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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

WwORb4RR7sPn and application no. _/, _ entitl eflcr/us200s/034439

"Interleaved 5 Mrrored Menory Systens” (Docket

P14529) were filed on the sane day, have essentially

i dentical specifications, and claimrel ated subj ect

matter. TECHNI CAL FI ELD The present inventions relate
fPNIRON FR SV RE N ﬂ‘ﬁﬁEﬁAXﬂi@ MEBRRARERMENMORY MODES

menory. BACKGROUND ART: Conputer systens typically

i ncl ude nenory BACKEROQURNDHANTHEINNEDH@Ecess

menories (DRAMs) are conmmonly used nenory devi ces that

store relatively |large amounts of data. Menory

REDATED AFPISCASSON Wite requests and read requests to
DRAMs. 15 The data to be stored in response to a wite

r equBtPTERSYL applicpting and gnpBeatien ppocésseor  etitlednbiirlgaved
MAr MER Sictork” PSR (a3 ANl of 83000 B B
esséitipily enticabsporifications, motl klaim ndatedbaibjent matphysi cal | y

separate chip fromthe processor or may be on the

sanme chip as the processor. Conputer systens,
TEOENICTADGIEEep ver systens, follow a technology trend in
whi ¢ 20 nenory subsystens are increasing in both
abs of AgtPEess it avegtionsirplafgde memonesystemy with seggiapdyrdigdante
mé@&9er menory subsystens is an increasing occurrence
of both soft and hard errors in the DRAM devi ces used

BAGKGRSNENRART:he nenory subsystem As the nenory

sub e rows,, so .dae he statjstic robabjlit

o SRR sy S bRl et Pitra AR gmpctess
mémmeties (DRAS) B¢ dob@noBNIBEY memdty diviced thad SforeBitiveBd8Ge

t he ry 25 control |l er operates on a fixed data_size
aﬂ@&fi@@? %ﬁd%&%@%ﬂﬂl% {ssumvidte repueste Ml ipadgqugsisdo BRAMs.
THe#atalth BE EiBFiPFRERES Qo WRHIERERS st i orfe n%(ﬁn?grm&

controller designed for CPUs™ with a 6 Byt e ne nay
angther ¢himp | Hietdagyispidddrtyghe PRAM indepensentlrgad Rgpuweinhay be used

r ogduc have exhi bited sever features
oy Rt st 3 ERARE-BRIRG The PR ERBIrPhorn O 575 Bieiro L e
chipnftbrin éeghr@ietsor 6r ay Bdwd thRAMaahipdstheplassssirem Today,
[ mon for menory controllers to inplenent an

30 it is, com
" Er ldgpap@fgf VK tucp}snl@lc]&lag se é@@telps, follow a technology trend in which

memory subsystems are increasing in both absolute size and in device density.

Accompanying the larger memory subsystems is an increasing occurrence of both soft and

hard errors in the DRAM devices used to implement the memory subsystem. As the

~ memory subsystem grows, so does the statistical probability of 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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WD 2004/ 044752 PCT/ US2003/ 034439 al gorithm where
additional bits of data are stored along with each
cache-line fragnment, such that any single bit error

WO 26RiHAat i on of bit errors within an ali gngdypsbliBaaze
may be corrected in hardware. This nmechanismpermts

a systemto continue operating reliably in the
presence of occasional single-bit soft errors, as well
algeyithyy, where pldidanblitsef deta peerstpred 2lone Witk ach cashsding fragepent,
s R gk N i B SR S, B AL b
cothevied @sharBudre.t Tids ERansoh@niBna syatemin ealdinoe wperalivgreliably in
mul tiple.soft errors, are,. encountered, on a_ singl
the pregerbe OFSCRROTR LIS bl 6ol ETOBE AGUES e Prepeet glp bard error
afFeRAREET 1o 69 R4 DIRANGRYILY, Briehermk ol tiSalf@ith@\ved Wafidble to
data bits, or 16 check bits for every 128 data bits)

preiggt againstfalledB IR AMdsvises. dhut thsdiGrumaehiapiss ey ek dawn when
m{@lﬂ?ﬁ sgﬁterr&g ;a%rae?lﬁ oL 1B e%iﬁ‘g% ?%5&%%5 tﬂe'ﬁ%n‘m‘r% gtl%fézg g%r%ﬁ:t»eashe

roring ers to ne 'ning two c
limiel oprdetingrooden(typially8icheckriviydoryevaity @ elataMits,rap rlio myeodnbets yor

o R B S SRR Blh B o

scotfrad Acass iR\wakdtabis, t oday al so require that the
avai | abl e bandw dth of the menory subsystem be cut_ in

hal Miggtipg ditp eréers emsintendng g coies lsapiy detuyn inthezmain
m@hGty o6 it R bR b BEL e Uibdte BRDHY of YA b8y
subiystetmamplesneotatipl mchatfo Kaopnisolatignsahzitabiel tod#y adsedequire that the
1 h 18. Me | es. M3, | d. M.
o Gy B eyl oS R Pt WaOR g ot g
capbility, Mb, and MB are coupled to mrror channel 18.

20 Primary data sections DAL, DBl1, DA2, and DB2_are
pr o¥l@ekprowideieapsrgmplaiopsysiams urng mearorimiree. s FlGda
[ ' : ,

orby 0B RN 13088 B g
milvBy clangel V8. Msotoey inbditlesvii B yMA atdM7sectdupled tOpdmafiBl,

DA2 nd DB2 are .i.d ical . or ntially,identical t
ettt e onar ] Sai iy P AT Bt Lo EBhanl s
Pridbiry tat@nRtifeDAE MB1y DS iRIIDBRA a1di®sidedas Richky Hipd id

coupled to a first repeater hub through the primary ,
madglen bt M ¥ 204 3ad Fedpadankdainepstionsdyy nDBhe L% r id DB2

ol o a)

R D e A M e 1R Rl Y Bl
sedtionhBAyY, HB1.60A2, 9nd DB2 @ identichleorreasentiallyridenticaldo ofdundeant data

Ubchann ) l e the first repeater hub and
5e4 lgg%frﬂl%‘éﬁﬁ%a’t%ﬁsar&%égd in the nenory nodul es of the
30 siheHrNMehEryeosiEhStimtBoty@ne6ite ibotplpé & £firshttheater hub

through the primary channel and a second repeater hub through the mirror channel. Two

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

Memory systems with more than two channels have been proposed.



Menory systenms with nore than two channel s have been
proposed. 2 WD 2004/044752 PCT/ US2003/ 034439 BRI EF
DESCRI PTI ON OF THE DRAW NGS The inventions will be
Woa6islpesl more fully fromthe detailed desc;,éﬁhgﬁﬁlmuﬁg
given below and fromthe acconpanyi ng draw ngs of

enbodi nrents of the inventions which, however, should
not be taken to limt the inventions to the SpeCIfI c

enmbodi nent s 5BREEEPEFEBIPHON QF gHEQPRAWINGRat i on and
und erhd 3081&3% \gﬁ4 B undérﬁ‘oo&‘ rnof ﬁll%g&l%hed&e?ﬁfea mest:{lgtlon given

representation mrror

bélb@3nd Rorh the a:cbinpaﬂymgl chgma@ Gfmrnedmhﬁtolfﬂﬁﬁnmﬁﬁons which,
rding.to sone

i nterl gayed rr.ore r s
aviGHHaHT Solde i 1 I BATEHeRoR e B G Eae
5 dScABIERBME e SAMmREGPRR tﬂﬁerbtﬁﬁﬁﬁé &ayed mrrored nenory
10 systens |IIustrat|ng ranks of the nenory

ass el il 2 blaek dingramgenrescaiotien ofi it am memonf mirrdsgystem.
i nv a I I
y Zﬁr]lﬁlsg? iél\&e%‘% nér?yg?ﬂg%?%ﬁéh ﬁmgg'}iéa SR SRR 08y
systehlssxtasoadmgga whicadbdiarhBof theiimwatiomccor ding to sone
s of the inventions FI.G 10-13 are bl ock
di a%? éﬁ%@@ﬂi %?W%%‘Fseﬂ%w;?f RESPE niEREHANSTReLY o
10 sybRnS ANBHSMHROEHERTHR MimdrP BssbAYBR! 4R0RVingTb Sotne diffbokBnéfi®or
bl ock di agram representations of interl eaved m rrored
thedysrionssyst ens according to some enbodi nents of the
|Vt 086 b iadh i b BebOGIo Il AL A CERE AN 8R0S
systen, ilhsithtmgehipsiingledt dinss moﬁhﬂg)ldlsﬁma bmb@ﬁzmbﬁteof the inventions.

i nv 20 is a bl ock

rep?@?eﬁ‘? 13 Pf&ﬂﬂ%# FBEeRS IO g %Wﬁfé’d}ﬂﬁ& pesguting f9
15 sode SEHIBMEnEUTHGhT@lomccordi ng to sone enbodi nents of

the inventions. FIG 21 is a block diagram

r epridSEnt4al§ oA blsck dizgiamoepresmiationteidntailenyed mirseypdmemory
sy QQ&&EEF&}%% toQbmb 'éﬁabbd?%ﬁ@ﬁ’t% bf—’ﬂﬂ% mﬂt%ns 22 is a block
I agram representation o nodul e according to
sondFIG2DE s atbbebic eagtan mpret;é]muon\oémtysmnsm wWich a R8mosy a

f di aqgra the erati on of .sone odi msnts of
coplée il e ed b DI RO PERE FHEAROLS.
20 | NV @IG] 2078 albloér |d1é?ra!1ﬂh‘e§fels&1@éﬂ%ﬂ om:dnﬁélie%’ls FRERGY be included in a

systens. An interleaved
mernory 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

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

30 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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mrrored nmenory systemis a mrrored nenory system
that typically operates in an 3 WO 2004/ 044752
PCT/ US2003/ 034439 interleaved mrrored nenory state,
ﬁbtzodﬂrﬂhﬁgz may tenporarily operate in a nNon- per/ys2003/034439
Inter|l eaved state in response to the detection of a
triggering failure in the nenory assenbly. A

on of triggering failures is provided bel ow.

.di scussi ) . |
Wiﬁﬁvﬂf@ﬂméﬁdl Rory Statechyjt vighanay temporejly oparaiedn amas- t o
: ' ' r A .St ¢ -Fac hannel in
el s AAMBELI BRI il R il WERBRGY
agsewblyb Al &iscussion cfitriggetieg fadlates ds providaltetbw. "W she Shikk€is

t he ry.of eac hannel stores both primary and .
o R 95153 el F e oy R Ber L A, S B acianganel in
tiRgstert GLuddpIed tockidk dr BRI ARGy A5RmBHE! Sflal MidREvdIBIROYed

of different channels. A nenory controller of the

mMEPORALS SR TPHTYY oheach shanael sioreiioth premarpiend redandst daga
ik j | .
sé%fn{ 95@%0%%9@511@#%&32 ang re?lﬂﬂdaﬂﬂ?hrt]z{ %[r’:f({eng \%%}és%%ﬁ& %Ilgt?lg glemory

1e henmory controfler’is in an
ofdifferest choelswhen it is controlling the systemin an

intefleaved nirrored nenory state. The ry

conth gD soalprie3F i s¥iieT epnvbtonsoon e ieripayed
mireinéd @bhorfGtatd d ai P hétMnkdiedved Qihtds N TBE IBRAYSLoak8ll& s in an
. Several .exanples of systens operating in interl eaved

m 15, : A .
inferleavsH BHRREfBIeR OBt medssvhandt is pontyolling thesystsal ipwn interleaved
L2 RO AHE 8 t: I, [ ed.
A s S RSPl et
cogrolding thesysterh ssenmedatrgbesdsefitesyst ens i n i nterl eaved

and c.non-interl eaved states. .Vari pus types of nenor

ass Seleangls %Yﬁ%l&%?l’%ﬁw ager ?V%@Klﬁwd BRI Bieg are
providédistowTEBRplFOthbreE MR EvedisBEs aff alRUidchRBs. Abwele Ghe
.in_.hard driyves systerrvsallﬁ but the inventions are not

) ] 20
EHHPRSAE 2 it the defailn efshese expninies|of sistemsdn dnterinared and

nodBAENMvEEMIiEEeS. Merely as an exanple, and not a
requi renent, nenory nodul es may be 72-bit dual

i n- MarieusfEpes of membiyvisjerildics 6y bé tsdf Bramiglesofanem@ybi t s

i B W] SRS AR 4L 653, S

but the invemtinny adewst @dinirsy MendRAMIISHERE PR 0AS bf’ﬁa@f@Angemory

d accohgeirrl to currently widely 25 used technol ogy. .
“UfGt egﬁ%\?Pp‘Fxé{nP h@! FSAUEEDsT SBemey mpdulss maide 72-bit

dusT8AMHE @8mory (DEVIMYY 856k %ﬁﬁ i 'dbta %ﬁ&rﬁ bRgtot EEte d%d(? ishot

particular “signal i ng techni que. e term"data
reqyised: | B memaay devoes erecat Hmithdito 4 mrtitubar exthiology. For example,
theRAdd LR mbl y_or, rtion of the r

‘ass edrll:g P%ﬁ%efg EI%g}c%)’f‘?lrbt I'C u? glpp % %P%‘.facﬁfrg‘?%“? 8 &HTe yB%B%ﬁ;
used technology. As another example, the memory devices may be polymer memories.
The inventions are not restricted to a particular signaling technique.

The term “data section™ refers to data that is stored in a particular memory

assembly or a portion of the memory assembly at a particular time. Tt 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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broad, non-restrictive term The data section may

i nclude data that is physically 30 discontinuous in

the nenory assenbly and that is discontinuous in
wogbeakaeNDry. Typically, the contents andpeiiiShbs/iize
the data sections change over tinme. 4 WO 2004/ 044752
PCT/ US2003/ 034439 A. EXAMPLES W TH ONE DATA SECTI ON

PERW FIG 2 illustrates a system 50,
Aehi ¢ QRS DA T SHOHER RERMEMQRY ASSEMBLY
Syst j VI
7 oS ZLaloy 8 gatcin I TRfich i i lenfid mprofe iy Sl
Syetpgyp8tiniiden a metery eratrofter 53 seunidsl tb e Sirgvichan] 56viid azaebnd

' ed.to first channel ,56
Mmet >80 B35 Sub B atb g mehithy SRR NN G, ana v,
whivhprechupled sefitichanid 6G,.eind 5@molh@sdrtTRE WM2TNEY VS afvige

nserted jn slots _conpected to the channel . Wen
vt age coupled q Sgpend chagpe Fie mgensy godulsemey be wgeripdip lpts

comEbtb@toBHRAR E WK thefd B ‘Biiu%eéin%! n‘i’etmo?f glgﬁule e ?}E}%X memory

operating nmenory nodule can i nse into

mefyle can e ramp #y sloteand BPrepety speretingtihemorg yistdelewan be
indERG rein are illustrated with four nenory :
mgsser%tlgi%@es@(gér channel, this is not required. There

may ASkhowgh eystem S@ar] sotanthef SutemIREREWedltsan Bl iBgstARM with
one e nts, the systemwl|l work

h L. | X ' 2
f"@{/’g’ﬁ%’t’w?&%?&f?n gt prs cggmo%%g&%lﬁ BeiTequid. hsre ey bp wornerpis phan
follP e REcbEEPIY chakiisl. dAkénd an%%hﬁ%@sf, & sggeﬁl i1 FREPEVen
assenblies is divided into primary data sections

theygh soms! theplpts thaidnBecairmenmy exdolsimgmpguundant
whi ch ar

dat 1 r ‘DBl and,. DR2: . e
i d eﬁltwhl%%ﬁa tg rgé Se@?érjﬁ the %%%Sﬁ?nﬁ%lgf 1Stdévl?§?q THigrRAniaty ?"f‘t?) ns
seCitohs DIA2 DADBDB 1 aand IBPand| dorrbspording fidestiahhduta debiisRIA 1]

i I a | i,npl enentatjons of __the jinventions that
D‘?ﬁe@éﬁﬁ@?ﬁ ik ase epigal onfdisptiallycdrsisnltp PEmem et ES
DAOIDAS BB bABDBR! ItiREpestad fasif tdsPitRotlIn K M nEontations of

is identical to DAl). However, a prinary and 2

DAL’
the B eriops it the raderdsntidatn segtiens venalt hedAentioalltol theichfresponding
prfﬁ%%\‘\’ﬂat%l\@éétioﬂ:s%’or%W%g)z%ﬁgﬁdgf&%:?ﬂstg'Igl}f){] Elg%v%gé'lr?g Sgﬁlary and

data sections co
cogespording redimmbynbdatssebiion dvaldatifferdn ¥ knshad &aj eEdrie@Maple, thebits

. Qr.i_nmmr ta section j,s the one at the nemgry . .
im Bl P63 s (! ot S0 A L arteensPm i i grimary
datagedttidlant data section being a backup. In sone
errbogi ments, the 25 mermré control |l er always reads
g

t he 17 PHRLY dalseetionds the Ane Gieiibe memary contolis ordisasidinridy
wifthﬁg@gggegiéo%qﬁ %@\ﬁ/g&r& Bt 'set,octtiﬁlgiraéiﬁ% b ¥iGub SmAGhE ShBSaiiints, the

memory controller always reads the primary data section rather than the corresponding

- redundant data section if no failure is detected in the system. However, in other

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

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

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

stored in memory assemblies M1, M3, M5, and M7, respectively, Data sections DBI,

'_ DAY’, DB2, and DA2’ are stored memory assemblies M2, M4, M6, and M8, respectively,
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enbodi nents, such as are di scussed bel ow, the nenory
controller may choose to read the redundant data
section rather than the primary data section even
Wwoehdhsdzhere is no failure in the system 3fctiisdoiszaa3e
illustrated exanple of FIG 2, data sections DA1,

DB1', DA2, and DB2' are stored in nenory assenblies

M, M3, M, and M/, respectivel Dat a sections DB1,
Appirdinglopmntl et Daghe fleres ssicers e ABITYOESS emisieripavedairrored

oM o RS e SV RROGHPALATE, D o)

fdran d dataegromy stchrthdi Ghe dataogeeidk aregzatinhadin dand gbhpa@ed)urse uniess
red nenory state.

5 el S0 R SR RPE B A (B Boyh B DI Rt Sl gpal

pEHsQUBhe BRI Will BEred@bAWARST dt Qe F8r &éﬁfbl@ & the Brdinary

data group. O course, unless the data sections are

cureeend @pﬁgﬂlqn ewiiaismel path obBAlsnda sthall paykefddB § anespncurrently
&ﬁf &/ﬁ%&en Gpis w?fﬂ %%{Egéﬁi' v?nB?{eh&re%f Eﬁcﬁatads%&?qni i 'w%?ﬁ o Vb !

e rea or exa

togettlentersioredin mctwry issapklicatthad ore thmia;neahmé ﬁ'oﬁﬂhé merhory
part. of DB 1 are concurrently read or

DAl and a spal |
cofprollerdp aﬁ“?“f ?qargglbde’étf‘@}nlgé%lemﬁﬂ’? not required, that data
sec tAQﬁﬁexEﬁﬁfe e sbhe @ﬁlb{)(ﬁﬁ@nts 1ROGhNBSarF THL Ofs@GhaifRache line

menory assenblies are the same di stance fromthe

andethowall pagod D331 is p htﬂé Cfmhb &g which tdggtheremales yn avghole cache line.

Ak AEES B PR s T ORI S o

DBa Mtay\(:lfi azlllDB/eh haﬁ' cachisding.) Qm#th’ahtagaeof\&bmghhlk mghﬁtff&rrremhk]mlf of
a ole cacC AS a .

e e o BT e it e s MERedireF PR GieY B the

%ﬁuﬂfs reddBloniBY sERnd BhAYEN TRA! EsufRGNidel tA€rehd ﬁ&hdmdth and

vantag of doing this is that for reads, half of
halfi{he pad Biggevbup can be read fromthe first channel at

| o AR, MR8k oA M o T vy S e iR of e

chatmesl. r Beede franid wiiltitake airichst tvdtd astiigz foedala baatiemsdY Al bind DB1 to be

contrast,.in i o[, a 10, .al ] the r at
rof O &R sl Qe i RS R iR s e, Tl o
méride§ chips In@gstbmt V0 &8l SBoth@Wschave tﬁaga:z\ns&sagamm DAl and

DB1 to be  read through system 10 than through system

50, TASHYRALAgS fRsa10f E?ﬁWE?FIIt‘é Y Raktify ks prdepeicstariigrsimary and
re&ﬁl:i&gi ?’tﬂ sé&ﬁ%ﬁ?ﬁgﬁ% 1 @08 RO oRAENG Y rﬁ&nlr;%\ﬁgse%@iess L exam le,

capa It es ventlons are not cted to
in peather cubadimentgidata m‘ctlem@Ahg)rpi 105 yandrile e beditoned in

Rl RRARS N ML Mk REREY resBectnaind dri e tiogh PP Loph
DAECindans?’ %ktoré&“i&me@ﬁﬂzy assamblidsB22, MAWEQnd MY, eddpéofively. As
another example, data sections DB1°, DB2’, DA1, and DA2 may be stored in memory
assemblies M1, M3, M5, and M7, respectively, and data sections DA1’, DA2’, DB1, and
DB2, be stored in memory assemblies M2, M4, M6, and M8, respectively.

In FIG. 2, memory assemblies M1, M2, M3, and M4 might be called the first,

second, third, and fourth memory assemblies. This, however, is arbitrary. Any of the

.memory assemblies could be called the first memory assembly, and any others, the

second, third, and fourth memory assemblies. Further, there is no necessary and particular
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menory assenblies M, M3, Ms, and M/, respectively,

and data sections DBl, DB2, 25 DAl', and DA2' be

stored in nenory assenblies M2, M4, M5, and MB,

Wééﬂﬁféﬁhb‘a'y As another exanple, data sectpEpfsiiRloz4430
, DA1, and DA2 may be stored in nenory assenblies

M, VB, I\/B and M/, respectively, and data sections

DA1l', DA2', DB1, and DB2, be stored in nenory

nessingisl thekbdle DAV DARBDBATBMS., exsspidhat i sdnye cakes, k@ may be

vEle e, AT PR aci L oebfes T oA Lo D88 ek Berator

deegsslbbes. This, however, is arbitrary. Any of the
menory assenbl i es coul d be called the flrst menor
ass eRBngry memory aspergblics ate thess memopyasgemblissitiad storgply primary

di? b’éch@ns”?eﬁﬁﬁ%n@ﬁéﬁ a]b%rﬁxbhgé\% tﬁg% T%Iﬁ&f}/%séeﬁbﬂgs that store only

necessary and parti
1 @TdanSRE0RLM8¥A8E mivehmemeryiassetdbied s those DéthpryRA@mblies that

SR o P i AR e Sbsny B0, SaRT R Miaoe PR
piAdry ditthobPBasséraBleds had VBs MAgMIC utisad a@b@&@daﬂrmdmfry assemblies.
menory assenblies are those nmenory assenblies that

Insﬂtoawt»dﬁpvormrﬁ syfey L0gallite arimagimenery nodyiehamon ofe pipnyel and
1Pfhe

B B e g Bl EuliiRn BRE e
dexembedhose nenory assenbl i es that store both primary

and redundant data sections. In FIG 2, M, M, M,

and M6 are primary nenory assenblies and I\/B M, M,

Band BYBARIPEES aUITHIZMO DRTA SEGHONSIPHREMEMORYARBEMBLY
in prior art system 10, all the primary nenpry nodul es

ar e 15 dillisisriesmusteand, vBichis a“t‘ﬁ*éﬂ?f’éfl% ﬁara?rpd w@wefsysystem

I
S;fbg%gz ‘E@“"‘gﬂ,@s aﬁ@g@%%ﬁ%ﬂﬁf‘@i‘ﬁﬁ ﬁrEt%ﬁH Eéd_?l@'&i gl_lhv%n% S&hfd 58 and

m@E@IambMWeMMWseCﬁb@ DALY, DAS A3 eBAé DB1’,

h | e d
DEY2 PR, St i vl sl g SRS bR g soions
DAILCDM A3, D, MQDQZQDBBIWBBEDG‘GS?E&@@ and nenor y

assen‘bhgl es M -NMB, RE%;ndant data sections DAl
DAz I thexamplegf FIG. 3ppsa seofipms DATandiph2 a%ﬂ@r?%@mw

S b i
aswn{lﬁty K[/)ﬁ M@ﬁ&&ech@ns@ﬁf Gl @E%Bﬁkg s%EBéd'ig n%n%%{r SsseRblly M1 Hata

m@p Degiand DB4 arpstpred tesoamptycsestobly M5, data shetionsdalBY iaod HB4’

e ey DA el R R TR Dl el

aséﬁqblﬂWﬂiatesmﬁmmﬂ}ﬁADAﬁd A’ BB4toaddein ety a$smeE’lM4,}data
sectlons B% an%Bﬁi‘ﬁg g‘lcorsé (1:1} ﬁgnqgrygsBs?émbﬁf I\%ﬁ,Da%Afi data sections DA3’ and
DA4’ are stored in memory assembly MS, |
' Many other orders of data sections with respect to memory assemblies may be
used. For example, in énother embodiment data sections DA1 and DB1” are stored in
memory assembly M1, data sections DA2 and DB2’ are stored in memory assembly M3,
data sections DA3 and DB3’ are stored in memory assembly M5, data secﬁons 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

7
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- 164 ... 166. In this case, the portions of the memory assembly holding different data
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are stored in nenory assenbly M/, data sections DBl
and DB2 are stored in nenory assenbly M2, data
sections DAl' and DA2' are stored in nenory assenbly

20 kﬁs sections DB3 and DB4 are stored in ﬂ§%¥m3¢u9
assen@ and data sections DA3' and 25 Eﬁﬁ are

stored |n mermry assembly MB. Many other orders of
data sections with respect to nmenory assenblies may be

aa% BM’ g stossdeimpresiory assqnlair M Tothie evamply, thtanens e etseroblées

sect | dns%th%%av%@ﬁﬁ: ar e S g%%ﬁrﬁﬁe@;yagﬂseﬂg?;a

VB, Adatvente of havingoth ﬁhﬁh@a&i rediu€last dkch thsanRMEory
ns DA4 and 30 DB4' are stored

ect
a%Sﬁmﬁ@bﬁ%%t lég@&e?drnyf Wﬂf'e iy nceely pammempsy agyeEbbyer changel.
F&1, OXhlé, FIGEIREYat@SSGHBh B0, Whlc]g&taﬁ 11&@1@5&15%1@% Afory

DA2' areé stored in menory assenbly data sections
sysksm andan whseh there issmby eng mﬂmtméh&smgnbla@se 1.\VBy, syste 80, a

oA AR Pt R 8 LR SRR o
medulegMé and M2 are nmipiedaﬁq&ﬂﬁd’eﬂ}e SAs§ mmarmmpﬂma@emtééalon DAl

Mave bot h, primary and_redundant dat a.
M&ﬂf@ JarerioniRy BEserpt snmsoraﬁ@embwﬁa@ﬁ@ prEew dgin

sdcfiéh BBIendRARkdnt &%s%eﬂﬁimmﬁ deb @breli bn 80 ngx?%ssembly M2,

i npl enmented with nmerely one nmenory asse

charféystems7(Rind, S0etharesretvoriE sethnb pcxsmm‘tr;e sssamblys fI‘hmtwo
m.rror ed stem a

offsstieal huASAOLOE AL I LA TRt Y LE W

whxhhﬂnm mayl be saysitioned 80disteibutedings Jiffeent polids lof 8 deldry
led to first and second channels 56 and 58 to

i menory nodules M and M2 are coupl ed,

r es ARkl soeYombdinidnts finfedreh chﬁlfs' (584 Mnﬁ@&lﬂpﬁﬁ‘fﬁé Rl

and redundant data section ‘" are stored 1 n nenory

medule Jolfone dateisqstionrayhile a@m 0£ctlesréms (o s@gielcmdnay hold
enbESAARLAAP 1R SEEMIEG!N inlefs ' Rk R E TR Vhich
indudes !a(pma’fepl ]ietrcurelmard/(PfiE em’dllf& Meeobkyshipsdidt a.. ﬁgiﬁ hie@nS side 1
ar | r.en ort.i,ons.o r asse
£ 162 ﬁéﬁ Jiﬂﬁlb*ﬁf@%%?ée A cagh; &m{slﬁg@gﬁ?ﬁg%@npsyl 70... 172,

In FRBS IIUIaﬁﬂlQﬂ, dafa sdétsonk [)W«lt1§§{01’eﬂtiﬁ)clﬁi)§ f6 eNlss BRI DBINS sf?)i'ed in
assenbly. 15 Under sone enbodi ment s, sone of

Ghtpﬁ é7Q;h: i;’é? (g thig C@Psﬁb‘? porhonisipldisg differentedatn spotions duelie diffeyent
51\% 9 hﬁ%%%uﬁﬁ%df%@nps anot 5 184 her1§6 QJd 1%1'12%0 h lll:ﬁmss%e one

Si ng BRer dat a> a6
or gseaten| Ie sotﬁb Gnbadimehts,libdre afee chipsensidy 2motiips ¢ 70 60 178imebe

Iud ri, nt circuit board (PCB) card 162.
ﬁ@g &‘1 gﬁifsﬁgﬁ. 166 are on a side 1

FIG 12 111ustrates two data sections (DA1 and DB1°) being stored in each of chips

sections are in different parts of each of the chips and distributed through mﬁltiple chips.

There may be more than two data sections stored in a single chip. Alternatively, in FIG.
13, DA 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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of card 162. FIG 11 illustrates a side 2 of card 162

i ncludi ng nmenory chips 170 ... 172. 20 In FIGS. 10 and
11, data sections DAl is stored in chips 164 ... 166
WB%oiRl47si s stored in  chips 170 ... 172. | npéphi$e03n34439

case, the portions holding different data sections are
in different groups of chips. The nunber of chips in
chips 164... 166 and in 170 ... 172 nay be one or
srrenekahips| Howgwes, thers auybe Atecater Nemberf divisionshFerssxemple, cach

72 may be on side 1 with chips
%E%%y%ncl%éﬂﬁg%&%daa S?[ém% |ustrates two data sections
( DAlAangkd DBitin) tHeeerndf‘ratkd refeks itmntheseoerndry @bvips in iﬁﬂ:mory
[ of the nenory assenbly

166.. ILn thi , Ih t
SR AP GF G (OCEHIFTES SSEP; QY SEeEn i 1 ot & ‘ohis
sdlevi’t Sonfikct GAGH n‘@fnolifbgn}ﬁr& BRo@A b1l ?Jc?xﬁgws %ﬁ'cﬂ% a‘?:ﬂﬂ)rkelect

rrutlcgnec:| here may be nore
cefmmpndonyltinlexadewith other isformyitionc bt yome/ases; there |1m;113y ona nank per

d h
o flns PO BBt LB R SO B Gty
Moﬁl_llb H66 magp melludl; bneF :ﬂw&ﬁ foe rllgrtt raglﬁi tl'ﬂ‘{ne {i\‘ﬁenﬁaﬁ-ﬁF?sééml?Lﬁ;é ﬁ)fs‘fy%ﬁ:ins
l. . r | Ke . an n n
d%?lﬁ%ié{ﬁ?%ﬁf%%&@dﬁy © gue, BHH RRMAL rsrgfsrpgr }&P@lﬂﬁ@qunﬁw@ on
h@)lﬂ {h)éy bMGmBleWeh RO A HRaE R TAMOSRORL HB3HE3H o &E@éﬁﬂ.ﬁ nffnber

ps. However, ‘there may bé a greater nurrber

Oﬁfﬁﬂ}%f% peamizie, F1G i limitedtacie rakiper malylownnd»du&é a
d' rf rs&ﬂée ?ﬂ%cﬁpéﬁ{ ttﬁe%nksAgrréjs%&gde {?) ee%omons F}gﬁﬁeﬁnglory

"ran ers menor VI C

ma@rl@rﬂol@mg differear dtase ik, eEoﬁe@@tﬁp]b,em FaGs 8109%&1@ ll D, if dHigd 164 ...
" chi 5 sel ect' cont act

| h
165415 f‘?é’@'ﬂon .ﬂéd ngP E’[ g PEIB AnSher&pnls then H}eqasesgon% akthe
mé8ors aSRnPlyIRIEEE dlﬁ@i&'ﬂ@dﬁ% JbHidrs F)Jo%lﬁe&lm‘ééﬂoﬁd & diffrent ranks. In

i nformation. In sone cases, there is only one rank per
othgs sRIOgdimenta he JAnkvoulé nefionaespend toshe portipts (Srrexample in FIG.
1ohhan one rank per nmenory assenbly. Module 160 may

I'ncl ude one, two, or nore ranks. The nenory assenblies

of $¥S8.enamd Gdetn;tehmindm sysha:nﬁs whjéhsmiecrgnk 11 iRyhoRBAssenable.,
F1g e e s D R s Bontally e dse i scend

- chhringlstosand 08.aF IR BIIGHhBS a ﬁluﬂfe@rsyst@ﬁq 18Rk & a(lﬁaﬁor?é&{&mﬁr

16 is limted to one ran menory nodu
105 éﬁgeﬁléw&é?%ﬁtcgannﬁh 86 padiiS I@&J&Ss—'p@wcﬁ ﬂ@nloneasmhhe@w -1,
MRS, S, BRIM Y ar@der%}eg%o Bkl 8 afld &Bgf%{fie%%@ s M2 M1-4,

secti ons. For exa
Mt-6/nd M1-8 a860mpled torcheumre] 98 iemnyy astenidied W1 -1 ... Mlm:me ene

| h h h
rr e RSt A i et e B o oo mmory
assembli&gRoclgnhd.)di fferent ranks. In other enbodi nents,

- the anks woul d not_correspond to the portions (for
exaﬁ%?%‘ exepceegyveen FIGS. 5 and 6 is that memory controller 92 in FIG. 5 is

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

- operating channels 96 and 98 independently (not in locked step). When the system is

operating in locked step, what is happening to one channel is also happening at the same
time to the other channel. In both FIGS. 5 and 6, the ranks of memory assemblies M1-1,

- MI-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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12.) FIGS. 5 and 6 illustrate nenory systens with one
rank per nenory assenbly. FIG 5 illustrates a nenory
system 90 with a nenory controller 92 and first and
WwBGHIR472P channels 96 and 98. FIG 6 |IIust§@f/§§0@,034439
menory system 100 with a nenory controller 102 and

first and second channel s 96 and 98. In FIGS. 5 and 6,
menory assenblies M-1, -3, M-5, and M-7 are

alsp) EFﬁ?f&ﬂl tp @5 EbHR bIRD B3 cand %mﬁvﬂﬁdxéﬁmus@@ewe accessed in
it M oS85 5 kAR 1 1000y
HowevaryinfdGus, ehe iedls afertriopnassembiliee VL -2ravg1-D MBS, 1d0VI1-8 are
0. DL s, B SR ™

m'q‘i@;!saiﬂgidyajfr&&sm R4G 5 is operating channels 96 and
98 in locked ste whereas nenory controller 102 in

FI G FIES; ¢ anrb%é}uﬁ #tp gysistin hifeand sgwera k20, e&chi of gbfrbrideankmory
ﬁgeggﬁheg ﬂgéflg%&%g %erﬁéég%gnn&og@m%gﬁmi&i% o %3@1%(19@ g{‘rst

arfiegppendichgnrats it B and; aife Méndry wenttollet N TFIG,7 @feaiidehandels
1 118 gk iehand ighon Sonald 175 PRI opgeam cliappls 116
arkd| 1,18 Eﬁicp&ﬂentﬂﬁ Q\/Igﬁﬁeryraﬁsiﬁl%ﬁ&é M@J 1¥M2 i M‘ﬁg\" aﬁ& MZ-‘? at% c@upled to

5, the ranks of nendry assenblies -
chape! 146 grdgpemay wesemblies N 24780- @Mﬂ-@sa@@@/ @mm@lechnowmmel

e t.04@S R cHivel Yiro
SCHEELES oo S 0 6w B B GRRESt pln
thitanks ¢mghoryesomplyds Srind fefsrellio 4s RMndR4, Me-rinksafthemory

£
assg ggb&ﬁwkgj%re Eﬁefglgeci toas h?aw? Rgtang gécs ? gn‘grnj? aspeanhle M- Pare
reffred RNASR T REP, wamseaﬁm@% th@ﬁaﬁ@&&ﬂ Y@hoty a%l@;ﬁﬁi&b% &12-2,

t he are accessed 5 i nde dent | r ank’s

Mp-AgH2%; aphbi2eS 1F klso roteired topsRoam mmd%aémm and R7
g8t e, TR (235 5D B s

r anks
M2-6, 4ndrM2-8 ammtfmdm&*, reflaRPednd RIDAR hinchd R, R Moy K14, and

of FIG, 7 operate el s 16 and

RIS REb, Sinedfent e e b AhER iimndeay s g padpar
chamel Hises channels 116 to and 118 i ndependently. Menory

assghn;glles M-1. M2-3, M2-5, and M2-7 are coupled to
chaffh@f casedn whish therbin selesteompmnandds weltiplexe itamayie.carried on

| theadBQmMZ ﬁtﬁé@asg?f‘zpé ePatec E%‘él - (f\l)%d]C?On { nfe@ %sap]% chip

8, the ranks ry as are re
selegt irfprmatian B2y be chryey et afndnﬁ sithat amy berbdngidbvid Padbéthe

chz{nﬁél%rr s&)%ragté) fix 15%?0? Q}gam%llé n‘.tl PFG " ag é(ysstegn 13'6%1?311%3 a memory
controller 132 that is coupled to first and second channels 136 and 138, which may

represent vatious channels described herein, Memory assemblies M1, M3, M5, and M7

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

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

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

10
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assenbly M2-5 are referred to as R5 and R6, and the

ranks of nenory assenbly M2-7 are 15 referred to as R7
and R8. Likewise, in FIG 8, the ranks of nenory
WosShkiRldes M2-2, - M2-4, M2-6, and M-8 are ap&fuszo0s/3ase
referred to as Rl and R2, R3 and R4, R5 and R6, and R/
and R8, respectively. However, in FIG 8, the ranks of
menory assenblies M2-2, M2-4, WM-6, and M2-8 are.

142 4rek Idd dnayde asnsidenddpaRI{ ahahnflg 036 K11 3&nkht RicXShowRA Separately for
.1514 .and R15 and R16, respectively, because they are

NSRS PY PO Sependent |y of the ranks of 20 channel 116.

I n t RefeRig Qgdin 0¥ B, dhak 1GhbPs Sedx8mble@EWIRIAattfoular data
mul tipl exed, it may be carried on the channel. In the

SeeHigRs 1By be séféﬁfbmew@l reglhinpagmemery asmblen syRenre trthesase in
VBB e Bl g ey RO R R SRR AR o

oxmhntmmbtlcur separate fromit. For exanple, in FIG 9, a

—Io

h"st 1 J- T ||Ll| UUC\) u rmllul \F 2 r\nnf rGJI;! er 1')2 that i S
yEﬁEE& p§2f| rst and sl\e}% B '

0 131‘21;I s 136 and |138,
Mintagk I epr esent

o 1%@%% HBBhel s descri Hed

Mietagk R3: RBory assent| Magane RINBAING, and M7 | are
Motapk Bd: PB2channel  13@VAmankRedd4d2assenbl i es M2, M4,
MyprankRE: BB3ar e coupl dpoanicREAPEBI 138. Diffgrent ones
Méf raghRp: BAktect conductMbgalldR6:dPR4 coupl ed t o [menory

MdsmekBl7iBB3IM , M3, MG, M&mdnl\H7: DAYpectively, jand carry

M7hiapk R8I BB4’ si gnal s tiQvRhemk R&OAVfferent ongs of chip

°e'eﬂt conductors—144 arecoupledto—nerpry—assenbl i es

Cﬁ?ét M4, M, and MB, respectively, and carry chip

sel effercir@Patons bRiekshE Which TR GRPRLRIHS nﬁ?'%@ léﬁ)rré?f »%1’:11 PerééQo
2004/ 044350 e RS GO DAk LD A

orderrdd imgaroetiasgembliess Ferrexampleschag@ showis aeecarrmlﬁt ofan @rck:h ofwata

HERSEL o g AT SRS 0 885

chparlti cul ar data sections may be stored in each rank

ach nrnnr‘nr\l accanmhl v 1 n svstem-70 |n fhn gase |n 5

£\
I lI T, SO TTIgT

Wl%k are t wo ram%é'afﬂ‘em %ry assenbly (as in
M repk %Wd each rank MLgt&RBMAL’ one data decti on.
Mpqrank BDAR - DAL W2, |MhkarpgR3: M, rank R2: DA2
Mm,anlfﬁ‘ih'l@m: BB2 I\/B MAumokit: DB21' M4, rank |R3: DAl
Migank BiniDA: DB2' M4, M@mnkis: DBR2' Mb, rank R5: DA3

MbiBank BRérkOBE: DB3 MBS, rank R6: DAY’
M7, rank R7: DA4 MS, rank R7: DB4
M7, rank R8: DB4’ MB, 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 ina

- 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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M6, rank R6: DA4 M, rank R6: DB4 WM/, rank R7: DB3'
MB, rank R7: DA3' M/, rank R8: DB4' I\/B rank R8: DA4'
Chart 1 There are various orders in which ghe ggta

| y be stored with respect to ordepcpis2e03/034439
ﬁg(rérgdr@mg]gggnbl ies. For exanple, chart 2 shows an
exanpl e of an order of data 10 sections in systﬁm 70

d_ M M2 of system 80) that is different than
§ ﬁgt Fih danﬁ‘?lﬁﬁafe%ﬁ é)ﬁémll Sowhl)ch isrpn igderlgamed wirroredimkmory system.

erﬁ)@ﬂo mMudes: %%EmER% cogg;ﬂer k%l thétgﬁgoug%i t‘g@%cpe?&%sjurbalﬁg ‘

ﬂMghlBA'E‘St chiygel i&ﬂrﬂndlaﬁsepemgshm%mﬂkg%se@%hm&&l 18@nk
S 190500 9 K o e it B

ardsouited foaerdier hiib BOMM @Y 8iseRpkes M1, M3, MBSTRHY M7 are on
15 t he redundant data

rol | may choose to rea
@@Qﬁﬂp 97 cassRaRbLich &, M‘?’e% pfEYL ateomasubehonned 494 wesemblies

-:MIE‘CMQ@ NS aRd ML 7R it s s%béﬂﬁflﬁ"el h9%: taﬁ%asi&ﬁf)l? @%ﬂﬁg lg Can

of a reason to do t UIC

Ml B gre ontsbehaphd ﬂﬂ&n’fhedﬂtlw bﬁembne(mn lessFt]man ﬁmaﬂ‘l&hﬁf(y ztshhéinblles on
rank that is

R RGP LG R s elins Tt iBsred Sotbag i otbr

usy" or
extmplee irnhjs dilodire. ERXMRIsFGAnd B8 RAMGRI3 Rid %Xeﬁ@x‘%ﬁ to as direct-

di ff
S5 T3 Sl e sy
wl%?éa@ Quﬁchblﬁxels %3 R %Ozﬂdol% é’ Cﬁ/ a}é%qgﬁécQ%At % subﬁlél%els

lustrates a sys I'nt er

beﬂ#‘ﬁ@@f@@lmﬁ@mdwesmemmﬂ/stem 180 | ncI udes a nmenory
epeat er hub 188

C o B ekt cdifer it oS SR RNER 918 Pl e L Rina g Shaels

oo sty SIS SolS5a0, 1

e"%ﬂ@ ;@ép té"o%féryg ?rg%tﬂﬁ whick peadeeriosyed mogredaameony system
ha#8§ 8 #RioS cdiirol1 302 WRa fiRNded¥fd 3hifd, 3 fourth channels 206, 208,
212, and 214. In the example, memory assemblies M1, M5, M9, and M13 are coupled to
channel 206, memory assemblies M2, M6, M10, and M14 are coupled to channel 208,
memory assemblies M3, M7, M11, and M15 are coupled to channel 212, memory
assemblies M4, M8, M12, and M16 are coupled to channel 214, As mentioned, fewer or

more than four memory assemblies per channel may be used.

C. EXAMPLES WITH TWO DATA SECTIONS PER RANK
In some embodiments, there are two or more data sections per rank. Such systems
may include one or more ranks per memory module. For example, FIG. 16 illustrates a

system 230, which is an interleaved mirrored memory system, System 230 includes a

_ meinory controller 232 coupled to channels 96 and 98. Memory assemblies M1-1 and

M1-2, each have one rank per memory assembly and are coupled to channels 96 and 98,
respectively. As an example, data sections DA1 and DB1” are stored in M1-1 and data

_ s.ections DBI1 and DA’ are stored in M1-2, The order within the ranks is not necessarily
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subchannel 192; assenblies M2, M4, M5, and MB are on
subchannel 194; assenblies M 1, M3, M5, and M7
are on subchannel 196; and assenblies M2, M4, M6,

re on subchannel 198. There may be
ﬁgggmt%%%ﬁ?f our nmenory assenblies on the s ubgﬁgfﬁﬁzé}f’sgqum
Pri mary and redundant data sections nay be stored as
.described in other 10 exanples in this disclosure.
PRk | HOs S Rkovgswithcipneds bangindocked step.rhut te chamtloontol
cblitd 86 kndenhi@gh channel s because of the direct
connection of the channels to the nenory controller,
wher Aasdentgh efusiigdwi d2ta sd@ibns Jd Gankass ¢h RIS 161s thttGherd dan be

ar ot direct-attach subchannel s be% use of the
= e PR e oyt PRgoBaSEINGES thet o Pl one rak
phiavQRiuRefd whicMeth¥kys| ﬁﬂa%%ﬁlﬁg@%@n[b?yﬁs‘é@nﬁ?ﬁ Snel. Arother

However, the inventions may be i1npl'enented wth

adspuipgais thyh therigyeridons cambminyilanenteoso thet parpsl of 2 pEIGry d:ffa section
. . . ., d
U540 65, 450, LR AT ¥ e

_nenory system
infdifferent (fe examahle, bitfjacet) catuthnk ofith kamabpapeel s 206, 208,

212,.and,214. | n the ex | e,. menory assenblies M,

6. HBEbles ot pisths BBt OB 3RS B AATRT e hageme gank per
asBa@Rey leip@siddd.beldd., MLO, and ML4 are coupl ed to channe

208, 20 nenory assenblies M3, M/, ML1l, and ML5 are

coupl ed to channel 212, nmenory assenblies M4, MB,
DML2 53g00p VATEL BN EORG

fewer or ﬂ%gre t]g% our ngﬁggéﬂggégééﬁyg§§Eggﬂ%hgﬁ%gT

A$1%EMBbYused. C. EXAMPLES W TH TWO DATA SECTI ONS PER
diments, there are two or nore

RANK 25 |
dat o e el BT Mot ioay Stodk srieps Rt dag mmery
asimbi0 Tor kRdiksle, 19G. Iﬁﬂ@sftﬁétdgﬁ\‘%ﬁtﬁn 2h® AR ﬁlterﬁh‘géi frored

illustrates a system 230, ch is an interl eav

MGy SYSEER- oty 2 Wynaledes agjemosneaeollenidR eaadedto chametsyl 16
w918 10kt SRRl E TANL AR ALY BT s

assenblies M-1 a
an gEanee; datisertivhy Dad dDAR.DB by pi B2 are ktaneti & SieMGryaashnly

tj.vel xa , data sections DAl and
M hEERECLIYF AT P BT P b o2 el i mempmessembly 2.2,
areld@itpledtoschainl €18, I TheMin: belhre OF U84 thith il MehHS Ak RR6Red Seor
not. necessarily 12 WD 2004/ 044752 PCT/ US2003/ 034439

chamiglortant. FIG 16 is shown with channels being in

| ockRrH 13 5@owh WithiendrP 8R0% liéﬁs(ﬁﬂﬁé 19{0 vrvoaﬁ% ofrBio - assembly,

i ndependent. An advantiage of usin ta sections
butigepldihayikondy oheormnag: thes twe ranksyerinfearoey asemblg. There are various

L R e T

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

=

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

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

Chart 3

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

~ Chart 4
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5 per nodul e and wherein the system has only one

menory assenbly per channel. Another advantage is that
the inventions can be inplenmented so that parts of a
WhhiRlys82t @ section and part of a redundanic@gd go3/034439
section (for exanple, parts of DAl and DBl') can be
witten in different (for exanple, adjacent) columms

of the sane page. Exanples of systenms with two data
sect FEhd 8plbysirpignasyatent Ppwhich pamtesleavedamikrorsd mem@y system,

RERRS o B Bl Gt e 1 eioso s

likerfyathim24ftescept thet systeme? S0tmcdudel aBmbryasskaiblieS P2t SIM2-4 to
FIG 17

stored. i menory 15 ass l.y. ,For exanpl e,

Stop i&‘?ﬁ%@é@faée@ﬁ %‘nﬁiﬁ%, Xaﬁrleiﬁﬂ mematy assriehlieeHigE e added.
mrrored nenory system System 240 includes a nenory
controller 242 coupled to channels 116 and 118.

Enve moBEFANRL ESF S¥STBMDERALSR- 2 are coupl ed to

cha e, dat t LoNs
At 153 BERARUER pe S choGHATHY P R let 32 Ry e
pav anhchgu tibse detaibatd m %Mmh@gﬂorg?éﬂiolhﬂwﬂ:aﬁgs@tﬂaﬂom
store menor SS , - 2. ) are coupled to,
m&’ﬂﬁ%@#f@iﬂéﬁ Stsrthed i by 3&@%@@%9%@@%3& PARSTCHSEOR)-
ERSSEUfcReuiRE320 BHIRA e hembly@onddile: ﬁuﬂmn?r), Jc@ssﬂ% 'SP e
assenbl i es_have two ranks per nmenory assenbly, ut
drgsig poatrelleyclnsamg embadipentidhepropessors mnmawhetrcpiér, e Ty

m%;ﬁ@mkgd_ There are various orders for the data
sections, ranks, and nenory assenblies. Charts 3 and 4

s ho 5 cieouitripd 2 gpravfidesithcadrbbios meinbnendolier LD aetiniybe
each rank in ea nmenor senbl.y.. The . .order of_ the,
oo noRRY pisfal R P IR P ORolaR et (Qpersing
sySte@MOB) saldr- ot sdfiwair@sde Rzl%\}id%wa%htrﬁfpfogmefhaﬂl%oﬁﬁbﬂer

DB1, DAl1'" M2-1, rank . DA2, DB2' M-2, rank R2:
32pp3ypicplly. thigefmerezopol wwouldbrkingditectlpagplicipmempryxontrolite

2o roipientbads RO, oS ien b ar fes 55 M6 Siskty
ingipation pEciriain Bilwret mshemematyenbdSiom. Hramplenof thefiiutedadiesting
e 5 TR b s S50y TRl e et
meanfdy hssembly and/or channel. Circuitry that controls a light emitting diode(s)
(LED(s)} is another example. Power control circuitry 330 provides power for the memory
modules. In some embodiments, when certain failures of the memory subsystem are
detected, the power provided to all or some of the memory assemblies of a channel may be
shut down. In other embodiments, as described, when certain failures are detected, a user
manually removes power. Failure indicating circuitry 328 and power control circuitry 330
are not required. Other techniques may be used for instead. The communication between
memory controller 322 and failure indicating circuitry 328 and power control circuitry 330
may be indirect through various intermediate circuits.

FIG. 20 illustrates details of some embodiments of memory controller 322. These

details are not required for all embodimeﬁts. 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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i ke system 240 except that system 250 includes nenory
assenblies M2-3 and M2-4 to store additional data
sections as shown. Additional nenory assenblies may be
WO%GH 4475 E. EXAVPLES OF SYSTEM DETAI LS FI G pdBus2003/034439
illTustrates details of a systemof which a nenory
controller 322 may be a part, although these details
are not required. Menory controller 322 represents
mezoroesnirole s nyvh@lvnmmbweacgesel eendiol logie 33A Orcﬁmegﬂy operates in the
llﬁ%{ﬁ‘%&%u TO uure%ﬂﬂerh&fly Igg)l%l %ql?gfiﬁes%? [Bfgg ]‘Il Cﬁorngiﬂie%}ez}/veg mode as
dlsamsefcbh lthés dieelbsugdVITrib)st arpisaaﬁﬁlsmnnebmterﬁaess 338/ B0 interface

ekt S Bl B e s ey s
al%%ﬂaraﬁlew moﬁﬁ&ce@%ﬁ@a 16 5 33@&%& JEEH Qs i fhe ety d

part of nmenory con | er 322 or separate from
aSSPmblm@rdbmdatmcctl@nSctgge mrm tqumctry ng:esslc@ntqlslngwﬁ@(ijs)
t. cont L for
m%@%s?fanl% Y@Z% %%aq Cts § 31%h?%ﬁ(sy\€é’u% %Vg?sge Reglsters

34,fbmﬁRIGl 20/vmdl regﬂ:ters 346 mtde:MSI of F&B&I Jdleld QD aﬁeliﬁaﬁsmed below.
vari ous i.nt

controlle 322 t
cir ﬂP’f etoetion %}Fcalwﬁ%%égwﬁ FEEeTRS) ailvfys merﬁ?fwﬁsﬁg%ﬂws

Falire dld?éi'tl@l@&ﬁ&ﬁh‘yoﬁooa%ot]ﬁélﬂdefs %irlnﬂfr?ﬁ) defbct WBer BEBfithre has been
subsystem Exanples of the failure indicating

cosfeplefli Artiggprigs ifiluraig en%thawmeﬁ yhetrhemmory eﬁm@ﬂar towbanggdirom
t
RCRI T TR
trilggqhig failore tswrlgn datadve]@st)whe(cd_ﬁ@ﬁsc}a ):annfet memfdemﬁm e.
Pawer _control. c rcuut r oy ower for t
ObfREE Tt tRduadan Remere aﬁahlsﬁaeﬁﬂ BB thegsapde gorrected
witliedut eepSEngQiatal fRfin FRIGRIaNt ﬁab&ﬁﬁ%rs tﬁ?éﬂr&ﬁﬁble debenhyesk c&fé@ted for

power provided to all or sonme of the nmenory ‘assenb I'ies

cxgmpls, Errugh ECCRefepwithonh leavigs the. Intplil\ea(ﬂﬂh@rrr@%mdﬁnﬁmﬁaée As
de@é'lbqggglf)ﬁrbﬁ%o EBoBREAR! Bydridl o E&Eﬁl@éﬁorg &l dtﬁ a?ﬁie ménory

user y renoves pPower. ure i'n
asgentbycanrbg iB2rambhsmaviggering etron | Odinarilyi, toryecRBR faﬁxres wibtnot

b el R e e P RO B mE i oot Psroo ol afes may

befuhied betrigBelinpathil ies. q’tﬁ‘iﬁéﬂ t $6m32&badicheRR)BEre oMt Hekome
be indirect through various

alf Setﬁ#t@gfi I&g gg%ch%{q wighoutreplacing aimempsy pysersbly@ad spnvéngsata
ﬁﬁ?ﬂﬁoﬁﬁﬂ@@fn@ﬁﬂ{)&r A ﬁglgf %lﬁﬁ)@ F)% gLt n%f g%&né] PIE ?i?ﬁre Qdeally,

detalils are no or a

. thesscwroplde 0 sEih@ase@0 Cavsesrof tyiggeringtinibirésanaydideludam mrml or

ccess contro which controls readin
e AR e e L A
- MenPIQ. 289s£ fbWiiast ilhnatgg e bferhiit didome embodiments of an

- interleaved mirrored memory system as shown or described herein. However, the

30

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

Referring to FIG. 23, primary and redundant memory assemblies are initially

___operating properly (box 352). In some embodiments, hardware tracks the occurrence of

ECC errors per memory assembly. Single-error correctable (SEC) errors and double-etror
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WD 2004/ 044752 PCT/ US2003/ 034439 nenory controller as

a whol e, nmenory access control logic 336 ordinarily
operates in the interleaved mrrored nenory node, but
Wo JhdgmesPperates in a non-interleaved nmode asrys2003/034439
‘di scussed in this disclosure. First and second channe
interfaces 338 and 340 interface between contro

| ogic 336 _and first and second channel s (of which

detretinnd PED) sgomepy bedndspendanisiaeed JYED kasons myayalesignate any of 2
ofaldde cﬁjceoﬂa%'bﬁt fr’b%@oﬁ%'ta%%tlﬁt %%bﬂﬁ%ﬁtﬁg 1o} {-n?gﬁl (iﬁglex\_{ts an

assenblies for the data sections
ewermxtlﬁcaimessus orthe syistehoifh DEIB&rorusmicudﬁaed @PI€ a pre-defined
|on cuitry 342 that ,selects vvhlthan is
er:{o g%% gagg amoﬁe%f’ gchpgtere%, tgxtatzﬁp@ re@tgregn dhe tune~based
coeg bSSE(E 8rr&4 Enadd clckBeDigalmbGihradlol &NehidPmaY 6 ﬁbg&ﬁaﬁaﬁg

A?J?I! |Iure detection circuitry 350 detect
%éléfm tFleratq hardware detpaiing py crers dafilirsgnay bbcin Ememwrse
[
nﬁ@ﬁl@ brktARin p{n&ieéh% Jafg, redy ﬁa'nf‘ﬁ’aéé Qxcllolﬁg glrshre é:il:l{nglgi Sog ammg a failed

det ect whe een
n‘[empggg@dw@is frefetred to as 8 viohim dhhatel, CEhesotiser themelpwithyut a failed
rieaved mrrored nmenory

t f t
m%l%gé"ﬁo aer’ }F&%@‘ﬂ@&gg’é&{? o An exanpl e of a
tri g@hed agigkeidobRurt & d&b@&d@w@m f&r%zam %&&uﬁm dat a

cannot _be recovered w thout obtal ning from a

UnCeRERRPLHECHEHSF i engougtsradet rea fsro issped ip dhe corresponding memory
asSEHbIP Br £ ARk eﬁaﬁ%ai’@ ih %H{oggflmﬁ"gﬁ& 39%‘9%5%18@33 the data in the

redundant nenory correct Fror
prepar ordst wiien feads arejssurgdlte thembn{mg:ﬂ nﬁﬁﬁrﬁmmblim t Hamvare will

ldﬁﬁ&ﬁ ﬁg%gggﬁl” :rrgetrneorrgl( %%%’tg rr%%%m%@ %@gtg 1Iure, and
remﬁgﬂetdabdlﬁcﬁtyl’ QLS thatdatNRcHcHIBn 18 “Wﬁﬂh reRARRT BEbneARI R ant
erlng error. Ordinarily,

d nte%%)]%e ed as a trig
AEPRADE-a B mECTsEaTYs lﬂeﬁgﬂ 1t prispary gad grdvdsniaremary assembly pairs

| ard §hPPST dudh iHapirke %P&&redqgﬁd de@tu%aﬁgg d&é&"ﬁBg#n éf the Vfc'c?{ltze

correctabl e failures may treate ' ggeri ng
f ai [Lippa seceminndidhe triggering digl vesvivdificationt s),ftvitat'ﬁemey placd meort

of %8%1’ Sél'@l(}é ufn%‘%s Or yt %ﬁergg(ﬁlg}qt Coﬁ@’ ﬁ]ﬁt ab;ﬁﬂ ﬁg %lgotfspvapne‘éent 15

lmmmenf ﬂ‘ﬂe&dﬂwmbwuﬁsﬁﬂ l’ﬁﬁub’st EhRdow do'smgﬂztcihgﬁ%e‘l bERhtRR (ﬁ@x
€ NO sucC

3515, s B chiinghcopeinasahe wittipemins ssswally, GonGetaaian writ
(CRGivetitenalk a 96wl H&ioﬂ%ﬁ@ afé: tTHe%&nﬁﬁggféé}o%ﬁ&glg@ M using this

extrenme noi se, some soft errors

fypp|0§ safheare cqnltqoh sftlardwam gr pther twp@rcafsoﬁmm torgmheould be used
I d t
ﬁgﬂd%fb \§111 eqitflc ﬂh@ &%g}tgol%‘r’f m 1l nf.lﬁgr'?a 6%3&‘%/‘[5 S

own or cr|

opoﬂﬁtmnne smgh{oﬁamaﬁminteﬁe@beh @p&iufion é@uﬂﬂg that 19 t?eﬁﬂadu@ns are
sone of the

t In oth nbodi nent
tosh, 357 15 Shandi, il Pepmers cpHigEREOE ARV B o oDy
somrmqemory%h&@u@@bﬁvm @kn Bl@&nEzﬁlgHMﬂ ét yfotBPihanmd:

Referring 'to 3, primary an ant menory

disgpliagal) p]og]gmg,ra@d tm-pilatug ¢hpnnel interface 51gnals Soﬁware communlcates

with the baseboard management controller to remove power from the victim channel.

- Softwate notifies the technician that the victim channel has been isolated, and

- communicates the location of the victim memory assembly. The location of the vietim.

memory assembly may.be exposed to software through, for example, the configuration
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operating properly (box 352). In sonme enbodi nents,
hardware tracks the occurrence of ECC errors per

menory assenbly. Single-error correctable (SEC) errors
wo9odaupse- error 15 WO 2004/ 044752 PCT/ USZOO%%@%MBQ
detection (DED) errors maybe independently tracked

DED errors may designate any of a class of detect abI e
but not cqQrrectable bit error conbinations. I n sonme

TCEIE APFE 9E Bemary copfrollr 37%her assasitednircwity (for examplé en MCH).
W8 beihiblh (As Hg}porﬁ L}rﬁc%teﬁ %%]%g%caﬁegfesen?auon sent to the

pre- defi ned correcta error
displayon & dasstiarth udmttolﬂat aC0EHS tixillummqtﬂ andED.The ti me- based

5 co rr ma chec edaalnsta
Chr & E@PS( tra e ﬁﬁ’ %‘i aiting for e teffioenthe
cliofhel & cdnfpléta ﬂﬂlﬁ@gh%ﬂﬂﬁ{fﬁﬁs‘]ﬂﬂ@g)r @ﬂic@ﬁﬁg&fmstrﬁg Bﬁér&t’:ﬁn@ iff&hfled for

be in a menpry nodule containing primry data,
the GusEARA BRI Ganasted-opemriensanainbrakissusdtatheinag-vietim channel.

fail r a victim
Chars e BEsHRRC] ERCBELEishlih 00 158 aledeRichnibyS sl gpi e
faftettimemoryi asseodbly dong with mymthar atemre aemidies oi Chatiennd if
Lpgering failure is detected (box 354), for exanple
Ik d

dels
ebecause an uncorrectable ECC error is encountered, a

r eadolftsrafearotifisd@embig chhteolePSIEHRABE h 08 FRPRILY access to begm
assenply or assenblies, Hardware In nmenory controlle

briging ae Hedn chanwe] haplsont g andicamrsunientesypeith the u@pbmbwntroller
to E@@s@@oi@ﬁ ﬁoWé%' fd i J'ﬁ A (%]ﬁﬂ%ﬁ i@ Eéﬁﬁ&%@%@&%ﬁ%ﬁ%@% nory

Har dware w |
copiseljso fespropase fOJJ pha’tlinel Homneggeby regnofviigl thir Equlﬁd’tﬂdnﬂaﬁ"ace signals from

SRR LR e oL S bl

some emb&difnktnts deah@h dbitRlleOI22A8 toaPonkib®@r BeHRNHBAL 31§ﬁ[§‘5lfs¥d
are swapped such that the preferted

byi@%"&e’?} tsﬁli?ﬁléfgtg@na@db@ 1G3givatas dhay glecking as/well.i m  Upon
r eCcepiivaR walis Eﬁ‘%ﬁ@rﬁ&%ﬂeﬁgl fo?}a%g\%r%? Ft?l%ﬂl;é ﬁl%tf'mo

sof twar e may ce 'sone sort or serV|c

éubt@@p@in phase épcbed oo (REdy andfori dejayed Bckatlobm e)]LIt)aiircatry in the

meltthy SRR et Pril B Bigear ERdiase hEmismbty Sotiware
maf lnikze3h6 ) senalqﬁb@hcbd@’fcebff &n&?ﬁﬁdﬁ@ to &t@ﬂ%@!&dgtgg%&ﬁtﬁslgﬁs gld M
iguration wite wite) is a
P"é{“gﬁq%ﬁl@a]&ﬁ%% t??%ﬂ%&}’g Whihe swannsdiim desriges §p sotdrecisebt match
theltédlhé188ly fnQuisk!Sh ﬂﬂ chitlndi stﬁ%? ﬁseoghﬁ%ﬁﬂﬁ‘@ér%f fi @E{u@h &
sof t war sul'd"Be

Har dware or other types o e control
producesputipnsdemite Minonldde possitde for beftware tisinfarmrthd fechmician that

the! ror Menor 25 aperation to
° d@%@{ e- cﬁa JHIJ I‘Bl'g}lv i A %F‘fmé%’(/‘gé %diagfoéllglvﬂﬁl ti“%"ﬂsur i ng
th a%ofmcaraz tham a@eés méttorf centrolles32? iafadistrélabnigifing &%@d‘ n
qEmr agonf uration remains invisible to conpati

b S ’t‘\?%? ‘?@ﬁ'ﬁ%ﬂ;‘?n EFS 3pqegses tpprestgrethe @mnoealéeglﬁer@amngs
in the@bRbE dektenbly 61 thEWARWAEInel (box 364). This stage includes any
impedance 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 i 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.

_complementgry. When there is a failure, the information in registers 346 and/or 348 may
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di sabling all clocking, and tri-stating channel
interface signals. Software communicates wth the
baseboard managenent controller to renove power from
Wwbeodslogiz channel . 30 Software notifies thepcrysaeesnzadss
technician that the victimchannel has been isol ated,
and conmmuni cates the |ocation of the victim mermry
assenbly. The locatjon of the victim nenory g

bertey. Th Tepoen ool BRI R Ao TB Mg RN B MRy

G, AR Abks, tin?re 2O/ 08¢ §4?8 by hd 2P0y O Base,

regi §ter space’ o nmory controller 322 or associ at ed
registenci4idtin F1G.f0rmayiacipdeghat aufordBition whitlyosn berwvitiercte registers 346

at ncl ude a raph| cal representation
M@pﬁ%&‘gﬁﬁ%’éﬂﬂa Eﬁ%gne%orrygssglgg Board controller access
to Unlcélfﬂem%tﬁl &anhdER ba@t T (d datibifated) soft@aRIBovedmemory
har dwar e autorratlcallxqtvvaltln for the t sflﬁ‘iph rl fhe
comfrellgnAdrelo HSaneRTh FeYStaie FESEH ﬂt%qmwm lo
asseﬁ%qol es. %gnceﬁdgﬁq%ﬁétg?%gﬁyﬁ}g&gbg é)lxsﬁssgl): %&[Mﬁé
will detectorhieh citanmel shas theeictim sOale that e pudpandaed mﬁ:dsavseaewstored by
|soI ated.(box 358), the technician nmay swap out the

the:coPY QBCASMbr y assenbly al ong wi th any other nenory

ass priivaes wilhavtdiadticgiiadenst whién the esiyrie tomgléte EROTOC@Npete)),
notifies menory controller 322 throu a configurat,ion

ang; dynagically S%@mﬁ it} PA th terkee Ve MTORRIREIRY plalsgpRration with
rednfi f Wit e@?&oﬁgm &ﬁ‘hﬁ&le‘&@é&h&&é?b&ﬁ%ﬁ%ﬁaﬁ @ooxsvo

contro oree l'i'sh power to the victim
AU (tmtic), antlibex 85%u érsmnt»@neé,vtbm inyenifdns wes nptugstrielad fojthe
nt I to prepare for channel power-up by renoving
de{iaﬂ%oépgb' 'ed interface signals from tri-state (high
| MPEH&as af) diffestlt tohids of igh-infielen@d @BS3S Foraua@pleLip ashidyt son-

onto the interface. In 15 SOnE S(g\ﬁb(gW i ments, menory
intgrdsipy pcbsihier e pistimehpelis FATBIPE Hpt Py A0t thegugiem s no

torpkSRBtoded! S LsseRde, tHAGARTIFRMYChSMRS YSHtAM alplsl ddth kR tions and for

eactivates that clocking as well. Software waits an
prwpqzal pwmpmsethﬁmre rall aeatedas noiovesy date septiomst |When pafgr Baestored to

o PR R RO B
recﬁﬂmy sth@Bof Behosisectionpiseakityblzhéde vin mphll'tlaﬁpnmnh&ﬂ(em state,

362 t thi oint, software. 20 utilize the
thowd ana?légéﬁ b Apsemplie e TPV SRUAIE PRt forfhe

failblt ﬁ{e&d&ﬁ Ls.%ﬁm?r(sr asRHMb! G dale, RAIaGQEERRSE of the memory

t echnol the swapped-in devi ces do not preci sely
asspablytin ﬂfteh@nt‘é@m ehw thap carsaspndls fchide &ils memost aspambly

: rerﬁ'sﬁl? in érr?;ﬁal{rggggb ?Ig%l ?a ﬁldlﬁg HGHSE c@?éé;tefip 1Y Coases and in

i ous POSSI or software to
sommélﬁlbdﬂlmla&s ttcfilineingy be hairectddktgr mevlycepyiag data from the

. co#%ggﬁ 1?gb1|10e -faﬁgd ﬁl\grlnfl)ryaslgse%F She 1%112:’!1 memtl)ry 1t st oAl cases m this

30

partially non-interleaved state, the victim channel does not have to be shut down as it is in
FIG. 23. K may turn out, however, that memory assembly has to be replaced. Variations
of these basic types of non-interleaved states may be used. In some embodiments, in
response to a failure, redundant memory for a failed memory assembly is recreated and

distributed in non-failed memory assemblies on the victim and/or non-victim channe] until
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25 Software then noves nenory controller 322 into its
re-configuring state, and utilizes internal
configuration regi ster accesses to restore the
woeh@akhupsal register settings in the nmenorypapesisiddbaaze
on the victimchannel (box 364). This stage includes

any inpedance and timng calibration required prior

to utilizing the replaced devices. FIGS. 20, 21, and
thefailyre [s rgreqtad)i kottlhis yap flere gopbinuesig be nehundastpeiery\atilthe

- ffihfR is Rder registers 30 346 in a chip 164. FIG 22

shows a reglister 348 on a nenory nodul e 160. Registers
346 and 348 may hold configuration information. FIGS.

21 j I t . Wh
F her BOPETIOTAS P GriATIBN XS iimohENIS, < er s 346
and/ Exreaaﬂﬁrsféﬁi/sh&%n m EQQ&/ tﬁé{‘jﬁl%ﬁgry%%{rﬁﬁ?sg&fgﬁ Qﬁéﬁﬁffer@xﬁ

| ost. That informati on cou e retrieve rom
refspnce apehen ta gugssst-that theaeprpasyoenrollelsgepsessnied conld bedifferent.

\ | Sty / ad only...
595 i ROhSEE 2p2 09006 Qo X 0 Bl cions
atdwierk iwithcommetor alhofshe systeamishdven vr destrited herefne Jihs vaticus 346

and/,or, 348 qf 1he ne i nserteq, nory._ assenplies.. b
cHRIS Snaihi Bl e BRRLY QoG R arean VR BR SR isgefgmed o asa

fisDfHaiy] EndWHRB iTCAR ¥sec&i dhblel BfarR syt Thé {aidwE M by
copy. state, where-it will automatically duplicate all

asggmblics i RaTiFlas syshem sy e identiond prdifforgnt indetailst | m
meno . ] c ich.
Bl L R L T L
th¢ ppegificationgo i"an eraistdomend” Byne ehibedinmpy" tGomeahibodimed®,” or "other

r.dware w |l . automatjcal det ect when the copy |s,.
enffINEEE nfdans e BILE Rk, SEM TG, R ap PO SRt heLin
conheeibit withehe dntbolditiedts| i Ri¥Rdediin’at RhSEoMB BRbYdimb@t Hut not -
ne?%?r%tl on Wth read and wite operations once again

%Hy sl Gabodpeysof Bistinycatiensn dhs viniuw agrerances "an
(il w . i . .
enfNAfchf, 8 dne Slnb o ARRRODE <S03k enalﬁ)%ﬁ%h@g’e'ﬁ%}z@gﬁeg&gp eﬂ]l r&femng

i nventions are not restricte

to i@ samng embedimenis.e di fferent types of non-interleaved
on- jnterleaved

sta For. exanple, in a ful n .
St adfife s8R B Sin soPuPodnl eyl el SRy
“ntigtat, of HeuklyPedwohided tbat pheidgieF cothpgoheiteRatuld)stARARA G,
e non-victimec tains all the data sections

the I |
chafpieertGF is pef %PFE(ET_% S drteds [ thereppeifieation) ar clapme safers iy or
"arPTdldFitnY, 1B HSesSRE MMl Bere YWGHly BV thd deh&ml ?2 tﬁ%&gﬁ%ﬁg&tgﬁ or

victimchannel, the data I1s copied Into |
clajsseefs ko @e addidionsitelpmentzthyt depona prechde titeriteing mora shanfone
of FERAM¥ Ea??lte}n%s is re-established. In a partially

AGN- 1 nter eaved st ate, the victimchannel and any

menBhyinsasionbite @6t feftdeed o thepaticul SRk iNgd BeaP Indead,

the. . . .
those sekﬂled 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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failed nmenory assenbly (or assenblies). In that case,

the data sections of the nmenory assenbly in the

non-vi cti mchannel that corresponds to the failed

menory assenbly remain in or change to primary status

until the failure is corrected. In sone cases and in

25 sone enbodi nents, the failure may be corrected by

rely copying data fromthe corresponding non-failed

Vwﬁgﬁﬂ? eg?senbly to the failed nenory. In these cases,

inthis partially non-interleaved state, the victim

channel does not have to be shut down as it is in
1. FI GA mdthoryl dontraayr comprisimguit , however, that menory

assenbly has to be replaced. Variations of these

basfiret angt pesondmemery chanpel irtestagesdarst at es may be used. In

sone enbodi nents, in 30 response to a failure,

r ed TABAN ECHRETEIYOCBIIN (¥ ai | ed menory assenbly is

rec

55 S ar3oorl i ik S 1 AR Pl 3Bt HRlty gl
inteBdds| respbStivii) a2@04/ 044752 PCT/ US2003/ 034439 the

failure is corrected. In this way, there continues to

be sead firstendtsesrmrvadyndant daka settens fodind secendi apd Gret menpdrechannel
_F. ADDI TI ONAL | NFORMATI ON AND EMBODI MENTS 5 I n each
integfaces JRTPEAAM in a figure, the nenory controllers each

havﬁhe?euglhe E‘lrs[ qr&tsegonrgfée%plg Se?gte a agsrégtl%;sf are rgc}dg&fw? ‘Pél},hé’%%p%ctttg] t%e
rrsmu@yceﬁd prmagem éécﬁd?:@trééble&tﬁély @amab@até bf%l ft?ét gn@&e&mn&gw

have different inplenentations and sone or
andakdunddnt tidte sex:}l@tsesmoﬂdwvmthe) firsthesadry hlﬂdneh E:t@‘ladfa in 4 Hiferent order

vari ous channels shown in the figures nmay be the sane
thaghe geme ¢tz Provided eihagseordgnemenvethprng! ingrfags: a 1o first

channel and which is called a second channel is

arbitrary. The various nenory assenblies in a

parfﬂe%gn%kn&)ﬁ&l@mf B DenbdRd &é?‘hor?gccgésfcfoﬁtfo?aﬁcuﬁrpmc!udes

det ai | nbodi ment is an inplenentation or exanple
ranioeldctie: diroteth s€as memed QBB rarks td WichIResinfanCati ireindadt data

“an enbodi nent, " "one enbodi ment," "sone enbodi ments, "
sectigns ﬂ@timnded ant wheraio thedirst pimang datisactien andseqood fegyundant data

& ture s%r%fture r characteristic described in 15
secianrBefdsd RitesaR & Enbodi ments is included in at

| east some enbodi ments, but not necessarily al

enbodi nents, of the inventions. The various
3. appeehAeesconidler o Blamdi, WB&tEin the ARSI BRAN circui®¥ includes

"sone enbodi nents" are not necessarily all referring

. rank gplectina citeuitey te pdiestlmawery gssemply randss ppdidhithecaimaorand ratueintadata

nponent, feature, structure, or characteristic

éect%ﬁﬁe mterfed -ami mxﬁreln tI’@rF irst ergntﬂnﬂdatq).gcpmng agqﬂmd feﬁgﬁdant data

 sech w.ﬁtgxo%af&%%nﬁg&ks feature, structure, or

4, The memory controller of claim 1, wherein the memory access control circuitry includes

rank selection circuitry to select memory assembly ranks to which the primary and redundant data

. sections are intended, and wherein the first and second primary data sections are intended for

‘the same rank.
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characteristic is not required to be included. If the
specification or claimrefers to "a" or "an" el enent,
that does not mean there is only one of the el enent.

If the specification or clains refer to "an
additional" elenent, that does not preclude there
being nore than one of the additional elenent. 25 The
inventions are not restricted to the particul ar
details listed herein. Indeed, those skilled in the

5. art T@a‘*}{énpogy Hﬂlﬁ?@? &%ralm } N hertellglltﬁc'e rge q%gccg corWro n‘cmtry includes

apprecirate er varla
rank Sd1RBSH MU:ﬁyet%%élb@Heﬁnﬁry%%En@fﬁWkQ ﬂswﬁmxheb&. d \“édhn'iHaHt data
the scope of the present inventions. Accordingly, it
seclighs taleantbadeld cand mgerein gherfisst mtdeacidipgmanydata senidnent stended for
thereto that define the scope of the inventions. 30 19
the gliffarentranke] ai med is: 1. A menmory control ler conprising:
first and second nenory channel interfaces; and 5
menory access control circuitry to: send first and

6. SECTHGndnBhioldAdfdIafer WhaBR thendnify édcﬁétcoﬁ%ﬂcn%ﬁﬁ)lﬂgudes

menory channel interfaces, respectively, and send
rani $elektionadiroluiiseto eslebt m@du@d%ﬁnbdaﬁrﬂts seCWetdsthi prirbdneargieedundant
and first menory channel interfaces, respectively, 10

datappestions fp herfentat paticuisn tinesccotrpendsLmdbgenisaelactedct | ons
are redundant with respect to the first and second
primary data sections, respectively, so that data of
th |

7. o A P R B PR e

coupled ®iicxGemdrpadest ofted antitrpr der than the same data is
provi ded to the second nenory channel interface. 15 2.
The menory controller of claim1, wherein the nenory
access control C|rCU|théP|nclude§ rank sel ection

8 ci rEiMEPH G EUPTR Flelehn Py S8 SsHiP NP BRRETY PeFeRhToEhc! chrity
is t%én%rf st tgtﬂaqlogueﬁ ngﬂg %‘i’img&ta‘ata s§&85§ tgrt\‘ﬁe f?srt %e’aﬂ&%ﬁ%ﬁ%’int&ﬂge

rima ata section
anda@debnd aditioallgPoup SESHNaRtall Rotion BNREEELCEIMEntbey haRrRI interface,
rank. 20 3. The nenory controller of claim1, wherein
and sbrel afestedgitimelors® ofeidindant dgiarsediphy ty tHersedand eemonyahinnel
selection circuitry to select nenory assenbly ranks to
intergor @Rd { prReOTH F4GHIPRA! GRYP 3 EvsupReRdataszectons EOéEQ ﬁ ref e mepychannel

mterlfe{é% %%%ﬂit gprgt \Qgt? n%l gr}(a}g::‘]?redll.!r%%{lt d%[a sec |o $ a ad G%névgt(rl?n respect

Secon section are In
to tHdififst SdcRiBhal 5@05&- primary data sections, and the second additional group of -

- redundant data sections are redundant with respect to the second additional group of primary

data sections.

9. A memory controller comprising: first and second memory channe! interfaces; and
memory access control circuitry to: (a} select first destinations and second destinations each
including & rank identification, and send first and second primary data sections to the first and

second memory channel interfaces, respectively, to be sent to the first destinations and second

destinations, respectively; and (b) select third destinations and fourth destination each including a

21



10

156

20

25

25 4. The nmenory controller of claim1, wherein the
menory access control circuitry includes rank
selection circuitry to select nenory assenbly ranks to
which the primary and redundant data sections are
i ntended, and wherein the first and second primary
data sections are intended for the sane rank. 20 5.
The nenory controller of claim1, wherein the nenory
rangd¢astifisationrand genddirst and seegnd; redunganbdata pestigns dathe eacprstand first
asse which the

e APyl et e o et e ek BRShd RelBiRS. hng
reéf.‘@ﬁﬁ@{r r\}vhgrgﬁ trfe| first En@%g?rﬁiqgﬂﬂgarpﬁétgﬁgcuonqg e(ﬁ.ﬁggr{t Qﬁhsreége@t to

I nt end ferent ran he menor
theﬁiﬁﬂhﬁd)idc&fd paﬁ]aqldanamé&mnmp@nmﬁ he menory acc ess

control circuitry includes rank selection circuitry

to select nmenory assenbly ranks and wherein the

prinﬁr% and redundant data sections to be sent at

par t PEUPERY EIHRET gheiny @pdistrine BRk piiee frg Arginddiansig thegame as
ther kot the B ¥E: %Eg%ngont roller of claim1l, further _

conprising additional channel interfaces coupled to

the menory access control circuitry. 8. The nenory

controller of claiml1, wherein in addition the nenory
11.ac c &ssmerny caolroler ofclaint 8,ywhetin theranlpof tisedingd destifiatiost is different

addi tional group of primary data sections to the first

thapiiegprk o fhe tid Pesinttiers ace  and a second addi ti onal

group of primary data sections to the second nenory

channel interface, and send a first additional group
12.0f  rRANEREN EonbRlePoreRint &, AMSrelnlnd RRK SR ERARLYs is the same as

channel interface and a second additional group of
thergrdwhitia nécodkbdeatirmtiatsi ons to the first nenory channe

interface, wherein the first additional group of

redundant data sections are redundant with respect 20

he fi roun of pr.i data . .
O L R S
thah GRYSH APk dabiy &RGIGRS are redundant with respect to
the second additional group of primary data sections.
9. A nenory controller conprising: first and second
menory channel interfaces; and 25 nenory access
14. c ontheghenory eonirelierof clgim . a&e@@le@d’t of therrgriks dttbe firstageiconts third and

%H%ﬁﬁ‘$ond desti nations each including a rank

four NapeNE £18 BhS™nd send first and second primary data
sections to the first and second nenory channe
i nterfaces, respectively, to be sent to the first

15. destHengdniop@n@dler & e whetemlthd 1alkis @NBe fire©8dRe&d, thr@hd fourth
and (b) select third destinations and fourth

destiadjerisrees ¢agh differett fiomdheudhenganiis.21 rank i dentificati on,
and send first and second redundant data sections to
t he second and first

16. The memory controller of claim 9, wherein the memory access control circuitry is further

- to: (a) select fifth and sixth destinations each including second rank identifications, and send third

and fourth primary data sections to the first and second memory channel interfaces, respectively,

. to be sent to the fifth and sixth destinations, respectively; (b) select seventh and eighth

destinations each including second rank identifications, and send third and fourth redundant data -
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menory channel interfaces, respectively, to be sent to
the fourth and third destinations, respectively;
wherein the first and second redundant data sections
are redundant with respect to the first and second
primary data sections, respectively. 5 10. The nenory
controller of claim9, wherein the rank of the first
destinations is the sanme as the rank of the third
seetiens o thetseennd and first mgmennabawelintetares, a¢speativaly, tadiezsienh t9the
~wherein the rank of the first destinations is
se‘éﬁnﬁ‘faﬁf' gifhth desyngtRas, raspretiyeln khgRin e dhidpng ugusdynat vaAs .
; r I : b b1t r
secns FERATER M SPGB AP incipi Pilry WIS LGN, e ARE
t he second destinations. 15 13. The nenory controller
of claim9, wherein the rank of the first destinations
is different than the rank of the second
destinations. 14. The nenory controller of claim9,
wherein each of the ranks of the first, second, third
and fourth destinations are the sane. 20 15. The
menory controller of claim9, wherein the ranks of the
first, second, third and fourth destinations are each
different fromthe other ranks. 16. The nenory
controller of claim9, wherein the nenory access
control circuitry is further 25 to: (a) select fifth
and si xth destinations each including second rank
identifications, and send third and fourth primary
data sections to the first and second nenory channe
interfaces, respectively, to be sent to the fifth and
si xth destinations, respectively; (b) select seventh
and ei ghth destinations each including second rank
identifications, and send third and fourth redundant
data 22 sections to the second and first nenory
channel interfaces, respectively, to be sent to the
seventh and eighth destinations, respectively; wherein
the third and fourth redundant data sections are
redundant with respect to the third and fourth prinmary
data sections, respectively. 5 23
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