved state and after correction of the

tri g¥er i nBhefsystemyod clainh 6, whergin guringrthe dit¢rieavedaninons! méneory
3
S SHE el ST ol fbrkery ARE Rl B i seblandiq
morr®r ;ed ']’m[swtym of tlaine], Wﬂwenlir&ﬁmﬂit SNOTP &tﬂtﬂﬂlbﬁhclﬁﬂés)faﬂure
re rom a sections.
T A g S S m@ﬁ%@ﬁ%ﬁ%@d@ EgSRonse
tolletedh6H & SMcily!fridderitd WilhrBLiRE mBAYRL Blﬁéfrcﬁgt %:ﬁipé%r | Ynore data

state, the nmenory controller redds fromb mary
seatiens feoam temiled msmenossaomidy tog mathery sty thht replacestit,

ry controller includes failure
faﬁ@ﬁéctlﬂrg:] %ﬁd@ﬂ?try to detect triggering failures in
t he 1IfenoiThe agsanbf ¢isim Samﬂletem fegisfepif@mabiod B cdpibe GoinGhe
of such trlg%ﬂ}e fai ﬁr@ t he mam)ry controller
mErpofy cenigoiler @i}é biselaesdhs fllpdmemary asgpmbly.
nMenony aghesitem bkl m{h)s @oﬁ,gﬁg‘m
R ﬁmnie T Syl %ﬁﬂ@%ﬂf}fﬁ%ﬁ} a%g’%x?oﬁ' B the

failed menory assenbly. yStem o
fugfrprichandegfoyrte memqwmblmn the S@@pd ehiammb and wWherein the

th
R0 Pl 7S b BREa ARk Db BB e
memory uss’eﬂnbﬁesgmswcu%mgma td \lanredmfdemrﬂm@ﬁﬁeqm&am & 4cBBons to
h %’E‘Eﬂtﬁ (Qﬁa and a fourth nmepory assenbly on the _
they gty Héqm%ﬁﬁﬁmm@&éﬁweﬁtﬁ@m weesHy the gA 9@r1|f@mm s
reduBdt idhi8 sbdbiohislard Adiuh@HE b/ PJsbé@Fd/thg alidy a%a% 3 y hs}.g

third and fourth nmenory assenblies respect
seqtigngyrespectivlyr d and fourth redundant data secti ons to

el 27 ER A i T U RS an 3B S
MEeS@TY nmduiemaeh iretidhgandémon; thips £&PEEdreih thd st atnlalséama Egrnons
at a tions, respectively.
of 5 B HeBTor PSPy ot e DIForeat Pt kA cbisoR diedrhor y
me&@?ﬁi@érhlﬁ? afd herSBITRS ﬂrsm%ﬂléle %a&ﬁng gﬁdhy dicBga B

hi'ps and wherein the first an second portions
ﬂSSPIH yiare weludedio rd}cffﬁsté ontsl of tiercbipsrod Me@bndml&lhndrf essembly.

onersi n TREYFRRET ot koS end A FRRG Rl

menbty Hesgstahofakin n,rmﬁmledmpﬁsxﬂ@ fifseaRidec@daspdafer b on
h % ps, of t second ng assenbly. 13. The system
the S*éP%?%O choghelsdpd W ?Fﬁanuféﬁ faigt and; seepngepmasy pgsemblies are on

| sub@ﬁﬁﬁ@l@'oﬁthe%’ﬁst ag@%cﬁﬂféh%ﬂe%f claim1, further

rising first- and second repeater hubs on
5. 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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the first and second channels, and wherein the first

and second nenory assenblies are on 25 subchannel s of
the first and second channels. 15. The system of claim
wo 2WARELEN the menory controller concurrent ! yewish@Soz4ie2
only parts of the first and second prinmary data
sections and concurrently wites only parts of the
first and second redundant data sections. 30 16. A

sy s EaneaQIsentEollsy o wite &rst andisecond RITAEY H#lg Sectigrsi thectirst and

G B AR DERONE Lt by

se@dod tOkhé T&ﬁh%ﬁkmmaﬁﬁdr@ aéls&ﬁnahesaraamquly o;dmterlmtﬂe dirsttand
e fi,rst, and secon dat a ons ot
sefdn SouaMte SaBarORCHTE AL BL Tk Feabebt it BB R ponapimary

daWsleétﬁmE'&%fecm second redundant data ‘secti ons to the
fourth hird menory assenblies, respectively,

wher@i n {The systersof ol 16swheseiet thasgetnerasentenlleninshides filure
de%?t?onn; @&Hﬂ%ﬁg??%%ttstg%%erﬁg ?a%feté gf{eﬂé?né‘rﬁc{ré Ess%gﬂhe%%ﬁff ﬂPre sponse
to détetioniofsddh, a ivipgariag failubs theenanory comtiallet dvatchedthk ugimn from

failure.  detection CII‘CUItI‘ to_ detect triggerin
an fnferieaved myrorpdmenorysiale edhnideavs ataﬁeﬁnﬁlgg qetiop of the
trighRhRs Hikke, @e rﬁéﬂiﬁy @oﬂtfollglgr%ﬁlh{b@thé Rste @e 11&51'1%:3,%&1361'6&

conttol l er switches the systemfrom an interleaved
memiory efpigd mam)ry state to a non-interleaved state and

aftep Coﬁ“ﬁ f%iau%llﬁ v}l%{%]ﬁ Itl%%%%x 1{1%1 Jha Y4 t% i i R y pon-

menory COI’] urns e SYyS e |n eav

interleaved aate W‘]‘Eﬁﬁfe}bh&ttﬁl with {h8 failtd eneaiysy memﬁlyai amnpiétﬁﬂy shut
wherein the non-interleaved state is a fully non-
doWht er | eaved state when the channel with the fail ed

Menpsy asRERlh dr1aaR TP wHepdi 1RMHeh-intd@¥Red dtite 19a pathiflly

system of cl'aim 17, wherein the non-interl eaved stat e
nog- glt%rlqamct st@tb Iwyhen fheshinnelovitiethe &dled memorykrsenblyias st gpmpletely

shu\‘cmﬁa\{vn ol 2 9 %g/n?s Nilie§ 51%96111 a?nsoé)ré%thﬁ% 8;'{'{% £ Igo?hfé fa:lled

nenor asse I emai
meﬁmqr@shwm@yexcept for the failed nenory asserrbly 20

The yst mof claiml erein the nenop roI
! netQdes TheFgROLc %“S@t‘é@f‘i"bweéﬁlw P?rymi( fjal'fure
detbdtiod GBERRY b Ltk hSSrelif ﬁhmm& Mleﬁﬁa%@énhms %Hjln'rébponse

response to detection of such atrlﬁmrlng ure
to detrstipeabrugh e diiggetng Bilucolpr memonecantrohencepigaoee or more data

seo AR5 nohafleR oo, Bt W ARkl RRERY thehpfRE ¥

failed memory assembly. _
21. 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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21. The systemof claim 16, wherein the nenory
controller is to wite: 25 third and fourth primary

data sections to the first and second nenory

FeG ulhisess, respectively, and wite third angrfiRsdosMsai62
redundant data sections to the fourth and third

menory assenblies, respectively, wherein the third and
fourth redundant data sections are redundant with

megpkassemblies yespeafively, whereinghe fifth, sixthsevpntaand eighth tedurdant
SHESRAH A6 up i L SRS B ST, AUl e

dgasev&om,@pa:ﬂseigtl ons and eighth and seventh redundant
dat ions to.t ird and fqQurth _ assenbli es,
respett | \St‘}e;ﬁ Stﬁ‘i‘}d’fﬁﬂ;ﬁ Lg ﬁ% e E memqryasgmblies

a9 @loderS8 $id A Hord RenPdIt tha v tild ﬁlﬁihdnﬁ Selidng s f@%jgembhes.

sections to thé third and fourt WO 2004 754
PCT/Z&SZOO@SM@PHMDW assenbl i es, respectively,

v e 25 B o o BB AR Mecpect 1o
t he  sebbrn grsup(cbﬁtnerﬁtﬁ'y assbiblidrdusedidtabegindXBinsel; thid a

secti ons, res& ftlvel . 23. The system of claim 16,
wherERFIPHEORERIE tind" f ourt h nenory assenblies 5 are

cl Osﬁlﬁteta%rﬁtrg%\faﬁzdg?h&aﬁ%ﬁars@bﬁcﬁl@ i méhs@an% ot e ﬁrétrg?&up%d

second menory Sy stem conprising
mémerytasgprablips afd wiiirosscond goup bf mmwldpﬂaeebtlons @ at leasitone of

r o nory assenblies coupl ed

%Qe% cggrggﬁa?m%liﬁ%quw@%s a%&mrrermry controller to: 10
Wi tverita afﬂrst%to@rcﬁwiuﬁﬁanpaatmﬁomb at 18R€ briedT$hd Redd group of
roup menory assenblies an -

| | east ong) of the first g
megReny @ssenbieng vits @ secsp aopnﬁf vduac&ftéa@é@qtﬁoah@awaﬁpne of

théﬁﬁﬁgm ?@f&gmoyﬁsmg@qm?r oup of nenory assenbli es;

first group of redundant data sections to

at Ivéwsftln thedirgferaupef sadvndudt dptoseotiofs armdm’rdyntauﬁmmjepm the
UL TS PR LGP L8 S5 208

redaEatthyiiagspeortd thdweidid privpef biimety dit ik, r edundant

dat g _sectjons are, redundant with respect to the fjrst

gr odp: of 1BF S¥ste okrltin 2devhsreindhe I&%ﬂlﬁ'ﬁeﬂ%@@bmlug%f%ure
deRbtSPEHRAAND dRLABAAhE AR 0P e RANRIARLm Y And £3BERhse

to the second gr oup primary dat a secti ons.
io detegtiomod puck atrigeQing fm@ diermerhary wentrollpr mtshmhe gystem from

SR L EpoR L S RGPS B h i ot

triggesipg fiBre, the mah@g comrvllef refiith@syisteOig e it Bated thinoad

the nenory controller switches the systemfrom an.
memrEPaved mirrored menory state to a non-interleaved

-stabg anghaysiin GUHiR 9k WikbrQh thelffemory 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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triggering failure, the nenory controller returns the
systemthe interleaved mrrored nenory state. 25 26.
The system of claim24, wherein the nenory controller
wOGhiRessf ai lure detection circuitry to detggtusanosozsiss
triggering failures in the nmenory assenblies and In
response to detection of a triggering failure, the
menory controller copies one or nore data sections

f r ormmemay comidlietito medimr;ly apwraigithesysteman aeimieripaced sindoteg

hat laces th e ssenbl
By shREYRRERT ot Bt aee SRR YeBRBTE sebt oy o afd sccond
mehadt) |c§£imbﬁnﬁrfﬁ¢d§,3iut eftaneaed opaite lﬂﬁaéb?ﬁtelﬁnl@a A Ritefleaved state.
assenbly coupled to.a second channel; and_ 23 WO

20048044 Fhasystem Psiain s onheren thealn%wwyntséw %SdP pRgrate the
syQEH DA 1 QRES ﬁin‘orécﬂﬁ V\lﬂ&?sﬁﬁ% ftil a@l‘l%ﬁg {'aﬁ que of the

mrrored nenory S ern primar ant
meuimra assewbliesris deietéecﬂmthc tnemptyecoirpBar, emddn Eaepamdto detrbioy of a

hann erfaces ut, at 0 et system
g8 Rt HE D AEES porttlisfiyithdie bR DELRE hRRAR
midéred W@y Ratehe HERORiDtokAREd @t 8Ad iffor LO@HBH Bt e tiefing
systemin the interleaved mrrored nenory state until

falhlr?, thegepem gontsgllen rasurnihe mesten theh@erlw%myﬂa%@ﬁ@me%m
is dgtec r -
to a6t et on o &I Wl ek g ke A RAY36n
intenbgayedbithte whsnvl:hec:hmmel ﬂwﬂa thy Stiledhnfienomy tdsemblyrtiecdngdetely shut
d mrrored nenory state to the non-interl eaved state and
%Pt er correction of the triggering failure, the

Men®g.y COR §yblehnff clagth U8 Gherdl HiRMohahteiidifed fhteid Spaaslly
mrrored nenory state. 10 29. The system of cl ai m 28,

nosfderigared side Wbﬁn tha cermelavidiths failed megnosy assembly iopnt completely
|
shﬂt Ab&h) £3Y%EY ﬁ%fns i ef et %ﬁl op\é’i&tttlﬂ E)H%Btf i%h_t?%q‘aﬂed

m)ry asse IS conpl ete

‘megipsy @seroblycl ai m 28, wherein the non interl eaved state

is a partially non-interleaved state when the channe
with the failed nenory assenbly is not conpletely 15
shut down, and any nenory assenblies therein renain

operating except for the failed mnenory assenbly. 24
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