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WD 2004/ 044752 PCT/ US2003/ 034439 MEMORY CONTROLLERS
W TH | NTERLEAVED M RRORED MEMORY MODES BACKGROUND OF
THE | NVENTI ON RELATED APPLI CATI ON The present
WO H#15dn and application no. entitled "I nt @CTARKRIFH034439
5 Mrrored Menory Systens” (Docket No. P14529) were
filed on the sane day, have essentially identical
specifications, and claimrel ated subject matter.
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ECHOL P FHRRPLERS ehan ATk MRS RN R RIORY MoDEs

MENDT Y SysSt ens Wi

BACKGROUND ART: %#m@%%% iringlsude

menory devi ces.
(DRAMs) are comonly used nenory devices that store

relatively |arge amounts of data. Menory controllers
Rﬁ§§ﬂgﬂ%ﬁf¥kﬂﬁ% ts and read requests to DRAN.
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Th i, 06 L@ 1
may S preedl BRI R GRRPRTE 17 7 mentifid BBl
MiatedMenorg sy stoms't (BockRAS. P14529 penstied on sthe ad day, have
t. b b . th hi p.
SRR AP dhee arepe Had ARt ieal Ars By separat 6
chip fromthe processor or nay be on the sane chip as

t he processor. Conputer systens, including server
T§§: &L FlBLPow a t echnol ogy trend in which 20 nenory
subsy : . : . ,
Govi T2 GERnPifelddfl KR8 Mo Roly A efib b el 260 Al

msubgystens i S an i ncreasing occurrence of both soft

Bﬁﬁ%@@ﬂ?ﬁ}@rs- in the DRAM devi ces used to inpl enent
system As the nenory subsystem grows,

SO dogspiibesysieab iypidaligindhidiadhdry dyvieds. Dyidhdid raRiidm access

errqor in any given gluant um of data mani pul ated by the
mgpaies (RRMYIF)Are semmpnly psed memeydlevicpethaesiereyelatively large

: e . .

R 2 e AR 3Bt e Pl e B B e P EBAAR il
Ther ditevdwrstaredinl respohseRo i verita nqujuest nayroeigiraye Gamntarpobdessor or

anpfhit P35, T it Brovied i EnRABY iistnoice Siodl egyed wfy be wsed
byPthe BrifcbSioNae@o@détp.t Bhe SeMeFHontrSdr WidSbelia %Q)%Sfﬁééﬁl@tseparate

limting the systeminpact of both soft and har
chig fromdhg propyssorRmay e b the spmsohin asithe mogesyor- 30 it is

O IR S St i Bl i
mEGhYSIBYSEHS axdfcreasingrinibotrgbsolbersizeadin deviad deniitys of
e B A B RN AR A ot
hafd &887§ in'hé DRAM HedicbORed tdiniirBenTBié éinory subsystem. As the

memory subsystem grows, so does the statistical probability of a multi-bit error in any

=

given quantum of data manipulated by the memory controller. In many cases, the memory
controller operates on a fixed data size corresponding to a fraction of a cache-line size of
the platform processor complex.” For example, a memory controller designed for CPUs
with a 64Byte line may store eight 64bit fragments independently. _

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

it is common for memory controllers to implement an “Error Correcting Code” (ECC)
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corrected in hardware. This mechanismpermts a system
to continue operating reliably in the presence of

OGS phabs,si ngl e-bit soft errors, as well as in
presence GF a hard error 5 affecti ng up to an é’ﬁT/‘FSé0°3/°34439

x4 DRAM devi ce. Extensions on this algorithmare
avail able to protect against failed x8 DRAM devi ces.

Bigprithing vx&@@ ardittvanl linofidsta breesadted aong Witk Rachnaschd- nh@fragmcnt,
r.ed. o singl e _access tqQ th

?r'gc]ir}:)ﬂrl& 8‘PE S LR, §§Qq1ﬁi’énat1°w Pit grrog g Piglignsd aibble may be

6¢1y¢mtaaah lhyrdSragd) eltks RbdiBnikRr t
%geck bits for every 128 5%%??’?;’3“9”%&%@“& P"E‘P%%habiym

PEgsEie ofjorcasionah pingiq-bit sofb rrergums ovellas metl:blpresemqewf a band error
f M
Ly T T e T —

mtqqt agambfayleé kO DR ANdevices. Mt hecHOC Biethadisntitb bfddk Sown when
Ct| Ve Ca aci t ven nmenory subsyst em

|
é‘*‘r?é’nt oS PR Eted SR AR e R BRe e bocause the
]ﬁmdailccﬁtfeﬁ@ng Ssii(tyPichihpl chdeg bltﬁ‘i’(ﬁ'elvéi?fl@ danhy sty éﬁ%ck bits for

t he Y. subsystem be cut in to provide t
Pt @S% bits) giap apt b able topes alI n@rm/cam ofitwe mampfeéalmn'ors
U e Rord S AR MM rroring. In FIG 1, a system

10 includes a nenory control ler 12 that is coupled to

a pr iMiroying hiatarreifersm maidaiaing o b@;ﬁesﬁdﬁ&ﬁ%@l dahitm ilMBERa¥n

n are ed to primary
‘H%MH %f"r‘isﬂ"&ﬁ 3’ %%fae%‘ts tlvmapaam Oﬁmglaﬁrememow
salmypﬂeﬁﬁni;ﬂbrﬂfﬂntz{tﬁh i€ Ran NehovhS IL?tQ) E Hizﬁﬁ’ﬁbé tg@atrgal it R
DI3,1, DA2, and DB2 ar esoprO\r/ll ded to ne r%%‘éﬁl ps at the
a|V a’bmﬁfi@éfl ot thgmenosy subsysteur baeet in belfifrprovide #teanirroring
ca@bilitpns DAY, DB; V, DAT, and DB2' are provided to
menory chips |n rmdul es MZ M4, Mo, and MB. Note that

pri mElg. 1d1apa1de$m¢xamphe @Aystetﬁaﬁsmg me¥adry @ifbriAB2 IRFRG. 1, a
ti.cal to redundant data

s Sﬁ?t‘g LB%%/a %Sf'ﬁig’%tié‘%l 6* IpRgUpledig a|nFinAsy chpmpne! 16 and a

ik omdhyiniss! 9 8.6 Menib Gl MlnMsoM ! sl%ﬁlu
cf| rsM epeatere hrSou h the se%qdrrﬁé;iy c aﬁgel %ﬁgalg

angd seesaqEy nmdsleﬁ Mo tvlth M@ @ndrMSr aye cmlmﬁﬁelmlrfﬁmnhannel 18.
ter hub.
Pﬁﬁgﬁ;}ﬁmﬁo&rﬁf&}:% ?ﬂ}%%ﬂ& % ea (}:}EIJ]FWBFyyC in g

nodul es are coupl’e

-mpdules MileM3, M3, hed hﬁ'mndyedmdaﬂt esra@éctiohsmb GBI BIAD’, and DB2’

TR E R R TN T
seﬁﬁ(bl@[ﬁdl JDB1IFAS Q69 MZra%)%ﬁﬁfal é‘x“f%serﬁﬁ Hénﬁé(a?ﬁoe@u%nt data

re than two channels hav een opose

S%W/%nghﬁﬁlbmmz)smsg BRI EF DESCRI PTI ON OF
THE nd
A BIRO of QU BB Yonlrolicr 15 DT 1 Gttt rpter hub

fully fromt

thioughhtetprinzery ovmaslyind g seeaidirggates huteMBagh RS @ chb BRIl Two

sub&\élenllqél‘ls gr@%o&ﬂeg E) each repeater hub. Memory modules are coupled to thie
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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however, should not be taken to limt the inventions

to the specific enbodi nents 5 described, but are for

expl anati on and understanding only. FIG | is a block
WOt 75&pr esent ati on of a prior art nenory RECEIG003/034439
system * FIGS. 2-4 are bl ock diagramrepresentations

of interleaved mrrored nenory systens according to

sone enbodi mergRIEH DESCRIPTIGNIOPTEE DR AR INGSS are
block di agramrepresentations of interl|leaved nmirrored

menoAye yesjansevi be nndestieat meng faldnfremghe dataileduiesaription given
el ' i t f. ,
BRSA eBRl LA ARIRIT p rpc
hoWean, shntldmiobbe Remntoriinat thel invemisns to iesbedific embodiments

ill.ustrating chipset select |lings, according to sone
et Bt Are Tosrenp Rastion 2B\ FPdsFRanding @810 13 or e bl oCk
di agFEm 1 i€ AHEER WiAtd P RprefntARIRRIA fHRE th SRl § Bidh .
15 sone elnbodi manat%gd o?ﬁf heni nvent iﬂgir?g. Fl @914- 1{359211%

bl ocKIGH. 2gt amblasisidiageam eepraserdatisns iof interlegvadonirrared wemary

IR t ' odi nrents of the
5 nven%f:%raﬁsﬁ.E @g@@%ﬁ@hgﬁ%ﬁ@@%ﬁgg@éﬂgm representation

of aFK3fs Sefhare blovkidigram representations of ingdrleavedrairrob&] memory
sﬁsﬁ%ﬁﬁgsgwgﬁg o :s_-ir)] g gﬁrsq%gre %{;g%% %@%@é@fﬂ%}}p tSQIIele embodiments of
the ePfeafetit ati on of sone details that may be included in

a menory controller according to sone enbodi nents of
t he FIGk 8ris 2 blosk diapam eprepentatiop|of ek inderiggredwairrored memory

ss{gﬁ!‘f% gfu%g%t?ﬁsé égi?ps?{]se?ecm rééc&#&in%ﬁ? grgé gxinp(gdi%%%tﬁ g’c e inventions.

e 1T nventions.
di adflgaint 0-dpraeskintiadiagramaépresefmnionyofifaeinde nerittes dedtgding to

SONE 5 enbogdj nents, of the inventions. FIG 23 is a
Soﬂe&}?%ﬁgﬁ?”gﬁ? © PWEHOREr at i on of some enbodi ments of
t he FIGMeNy18Afk bloﬁ&'%ﬂ#p@@eﬁgﬁl dTthieMtalB@ mirrored memory

i nventions involve interl éaved mrrored nmenory
systpes apaprding tq spmee grehodiseentsafithoingentiassory systemis a

w0 JoarolEnas TSl il PEUBLEE el o
contolibarynat et iecludsd acedriing teeymd enpalidents ¥f thp ivehEorsn a
.t G2 A0k G Fop RSN o ey T b dclided n 3

méHhr§ o8k élbr Qbcordihg SRR Enibdlintin8Sofite RVAMHEd bel ow.
When the failure s corrected, the systemreturns to

t he FlGt 2k isahleck divgram repgesaptationy ofst meworyRdithacchrdingsto sbme
en%oaﬂlfﬁon?ygt{tﬁﬂnlvgnt%%{pl ed to one or nore menory
enbl 1 es.

ass nan interleaved mrrored nenory state,

t he Fi@n2® ig adflockaiidprah fapasbntafi! 65a tehbrythodild ccditithg to some

requndant_  data
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 mémory systems. An interleaved

mirrored memory system is a mirrored memory system that typically operates in an
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sections, and corresponding primary and redundant data
sections are stored in the nenory of different
channels. A nenory controller of the systemcontrols
VOSOMEA®Ri on of the interleaved 1o nirrored RERBIS003/634439
state and any non-interl eaved states. The nenory
controller is in an interleaved mrrored nmenory node
ittbitéavEd mifor6@ HiofiRt dtle] tuP AR S MeluPordfly diofiid B,
.mrrored nenory state.” The nmenory controllFer 1S 1na
infepieaved etnte dmesprnse thethodetection df g triggening Gilureg thdvmemory

{ B - . e tate.. ver al .exanpl of,
SYBPETA BBl of el b SiioctiieR WRBH Glusis
cetratas tharsgsterh etpms v the thtbiddadied nifpéared h@ﬁmgf state. Each channel in
non-int.er|l eaved states are al so di scussed, However,

HETESIOR BIHPIGHS OB ©F TR TRSIATY etpembliesh dn ge fnipriegvest mirrored
meRREEstE ARB hiRErodf ofSel SBind1R%tdrtd ik gﬁﬁﬁﬁ'& 238 Yedundant data
s of nenory

non-interl eaved 'states. Various typ

segorsyBnd ecsronpgpding puimady amdesdwidest difia seetiomsyare stodibthicasemory
of AL NAEHIENRL Y nodul es and discs or portions of disc
in hard drives systens, 20 but the inventions are not

so | Amdneaty chftratieyofithelsilsemn eaeddls the bpet@icanT 1 infBPleSved

menory devi ces. rely .as an exanple, and not a .
mHERIEA FISHER: SR A1y TRBBIEE A giake. The Bemorgeeatroller s in an
intefitehodSnitford Herhdry Mdelk wieh i iidoti ifttepl
e e et h G Hilgthe AOI G B el

miggred MeMEEstate Bhememonysonirolies dhinal rugyinteFHeaved xadpIvéhen it is
Ms chi ps manuf act ur ed

cohﬁglhﬁﬁg?%%ggﬁlvih%%n‘%%ﬂ%% ef 925 used technol ogy. As

acco 0 current

anotSezerabexamples of tysecniRyperaying @V inteRavelnBPRrdthMABYy states are
ventions are not restricted to a

nme ies. _The in
PriEq bl EXFERIE pignriBeR a0 sieraee alen difougrgdla Howover, the
inveRfibhddte | | ; ' r
b 001 9t il SR s AL o
nogtintgrlgayed sietésar tine. It is intended to be a broad,

I
non SELLGE The..data secti,on may ing¢cl ude
dat 3 Fioat e vl e BB B A Botn e ShreseRor y
assgblinbinglude thetroat modulell Sdaidc BHPettiohs bl @I ik Ahrd BFRE ¥ystems,
b T gl.cal @/ t he coi}t&?nés nd extent of the data '

ut R SRS 6 R S iyieq | Memony rerlspech dashsls one or more memory
devibesl WEe BAME ;

PER NE S AL il And pOl it G Qg‘%’\%‘“’e 51%"6’9}24’“

dug/pin-dine memeny ((IMBYIb)efan @4ibits for date dndv® bits for Y. HEC is not

roqi 84 PO RS RS e RETRRediS eivnler (@ fociathis cyampe,
memmmémawmbkmmsmh&@@ad%m%o cgﬁgnmidely

5 which are coupled to first channel
“SGH\@?P&P@O&%S@W%% efpmplythe msmogy, deviges maythe plolyanes memories.

be inserted in slots onnect e annel .
t heFke tegn{'dats sacton trefersmoniataythatds siored ih heaftighlaetheniempr y

assembly or a portion of the memory assembly at a particular time. It is intended to be a

. . o d |
ThERWBRRs bR ﬁ%ﬂﬁtﬁh@ﬁ@%cﬁﬁr s%#a?glgﬁ@méﬁgo u esvmrrgx

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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nodul e can be renoved fromits slot and a properly
operating nenory nodule can be inserted into the

slot. 10 Al though system 50 and sone ot her systens
WoIBVeH2herein are illustrated with four nmBRHAP2003/634439
assenbl i es per channel, this is not required. There

may be nore or less than four nenory assenblies per

AhanigtaMPbiEs Wﬁgp@ﬁkg?gﬁcﬁ SIS VAR AYREKBL Y

even though sone ots that may receive nenory
nmodulFES. Zitlusterigstasysiined O sthivhtipaintesteaveddnirmredaemenysytem.

SBRPA 5005 sSihd Bt el s epibBalo adird 5Pl e = Second
cﬂgtnai ﬁ@ll in@ﬁﬁ)r}@‘%ﬁ{gt@ﬁ\ﬂll I 'cIud@BnEd : gnoﬁ}lmi:tséﬁaﬁies M iNgd) M%,_Ehnd M7,

| nti cal ,Oor essenti a lgenti ca O prinmar sectl ons
vjigh argpeiiplqgeio first &%meis‘i@: apd megmmwtét%s M?atl\X sMpasad M8,
ELCHIR% 8 diG S LG o rilord moghtB miaf U8 Bk AR slots
conmgoisd it &is shandch gVher themeriy fajlatesin sendmay sogdile; thextaitad reemory

IS | e ta, D . Ho , [ d. 20
i/ bRV EF rabrhinafichad £ 2RREEY pafeia MR Pasls pene
insaoedhinteadie sloor exanple, the bits in the redundant

data, sections could be the inverse of the ) ]
corr éitg iSKgferBis0eng sorme,ather sysigmy deseribed heseiniasmillustrated with

foRiE fBRoYy SK3EAbIRA pbf GAnh
control’ler ordi %ar Iy e?’e%g‘g,s H&%G%Lﬁé?hgﬁggr r sﬁ%ﬁln{gier?élcss than
foue thempaassetablies pecehiaonelb & suneceniadiugnts, tre system will work even

' the = 25 troll I d
SHRP RGeS By PR e ERAHER 1 EBHY o pandi ng
r eduTlatediita Waeatoselini i imefnoROasbéthBlies & disideEin®s b@Malytata
t he i? m . However _in other enbodi nents, such as
Se&?%ﬂsﬁﬁ :i%%%é?%‘e |aB@\PBt2r?§dﬁewwyn<&@&fqunda@t datp sectinnpBATL’,
Do, 159, daeBI eqHRAaN id%fcﬁh&eegﬁehﬁﬂy ALRRS] {oq?'ﬂna}rg Sections
ther arfure

primary data section even thoug e 1's Nno
DA, PAZ, BPstanchDED It is exhertéd thatsih maoskid netedhquhe] ofiplBinGatations of

o TSRO R e R M i omspondin
primap dafaisv@loys (Beéanphs; DN Ss 1dBktical %%/15) lilﬁ%aevawgq pelary and
, an

are stored, nenory assenblies M, M, , _
corrggeding pefupdant difesorion /could Kitierprykeren 33 Kaoekample, the bits
s a h . . .
in BRPARICRS dit 4Bl DIRLE Ao Pl b oo YA AR 5 he macy
dataeetiansbodi ments, a pair of data sections (for

exampl e,. DAl ,and 1), for data group, .such, that

he Tzt b oot & tao o e Sefiafl Rl Srgparty reads,
wittOfhe 86respBhdigSrediRntl@tPsce 864 b&ASa Bﬁc@cu?.x HERGMS Whbodiments, the

smal | (such as when the systemfirst starts), only

| Mgy contepllen alwaypieadsife pemarysdata seghien wather then theseqiregponding

recdMnihdr@Btadbctfontil fPikiis B4AHRY & + &s‘eﬁf ﬁé&&?jﬁ{ other
cour se of operation, only a snm par 0] and a

en@néi_menpamch @f aillistussed belonwg the meemidry cortedldr may ehodse enread the

rec{u%lg%n% V(\idgtiralesécglré)gl .?%Q%f%én {he Esrilrn?:%rucllartae sde'ctiSIP gx}en% guaghstgecrte Iisonrl)sfailure

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

stored in memory assemblies M1, M3, M5, and M7, respectively. Data sections DB1,
DAY’, DB2, and DA2’ are stored memory assemblies M2, M4, M6, and M8, respectively.
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together be stored in nenory assenblies that are the

sane di stance fromthe nenory controller to allow for
tighter timng tol erances. 10 As an exanple, in sone
PRV UEIEs, the snall part of DAl is a half ®&ERIS2003/034439
line and the smal | part of DB I is a half cache line

whi ch toget her make up a whole cache line. (As an

C a%ﬁmgﬁ ne anﬂéeon%an% hlugbgﬂ%h] L %&?ﬁ%ﬁqgé&g} r%éag\?%ﬁmored

ey statsh dén Somfeembd&mnalﬁv arptadrge dath seldions) (fbhe}&m;ﬂe, and DB1)

f d hal f t.he dat d f

e P GRom B s e R 55 R, s e
tlef dakd e clicns@ed éxcasdingly b5all Gach by When'thesysaao ekt @taﬁg)n@h small
Thi s regults in twice the read bandw dth and hal'f K

pRenef theden esptionsivilldiprpader, wilttengyt p bfeg rFtor §xanRlpyin the cadmaly
cbitSe &Y dpdBiivn, dﬁs&aa fﬁﬁﬁl ta&PéfI@ € aftdla LA SADES ﬁ'ﬂafyk%hcmnay
as ong for

Therefore, it e at least twc
redgton wEidien.i Bmprmnbd,dm n@Bequiedpéat dammmtsahgrwmyostcmm

b SR PR BB SR8

cattiviieriostloRauetidhie thafe tdlapads) i ties. The i nvent| ons
are not restricted to any particular order of storing

pri maf §i SHEDLG, dysaranembedimants dbs sreppag qerbwelalfqaehe line
[
atd e B parPhe DS IPH dachio ARTPhiE fogsfEF pRBOMRY Spolecche tne.
(/DB exauylehthe smel pdrt iofD Ademayr e assidiilficesheMne alB theldiall part of
Mh, res ve dat a .sect.i.ons 1, ..DB 2
DR indfbe SRR b finE L ol R AR ey R i el ey haif of
thNﬁIata@ﬂ@hpNﬁn bE @é‘aﬂ@“ﬁﬁm e lfitst chenneP b\ Qe A Canoiifd Balf of the
sections DAI, and DA2 may be stored in

dafp gopy is f&é%@%lﬂilf'e%ecmd chggnelZhis a%ltwm twicesthe eqad\pangvidth and
hdfle dahdasRet i ons DAV, DA2', DB 1, and DB2, be stored

in nenory assenblies M, Nﬂ M6, and MB, respectively.

| n FAn@onipast, mepmqar’ewse:mm alsl thd prindA2y dNB,secﬁmds hité omi thdhgame

be called.the first, .30 secon and fqurth
oty ThEiotef plloBtergt St RGATMme PO pithbus AT arg DRt tobe
rehdiéhrougBRDstdin 40 YeAiThicRsh S¥kinglsh @shlih@he Bftrdlidk Sdhannel, and
assenbly, and any others, the second, third,

S <HiRe b SRS L) 284 S Fherwise s thgame pEhibties; no

nec i

PCTT URIBORT) 43?1%‘%& rEitiBEa b AR oD BED 6 storing primary guc
redyndpB2iatat sections mélpresptebia:b tlnemrdexmf ﬂnmaemorytdsmnﬂalmyl?dneexample,

in Ao rhoBih e septions Dl SAL DRl B TES il yored

mﬁﬂmraysemmu RS, M5¢ald T CrebRitively, 358 9k sb@fons M1, DB2,
store only primary s data sections; redundant rrermry

DAE sé%%’é besstered rhmemapiassgmblics Mib M4 M4, tand M3, sespeasively. As
e
asmllaemnNBnMSd andMTensspatisely) andfdhia sectjonMDA NPDARR DBI, and
Dl?ﬂ %e g@)re%rig memory assemblies M2, M4, M6, and M8, respectively.

In FIG. 2, memory assemblies M1, M2, M3, and M4 might be called the first,
second, third, and fourth memory assemblies. This, however, is arbitrary. Any of the
memory assemblies could be called the first memory assembly, and any others, the

second, third, and fourth memory assemblies. Further, there is no necessary and particular
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primary nmenory assenblies and M3, M4, M/, and MB are
redundant nenory assenblies. In contrast, in prior

art system 10, all the primary nmenory nodul es are on
Wee#4#i2l and 10 all the redundant nenory nmBETIEY03/034439
are on another channel resulting in greater |atency as
descri bed. B. EXAMPLES W TH TWO DATA SECTI ONS PER

o APRREDAL T PR L PR SRR i i S Ml oy be

vilie imehdide from Dk irand DBA ridbgetier end F@maW1 dnd BB2 aasgtd:ther as
dSecon hannel s 56 and 58 and nenory assenblies M -MB.
REU data sections DAIl, DA21, DAY, DA41, DBl

Dl 32p;imbB3neatts JRMbLias Sre rtﬁﬁﬂ RitadEy Hﬂs&ﬁblﬁ&m%oré iny primary
cor r espondi primary data sections DAl
dgagections; IeduD%znt NREEPTH AsembBlics ar%&lpaq:mpm@wsgﬂssqmblwh élat store only

S Byt ecl o y%%gzﬁ;%&nfg&ya%%ﬁgh%%@%@wamws
starecbofiBgimanyend ﬁ'@i'uadarit datasenioys. AaFEGhD MWZQMSaand M6 are
oiien iy ane e AP el i e SRR ARy ol
IiR&HAa8] M phér aﬁagts@el\r;sé ¢0,alIaRS prithdry In@idly Q%upe@ GreSrPor Ghbrhel and

r assenb , data sectlons DAV and DA2' are
ald th@rre%mdﬁlt RETSITY stlybﬁmewnmoth@aqhann@ &S0|timgdn Breg@r krgoy as
d%&fe stored in nenory assenbly M, and data
sections DAY and 25 DA4' are stored in nenory

assenbly MB. Many other orders of data sections with

Bevanpr e A RR N SRR ST P bk ooy

DB ki, § ifhs@hRd aisPsteTUDRNicR &SRRk MedVed nﬂﬁbéd%ﬁ‘éiﬁdr? Bystemn.
DA2 and DB2' are stored in nmenory assenbly
Syséane 7 insludpge memopBntighler ‘B avd distiand seaend yhmglé $blapd 58 and

g/ 1EEA 208, B 3, BBy R, AL oAS, TP

DBehdBa’ and:BBbI’ yreldundaitavithaeipects cEiBé’spaﬂdinQﬁﬂma@r data sections

DDE2D 8 JoLE BRI S et bt ot o

SeClihRSexaBible of FIE. 2 Qo %AHC;Hdtﬂﬁ QMt&ééﬁQ%em@&d

DA4' are stored in rrermréBasse . Inth
asgsralrly ML, data seqtions PP 1aswdhBR i ars stoeﬂdenmmy aﬁﬁeméhzsl‘& data

r >
a@o\q/ént age dgﬁﬁa gl}v% i S%Jg@%iétlﬁgg?x&%agéré)& %3%45 %‘ﬁg{lg EB? aang nDB4
aré bterﬁam;nenmnmsyemhlymn‘aia;a sectidnb &B1i etndm b stored in memory
i ml.e nt ed with mermr assenbly per
astHIR B s spions DAl AR &6 Sired ih Py SeloRO b MA e
se&%nswa%dmme s8] Gty il TR SUELRDLNGnd

which there is onl g one menory “assenbly -per
Déﬁaam@tloredlmn@maﬁs IYaMS mermry controller 82 is

cou t st anne S .56 _an
(F:Mgﬁ'e tﬁcrr eﬁD%tacha zong I%lﬁnl\;ﬁslaecr: to é%el%?rg &ssembiles may be
useda s]ﬁ&@kamplle;&n af6thed drhtsidirAée data REdtizRs Y Adaind IFBL tar®ftoledlin
memory assembly M1, data sections DA2 and DB2’ are stored in memory assembly M3,

* data sections DA3 and DB3’ are stored in memory assembly M3, data sections DA4 and

DB4’ are stored in memory assembly M7, data sections DB1 and DA’ 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

7
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and redundant data section DB |' are stored in nenory
assenbly M, and primary data 10 section DB | and
redundant data section DAP are stored in nmenory
woenisl4y7seP. I n systens 70 and 80, there are PGBH/US203(034439
sections per nmenory assenbly. The two data sections

are in different portions of the nmenory assenbly.

SIS, Bt HSB by UB SHS3 Tty s

age mixedrbecauae teyihaye b&ﬁphkmdqranﬂmmmdafaoldtarrent s, some of
nmodul e may

e Rl GoBhdhSus Ry Sl o e samg iy
aSdeBlyais @fak RloallBY nﬂlﬂbﬂentéﬁ‘ﬁ&ﬁ' Blerdbie ﬁ@l%iaﬂa}% nﬁﬂ% per chalﬁ'lel

exanmpl e, FIG 10 lustrates a nmenory no
Fpp exargle, EGpft ilusgates p systan 8 odich is ReB)tedeaved hi2ored memory

SRS Y O oy Y80 865l 85 i PRS0,

mmrmy gontrollps821ig @oupled th Fkst aR0 sécnndfbmne]& G6and 58 do whigh temory
C i s st d in chjips ..., 166 and DB |'

mogi ‘t‘s‘f @é&gﬁz Bé]' g Fepectively) z‘*s 1 Hstfaﬁ?ds PEEEE, daggyeotion DA
alRDietinast dued fichigh DB f 68t diﬁhfénﬁﬁf Iy,

di fef erent gr gups of chi ps? The nun%%sgﬁg chi Aﬁlgplnrﬁnary data
sectipp BBl gnd redundgy dagagedtion D7ol” are starpd immpmbey assemblp M2.

glr ggfn%'&stgﬁlg 78 g{f@ 8@ f{Ré}Q &é}g{% %atatsgc“at{o‘fais Sé erg@n?or?r%' Cfl]l\)?}’ The two
dahsqeiioristre in dlfftﬁ:ﬁt p(ﬁ'ﬁmﬁl dﬁthe]xﬂemd)ﬂytasielhﬂ:ﬂﬁSTﬁel\@aﬂ%ﬂous ways in

ons n el n ed in each of chips
W%ﬁrth“'se % ?I%"Pﬂ?%fé%&fgbuf?f%@%gff GCBHROTHPNSOf @ TRRIRASY
asa&fasgbl y hoI ding different data sections are in

different parts of each of the chips and distributed
t hr dYRflsT ferme ppbedimpntp.some ph ﬂwe@hlmﬁomasmglc chiphofithe wemory

mgahgfxa? ﬁbffgﬂl% S%a%é&f’on' Ondte S‘thé‘@' gﬁas éA' L85 %‘fzg'] V)eme hold

I's stored
anb@6r datal sdoBoh. FOISexatnpteeEIG rlOQlllha&a&s Qﬁn@ﬁbrpmoﬂﬁ% 130 which
. 166. In.this i ff etportlonsareln
mé‘i“&?r‘;@rpé’r# rHc KESB? d K EeMemgreitps 164 6§ srrarca side 1

fl:EﬁleDan(ECil 118 a@@t
° di vided into 1onls%'/ tm%l&e%%}%ﬁﬁﬁl%%g nﬁn&?bﬁgs 170 ... 172.

InHEGR JSrod 3 odua stiong B&éss sigred fri cpisps H&\Aevleﬁﬁ and M8 lsmgred in

chgﬁ 1209 %‘i e 'TB?J gﬁro\é:qﬁb@g'{g S%rg{,t cgﬁan&ﬁﬁmﬁ&edm different
grovgs ef vhlps h’Ehet mmnbef' bﬁdflﬂps inehips 364 Q. (6®SR1 IWETOL Y 108 Wiad 8 one

S that are, sel ect ed toget her as a
°‘-‘§F°8%b.nﬁ*ﬁ?5{ @31 Dé% thegg arp @0 chipe o pidg 2+ Chins 178 ... 172 may be

on%ﬁieqo&{{hggﬁgm .Ofkgt he nenory chi ps or through other
techni ques such as a chip select comuand nul tipl exed

wi t HIGt Raflustratesriwatdatarsections R4k andiDB4 !) hiefiney storied irosakly of chips
| d .
168 1565 oot RSP R o P B e e

sedtiodsidre niﬁﬁfemy partodiledéh efftke chipandistABiited ﬂ:@éllg% mutfle chips.
es of s stenB described in thi

TR S R TP Or AR (Bt sRtons fgrecdn aninele SuAliprptvely, in FIG.

13/ DAV Sstor8@ REQMIE ips 164 ... 166 and DB’ 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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10 how they are inplenented, except where they
expressly are limted to a particular nunber of ranks
ﬁf@[c]){? example, FIG 16 is limted to one rank per
M4Bdul ). 1n sone enbodi ments, the rank?CT"US"“’03”03443”9

correspond to the portions of the nenory nodul es

hol ding different data sections. For exanple, in FIGS.
gtéhpapdchigs. Hébweht Aberd Gy be a greh@f ndibed oF cﬁ’ﬂﬁoﬁsa rﬂ%r 8nple, each

hips 170 172 are in anot her rank, then t
%ﬁ’r‘f‘?yo‘ﬁglué?afiﬁ@f%dﬁtéﬁwlyﬂassenbl y hol di ng d| fferent

dat a e ent . ranks
o hop Saatd BRgin MY idimp ik 2GR o 0k nS A ic S Sinempor)
agdembhothet ape sel¢ciest togotherpak e graup. A seletfon mey GSthréughnidchip

Il I nor tens vv|t rank per nenory
Sélg‘léen% o B R Rk Rir S iz o QusEEhPDRCp pelect
c&nﬂﬁﬂ@fm)ﬁltﬁilxmeﬁ ith@sthed Infamehtibas In Sk $B8&OMre i€Bnly one rank per

channels 96 and 98. FIG 6 illustrates a nenory system
mMEROTLRISFBLY Aot thetsasssoibpisrare moresthen ¢neareek perdneneyy asbembly.
MR Dy gA0fe S ) oF e aine et kbl of sygoms

deseribakin this disolosure myyla*es@mnbﬂm esmivte Rnks\der ﬁmduM dépending on
98. Me assenblles

hﬁw EHey are m‘%{l é:l:‘?1 ucg lg)?cgﬁé ohé:rg ?f%épﬁ%ﬁ@o rrﬁ%gm & paIPAlé ar number
oframts (Erestamb REFES. T8Ys }iteDone karlk§R8 niehBF fBdifle)TeNOr Y

Gg[n senbl i es per channel.) The dlfference bet vieen
sgmg cEbgdimenisy the fﬁﬂfﬁﬁm‘y’es@m toghe pertigns ¢fithe-mEmoty -

mb&ulesq{}ﬁﬁlﬁé e Gh ﬁgﬂ% @d&%ngrpiplﬁ lP‘i@E efh angelgl, if PW@ 164 ..

wher eas nmenory contro

1 GStpapinedns ragk andcbh@s 1i7Ade péb drerit byotheratmk, mdnwﬁdtlsﬂseﬂ)the

t.em i in | poked st IS

m%g ea%?eﬁ'@bif S R Shiset '@néav é“r‘?ﬁl??g‘gé? dffens k.. In
otB& etnbﬁ&uﬁdhtsl; i railReFoutd @it B6trespbiid kboth@ puf):ﬂu% (fér @Kgﬁllpﬁ FIG.

the ranks of nenory assenblies M - 31
I20 -7 are referred to as ranks R, and R4

res [ t ranks of

oS AGN. Y Bl kPR by G one%mﬁr gl aggerppy-
FIg0H lﬂl(BttﬁtESQ REDIYSARHBIDRHH 3 Snenairg contevller 92shd frstdhd second

d R4 t I e the
e Ri3eFo o e s R b RSk Seaigeatole

IOHB.m)fiyst aebebid dtnidls 96 ald 983 .In MGS., 5 Ak, Ment fussembhes MIi-1,
Mggvg[\i in FIG 6, the ranks of nenory asse

-NveEnd M1y axs coawad i chgnngl 86 apdmemonthssembliss MihR M 1-4,
7
MB@ anB@:Il @ =] ﬁ(ﬁ%léﬁ% y % ll\%fgﬂr}ég a%%%lf I\/Ilpfésﬂlﬁ H?f{f one

accessed pen
rar et nmgmamedmlys (Aesméﬂtﬁ)nah dhey fiag e hitde ociess thad foohinehory
Menory

ssenbl i es having two ranks.
asse%ﬁf?s(ﬁergﬁ%mifiﬁz and 122 are each coupled to first and

s ecUhéldichasmoe bewkdbrray f
FI G 7 operates channel g%ﬁ%géé\%%h%?g&rgﬁh blllf 3%%1@515

OPEIRinE RARIG)S Load W indocked stepfwirra@s ng oy certtedler male 6 is
opéétﬁlg 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 6ther 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‘Rl, 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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10 and 118 i ndependently. Menory assenblies M-1,
M2- 3, M2-5, and M2-7 are coupled to channel 116 and

% asserrbllesl\/QZ M2-4, M2-6, and M2-8 are
5@ Y46 channel 118. In FIGS. 7 and 8, ¢ hECTAIRY034439

of menory assenbly M2-1 are referred to as Rl and R2,
the ranks of nmenory assenbly M2-3 are referred to as

alR@ refiartedb, astriveksRANRS, RS, aﬂ&iﬁlﬂ[ %spa%ﬁﬁﬁ?’ﬂ:leﬁal%@ ﬂﬁ:y @feﬁaccessed in
ranks o

d 5 dth
1GeeEHEE fithaats 2T LS o dsemblis <. M3 -5, tnd M1.7.
Hdw‘éew fneF IG4'6 tak _ﬁmk§ of ﬁl@tﬁofﬂﬁge?nﬂ{ef e le??l@@n? lh §/I]R§ are

MP- 6, 8 are a O as
r@ﬁ@ed@ as ks RS, RY, RP@H%{R&, 1Répectivaly, I%Ecauamﬂleﬁare accessed
}2—1@1\/\;9 r, |n FIG 8, the ranks of nenory
“{d%éél@%f“?'%?éﬁk I\g‘? - and M2-8 are referred to
as r BEHEKS 7TRed@ntudfia@ sbenﬂl lﬂmdd Ristem RIS eadibff¥iflch BAE memory
ecause they are accessed

RI E.ade 6, rsp t|ve ?
PrUBS e Yo 5t Fenipolists 147 aph 42 s gachigoupig to first
aﬁcﬁs%@oﬂdbﬂéﬁﬁél@lid‘ﬁidqmipl\@%{ Eotﬁﬂ)‘ﬁ@??% dfFIAYY b Jfllt?.%(@ﬁnnels

rra])é/i be carried on the channel the cas
Bdn lwhﬂcbstglem@anem@mpafmﬂw 122 hEFIGe Bwpyratckichanels 116

a‘“‘ﬂ oG Mo SRR NP B £ B B Fasrgrapled o

con u Ct
clonne dpéaad meﬁioqrraslsémblﬁe MBZ ARl M2-6) anll #12-8 aredcobpRl €thannel

3 memory 25 control |er 132 that is
“38 %F@@éuﬁ e TP L BT areamhlel N2 360 epfRrredide as R1 and R2,
theAdn&kb oﬂﬁl)émof}%ﬁﬁﬁtﬁ? M2¢§ He%ﬁn‘é@ m%fa&éﬁ%i? 'I'%J{‘ﬂks of memory

her ei n. I\/brmréﬂﬁsse i es ,
assily MP-6 eragbemied o asRS mﬂ{m the ragsefidenesy Miembly, M2-7 are

o AL o
Masks bthb, |aaa Mzt 8 abdalsdVefer@ddo MR 1 ERFRE M3 Al R4, R@r&d%?ﬂd R7

ngg sel nals to them 30 Different ones of
vargip BlSe sctbafﬁnéa'bf mem@wvnd%@ém-z,@éz -4,

M aﬂ\d%/rz-s\éﬁc r&&%d\{% a5 FREPROLLY RIY, Rﬂ%d‘igszg %18 Qh:?}ﬂﬁ A

sel ect si gnals to them The separate con or s
Rléwd/chpw,w@gweﬂmamcess@mdqmndmwmmmnks of
ch red part of channels 136 and 138, but are shown
separately for illustrative purposes. Referring again
t o [k the c3se ialvdfi¢h the Sﬁip\asle@;rdzom lisemOlkipldRbd ik may be carried on
rei data  sectiopns nmay be stored in each rank
the chamel I 6. 61 058 SETEAS GNP Syt cemmiagt gmithe Mesrenu ehiph theschip
sel@&hﬁf@nﬁﬁﬁfn%@f s Jo‘ﬂ?e}feﬁ B¥er dGku aYm@? gg P:g{s}'de{f part 'of the

and éach rank stores on one SEC
chemnel qrgﬁkarﬂp froppit. Nex example, R FIGDB) a]sysﬂbin, 130dnddudRa: a zﬁb‘isﬁory

cox‘l}ﬁ:ﬁlle% gﬁrzzth%s c%ﬁéed t stlragﬁ Eecgﬁd clﬁp\;?els l%lanc{ ?3?3 wh1ch may

represent various channels descnbed herein. Meémory assemblies M1, M3, M5, and M7
are coupled to channel 136 and memory assemblies M2, M4, M6, and M$ are coupled to

channel 138. Different ones of chip select conductors 142 are coupled to memory
assemblies M1, M3, M5, and M7, respectively, and carry chip select signals to them.
Different ones of chip select conductors 144 are coupled to memory assemblies M2, M4,

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

10
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Mb, rank R5: DA3 M5, rank R5: DB3 ©Mb, rank R6: DA4

I\/B, rank R6: DB4 M/, rank R7: DB3' M, rank R7: DAY
rank R8: DB4' MB, rank R8: DAW Chart | There

Wé’r%"?)‘ﬂ}’éf“"é?ders in which the data sections mayPSE’USZ“”m““?’S‘

stored wth respect to order of nenory assenblies.

For exanple, chart 2 shows an exarrpl e of an order of

19258 1440nSPE LfA8Rlerel paY O &lEnd
system 80)" t hat |ged|pfferent t %ﬁmgaﬂﬂﬁmp@ﬁh%&nsﬁ%ame}yfm
iljustrafive RﬂmﬂSeSRI DAl M2, rank RI , rank R2: DB .

ver ekl Bnbic wﬁ%i%’vﬁ%ﬂ M%mc% Pl gt

sMﬁonsr ankb&SioreDEBeackbankria I&kchl:iﬁem&@\és%bly fﬂzst% 702AYhe case in
ank R7: DA4A MB, rank R7: ran DB4'

Wl%c?l (b rerero repke por PRy SRy (A R EH%&) andheagh ek stores only

ofidBesdidmet s, the nenory controller may choose to read

15 the redundant data section rather than the primary

MiarankSdeDiddn even t hog 2, widrRL:DBho failure [in the
Mly sneR2: BAZexanpl e of | M2, eadkdk2:tBBXo this is ijt may be
Mpyrak®3: DBIread from | MW rirkdRBIARNL’ dat a sectijon. For
MSxaumiR(Re; DI32e desired pM4A Rk RApPABection may be in a
MSafkiRFaDA3S busy or hmjrﬁgctwm accessed. Iin these
MBTRARIREEDAS, there mayzae ik RAPERNt age i n having
eragﬁlpyy PR’ cor r espond ;&g o> data sectijons in

Mj»%g bglanks, 20 al ?’ .may al so bg
| sa vant aqes for doi pg this. 2004/ 044752

CR@1 US2003/ 034439 FIG 14 illustrates a system 180,
whi is an i.nterl eaye rrored nenory syste System
150 Thete ard et Gtk i i soigms PP STk Begpect o

o€ oF nicPRAA b&emBLEs, :l:%i%exatrﬁlﬂ@ léﬁﬁh 8 shdwsdn é%laﬁl?féi%f gﬁ%ﬂde‘i‘ Bfdata

a_repeater hub 190 through a second channe
sechine i pvstans 70 Gmd MblandoM 2 of systesu BO)ehiattindifferrapithen that shown in
chif§ and subchannel s 196 and 198 5 are coupled to
repeater hub 190. Menory assenblies M, M, M, and M/

MaymenloR1: BAbehannel 19PM2arskmitDB1 M2, M4, M| and MB
MaJenioR2sDBghannel 194 vessarpt Ba1°M 1, M3, |[ML5, and
' MBlrdniaRe: PA2subchannel | {26;nRRA: pR3ENDl i es M2, ML4,
MY kénk RBIDB?2’ M4, rank R4: DA2’

M35, rank R5: DA3 M6, rank R5: DB3

MS, rank R6: DB3’ M6, rank R6: DA3’

M7, rank R7: DA4 MS, rank R7: DB4

M7, rank R8: 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
;'ank that is busy or has just been accessed. In these embodiments, there may be an
advantage in having primary and corresponding redundant data sections in different ranks,

although there may also be disadvantages for doing this.
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ML8 are on subehannel 198. There may be nore or |ess
than four nmenory assenblies on the subehannels.
Pri mary and redundant data sections may be stored as
WOLHYBEE2i n ot her 10 exanples in this di scl o8GTAS2003/034439.
Channels 56 and 58 in FIGS. 3 and 4 are referred to as
direct- attach channel s because of the direct
conNPiE. leriligdiratdd e spitanneb Swhich fshe MR Y] 5RGHEA W
vvhereag bchannel s 192, 194, 196, and 198 o? & O{ysyswm'
SYFiEmB0 ingldes & mictoa: porkiobienkidthates covplsdiie s rufeauehhub 188
thrBU IBdt Gafind] 10 é@ | £5..08] sL.of

il % dr Ue?érhu-grlgo%gu egﬂ%cgﬁbéxpga §§5

have been given wt ens havin
Subrhenusls 192rradilA{ eretdoupled mal;cpm:arlhlﬂ’pll 88reii sbchvninbls 196 and 198

B B30 10 DRRIEL S SR, S o

show a s s
subeharmyl mzsmambmmg\m, MB RIS %toh%hb&fam?éiéigmg%emblms

1\@';&‘ ef ond, third, and fourth channels 206
1oM13 15 pmd Ml 3R @n sybehpmnel 196 pud gssersblisstVii 2MM, M16, and
MYB ardVh s@%ﬁ%r gﬂy%% dﬁ(%ﬁ 29 Ies efﬂgrlé Eoé](r) grgml%e ' Resémblies on

assenbl 1 es M,
the gubrehannelso S’Ilnmy muimﬂgnchmsdmﬁ)iebﬁcm My Béstordd asldesaitékd in other

gl SR G SRR S TG bpn S e ttered o s direc

auaemchaanad beu‘aawaiftm dlrewécﬁmteaﬂﬁ of S chIRI th tRSH! | &ltroller,
Q’?@nel ‘:% be used. C. EXAMPLES WTH TWO
w. N4 96, 7nd A% oBFISH A mrsrmos dirediettectasubchannels
bekMRe gfthgqﬁtgmggaga% l%g &ﬁm per rank. Such systens nay
i ncl ude one or nor s per nenory nodul e. For
ex arﬁﬂe@xarﬁpla herétofdre hmerbaem siven with SystemPRBVingWiocdhahitls.

HA o SRS s By bE ARl B Vith B otieatie o shanpes. For
ex@fiple/ @85 shB kystas Q@(ﬂwm&ﬁs bh interlea%ere@mleﬁ@Ehsgstem

have one rank per_ nenor assenb y and are cou

haying & mamory eo@wéleg%oz =g freisgpsend, thitd) and\uth chmblzﬁﬁ, 208,

21358 8 8ol ot DeoBifechr ), 1) Ml 20 9312 o

secti ons DBI
Chmﬂf&lﬂ% mhmoryeaskanblss M2, MG OB and M4 atcd(PledQ0 hAMEIHR,

ety KEPOORs S M7 Vit et Miie conmlocin ehmahalh meeeey o
assembhéi; M& MBAIRE e M 1 6 £H8 c?@(&f‘tto USR] 21461 AmbNPordA Bwer or

sectiQns per rank as in F 16 is that there can be
moretham fouF MeppBassepblinspar ehannglynay\botuged.wi t h menory

assenblies that have only one rank 5 per nodul e and

wherein the system has only one nenory assenbly per

C. ch aEKéMPIBﬁ)WE'EH TAHODA BYSECTTIONSIPHIORANRY €Nt i ons can
arts of rimary data section

be 4 npl t hat
aﬁoi“ng’ﬂ%rée&%o “}38 u\&ﬂﬂ B%R A %@E%ﬁ‘@ﬁemﬁ PescaRlp| Buch systems
mapiichile 0he B ¥hoRMEhIEPbr MekBFy AEIMNL,| FJr‘%Eamgfé F'fd fl%rlﬁﬁgtrates a

adj acent) coI ums of

&%ﬁgex B :qse ayigicslgevedinitroraduneinery syeern. SyﬁerpéBO ma:ﬂlldes a
melﬂb%oﬂﬁ{)lferbgﬁ BopiS o 3%nfRfi"96 and 98. Memory assemblies M1-1 and
M1-2, each have one rank per memory assembly and are coupled to channels 96 and 98,
respectively. As an example, data sections DA and DB1” are stored in M1-1 and data
sections DB1 and DA_l > are stored in M1-2. The order within the ranks is not necessarily

i2
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10 assenbly are provided below. D. EXAMPLES W TH MORE
THAN TWO DATA SECTI ONS PER MEMORY ASSEMBLY | n sone
ewlbodis/Reiss, there are nore than two data secti

stored in a nenory 15 assenbly. For exanpl e, E?@ﬁlsioysmsmsg
illustrates a system 240, which is an interl eaved

el ot N i o ocked st 18 ehanne contol

biartd by irdssaidbhd €s M2-1 and M2-2 are coupled to

channel s 116 and 118. As an exanple, data sections

DAl , dvaniage pf usingtviea Smtlalsspeﬁrmﬁ ab in FIEI06Ys that there can be
d

ﬁ&fémhxyed ¥Riote aﬂﬂgn%g ng oS8 S @Sﬁ%pgryﬁggegl ég)thgﬁz@ve %gly one rank

are store

n@@pﬂdgtt nd veiteagim ehe sg&&m hﬁwaﬂﬁ gﬁﬁ%eﬁﬁg%ﬁﬁnﬂff Pkﬁaﬁnﬁéf 2Raother

S shown

nbl
A PRERCR oy PSSRt prcah e pabiemoriedin upparisrof oy data seion
aiﬁ&péﬁbif ¥ redufint @l@fdlsgctﬁﬁ\(ﬁ)r Q%I%prlg "Nart®br Bprlrl é T)@;[ 1]‘@1“&’3 written

2111 s per menory assenb are var
ip gitterent (fpx e3amaple tadisnent) trtrlm ofalmjs y. assenbl i es.

Char tgxag) ﬂ‘:QGf éysge@r% ranw%xc%r% {Alg)ﬁgg e Sea%%ﬁgrr]z?nk per

are stor d in‘e
agieedly ok prdvideddiclows ect i ons Wlthl n the ranks is not
necessarily si gnificant MZ 1, rank R: DAlI, DBl' M-2
rank RI: D13 1, DAl - rank R2: DA2, DB2' M- 2:

B ank BRAMBERS WHE M GS.?W% DATASIE T gl Memory

%&ﬁ@ Y13 WO 2004/ 044752 PCUUSZOOS/ 034439 FIG 18
i.nterl eaved

1T URt doRteSSndB ke Eﬂe 503}%)@('? ﬁ]a? gﬁ%ga ta, s¢ptigps Sfored in a memory

mrrored nmenory sys$

agsemblyo Foeexad e, (Fdiﬁpl Eitlustet@haRseh240 1HnRA% &égtem?é(\%& W rored

8P, e s L0 he S como g 34 expplattoeuancis 1
I8! Nosdry Qb ReMENaNT SRR, LLOREL JTBIRI Y8 A

assenbl i es may be added

angEpmplesdaty @cuggs Dmluaﬁaalt)sr dmdBBQSax@fgto@erSM&ﬁ@i%r?Elssembly
ou

be a art
Mmhléiﬁcptﬂ% s ar g noE{E bgtfu ‘iﬁga}rﬂﬁﬁroy%%mmwssm M2-2.

t hese det a
arg @p{p@etn channal 118U Thefeai®y e mOMR ik Msh 81a5 176 ?&ﬁllc}rgg gﬁskﬂﬂbhes per

$ di scl osure and is included as part o
" 10 Exanples of circuitry 320 include a nenory

CONTFIG! 1% showbn P flemd?y 2GERBRhaPl twWH SGiks per memory assembly,

but could have only one or more than two ranks per memory assembly. There are various

orders for the data sectjons, ranks, and memory assemblies. Charts 3 and 4 show

examples of which data sections are stored in each rank in each memory assembly. The

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

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

Chart 3

M2-1, rank R1: DAI1, DB2’ M2-2, rank R1: DB1, DA2’

| M2-1, rank R2: DA2, DBY1’ M2-2, rank R2: DB2, DA1?
Chart 4 '
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drive controller. In sone enbodi nents, the processor,
menory controller, and nmenory nmay be stacked. ECC
circuitry 324 provides ECC control for nenory

‘é’&w’lﬂ?‘%‘?“l“iﬁz 322 and nay be part of nenory con®PfE{USa§03/034439
322 or separate fromit. ECC control is optional.
Qperating 15 system (OS) and/or other software 326

provirig. Eoilliyedie aC?@ﬂéanSO,f RhicHBR RGO H81dr8d mafd system,
a;%pl cally, this software control woul d be indi rectfyy

Hiciuslss & BremomneanteBen 353| coapled gochantaloligranddr Bo Ggstem 250 is

. . , . . . = 2 o o i
T el bttt 25D Bl s B AN S MY et o
steenasldjticnabéajs seetivnstas ahpie sA dditiodut nfepiokyiigenbliisaaty techdded.
circuitry 328 include circuitry that sends a nessage

to a display indicating the failure of a 20 nenory
EasseBXIAMPDES OF SYSTEMIDETAGUi try that controls a

light em t_ii ng di ode(s (LED(s)) is another exanple.
Powe L& difiHpstratss details phe systemmfsiliiches momasr congroller 382 may be a
.S, ] t e ertai .

iRt A dEis 2 rB ORGSR ne i d2f BpHBply varions
meoeyr cquiroliend describedhin this kisshoswre afid isiaclndsins parS$ eifiliirg $20.

f channel .b shut down. | t her _enbodi nents,
E%%“@S%‘Eﬁ%‘%&’&?’%é%‘:?%deeratla?ﬁ"%?r’mm@g ) OMGHD crpesgsorgor dise
drtirfebonbLI¢TR H! 8drhe/ erhBdTRM B, Y SrocesEdH by ARIr6AL! S memory

circuitry 328 and power control circuitry 330 are not
MY B AL Ot her techni ques may be used for instead.

The hi [ ol le and

o | SO THOUEE 20 BV et B BB e Rk Bl ol ray e
pagt ofaugrory ca@ollendl2 trescparaierfrnt itt EOQU@htrwBil bptichal. Operating

' diate circuits.,.FIG ,20 illustrates details of
ng%fﬁ?ee@ﬁ%‘? Prefirsogaiazs W%marf‘e@n@hfor TRE0EY cagroller
3xdetiaplcall@ s Beftwire dottfod roh R bedhdi '

xqﬁ(gl e %t IS:[ G 20, majm)_roy Ceéih{hge%fil’?g?ﬁ 1%93126?1}?0 dtéé}ﬁwner
3 pgh wanqus dntergiediaty citcgiive Fadareindictingsircwitty $28 panides an
i ; bl ntroller dt.he . .. .
o el A e ety SRy 1 B0 ol i incicating

cirp@y 338 dndud At 8y that sexrdg _amg%ge ltd g_ﬂjspliy [%‘_ldMHﬂﬂng the failure of a
r aceces contro 0gLC or narl operates In

et oo PERF R AP o7 B el cpoirolee bt Atk SR

(LBD@)pis @fiother ckample; IPOWeF Ve 3ﬁﬁ3roﬁﬁ§&cﬁb%%??oﬂ the memory

this disclosure. First and second channel i'nterfaces
mogyies., Hysomroembpdinenis avhen eeriaie filoras of te oy sGifstamcire

hegt i.ch channels 136, and
el e PP AN s S o BebiOn BB o 081 may be
shuelowot &n dtbst ¢miadimerss, ian désoabdre Whely cerfSs Ritates Qe de@é’ctefd?@user
dat.a sections to_he witten to. Menpry access control
mapalf reakes nover- sl tadioatien Gecitons 48 and qowey o eiFry 330
et ARLEedNDEB fedltliqies n9 . |
" of f:quG ) 20 an%l regi st _3?'_2 bg%gégﬁgﬁ%%gd oﬁ%@ﬁ@ia@ﬁ)ﬂmm
mepprycnirgllenizdand fybroindicatng ciraitied28ctnidpower cantiiol ciycuitry 330

ey 80 PRE et AR Bhs0 P00 Vet udes

ci rEigi. 20yllustade tielails afisemetchodiaientsrof nivdgorP 66iitroller 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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corrected. A triggering failure is one that causes the

menory controller to change from interleaved mrrored
node to a non-interl eaved node. An exanple of a

Wﬂ@&é}‘f‘ﬁé failure is when data is |ost wher e PCRAISEB/A34439

cannot be recovered without obtaining it froma

redundant nenory. A correctable failure is one that

n‘iﬁ%'ibrp oL £8hdle, ﬁﬁ\érh&glél:cég Mﬁ%ﬂlogﬁ:tﬁ Gf%&ﬂrily operates in the

redundant menory. A corr ctab e erro

intol¢aed emorﬁd)men@mampdss but 4fitimeg lop&Eaies wdm interteavrtd mode as

dkcfgg% glethﬂglé cg)éﬁlre vt ta%}gry%%g 8ﬁ%ﬁnf'n%r%% eﬁgland ‘3‘20 interface

betweer cmahnli boghy 336rﬁdlﬂﬁsttah& sébahe cHARAEIE Yof vasstesHanicls 856 ARl 138
|nterp g)ﬁg as a tri gerl ng.error. Odinarily,
eingps| ageess Sqfoal logia 33 6@@@*@@@%&@%@ the memory

aﬁgehﬁg@srfommfdaealseéﬁ%as 1Bt mﬁe gbmﬁﬁmm 336
correctable failures my 2 etreate as triggefing

irfclndes ranks selpgtiontedneuity 348 dhmb S@ndfosmrhnh mardk, is béing eccessetl dRbgisters

h t
530801 LAl RIS AOHR DR BRES S48 ol %Mo
non- Fahire detmmsn rc;tcla&y a6b Hmectth triggetihd fafloies REmbmeAl fsendies.
failur t here woul d be no such

F @Q’ég ggf{* RHRR Sy 3P Pl5g éﬁWgS FigFuitY fosdefael o hg deilugp has been
c@tdctidN gy tr%@em{éeﬁiﬂﬂi& REched Bl ahsek Ehe%éﬁ?ﬂfg 'bérllt?oiﬁg gg)éﬁén%e from

extrene nol se, and sone soft errors
intqripgasnirrorgd ru@melartmw@ to h@ompumzlaawhmoﬂe sAmexample of a

t eav, rror nmenor st em
RO AR Qheley TS SHERYAL W B0 P FEERRG
olﬁﬁmtﬂget Bmﬁtae&ﬁmdﬁﬁmenhﬁji h&fo&bﬂal&lé mm@é islongtta€earl corrected
ese details er enbodinents, sone of the

Wf Sif GPREP ot HamiTeMingRR BRI o A GoFieBiRbla erpy ey beopmepted, or
Tp!lars SfoughV i @odéfs RemheuObaifemt Exgéﬂgagéd 13151‘?0@@ Irrem% state. As

rlngto FIG 23, primary and redundant neno
d@%@@ﬁ’f&heloevs irngoand ayithadithéngs, seywesl abirentabbe epers ftythe Isamc memory

ociety ohl bR R s b og B0 g Gl foturs witl ot

beSleragtea a8 It gpjerin® Fai R eds Athalt én ﬁo‘ﬁEeCémlﬁrdﬁzﬁé:&s abfle A& SEal18Fes may
CI[ US2003/ 034439 det ect i on ( DED)

b 2004/ 044z
eéﬁa &5 fRBECHBE 4‘1’623{559 Fadbary ip spng epabadimppts, deregiogldfpsome
fafh@ed BAdE né‘trl‘)bn%f:taﬁie mﬁﬁ%ﬁﬁeﬂﬁclﬂgﬁﬁﬁ% st@ﬁﬁ;lyrh‘i’lh copying data

correctable bit error conbi natTons
fraanrh oem-failed snemony assembly thatwitlinotbe mat&ntasmlggermgtﬂtlhues Ideally,

Y Ll SBGRH U Bh p Bean rgnat r

deeaopnﬂﬁeﬁcem a fehoity@ienity, RRtrehe 6tbé, @d sdh@sdft éforbased
%int of SEC errors may be checked agai nst _a
thr

Hotis adiereharHipstsaing tay praishion] of sompembpdisiepisiof yn
mtEﬁézWé@ iRorld HANREFs J@Feﬁa?&t shB¥n 3P d@srcﬁgéd hdaélrl ak—f[oWeger'@)é

be in a menory no contal ni ng pri mar
opergtiomelethe sydtemzs descrifed hereithare nhtallmﬁéd toda]nﬁsa dethily Ia other

d
eroBiilr, SERESRApATRAMYG ot R (811508 GicPiaftpo, i e o iy e,
whiiite dtHees, ofitle f2afute®drd K@, non-vi cti m channel . 10 When a

tri ing failure is detected (box 354), for exa
bec gs 0 F? g primary and redundalgt memory a)ssembhes are i nEally

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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uncorrectable ECC error is encountered, a read is
re-issued to the corresponding nenory assenbly or

assenblies. Hardware in nmenory controller 322
proper order wh&RTUSZW034439

WO 292 es the data in the

are issued to the non-fail ed menory assenbl i es.
Hardware will identify the "victin' nenory assenbly

deestien@RD)erfodd mhyBe ﬁﬁbﬁ&ﬁéﬂﬂ?&rafcﬁéd USED eABH designate any of

recopfi gu dynam cal |y such that data sectiors 1
clase of dricciables i ot asereeseble il rratieombingions Besonieamshodirhents, an

e%?ﬁ&ﬁﬁﬁﬁon (q;%ﬁllsq{l] ﬂ{e' sg{:}eﬁflf 'Pbﬁ&pr{]ryotr %ﬁ%ct)m : rrﬁ& qu}té# 1} %ra—c{eﬁned

assermbly pairs are ed s
npwher dfsotreqtaitlé emord amsennmlntered; lbutighat 18 ﬁol\/ﬂe?ﬁi‘d@. TR @ie-based
i

catl on,

obHBERPE iy i o ot sl i b, prsramppable

tware rm

MEHD(mﬁ)es) réfeBab a&awmydet&hh ¥n &, Mahiresnd
event is_ 20 imm néent The softvvar)LWérlg%trfl%néory

‘esc\lé’va inang: priveary dafauiiscingass d‘?@i @r-botha el chepel etritaining a failed
nfewy ol id SRkRH K0k 418 IRANEL AR B NGaKL s

menory assenb I guration wil

megpryvapdileds caihddrertmr\dvvanehan]ihle |nvent| ons are not
re control.

[im usi.ng.this,
Har d’&"g‘?‘é %g%Pﬂéfa‘?WéQC%&e%@%ﬂf‘&g %ﬁtﬂmale begamse 2 e
unsedctatio EQ@reor i drlco@6reH@ad 2 9e-iss@diStb ¥ riesfifding memory
rleaved, mrrored nmenory state 25 operation to

nt
aslﬁ? @V &r assempliss. Sldware & memowopteliar 323 re-assersbles thg data in the
prop@lord? wheA RSB hieGE0eoSihe hQS f‘aﬂe@n i Era"{\sgéng@ ?fagtfv%are will

menory conf | guratl on remalns |1 NVlS

idgeify e “@icting menyory astentbly respddRibleniot thetohigierial Eture,aad | y
bl jng all clocklng

rel:o%gf eedyill?}g{ \f{%t%ﬁ]ﬁqﬁ 33&%{3@1@;‘@ lla'nctge g}cewaneglamggfbpm@redundant

dat0dentitisC aﬁlﬁ&esséﬂlyt Hestghe BPSRR R aktPR
to re power fror%ﬁt he victim channel 30 Sglglt ggnlﬁﬁipalrs

arg, %W’ng §u°bﬁ’eﬂt thegmpicard read destingtien ddes nohndnémﬁlelwdms
0 8 o GO 8, T i e o

victim nmenbry asse
of galhfor yersiics.e fibtegpansgy akpersan mey@dtifyoths afathvaé that HheUSMp event is

ﬁg’%ﬁ“ﬁ%ﬁ&éﬁ%@ onf1 ua@skggé,@m WO 2004/ 044752

lT

wncp Swgl?o?hﬁmaeé Aperatigrs{box

SSBE&OMmgﬂ&Qﬁhﬁieﬁdorﬁé:ﬁﬁg ithd Metith e Iﬁblga @é)l}@ tion write
ys.in which this nay be communicated In
(Céﬁ\ga’ﬂﬁﬁ}:la B Sﬁﬁw@ﬁémla@n bdwae; The invietiond iagpriod yimited tausing this

t
typ(Qt raffi c) ¥ er glalt(ﬁ;&aﬁ d‘ﬁv\ger?ggp%a? %#a%ﬁagg?cfrﬁ}r%aﬁ?ﬁ?%u?egr
t heHerdsfatd wﬂbﬂequéme Baeafmmneh fiom inRApdeenitléredutdnory state
oS LRI BB s ctons
losyped fiat B Shaay 1rbﬁxefn6f}5¢§iﬁﬁ§uﬂaﬁoﬂ Raﬁlaﬂ‘% @anIB t?bsﬁlﬁﬂfb%

Once the channel has "been’i sol ated (box

| sofpehnMemary ¢omiroleraiz2onill thameeldctridaliy lsmiaﬂ@thy va::tmedtahyel

di ?Alﬁ 1\Mdel TR e t channel
® gge\gll r eg gnéf‘gqérg?{t%g%e s ]%F ﬁ%l}%’ ﬁ] ?B?WPnlcates
WItB QE hapgboargmanageméiit gomtadliento remeespowd he@it? 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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bringi ng the victimchannel back on-1ine, and

communi cates wth the baseboard controller to

r V@ saoabda7sh power to the victimchannel. This PC%&EﬂmmuMmm
sequence of events allows the menory controller to

prepare for channel power-up by renoving the required

i e Bt PRBoRctonelions 20 ghesociod e fooesiple, an MCH).
avBEPs t hat

o T @ St} cefcalo Rl Bl D BRE G 20 traffc on the

i nterval for power
shegelioramplethtiseigheitkadididn ¢Rhhddelinh B0k i

ltl‘l’é:nFl@xﬁ Jy%??e rrgbi)LL) Ci rﬁ%{/\ft’ r?@}gn t he ﬁ%nt)l?@ngg@&my@gse%tmded for
to Tock; TyRicsr Ganeeled Pnsiationsmay heiwpissherkto3behon-victim channel.
this pPacethe chfnelRsBedPishB i 4 pSeri al

gr.gaence det ect” mechani sm%{i gE dégnjs,sﬁf’éﬁ{%gli‘nl‘flﬁfé“@iy SFRRput the
STSE SeREY agseiphlyaleng wikh snytdtleer cremoey bssbRbHGOBY: chhinel if
dbgregwapped-i n devices do not precisely match the

technol ogy in use on the channel still in use, the

r enai PRiErarefiotiffes nsempre oosrolRY 3220HAMYE @ cOREErt access o begin
orm

J . ul d.be possi ble for software to In
?‘E@%@ﬁ K#"?;lf“av%?{‘a{’%%gac a7 R eomprcasesuith thislbesebasrd controller
inekestalslish pedesn! the Woah J ' m 25 Sof t war e
th %n% m)ilseg)e ittt c_o%%lrdgﬁtllﬂg' Oggig%qh%te:%? Sven%s allows tﬁ\éamem"ry
§ i&? ‘?{ft?gﬂqﬁ’?fﬁ 601'5‘%{‘3'“@_ 1 paver-upyi ﬂeintzae'mgith}i ﬁqﬁi@dtﬁdhinterface signals from
EiQndte [ . .Accesses to restore e
ope rt aﬁi%_n alﬁePa%igg ta%'tr1 Slg‘élﬁg &ﬁd’gcesﬁaﬁy PREC R oatostherintsrace. In
SGRCERBodiTBTIsTmcianNEh O e d23 hkspoTlbe 15} Adink BELLAGSs used

We mb 5{ apge and tim ngc calibration requir pri or
b?o UTTTT 21 g e iFa Ao s teactiyalps Hhatclogkigsas wald, 2 1, and
22 i Boftwake waigiagla : , 8. 1.espectively.

21 shows re ?%I?g%éénéég%gol nq"gi%gﬁt%blﬁ%e?ﬁn Rewl)

El
swhogdinats phasgilacked loppdPEE) @d{mdelayedmdcddeodlﬁaxﬁaﬂﬂcﬁﬁn%gﬁ the
FI GS.

meif . onfiguration infornation.
oy e B Ay Yoty B2 oA A s pabmsrsoftware
may atikizq the Ssefial praseace ddiect? RibHaRRE 8 Rnde ﬁ%%%‘;é@gmééé ore
P %t&f %ﬁlﬁl ma ]f7 61%004/ 044752 PCTI US2 be
h?c?ils A eicﬂ%{‘&“ ﬂ'ﬁ%ﬁf‘l B¥%olfithe yeapped-in deyisds Ao on firkwdsely match
the tachad poynichi wdg on € dhghd of & ' vVer,.in sone
- cases, the registers 3%%112%%%’#%%@“@1? Bt sedyensomay
PIPRRCE afriqus sesults. r 1 goyldelye 1Rusiblie orfsoGwaROto i AR t&tBrician that

6

thé B&ticel ' i.qh.can. he itten to registers 34
anﬁl%érs rfl%%48 ogé_{b?ﬂgg\ﬂ)ggﬁaflpfeﬁﬁgngatWB’F%/W&BMI ies. 5
Onc &oftwarathen moveshaanely costrdlRe BZ%ﬁt@ﬁgregtﬁJintEigﬁﬁﬁﬁg%t& and

s0f t. nmoves nenory controller 322 to
ut@gépsy s{ng% ‘é‘fn\f’\eﬁﬂﬁtlgn FIEISkF accegsns doveesiosathie ppeatibiat adgdstar! skttings

in Gfe memoTP B¥seMBlyOor 1AE ' ' t.he victij
: rr%iéﬁﬁ[‘?y %ssg,nbly? ( bp>‘<&§68§ . I%@\ﬁa%?éygy\ﬁnf; Ffaa%wwemych
1mR endipaing pelibyation raquited iprihmtutilizmgnhoRelace@idvices. FIGS,
20J 1t axd [ copy operation. 10

Bt AP g8 32¥, o9 405 EPboien. G b siowssegisers
34@’@'%@ B4 AUGCR? sloovet 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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and dynam cal |y sequence itself back to interleaved
mrrored nenory state operation with read and wite
operations once again interleaved across both channel s
MORBHAGTSZAUTO(traf fic), and box 352). As nmenttiCEAS003/034439
the inventions are not restricted to the details of
FIG 23. 15 There are different types of

be/ 184, :I‘PLﬁﬁf gﬁ%ﬁ?& Suftt ‘tﬁc%etn%%d ﬁé&ﬁ@i{& &n'rebﬁbnﬂlllfglﬂohéfaﬂb‘arinemory

I nterl eaved st at e, vi cti m channel 7is COITp etey
Heherer, dommecaseh fte registcrs\346 end/ps348omay bewgad onlyr Antheticase,
e non L al .
bSR3, 205 SR R RS o s 34

andlor 348 eﬂheﬂewgmnfdrmmemaﬁassaﬁmwsons When power is
restored tao .the vi tImChaaga ta is copied
ety

i nt Pneeshaurenhamshihpekp mAYpsFRPmory
coﬁﬁgl‘l’e@ 438 to ﬁ% ﬁ%ﬁaéqpéopy%ﬁw wha@%m%tdxﬁaﬂcsnﬁa&ﬁ%ee ahed.

Ina partially non-interleaved state, the victim
merheryosto the chamyl rnelndmg thessesinb riemorst 4rserably (baxdfis) Hardware

0B R PR vl L8 8 PR R f s

thmquperaﬁsﬁenbl y in the non-victim channel t hat

corres onds to the fajled ne assenbl
r Hpaeygre pgll avﬁoﬁaapwfgtdaiee%wg%%? Comyas partpl éﬁtﬂb (compete)),

a.nﬁ ‘&Wld ?ﬂr sebllent 8 WBel EBRR $o ﬁ@leh%d%érﬁ%@rﬂ&%‘t&@éﬁe‘faﬂon with
ure may be corrected by nerel copy| n ata

reﬁdr mdmrlite op@r@twr@smom aaiyintrsieavediaoregs Pto
A SRt P i

detadly of FIg3. 128, shut dovvn as it isin FIG 23. It may turn
out, however, that nepory asse hag, to be re
Var iThereqwe diffsrent fypeolnoaripter] n'g %fesngﬂr XAppIe, E&\‘/&’E‘y non-
intefIe&ved stqﬁ%’ thlg%léﬂﬁn?%anhél 1§6Hﬁ?pl@c@f9%ﬁhﬂ%nsso that 1R0s fystem is no

response to a failure, redundant nmemory for a
longenmityored.s mesgnca,sthfﬁ ron-wiatimghamgl catitaing albﬂw datalswﬁons and for

e

m@ﬁuus&ﬁaa{egwcma istcbpied aitd 1ts mems:gcass gralslice dnd the pﬁImaSy and
there continues, to be r dant menp unti |
oA B EUSTIEY BEHONSHS Tenpsty np ?Pmtﬂmved state,

th B NEN B n‘féﬁd?y%éé%ﬁlﬁﬁés%ﬂ&% rbfaf Jpe&ﬁﬁgexaebﬁfor the

menory contr ol ers eacth have a different ™ reference
faitedriyemory @sssobiier asshmbhetshelmbmge therataieriéons of the memory

sl R AR S el &g U M Rkt

rerhi#¥R e OEdHandd ©Psimaii stath® bittilvhé faileerecafecsdd. Inboméeases and in
systens shown qr_ descrj bed here| n. The vari Egta
gr,omthe

SORR amh@qhglegﬁomﬁ failyre may be epirested byynaselycppyiag

_ COHES%B&&I hon—ﬂrf Qh X Caer*lﬁﬁlgr% iRy Iﬂé‘ﬁ@l'qun fHesSdases, in this

nne second channel is
padialy nom-lmerle'ﬁhai statej the sictimmbaynel dessaobhivedo beslaut down as itis in
ere

ti.cul ar sys i dentical or d| f
FILE 75 Ry B B it o ek 4 B R oYegions
of Besd hiic iy WifinofsnterRal € ffteEmhbe used. In some embodlments 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

18



10

15

20

.25

30

the specification to "an enbodi nent," "one

enbodi nent," "sone enbodi nents," or "other

enbodi ment s" means that a particul ar feature,

WO B2 or characteristic described in is PCI/US2003/034439
connection with the enbodi nents is included in at

| east sonme enbodi nents, but not necessarily all

ARB06 R fectel! I AR W ' | i
appear gﬁces 't'egn i glnbo 3 ﬁn%%%%ﬁg%%gglé%g&@mﬂ#mgp until the
fai cerrpedel.ment s" are not necessarily all referring

to the sane enbodi nents. If the specification states a
conmponent, feature, structure, or characteristic

F." may ADDITOONAIL gMFORMA TION WND EMBODSVESaS, t hat
particul ar conponent, feature, structure, or _
char Htgash syitsre shown g feuer, theapemery sentrellers eachy havera different

re1ReRdel dutiftel Qﬁsug esEihdd 4l [n%fn%ﬁf%dn?rollgrs T rfse;rcea Qmﬁ%l b ﬁifferent.
el enent, that es not nean ere Is only one o ? €
Heweyrrm mempryt ¢ratroPerandyi beaflexiile enough kahave dififrent impleti@ntations

it " ele t hat does nof preclude there.
o P o TR e o B oo RS e e vt
chanwenilicwsinaliefingts meshd the tafe b:00iFBRND AWhich 8hé\s referred to as a

details listed herein. Indeed, those skilled in the
first ¢hagueliand which ip ealled aseond chamnelyis giaryr Fhowarious memory

asREHWIRG iRh BakiBaiby &g@.{&ﬁ R igelYtﬁ!:ai ﬁldiﬁ&%ntfbiﬁ%@aéae L
f oregoi ng descri ption dn raw ngs ray be made within
t he &l@owgotﬁmemtihen pnpeeettationgerampls of tedovettiog, \Refértnce in
LS. I .0l | awm.ng.cl.ai s, i ncl udi any,. anend tS ., .

o pcklitaligh o PRl 588 siboateRl AOE frbaueasg ordotter

ertWDAROEA"QAAS ThaPLPAIGRARORANRS 4B R tur¥id chhrfict6ligtc Mg ribsd in

CLAIMS I . A ry controller conprising: 5 first and
COBRHAR YN BF ?ﬁ%ﬁgﬁ 15i ipgludadain atleast seme pmhedipents dus ot
neBQSAHI9 a1l Ghibointdnt ﬁﬂh ReBtiduk! Fhe MRS & PLsI BT Y

data Sections to the FIr st and second mory channel
embotisndngl Sene engwdisndnt,V ef {sonmrethbedinknts™ rasd naneceseeitnal] referring

n ata,sections to the second and first nenory
to&b%%gﬁlg%ﬁ%f)gﬁefl&f aces, respectively, wherein the first
and 16e epebificatiun ctas a BathforRBE FlabRs, sBhSuF SRR eriMid Anay”,

< l.espect t(1> ,the first and second primary data
mdght:0p neould sheyipelidar fhat particufsrecompeneny, feaintes grucaire,ofr

chirh@bRiib is WGE&l a0 Be FRRBEY, ﬂﬁ&%@ﬁciﬁgﬁfoﬁl%lr clafih &l §6 Yan o
i ncludes rank selection circuitry to select nenory
“arg'plesnat,thataieks nataneah itere islvely die githenalenyermnif theshesidieaion or
sections.are.intended, .and wherein the first
ol 6335 e SR nfl izl ot 06l Biaus ereng Buis haone
of theaddifibedl@tehdn@r the sane rank.

* The inventions are not restricted to the particular details listed herein. Indeed,
those skilled in the art having the benefit of this disclosure will appreciate 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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3. The nmenory controller of claim1l, wherein the
menory access control circuitry includes rank
selection circuitry to select nenory assenbly ranks to
WR2HUAB2 primary and redundant data secti onECEfUS2003/034439
i ntended, and wherein the first primary data 20
section and second redundant data section are intended
for different ranks. 4. TherLgewmry controller of claim
, Wherein the menory access control «circuitry
Ide@e &k sel ection circuitry to select menory
assenbly ranks to which the primry and redundant
data sections are intended, and wherein the first and
secohd pAimemerydenteollsecdimisngr e i nt ended for the
same . The no controller of claiml1,
mhergﬁﬁgﬁkg%%%ﬁ%?§m§€%%§§i%ﬁﬁgpﬁﬁa“ ircuitry includes
r ankngriogcidcess contidl eirbikyt® sel ect menory assenbly
ranks t mhigh the _primary and redundant data
sect ?%‘H%f%haé SIPRhPRGAY L3th seplignsite therfisstfand seconsh ehemory channel
i@&&@&qmsF&jﬁQ;@&, At a sections are intended for the
di fferent ranks. 6. The nmenory controller of claiml,
wher #nd firi endreasond redentansdaosdctions to Mk secontlntfigst memory
' rank. selection circuitry to sel ect nenory
d%@§%2%§§m?§ﬁﬁ%w%ﬁﬁﬁﬂherein the primary and redundant
dat awBereinitiafirst andidecom@bdunidam Matal SHRAE afel rBBM AR Swith respect to
ranks sel ected. 20 WD 2004/ 044752

dependent op the ]
thﬁ’%%lt@ﬁgﬁﬂ?g? By data seqtips fesaseyvelont rol | er of claim

1, wher e'ﬁetrﬁ@ndﬁm blidf &£ ﬁnfﬂ%ﬂegéin ﬁllern(féﬂlll(%%'gécc%tss S

operates in an interleaved mrrored nenory R

ciggherinelpdesgatlrselectioreizduiine ol seeedemugassefblyTakarwiivh the

g I f claim.l, further conprising failure
Pl Ry il fecfteos o s, e e de S pgimary data
settidnggerseavgd rédundare Sata 86dlionhes Ritdddéd@r TRRMY rA&kC eSS

control c¢ircuitry is to ordinarily operate in an

i nt € | eaVid MEMORS FAFONER i oJaimol avligrsin the memesy a¢eses qostrol
cir89 GhdIs Ak Sfchtich ifchBSRDI DRl Al ) Goschllf HRIPLYypich the

access control circuitry es oman-inte

primary andugdwnsiant datawsdions areintended, ahé wheminatlc finsd priaiae) data
rrection of the triggeri failure, the

sodlichh &8 Kby Py edom areipnyieklor fgereat ks L0

i nt @r | eaThelm@inordéddetolI&MBTClaiMUd Qhelin thd RiefTBAPAbess control

.cantroller of claim1, wherein the nenory controller
cirpyiity ipgdudes rank seleeionsinauitydp selpet anmary assenbikytranks to which the
prilal o | da bl LS d ' and in
Pkt L0k A S5 o LIRSS Ay Ak

primanyodaja ssotionsaird imtendedioe sheoameannkoor e dat a secti ons
assenbl y

froma ngp-failed r senbly to nmenor
that re p?g%%‘gm? Iﬁ'em%%rﬁ?elaéff ?éﬂn EEW%‘W‘“&@%@%P " aceeps Copigol
cird R ¢ Tudleiah kéledtion cirbhiay b Joled: tichldey asS QAP r$ikA%0 which the

failure detection .
primary and redundant data sections are intended, and wherein the first and second

primary data sections are intended for the different ranks.
6. The memory controller of claim 1, wherein the memory access control
circuitry includes rank selection circuitry to select memory assembly ranks and wherein

the primary and redundant data sections fo be sent at particular times are dependent on the

ranks selected.
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circuitry to detect nenory assenbly triggering

failures and wherein the nenory controller initiates
cowpeetsiesacti on in response thereto. 11. The

controller of claim 10, wherein the corrective acE#.B%?@“’“““”
includes 20 initiating a failure indicating nessage.

12, Th? rren,g!g/ controller of claim 10, wherein the
correctiv tz& _Erzgfmiyrf@ﬁ@@]é@ Ofph:fm ﬂapht:tnan ;ﬂ“ﬂﬁa?grymw@& control

I eif@@y at o SR AR St Ll er . of clai : ) ]
wher ein. the memor y cont ?o%lg‘té&r &frﬂ?r%l@?mofyrfeg%?oeé@ at other times in a
r BYfi-Wissleavediipodgher ei n the corrective action includes

provi d¢ ng s of t 25 registers to the channel
inter 19850 e g@%&@%?% § OWCEqE?" Pﬁga%bﬁtlﬁﬂ?qf EVmpTHng &ilurcldetection
ThHesuetodytectonémerylagdentily &Rk LAiIWAE L) th&%g} the memory access

correct.ive action includes “identifying one
c a’%ﬂﬁ%ﬁw iq %rﬂlgéeb(cqpsfaéwmmntweﬂmed miitrereé n@ftbry mode and in
rresp@indd 16 GeRbtidiCsFShch ction fromthe other
chanﬂel and sup fl vi nég;_&t gﬁ]!rl & Igllﬁr\? e‘! © fiemoBngteeronggh gircuitry
&L tiegeadtmhirrosetl mlaotyahode3Oa ﬁ%—iﬁ&%a@@@ﬁfo}ie and after

Sriranyan e

GoRb&tRhl8 : Lm.4. further conprising additiona
channel ¢ Fllr??fel‘?é:é 5@ g;ﬂ 1%%%6#%’@8?18%%%65%?&“03 cHeway geturns to the
aeferleayed winrared tesnor?hod¥) 2004/ 044752 PCTI US2003/ 034439

16. TPe menpry controller of claim1, wherein in
addi t fon the® yeogtrellerof clagn iy whereinrtiouintmyryi ntroller includes

fﬁmﬁbdbtédtibﬁt:ir@lﬂ@lﬂ'&?%k 1 rimary data sectjons
to the first rrermrdy c _aﬁ%ﬁg}{’%%ﬁlg&?gﬁgeﬁ}?&mggge@hhesandm
ERIRPSe bhiatecgpe aba tizapringifilyresitie anchivgy toHHIIELIIM one or more
845 ado )éngn_%g%gnel mter{ng e, and send a first

addi tional group of 1 edud&Mtrest1q ademery assembly thet replaces the
Bdedmdmosnassemblghannel interface and a second

addi ti'oonalr%%rou of redundant data sections to the
first " menory® Rettrqlier ef glaise], frther eomptidieg fHilusd detection

c&d:dittyit@fd@decigﬁ&hkﬂa[gg gu . data _sections are
redundant with 10 Srefgg) egj%@%n%dtﬁ%urﬁ?ﬁwgﬁﬁptﬁ%ﬁﬁmow
QREaller gtigtes erareptivioactios dctespnse theftb.t he second

t data sections are

addi tjijona of redu n ¢

red undant LI;I}\AG Hf,’ 8}%&%0&9"?{? gﬁﬁiaémsl@cﬁhﬁe’éldbﬁ’ eqreastive getiompncludes
igitiating aviailyredadientingGiids@ips. | T A nmenory control ler

conpriSi ngh first and second nenory channel

i nt er f-aced?® Bforyieoniatenaf claim d 8 swheyein tied cozrective ditign includes
idifatingahasRl féberrbh§fardest i nati ons and second

destinations each including a rank identification,

and $¥nd Thememenycosolieraf plaimaoywitadia t1RAAEhSY T ohRolid Further

X d . .
irlchded re@RErSHA WL rein the corrective action includes providing contents of the

registers to the channel interface associated with the identified channel.

14, The memory controller of claim 10 wherein the corrective action includes
identifying one of two channels that is associated with the failure and receiving at least
one data section from the other channel and supplying the received at least one data

section to the identified channel.

15.  The memory controller of claim 1, further comprising additional channel

inferfaces coupled to the memory access control circuitry.
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menory channel interfaces, respectively, to be sent to
the first destinations and second destinations,

re ectlvely and 20 (b) select third destinations and
&g‘a’ YH44E2t i nati on each including a rank PCT/US2003/034439
identification, and send first and second redundant

data sections to the second and first nenory channel

i nt engaceThe a2

hi v deot | paeREeaSli ofkRild) BAkinif sl B dh ) focess

cgpftpl seiiy itedundant data sections are redundant with

res pEéhH tfﬂ?tea?ﬁgi ?gl V%*) $fféﬁﬁja¥f]§actﬂ§%5 tg’%%/ ﬁ%? %)gplogf channel

sections
iderficeadda wabncﬂ edchtldn’me goap b plimilylafal se&tions 46 el sB&nk ‘ﬁ'ﬂﬁnory

t.h W%aneﬂfbfﬁthe rank of the third destinations.
iﬁ?@e troller of claim17, wherein the rank of
the §dnél itﬁrst(iﬁéﬁibﬁﬁ gr&ﬁﬁoﬂrédlﬁﬁilft aﬁtﬁ Rlctiod@th thb'§ Joﬂ{f ﬁegmry

the third destinations. e menory con
}@Pn%lll%ip'iﬁcf'ﬂnd\ﬁﬁé?@ﬂrﬂdﬂlﬁeﬂal grﬂup@lf redueddit dsﬂa sections to the first

ek 3l the same as the rank of the second
es%s)l na?llieg@eﬂfa}ﬁ WO 2004/ 044752 PCUUS2003/ 034439 21.

Th e wiearein yheciinst adnlhtlicmal gbus bBrefantiZnt déﬂfaesfe@ﬂléhstaﬁi'@reﬁﬁﬁﬂﬁnpﬁlth
re etté@szﬁﬁ%ﬁ i ons |s di fferent than the rank

et © £TOBR 8T primary figa sagtieps.\and dhn aegmdeaddnfonal
grolpbfveduhdantiRkLieti QR GRk Rlud

second third ar?d fourth %%ﬁﬁ‘f@t{]ﬁ és%tgotrtggfg%domgddmo@lgmup
0 ?E‘m&ﬁh‘éatﬁﬁ‘??ﬂf"}s controller of claim17, wherein the

ran of A cond third andfourth

des??natl oﬁgmgg&éggﬁgr&% r1 in 8At fromthe other ranks.

24 ﬁftt@ndmmnglrnmnm-ydidnﬁél 1ﬁtfarf§de§§ldﬁtll7 wherein the

access cont circuitry is further to: (a)
sel &%nqiyﬁqussaq?&trg{gquna@g“ nations each including

seced T adlor s dalib Al 0iad it dabil bR ot

fourth prlma@g data sections to t
idepiifieatipncanssnd firsh ared segomkyrimarg datatseationy fo the ﬁbsi afé Eﬁcoﬁd)

ezl S At oo, G R b R BScn Eonbiopd g
destimetmg, nesptlctlvelyteamtii fications, and send third and

fouh)éh re ant.  data sections to the second and first
- ﬂ%ﬁ%&“wl@}l? Heldaurth despination eaelyinchidinige reuint

idehgfiddien %ﬂ%&ﬁd‘ﬁﬁﬂﬁlé’éegﬁﬁr}e&iﬁﬁ %ﬁa Qm 5 EE%I%E“ | ‘éﬁd ¥itst

wherein the third and four ant a SEect |
megogy shagugl drterfacss.traspeetivedss to beosent foethd fouurtH andl chifdodestitutions,

resﬁécitigaffy data sections, respectively.

wherein the first and second redundant data sections are redundant with respect to
the first and second primary data sections, respectively.

18.  The memory controller of claim 17, wherein the rank of the first

destinations is the same as the rank of the third destinations.

19.  The memory controller of claim 17, wherein the rank of the first
destinations is different than the rank of the third destinations.
20, The memory controller of claim 17, wherein the rank of the first

destinations is the same as the rank of the second destinations.
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25. A nenory controller conprising: 20 failure
detection circuitry to detect nenory assenbly

trlﬁgﬁerl n failures; and nenory access control
P*to ordinarily operate in an inter| eZGEQS2003/034439

mrrored nmenory node and in response to detection of
such a triggering failure, the nenory access control

CI r callt r yTﬁMhieﬁia;e}Schh@IIé@fclaﬁhQ'ﬂ ﬁﬁéf&ﬂ tHE bR bEfhe FEHOT Y

a _non-interleaved node and after correction

dﬁ?t‘“?ﬁ@‘sﬂ? flibigrsnt fhgn the pj of the W@Olilﬂadmtlyafmses s control
d
ronory 1o aee ot b fera? laldlt £ RBUR LR GAF Eftsot the first,

menor
sgdlend,d arktbfonﬁhﬁegtmammw:dthesame nitiates corrective
menory controller

ti t tq., 27.._The
act! TR HE o A L et FReomeio s, second

of cT4ai m
thiirdisintl @biirtiodeatifizdion s 510 ehdifFatht o 28. The

mam)r% controller of claim?26, wherein t corrective
actith i nbiqaesory sentrolisriofefaioh bh n’éierqmﬂmnnmwwess @titrol

ciVRitdPR¥ARE {2 PCT[ US2003/ 034439 29. The menory
controller of claim26, wherein the nenory controller
fur tﬂa}ar |S¢1ﬂcuﬂﬁl$ amcbsgxthtdes'tmamﬂ catteineludinghecodmiict | ve

. Act | t ent f th t
i rc-:h c?aﬁonsnc gﬂﬁ{dgq\fx:dg'lglgg]agon v gtéag%opﬁ teq qhé%%slt ‘:’me ge?:ond

| me:de@tdhﬁm&d 1@&%@;@@ krespaflivell1H@ HERERItY tlfeqﬁﬁl{ d s%éh QL stinh AT

26, mhereln the corfrective action includes
re?R:?éﬁ‘uY‘Wayl ng one of two channels that i s associ at ed

W t i he ERid " ast one data

secthn fron Tre TRt Bid s BTRb PR GeqRY Fnk
idersifisnticg, and Senéﬁmdomé f(dmlhaedlmda)ﬂtldaﬁ sbﬁtldﬂ@@o thd@Bddnfl iafdl first

n er cqonprising: first and
G e e R FRRfet el oip 5 661 S gevephihieaishia desiations
respactivedl; circuitry to ordinarily send primary and
redundant data_ sections to the first and second

me noYAFTeih By dird angt foprth sedundant data sestiony areveslinddnt mitheespect to

thd {18 rate in a
non- F%Ltier e vec%agé%gﬁs’%ﬂgggﬁ Iary controll er of
cl aifn 3 A mémotyrventreliarpompiisige:f ai | ure det ection

L bbb TR o bbbl 0 e

- Ci 1 sugiiokyackeistc@ 26! difcetyt Srdlrﬁﬁ'i?}r Oﬁé?%/tg th 4 ffeeBbkd mirrored

menory node to the non interl eave e I n response t
meH@f%‘é’Pﬂ%?’Pdo'P regpensedo deteefiparaf suchf airiggerng BHureTthe nwamoy yccess

© coftf Eﬁ'&ilﬁf Ewﬁéheg Ifl%h‘mn%ate E\Q/%& ?dnqcnt %%)en&eog'yopﬁ)da gqn %rggl}-gﬁerleaved

initiates corrective ac I1on Itnres
rnode andhafter po@qmmnm@ﬂfemgmg fdlire 'ﬂikan&ﬁﬂi@'rakﬁcé?sﬁ BémtRIl bREuitry

returns &) tﬁ‘e mterl"i'aave\:lg1 Sirrored rtngrenor%onrlcgdeec;t 've action includes

26.  The memory controller of claim 25, wherem the memory controller
initiates corrective action in response thereto.

27.  The memory controller of claim 26, wherein the corrective action includes
initiating a failure indicating mességc.

28.  The memory controller of claim 26, wherein the corrective action includes

initiating channel power removal.
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20 initiating a failure indicating nessage. 35, The
menory controller of claim33, wherein the corrective
action includes initiating channel power renoval. 36.
WRSPHBT? control ler of claim 33, wherein t h&@CHAFBH0§/034439
controller further includes registers and wherein the
corrective action includes providing contents of the

25 ramgi st@ieSndiory Bentfillansilain M6 khake M6 HR&ion) eshtolléhfurther
the identified channel. 37. The nmenory controllér of

inglpdgsrradstersignd méierein the cemrctive aftins Iagudes providing geents of the
RS eSSk oSBTl U dgp ot o

sect3lon fThemeniey oortimllecdiximnml 26amliepbt yomeptivhaction includes
id%lﬁl | éfe)ge %%twlféef:%%ne?sqﬁatqsa ztis%ocig’tg& %vllt?thet Pail%xr%%nh ge%gltvlnfgl at ‘iieast
one data section from the other channel and supplying the received at least one data
section to the identified channel.

31. A memory controller comprising;

first and second memory channe! interfaces; and

memory access control circuitry to ordinarily send primary and redundant data
sections to the first and second memory channel interfaces in an interleaved mirrored
memory mode, but at times to operate in a non-inferleaved mode.

32.  The memory coniroller of claim 31, further comprising failure detection
circuitry to detect memory assembly triggering failures and wherein the memory access
control circuitry switches from the interleaved mirrored memory mode to the non-
interleaved mode in response to detection of such a triggering failure.

33.  The memory controller of claim 32, wherein the memory controller
initiates corrective action in response to detection of the triggering failure.

| 34.  The memory controller of claim 33, wherein the corrective action includes
initiating a failure indicating message.

35.  The memory confroller of claim 33, wherein the corrective action includes
initiating channel power removal.

36. The memory controlier of ciaim 33, wherein the memory controller further
includes registers and wherein the corrective action includes providing contents of the
registers to the channel interface associated with the identified channel.

27. The memory controller of ¢claim 33, wherein the corrective action includes
identifying one of two channels that is associated with the failure and receiving at least
one data section from the other channel and supplying the received at least one data

section to the identified channel.
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