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WD 2004/ 044752 PCT/ US2003/ 034439 MEMORY CONTROLLERS
W TH | NTERLEAVED M RRORED MEMORY MODES BACKGROUND OF
WA RiE40NTENTI ON RELATED APPLI CATI ON The presentPCT/US2003/034439
application and application no. -/-, entitled
"Interleaved 5 Mrrored Menory Systens” (Docket No.
P14529) were filed on the sane day, have essentially
i dentical specifications, and claimrelated subject
MIMORY CONBRREBERS SYEIHINFERBEASER MIRROREBMEMARY MODES
to menory systens with primary and redundant 10
menory. BACKGREANIKGEROUNDTHE INMENTEON ypi cal |y
i ncl ude nmenory devi ces. Dynam c random access
menories (DRAMs) are commonly used nenory devi ces that
REBATE® AppeidMeloN | arge anounts of data. Menory
controllers 1ssue wite requests and read requests to
DRAM: prégenT igplidatien 4mol dpplisttone. | ' r gspoergilet Trdenwavee

. t originate fro oce r,or.. another
Mirgie Momary ptams  BosdietBy? e DratmiTies o is SRS iy have
esséllﬁ_@ﬁy ﬁ@e‘i&ﬂ@ﬁ%pé@i"ﬂca‘@i%né{ 984 clai¥ rdihed BEIYE& TR Her,OF anot her

chip. The nenory controller may be i'n a physically
separate chip fromthe processor or may be on the

[ t he processor. Conputer systens,
TEéﬁﬁEﬁ%l'h“r%[Egz)r ver systems, follow a technology trend in
Whi pike préenfRivBItions YEISK S RIBGRY Sydidded RAB bAfatMakleBundant

absol ute size and in device density. Acconpanying the
memearyger nmenory subsystens iS an increasing occurrence

f, nd hard errors in the DRAM devi ces used
BA?E%M‘&PT?M menory subsystem As the nenory
subsyahb@B} GRS tySitalFOasulld fehionf HSkiEGEaDyRARRARKIdh Yccess

of a nulti-bit error in any given quantum of data
memer¢silRAME) iy commomtshuned neorry deviees, thatrstaramglatieedebarge

o B SRS A St R
Thet d¥@a @ R QAU RES W a ﬁﬂfﬂaﬂse%st 12y ofixAAR! ffom @ piEERIOY or

control |l er designed for CP with a 64Byte |ine may
anothiep elaipeThh aie pdtidgd bytjire MBAMnid eprpnsertp layeadksquest may be used

erver system.progduc have exhi bi.ted several  features
by BEpiErud 3t SRR B The AR LN I S R5eh Bt iEyl Eharate
chifftgmhAé BroREds6F 6r thily bdien ABAMNERABI X tidhioystamn Today,

30 it is common for nmenory controllers to inplenent an

" ErCQRpweT sysienispigclediag sevEOD)stemsnollpg0a feghaniegy trend in which

merfl MR OpE fisheafle Wb oSSl AR Tl

Accdupanyibg thelabpes moflogy QibkyREMOis aflindtoasigcii@ondefofBbth soft and
errors wthin an aligned ni bble may be
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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corrected in hardware. This mechanismpermts a system

to continue operating reliably in the presence of
woewasiosnl single-bit soft errors, as well asPCTUS1963/034439

presence of a hard error 5 affecting up to an entire

x4 DRAM devi ce. Extensions on this algorit hm are

avail apl e t tec ai nst | ed .x8 V|ces
algoniim; WaoreeHabAI DHs Ohifa Bt Alsman Uy el CheT g pement
sucl?r‘rgﬁﬁar%%rs; difd1e b %ﬁo?@ﬁ&%’ﬁlﬁzﬁﬁ)ﬂ o? ‘Blt%n%ké"\g{tﬁin%ﬁcaﬁgﬁed ﬁ’lef%%ay be

store, because the limted correcting code
corréttgdircimdriiya®. dhesokedhatismf mrmiy e systéd taledminbe qu:ratmng febiably in

check bits for . every. 1 data bit ot
the PIESRSS 8f O%faaﬁl%aérsmsfeagﬁt aﬁ‘f eIGPISy %W@fg%mﬁe HefensP FobR ilgffc?ffor
affe LS AEFOSPDRAM AETieE! Bl od\ﬁlfsra@gdrﬁﬂm%é available to

ers to maintaining two copies of every datumin the
protm%tl agams’eﬁade@x&f)awé\/[ devicen rButgheB€Cymdrhanis izt bresl tlswn when

b Shisstive Sopacliy. o guven b sibeshan.
limigéﬁlgc%}‘nrgr@r% ccfd%q%fc%ll& B%ﬁeékhlﬁts v @&}elr?@h Gatade! Vﬁrqt6|'bh@ék bits for

Su system be cut in to pr0VI de the
evetryi I28atatanigjts) ayanpotbe dble fo cdvell perprutatiode sf bwvo esaanysi tet exfors

systenms using menpry mrroring. In FIG 1, a system
Scatﬂ‘%e‘i[?’%?ﬁ&é"safg cﬁ“éj%% controller 12 that is coupled to
a r}ﬂirf@fr% dataat@ﬁ@é tojiﬁalﬁﬁ%lﬁ’g W0 EdpRds drReaRelatub® in M8 TR

nodul es and M/ are coupled to primry
merghrystoat. Nﬁrranmg mbgt ofrdata cuts thepgfidotive spaciindf a/Bivan snemory

wbigRieh Bipteeltorth it ek e ShuRa atr FBe el sdRpd it te
availEsIbaRIwWYlth o¥ehe 8o gléte@n@le ERGN RSN dpféaid@ tBeRlk Qi
DA1', DB1' DA2' , and DB

AL , are provided to menory
capaihilifys i n nodul es MZ M4 I\/B and MB. Note that primary

dat t DB2 d |
or 19G: LRy 5B 5Py Ll s o B ap il .
systa'ﬁ| 10 iné¥Bdes a R&A0ry AR 2 thaSs béh;ﬁé’tpﬂbfh%n Ynnel 16 and a

system a nenory controller is coupled to irst
miryog phanmel 1§ udemoty madwles Md, M3, MY gn mn%towtapgmd

el FESR45 et BB MEARI4 NG S SRR Rapo i migsppgenc 1.
Prinid@¢l 'dhﬁsseéﬁcﬁls EWR D, D1, had @Hzcaa?fwl@d tBaMRITY cﬂiptse;d

is stored t he nennr ‘modul es of the subchannel s

modsdesgyiedM3t MSI; h@d Mregd r@(bp\éalltéiatalﬂ@btlfaﬁd)Abd Dﬂﬁia,anAa atgd DB2’

red in t nenor th 0 bch
are o84S P el TR s o Bl Iﬂi%ﬁ* JUS TRy cac
sect¥nk D AD B 1, T340 tand DHEPA edenitiba o8 e el B idBiatio redundeht data
2004/ 044752 PCT/ US2003/ 034439 BRI EF SCRI PTI ON OF

sectiE IFRAVPRAS Dihve', prd/BREZions wi || be understood nore

N i T A B
throluplY €t pridfry \6hariel 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.
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however, should not be taken to limt the inventions

to the specific enbodi nents 5 described, but are for
wezphanas: on and understanding only. FIG 1 isP@r/bbmok034439

di agram representation of a prior art nmenory mrror

system FIGS. 2-4 are bl ock diagramrepresentations

Some enbod e PRI ST SHE DRRAES are

bl ol HiadATWiRBE 95@9&@&& 28R ﬁilg E@gl@gﬂfeﬂt@%ﬁ% Hi:srcﬁgfi&@ given

menory 10 systens illustrating r e menor

belag sedlibingbe acmogradying dtawisgne ecantodhersnoStheinvenhiens which,
i nventigns. .Fl 9 i.s .a_bl.ock diagramrepresentatiaon
hov&velé ﬁﬁqlﬁg EPﬁ léeat&égl tﬁilmlg;hg dnYFé‘HBP%/t% t g,g%egﬁ]!rc emebodlments
des%ﬂiﬂe‘d?ﬁﬁtaa% 44 eﬁﬂl‘aﬂﬁﬁ)h ané 'uﬁ&érstlahdﬁﬁié_lo Reeor ding to some

mbodi ments of the I nventions. 1(13 "10-13 are bl ock
di dfjamis eploek eirgatm mapsesefitatiemof y priardurt msmagrmirdirsystem.

15 enbodi ts of the inventiagns.. FIGS., 14-18 are
b J 2R Rtk M e RGO ol bei P iy SrHred B R0y

syst@RRREYord ¥ Tb Soe BREMNiHeRE of deSiaiE AR Odi ments of the
inventions. FIG 19 is a block diagramrepresentation

of TGSy §t8are bivclutiiaghan repeesontationsooftintetlbared meyrobel memory

sy R BE P b S S B, Ercndly hSecmbodimonts of
the iRRAGSRNt ati on of sone details that may be included in

a nenory controller according to some enbodi nents of

t heFlGnPene bloek didgra@ reptesestatiobbbarkinttiriggvedmirrored memory

repr.esentati.on of .a nory chi accordi ng,.to Sso ) .
sysghUBR e gpee ik Feh praohdng i Ese iy Sy §E e inventions.
di g8 RECBRBE @iagi%ﬁl &Pr@etﬁ?ﬂi@fs)ﬁf Mr}ﬁ_ il Rs ‘i_b&ﬁidihg to

sone 25 enmbodi nents of the inventions. FIG 23 is a

sonfelepvpodimenrtaot e investiaser at i on of sone enbodi nents of
t he_.inv Lons.. .30. DETAI LED DESCRI PTI The .
ST S SRR Bl die R RS PSP ARG pyprored memory
systeis a€eBrdindo beth€EmBaliREnts Y fHeQh RGtIGRIOry systemis a
mrrored nenory systemthat typically operates in an 3

WO E160 49 dxabiogk pagrauszoos¢iiaintad a systear insdveta nienony ed
r tate, .but whj.ch may te raril egrate in a
contiafiet i i ntigedesep i o romeatindisnenss 6B yuluionson of
a tPIGY9etd aBlobRtialfagh teProsQifatid B ¥me I BT MY mah be included in a
di scussion of triggering failures is provided bel ow.

mengigreontielldraicterdingite sorse embedimgntstof ghesipgensions.et ur ns t o

t he{-nt et | eaved .mrrored nor tate, Each channe] in

s o6 o)ty AR el B BRI o3 AP AR GORIRE o dohe
embadaReis bBBe idvenféng Nterl eaved mrrored nenory state,

the nmenory of each channel stores both primary and

r edUfd 3A1s ajbloek diagram representation of a memory module according to some
embodiments of the inventions.

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

DETAILED DESCRIPTION
The inventions involve interleaved mirrored memory systems. An interleaved

mirrored memory system is a mirrored memory system that typically operates in an

3



10

15

20

25

30

sections, and corresponding primary and redundant data
sections are stored in the nenory of different
webanned7sz2 A nenory controll er of the system cPeCit/D81083/034439
the operation of the interleaved 10 mrrored nenory
state and any non-interl eaved states. The nenory
i,nterl mrrored nmepory node

. troller is in a aved

intepfRayedpurtored ROt itate, Pit phiQURR fRQTAY PRSTate 1B 4io8-
inteflehivedl seie FEREBEdhsS torthe d G o SR |eSml

" non-i nt e?l ea_vedsrrpde _\Aﬁtgﬂﬁ?t is lg%ont r%l ie(n%gtléeﬁ%léIHOSI
asseyylaly ey dipcussiae af iriggeringfeilorks 3¢ progideSbulomal Waxathe! feiburefis

corBYRUEHE sPAER LA 1§ P ifbeiba B e SaSig et Bt channel in
the Bferh i ®ubRAE InSbeth6% AR a3QntHIRE UBSSintd ij@éﬁ?{lirrored

the inventions are not limted to the details o
mempiysiate thppeaorosl espl ckanpel sfotes beth|peaneey amhrbdundant data

non- r Vi states. Various types of nmenory .
st o <Culo R g DS nd iR o Shsfooe 57 Sk e amemory
of diffigbmtdanm®ry nodul es and di scs or portions of disc

in hard drives systens, 20 but the inventions are not

so A memasy conentist 9f the dydters coniedls theaipetition oé therintereaved

- V] . Merely. as. an I and not a .
mind S SR Rt AR Fal B R The Do eafiotieris in an
inteileavied Meir@RIIRHYM TP M) whedl it BoRirbBink Me JRlth AN ifteRbived

.for ECC. ECCis not required. The nmenory devices are
mirgqad PRPEEtiate.o The mamonceindrolipwis ima nogynteifeaved wadp vehen it is
conﬁ&ﬁngg‘l[gﬁsa&teglelwacn%%-iﬁfeye%%g s a}i}e'\./lS chi ps manuf act ur ed

acco 0 curren 25 used technol ogy. As

andehenl examisaf syhemeBpaAingiaVhieAsaveR YnilerdaQhMABH states are
npries. The inventions are not restricted to a

proviggd below a Fxamples pf mp-ingasleay asissatestare atserdictisket aHowever, the
. H n t t t i t i . t i |
imveRchs 9 nal BhAKFp' B S04, ot SRS Skt B3bniiyona

non-dtitedegva@d iatag)l ar tinme. It is intended to be a broad,

non-restrictive term The data section may include
datVRricHatYPES olRGBPAseMI s anaydsritsed uBxamples ofeemenyor y

: I [ [ | huous i n J.ogi.cal nory.
asseilir;"/b%?%%c?ﬁd’@ %%ﬁﬁe&ggnr?tdélﬁ? gﬁcg ﬁ%gse())(rtpé) 1or}§fof tdhsg in, g?rgrﬁlves gystems,
but the drvientisnscirangissodirgited iVEmory MEIREOACRARTRR one or more memory

PCT/ US2003/ 034439 A. EXAMPLES W TH ONE DATA SECTI
devippsg Npretres anssempleyamd mgt azequitegent, aneseory negdylesmaOhe 72-bit

S5
I ' i T re r .
ol 01 ey ML R PR e B v
requred. sThe hemoey d&hcesatt wot Siadrddo ﬁ%agmrak teefinol OgERBY Skample,
subsystem i ncl gges menory assenblies M, M, M, and

the Rgmory dgiices,may be DFHYls ghips nianpsetugesbaseelditgsto curently widely

S j ich,are .
s TR 55 8T e iy A8moRL b s o
The byentiasraredotiresti¢tod ® a patiodat @ghdliag tdvbnkhannel . When

th;ﬁle is failure in a nmenory nodule, the failed nenory
¢ term “data section” refers to data that is stored in a particular memory

assembly or a portion of the memory assembly at a particular time. It is intended to be a
broad, non-restrictive term. The data section may include data that is physically
discontinuous in the memory assembly and that is discontinuous in logical memory.

Typically, the contents and extent of the data sections change over time.
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nodul e can be renoved fromits slot and a properly
operating nenory nodule can be inserted into the

W@ b@t/044162 Al t hough system 50 and sone ot her sSyBCEDS2003/034439
descri bed herein are illustrated with four nenory
assenbl i es per channel, this is not required. There

. T RSB s St PR R, S e PR B ASSrEL v

ev eF‘IG tZHHHﬁﬂitéOa'@s@ﬁl 3019180 Sin ikt e By nﬁﬁ*&%ﬁ‘fﬁeﬂ&gg?%/fem.

modul es are enpty. The data to be stored in the
Systers éfiialedss |asnezlmry @erdtrcpltﬂr 62 poipled to afitshchahbels¥caridenscond

dupd
e oo e T O s RS BRSBTS, ap
whicﬁ QR édi\?zed% 8t %ﬁrﬂﬂeﬁ%éexana ﬁ%&dry aseln®liBY MIBRM, M‘&tah@m

expect ed t hat
WhICh anmoualdd tastagat charplekit nTlm memer}uhodulhsemayr ve lﬁSBl(DﬂftBln slots

that .t h d t woul d be i dentic
conpiddeq g g un\da\gﬁ% i S 21js¢ &S%@g{ﬁp%@o@m& eie%erleemory
moéfd can Be FRIVed Edn ﬁ%l&%}l ﬂ?@;‘!@ eref%m@rn‘l (ﬁ// fr?(gg)lez&n be

correspondi ng redundant data sectl on could I n
insgtedvintovthg slofor exanpl e, the bits in the redundant

cor RUEG e EmaD et shp ot s1Rihs festibed eatin gLl with

fouPfe iRy asderhBlicqsel bipMnbS tH1§‘% n%f‘?eqhﬁé‘d ThEe Ry Yednore or less than
controller ordinarily reads, wth the corrésponding

four mgmatiazssertblies psechanoel. deisoge ambeadiimepts, the system will work even
controll.er always reads

tho?ﬂgsoﬁe%ﬁf/ﬂatﬁ ]gatéleaé’trfs%eﬁv‘? éFmFY PRAHCS #E CBBRF-espondi ng

r edpecdid todtsPors@ it 1he ‘ihénﬁorﬂ stfeﬁibhkﬁ Fs dh\%déi?ﬁi?(%ﬁqaﬂyrﬂata
t he Iixstem However, in ot nmbodi nents, such

sectigns I3 524 23.4aB beind B2 #rel mpqndmgmdmdaat dartayeod:lbnsabél’
er.than t

dt dant, d t L1 t
DA P 132" SRIHRE s BRbAR of sk eiluidentEin o il Sestions
DAI JDAREDBY sirRIMBB 01t |1§e£ﬂé@tet1 |tlﬁdﬂ$r{ ﬁl@Eﬁfin@c@rﬂéhﬁl fhplEhéhtations of
2 data sections DAL, and DB2' are stored

the fiycraprirhatdlsiedmndaas it sectbns NBYIddeddaTicakiodipectriasphnging

e N e e
con‘é@cﬂr@ﬁl@/ 18dvhdan: Bl 10 a3 %h a ReGHE dia ?9 E¥r ex4tipld, the bits

here is some failure, system50 is operating in an
in therﬁeéum@at/eaia pactipny eald hetheriyvessexfahe ¢arrespensling bits in the primary

ments, a pair of data sections (for exanple, DAl
dataé‘égﬁ%}i form a data group, such that the data

se C!.‘heQﬁrﬁnéiy daaaedtionak thedndahaa tigy @@@owqon%lléﬁ&dlnldﬂiﬁ%ﬁds
the data sections are exceedingly small (such as whe

with the ceyresponding redundentdate)section Beirgmbackspp $(gn@¢mb¢pbments the

merg&g%oﬁﬁgﬁér%ﬂfwgreé akﬁ% aér?rggrggdma\é\%kﬁéne%@% g}aln &he c%eflgg(r)rélding
redtﬁidlahﬂ dapedetctiod ifROYaitune iedetetidd inRid §ystin. DBoweddrEin other

concurrently read or witten. It is preferred but
embogimenis, @mbeaf arg iseussed belewcthe smorn gentygller nigg cheesg to read the

redundant data section rather than the primary data section even though there is no failure
in the system.

In the illustrated example of FIG. 2, data sections DA1, DB1’, DA2, and DB2’ are
stored in memory assemblies M1, M3, M5, and M7, respectively. Data sections DB1,
DAT’, 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
w0 e@hoer’s1 i mng tol erances. 10 As an exanpl e, PCI/BE820083/034439
enbodi nents, the small part of DAl is a half cache
line and the small part of DB 1 is a half cache Iine

whi ch_ t t k whol e_cache | ne
Acaéﬁﬁlyeggf A eeré ﬁ%epfgﬁw%owsrﬁmwps@ﬂa& Hbatalqﬁ%riqaved mirrored
[ I Vi n
R R T R

foriardategdsp, shelh fha’ofhe dhta@edmn‘s agy ench halda dat:a greapl Of odarse, unless
tinme that ther half

the té?t%tsgl%t@% a%?ﬁige@il%ﬁﬁ satngﬁ (5 2 PHFE 56y SERHE SiirRaly small
part-gmfgheir @a%é‘éetcﬁoﬁsnwflf’ﬁec:%a& Bewkifgdaandu i@ I m'ﬁ?gfe otr@ﬁary

read latency. In contrast, In prior art sys
coutrdesfperatioy, oyt asmelt pard n&DAfendm shial peetre DR haereehcurrently

herefore, .it | 1 take at Jeast tw ce as | ong
rea%ﬁf WrikeR Fb%%reg NRFqpiged dhat ﬂ@é&e?tlﬂnédbﬁﬁwéﬁgfﬂé?ﬁd

tog«;,l’cgelI Aokl 5191'1'19}?10 z?SE&HB % thAASRUATE Bent Bt 9?1’654 tlgg memory

channel , and nDry ips In systenms 1
conubﬂeeraﬂewtfam‘eglttéretlmngOIempaml ities. The inventions

are, not restri.cted to, a i cul of storing
o AR TP i PO R e ST eathod A D gekart e line
and'tQe s&lﬁﬂ1 Bhrt Of DBh §s ARATPEYche3mE Wléﬁ%ﬁ%‘ﬁ&r %WGAB %,h?le é:ﬁcahe line.

anot her " enbodi ment, data sections ,
(Asmxampy: the sataﬁrpad df DA hrewap by anedé hillf cahe Mhe alv® theMimall part of

DB ey ez VBB G igp dcF ACYHRIRGE 9 JGBE HBP Fsbanyp! T, half of
the ¥Bta 261 MB.be rr@aﬁﬂ?&h 'tl’{eeﬁﬁét clﬁ%nelaa@ %@%ﬁqeqmla@anoﬁ?gr Ralf of the

sect1 ons DB1' AL, A2 may be stored In
data]gmmpys read ﬁemdhe es;:oMi pheMBlpl I\Z‘g‘us et twiceshe odaid behdpyidth and
d sections DAl1l', DA2', DBl1, and DB2, be stored
halﬁﬁ ﬁ?ﬁd% Yssenblies M2, M4, MB, and MB, respectively.

I'n 1l ontrest, iTPEBE ¥t 3p3&ATR0) ﬁf’th%rmﬂf?y dal\t@ sec%’%gs M orﬁ'tﬁé‘ bame

be cal | ed the first, 30 second, third, and fourt
chanmsto Therafmeribwvilbiske THisst thignes bng forsdaa rctivay };)Al/ami DR 1 to be

S coul d. be caIIe t he f
reod, R R BT o By th ooy e spgpelion epagl, and
medbE dhddrih By ABAPLY e 5®6MbivASe hdveihd @ime daBEkiGLiES NO
necessary and particular 6 WO 2004/ 04475

PCTTheSRo0BiI003 44 30t restrictidig any pattisulan brsles ofydringpdmary and

red e oL W FRBot NG b BB BB et Clbheey B ample
in ab¥thePéiflb ddBAAOGRE BRKioASDAIS DUSS BB 12k BT rrthSHlBé/ stored in

nemory assenblies are those mam)ry ‘assembl i es t hat

merseryrassespitlies pE1, Md.yMS sand 2, reeneriivnty, and dtarsdetions i B2,

SS hose meno hat ore o
DTSR B ke R alTE PR DL HE My a2 el As
anottef ek h@sie, JARNRENoRISBIHDB2S, DARtand DAY ﬁla?/l%@td?éd Bh¥mory

and redundant data sections. In FIG 2 VB,
assegpiieyBl hd3, M5, and M7, respectively, and data sections DA’ DA2’ DBI, 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

6



10

15

20

25

30

primary menory assenblies and M3, M4, M/, and MB are
redundant nenory assenblies. In contrast, in prior
w@ri4mysssem 10, all the primary nmenory nodul eSPEr/ESmN3/034439
one channel and 10 all the redundant nenory nodul es
are on anot her channel resulting in greater |atency as
descri bed. B. EXAMPLES W TH TWO DATA SECTI ONS PER
MeRPENEIRY ho\labelyBI A1, A% DBLLi DB 8l sKeedt thatipsiomin cases, thsrecmay be
vatdgSntedifl bR Sn DB 6 PR BT 3 S DR R RL PR
dlsaﬁgﬁdmbocdnannel s 56 and 58 and nenory assenblies M -MB.
Redundant dat a sectl ons DA1l', DA2', DA3', DA4', DBl
DR2Prim@smemery asgembligs arerthorgimemRry asembliss g stopeponly primary

R RE RE X R B0 RS o PR DA tre oty
redendanpdata edctibhdGand midal mement assn’nﬁbliaé&reahdsd%&nafy&ssembhes that
stored.in ned§é%lpg20 assenmbly ML, data sections

storg hgtippsimary g #ntidatagepiinns. & EIGA, MvaI2 d\ééaand M6 are
prlr§§1§7 ési'lggryl onlslﬁ)%%%%l\/%r %IB4SW afld My 48 dﬁﬁ%ﬁém(l)& aMRmblies.

are stored 1 n meno
In cangastiih pribf art dpdtém 40,411 the pribBiy mechoBB2odules altewnaﬂlelchannel and
assenbl y dat a sectl opns DA1' and, DA2'
all %19 Be rtidant TRADRREY TRREIFRSY YRR 3T 9P pthed & apeliEaybaRn Bisateh lgency as
d.qare stored in nenory assenbly M5, and data
sectl ons DA3' and 25 DA4' are stored in nmenory
assenbly MB. Many other orders of data sections with

B. cahphatl s TSHERERRde SEnTiths feadiEMnR SrassamaLy

Bi;mggg ‘?1%)%5%1%&% ) s'yE‘temWYch% 55 Mealbd ngn?ﬁ’&%% %’f‘e‘fﬁcfir? Uystem.

are"stored in nenory asse
Syssame 70 orebded\3 nencbripBaitrallee 72 tund Bkt hmnd saeomd yhmsleﬁéla;ad 58 and

merlRiy e L TG Kebrroi e Bt e Lol ) DAg oD AF o oAf 1 HB1',

DBPEPBY 278 DL ﬂé@uncﬁﬁf @nﬁ ?&bé& s c&ﬁ% o%éﬁma &ta sections

stored I n nenory assenbly data s ctl
DADABAzaDA3 sbadeDBlnDB2NDBY aad ilBFb respbBivehbnd dat a

ns 2004/ 044752 PCT/ 03/ 034439 and
DA n't Waﬂpi?%%’f‘ﬁ\& HB PSP 18&%@@6@;9 kf%‘% PIY fP¢ n memory
ass@XRYBI £ data BB D1 'and PR i8S stofttiSn MekRAly a&%&mﬁm data

t hey have both prinary and redundant dat a.
secmm&gmi bBB4hase/stogpdbonienpry assembhnd Sy data mpns PRBAamhDB4’

are bR ER OB APRCRN e goud setiobn iy and T8 A stpspd in memory
asseﬁﬁlﬁ?'Mi datadeEifins IPARHNID AL 45 stbred ih %@l @8sephbhy Mg Hﬁta

whi'ch is an interleaved mrrored nenory system and
secﬁlcmsmizand BB erd gorgd liy meneryressemylydd 6 ganidl datpeections DA3” and

tem 8 troller 82
DAZ ARG 5 e e BBha chamnel s 56, and 55 1o

whi MBHW&H@J Mdex@‘b‘f* Hhﬁ%e%m@ REthYBspRE o GRRb§ Dssemblies ma %\be
respectively. lustrated, primary data section D

used. For example, in another embodlment data sections DA1 and DB1” are stored in

memory assembly M1, data sections DA2 and DB2’ are stored in memory assembly M3,

data sections DA3 and DB3’ are stored in memory assembly M5, data sections DA4 and

DB#4’ are stored in memory assembly M7, data sections DB1 and DA1’ are stored in

memory assembly M2, data sections DB2 and DA2’ are stored in memory assembly M4,

data sections DB3 and DA3’ are stored in memory assembly M6, and data sections DB4
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and redundant data section DBl1' are stored in nenory
assenbly ML, and primary data 10 section DBl and

WO edwidant data section DA |’ are stored in nmeP@I/YS2003/034439
assenbly M2. In systens 70 and 80, there are two data
sections per menory assembly. The two data sections

ff t rtio t nermr senbl y
SELRES MM EATETR AN RIS ——
e o b s St 0

a me
t heAn hd%%th%@mf aasmg Gbth primasy ant{l ;aedirugd%? d?tﬁg)n Cttr{?@hihe(argfmgry
at a, sec e o
ass it G B hS At ted i S rikspary grsenibtyy e Sharinel.

Foreamiyl§ FI16! GillukBaich bléﬁtérﬁtseswﬂlcﬂw aﬁtéﬂégw %rga‘}ed‘ﬁfe&%ry

i ncl udes a printed circuit board car
systnandyin @vhlgigthmms only ojns@nqmce'y assembéy pl@f chanmef. Besydteth6R0, a

mefgbf s helerst s $Alita i e fipdifiatneds 8 ifsd o Wiigh memory
mo&Ees MAad Wafescoﬁfal@ﬂ &ds (Pe@tlﬁély PAs i-lﬁfktrated Mﬁa@%taﬁ%cﬁon DA1

is stored in chip Inthis cas
andggdund@mﬂatﬁov,eatlwgwlf ﬁ@rS@QTBd danarnewssmlslyME aind prlmary data

sl BB 53 o R BB oS o YRR s Bt
gr elﬁts?étem!; 70 38080 8RB %éw @ata $RBHE Fr Snddor§ Iabﬁﬁlb%n The two
side 2. Chlgs 170 may be on side 1"with chip

datay gegtions arq g0 lffZEHFPQIUOQQOf the oetroay essemibty. dEttese &ec/arlmmszvays in

v Ay RBBer 050 B A o 5oy b
assdiablgli ng different data sections are in different

parts of each of the chips and distributed through
nul Widsr sonag, ?lﬁbOdlmﬁhtSr sompgf the clrips éortalsangle vhlp)ja&the memory

modifiéhaf 1o eifith SR, Site ot e i ot Bsinele thip) gy hold
anotRelddMBsdctiohs Fot exaaithlé, FIGT TR Ris@iteS N hRMmotPhodfle: 160 Wi
In this case, the ifferent portions are in different

inclyggsapriniest airduinheard (BEB) pardad. Mameiyzohigsl 164 . 1266 akmon a side 1

or1sat SPGB 843 2538 BB SR 5y 12

In F(EGSDEO andoMEe deth sedtivas Q)ATIHM sﬁﬁecﬁmgjhﬁi%t 184 . NUBBLhd BB 1’ is stored in
i vi sions. For exa each chip may i nclude a
°h1H§| 7P er-dd2. Huthas epseitt %nOmABS hplding Ideﬁf@cmt datawectiensmre in different

st R e D TR L ST iy v e

or gs&t&cm Mndfﬁnb&ﬁméﬂtﬁ otigle age nEENiPs o@sﬁ@he@upsclq’()t act72@hay be
nory chips or through ot her techni ques such as a

Onséﬁibwgth%ﬁléﬁnnﬁﬁ@ mul tipl exed with other
| QGRS {10k t,ﬁsyt\&p@a gé%‘?l?ﬁs (rﬁklegnd bﬁtlﬁ e}éqggﬁrf(gr flﬁ? %ac of chips

nmenory asse cases

164t hd66 ohethumke pbef pOrEIoDY of tAS SRMdY asseMBEH o2diAS Qiffednt data
i ncl ude one, or nore ranks. The nmenory assenblies

sectipps arpdp STentpaRh phgashion heshipscind Hsioried thagughaveltipleeships.
Thefe"iﬁay O mBRY Rark AP Gatk gé'ctlr&?gé{ln%d 11(iI g Bl%'éije &ﬁ”p.oﬂltematlvely, in FIG.
13, DA1 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). InFIG. 13, data sections as shown as being divided into only two
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10 how they are inplenmented, except where they

expressly are limted to a particular nunber of ranks
W@ ten/oewsnpl e, FIG 16 is linmted to one rank PEr/US2003/034439

menory nodule). In sonme enbodi nents, the ranks

correspond to the portions of the nenDry nodul es

hol di diff t. dat t FI GS.
srofiy Sy HATeVEh H5eS 1y B & Erceigguiber ohaRionb s Gepple,cach

chlﬁﬁia?%clg& a dlffege?ﬁ?dﬁﬁ‘é‘edtf%nanm her rank, then the
portions of the 15 nenory assenbly holdlng di fferent

datAs seedthernis, thowlrm “cank?’ esfpsrid those diebfoey deticesan lagnenhcrry
nb d h ks uld. not correspond to
ass?rﬂ@y ;’3‘8\? f‘regﬁfr %{%ﬁ F%?qun agselectionyngy, hgsgmslgb Ad clip
seldct’? d&ﬁa@%&tlﬁ@ﬁ&ﬁ&y%ﬁk ¥ S bR R AR %ch‘?ﬁ?{fh@ %%ect

assenbl y. 571l l'ustrates a nenory system
COHHHFII‘@Imulylpb@nd W@iﬂllodler Sfformationi ds sorae dassgaherd is @fly one rank per

channelﬁj 8. FIG%H6 illustrates a nenory system
merhelg AP LS SR LGRS, DETecics T3 Hith Obe Pl PR GRE I Atpembly.
Moé&ik1an6e hﬁygﬁclaﬁ%&stwd 'ﬂ)r Elo@ranﬁs aﬁﬁ’e ﬁem Eéinbheis 05 systems

assenblies M-1 ML- 5, re coupl e
desgrthedne thleelsalnalrnemrlyvegme g0, cesndv& ra?a,ks it dhpdulb/idepending on

b B e S 2 TR SRS e
of riER{(fo? RREMpIeNEIE 168Y 1iRGedRS SheFink F&Smdd @x? rfug&i\rle menory
25 assenbli es per channel.) The drffere e

FI d8some gmpodinients, ﬁwtranhasmonysmmdtto tHel porti@R afmhd:fn@noﬁl

d
modyles RRE S i B8 SPonss TaOSaties e RES 10 g ifching 164 ..
166GhRamNRle $abard vhifio 7ondepenge it dnbtHep PJnk' f?leh m&{s%)the

VWen the systemis operating in | ocked
METRTY FETHIHY ﬁ@ldmehﬁfh@nh@ata sestiomsswould ppﬁeﬂpngd &1 diffiesens samizs. In

t her ne th FI.GS. .5 a
othef Rl By, Pl (O S BB esme S T bt (pusSainnfnin P
12)ML-7 are referred to as ranks Rl1, R2, R3, and R4,

respectivel Li kewi se, in FIG 5, the ranks of
ﬂ%@ %g@,@%ﬂﬂus@r@termemory Ivistams with@ne sk vtk n8nzorg aGeinbly.

G 5L SRR A 1L e

chargie® FCaRDBLFIGNG ileekRe a%e%&r%ﬂﬁzdﬂelﬁQOB siffla meRbryontroller
menory assenblies M - , - 7.

102 padéiaé and seomt ehaneeISt%@nd Rk dn BI‘G%érrmd;ﬁ azegwjo h$semblies M1-1,

f dto
oM M o S M BBl 6 D BES b o STh14,
MIl-8carided d&reicogsipedennhdl 98f Mads§ alenbliB¢MIEL CSMILS %ﬁ% one
8 illustrate system 110 and system 120, each of which

rankpey memory mpdules d Agtsranggnasa thermeybe moiker lesgthen four memory

2 and 122 are each coupled to first and
asseﬁl%ﬁggn}gércﬁg%ﬁé s 116 and 118. Menory controller 112 of

FI Ghe diftppencatvesyehdGs| 5andld & Badndmbéryl ddntrodeD 8 FeB. 5 is
and nmenory controller 122 of FIG 8 operates channels
opergjipg channels 96 and 98 in locked step, whereas memory controller 102 in FIG. 6 is

operating channels 96 and 98 independently (not in locked step). When the system is
operating in locked step, what is happening to one channel is also happening at the same
time to the other channel. In both FIGS. 5 and 6, the ranks of memory assemblies M1-1,
M1-3, M1-5, and M1-7 are referred to as ranks R1, R2, R3, and R4, respectively.

Likewise, in FIG. 5, the ranks of memory assemblies M1-2, M1-4, M1-6, and M1-8 are

9
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to and 118 independently. Menory assenblies M-1,

M2-3, M2-5, and M2-7 are coupled to channel 116 and
woromoys7assenbl i es M2-2, M2-4, M2-6, and M-8 BCEUS2003/034439

coupled to channel 118. In FIGS. 7 and 8, the ranks

of menory assenbly M2-1 are referred to as R and R2,

alsq 3 erte s B RToRERE R epbocty Bhihropusathey aegossssed in
1oc1&&1fseéﬂ@ﬂh thkAR 1IRRAGCERory3REEriBIRs ML lfSngs, ME{WB! ¥nd M1-7.
asse géGNQ 7 are 15 referred to as R7 and’RS.

Howpvesyin pritheragks 8f memery asaksblads Mii2pM/-43dd6) hhdb 1-8 are

- dt Rl

g MR oo BT e Sl e st
indéRa0aRk ofehies FloVRYer, in FIG 8, the ranks of nenory
assenblies M2-2, M-4, M2-6, and M2-8 are referred to

as Flark < apd 83H@BtR1€OSy_Sml HrahdRYSemALS, eavtl oRYvhjchatrre memory
o R PR e BRSPS S RS REES R o
and%8&dhdi dhakulE h16 &R Al Méﬁé@%n&@l‘l@?ﬁﬁ!é of FI@W &ﬁe?étg.«z(gfﬁnnels

it may be carried on the channel. In the case o
1 16§@§dr1§tuelockcd sep andmemoryornirotlent2t ¢fFIGeSropsrathichanels 116

e :

st 8 BB S TS 2 B A e ued o

chag¥iel 3 €0 ah@hRnlokP MskiblidsV2 X 8MA evi2id) afid ﬁ2 9 areaco'ﬁﬁ&H € thannel
130 includes a nenory 25 controller 132 IS

118¢ duyBled T and §,1tke ranksiofsuernony asseaniiy M2- 136: xafmtreme asR1 and R2,

e B B Bl SOLR6 ML R B e gt momory
asseRiblp VeZl5 tage ifarvaab ad RS aad R6”ﬁﬂpﬂh¥ rak8 O Rleh Py Membfy M2-7 are
M6, and MB are coupled to channel 138. D'fferent ones

refegred ¢napREeneRS. Edsmiss, oy BIGL B2thamanks o plestbry asswmbbazyMz 2,

V3 FRTBLA G g o Mo o R A a8 e

andsm ﬁaspe&ﬁe@u HeWéved 44 FRG €3, GRithR ot R IBYREYendiRs Vo1 -b &512-4,
and MB, respectlvel , and Carry chip

MZée%d:M%& @fﬁaYP@Hle@ tq #raranksTR@anbR 10, & 1d 20drRiide ka3 snd RO4DA
RisEHHR Febertiol, bRl e ens il BSpdetin Pt Rakonty

chamepatat el y for illustrative purposes. Referring again
to FIG 3, chart 1 shows an exanple of which
par® the gase indehigh tlsfec&mp whest pepmsed srovlsilexed, dawhy ba named on

0.in,the case
the %nﬁﬂp gf;ég&gér/ %ﬁf i@ ale lg%lﬂ) seYe%ﬁre(i%Z t %%glg%?rg}oryé:glqs the chip
seleétl 1ﬁi‘0r1¥1)1t1@nﬁha§3 b6 Bomvankd 6¥e@ fc@ﬁd&t‘dry thaPhfy @@Q:Qnsﬁ&éi’éd Dﬁ‘fﬁt of the

rank R1; DA1 M2, rank R : DB1 M, rank
Charml of sgpRrafextronp 3ty or exmuple .o F1R3Y, aomstemiB0 malnﬂemnemory

conti¥Mer 13MBhat fsa&)lﬁpﬁé to Rﬁ%am%‘ecoﬁ@%n 415 lg)@gmd 138, which may
represent various 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 carry chip select signals to them. The separate conductors

10
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Vb,
I\/B,
wWORQo4084TR2 R8:  DB4'

rank R5: DA3 M,
rank R6: DB4 M,
MB,

rank R5: DB3 Mp,
rank R7: DB3' MB,
rank R8: DA4'

rank RG6:
rank R7: DA3'
Chart 1 A¢BDS2083/634439

DA4

various orders in which the data sections may be

stored with respect t
For. exanpl e,

chart 2 shgows an exanp

o order of nenory assenb
le of an or

lies.
der of

142l 44 pepyshecqangiderer pas 06 elaannels 1éﬁﬁad 188, dwagghewn separately for

111u§EYa§1'\/E%§3Q>)S d haf

is different than that shown in
DA1 M,

rank R : DB1 ML, rank

chart
R2:

DBIRefbfingragain tRFIGDAthart VBhowaark eXddapl©ALwivith pastivklardata

DB2 MB,

rank R4: DB2'

M4, rank R4: Mb,

rank R5:

DA’
sectfgns vy, be gewed i eachmank igerach misroRpassembly insystera TR trghe case in

whigfihrs e i b ) e PO %es o ERT) et B

oneefabogdcti®nt s,

Mlgank RdePilon even t hg
MIlgspsk B2 DAL exanpl e of
M3grank RS DB’ r ead from
M3geakpldeDB2he desired
MS5) ARk Rshata3 s busy or
Mseﬁ‘ﬁfe%ﬂm@ there ne

rg@ Dg@d correspoanI
rLanks, 20 4l
M7dra§ g‘@aﬁ ages for d0|

YR repleRd: PBlno  failure
M2 reakBA3: BB2do this is i
Mhgank®83nDaif dat a secti
V4 vanly RdaDa2sect i on may
h¥1s, iatle R5bpER accessed. |
)Mgera@glwaﬁ]gqnt age i n haui

I

V\D 2004/ 0447

?zﬂht sﬁﬁes only

the nenory controller may choose to read

prlnary
in the
t may be
on. For
be in a
n these

i ng
ons in

52

ChaPCl/ US2003/ 034439 FI G 14 IlTustrates a system 180,
which is an interleaved nmrrored nenory system
Sy sthene agyvatiney erdess im witiahohe dafe seqtiohs may b stordrhwith sespect to

oar

ord tf%éed t

secﬂ&@-m syitdas e nned 911 h8d
hub 188 and gubchanne

r,ough a fir

hub
aﬁse&iﬁi?ﬁwaﬁaﬁw S i
tBRYPHiERrdnd tHaR RRALBSwWn in

Mt

ls 19 98 5 are cou

chartdpeat er hub 190. I\/brmry assenblles l\/[L I\/B Vb,

d[B CTrdarInme]
Ml ﬁ E@ghannel 194
subchannel
M3M§
M3, rankR4 DB2’
MS5, rank R5: DA3
MS, rank R6: DB3’
M7, rank R7: DA4
M7, rank R8: DB4’

) SSEn IVIL H, IVU
%g @ﬁﬁb gg& I\/Ill ML3, NL5,
M enbl ies M2, M4,

M4, rank R3: DB
M4, rank R4: DA2’
M6, rank R5: DB3
M6, rank R6: DA3’
M8, rank R7: DB4
M8, rank R8: DA4’

Chart 2

han

;fﬁr?éaer of data

pled to
and M/

and M8

and

As mentioned, in some embodiments, the memory controller may choose to read

the redundant data section rather than the primary data section even though there is no

failure in the system. An example of a reason to do this is it may be quicker to read from

the redundant data section. For example, the desired primary data section may be in a

rank that is busy or has just been accessed. In these embodiments, there may be an

advantage in having primary and corresponding redundant data sections in different ranks

although there may also be disadvantages for doing this.
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ML8 are on subchannel 198. There may be nore or |ess

than four nmenory assenblies on the subchannels.
worioms4rsand redundant data sections may be stPCEUSHS3/034439

described in other 10 exanples in this disclosure.

Channels 56 and 58 in FIGS. 3 and 4 are referred to as

dir cha se of the direct

c onlﬁ@c tlﬁoﬂusgrfapetg ﬁgY% r@g ﬁ’tcg 1% %nﬂgé?r‘ﬁ\l‘% g megory system.
Sysvéne 1 8Rchides h ARl cdifindlled Ph th%@l@ ’cog[ﬂgd #o28re r?atahlﬁb 15t

e

are not direct-attach subchannel s cause
thrqugh afirgicihanrel [ 8pard @rephabshubTHY thrcagh lasscdndrabbmicdnl 66

S 8B, R U8 LS 15
are Syfl@® rogeskdr Ghub Q90. M’é@r[ﬁi*ﬁb&*em%ﬁés MEXRPMS, afid §17 Ljérg

show a system 200, which 1s an interieaved mrror
subghampelyl 925 assembliosdVI2 Y4 aMie amt Mcwnon sibichanr@d 294 radsermblies

MIL,M% 2532%% ’}atl]rH?g sgggﬁwéq%,g hans @ﬁ@@ﬁﬁ}%%\%m M16, and

M18/%re dbsubelitgindllid 82 MhefeHR} EéijRe orqgsaﬁﬂzﬁi fo%P@ ¥mb ies on
assenblies M2, M5, MLO, and ML4 are coupled toc anne

the g@)ghargxglsn@mayy and eodbndass dam sedtibps Mby be amded\ﬂﬁdeacrdaed in other

xRS 0P R PRI RS R i o e

attaélestnnels becrmﬁeeoﬁthélﬂlréc@ UbniBRABH ¥t RS ShNe1sas tl&ex‘hel?lgén&%ltroller
may be used. C. EXAMPLES W TH TWO DATA SECTI ONS P

Wherggﬂﬁulgglamppl% be 18498 arsht 9S8 ofifler 4 ateanot diveatattacir eibchannels

Such systens nmay include one
becegﬁér@r%’fr\hgq{rlljggﬁesdlﬂgfepegterh Sodul e, For exanple, FIG 16

| | IThstexamples Bere®yfdre®BVEBEn JMUnGHith Systind Bl BRAVG@Gnnels.
mrrored menory system System 230 includes a nenory

Howeypt, il ingentogs mey b liaplemsntedarithesysteds hamthgdBur ddanoely, For

e. ran
exarfFIE AR, 133 My R0 20 Bish i S v it S Ry sistem
hawa@ ameamytcbmdﬂ}er 203 afd fifsX 3880, thilAl AnBREtth @RnIA 20%@08
are stored in ML-1 and data sections DBl and

212,[9}5@ 2% & Qxe&ﬁ@aplienmmnow asyprabligsdd t, M1 MOnand-M 18 ankeoupied to

447 PCT/ US2003/ 03443

charfi®l 20 SERRAL hiokmp i B Ao R Sl Bl bl T R 208,
meniony kesdmbliepM3bM?7, Mﬂﬁ il 8lar€&ivipled to cRAtHed2 P memory
An advant age of using tw data sécti ons

d t.
asse@@ﬂ kl(\e’g‘% MR, mdM1o@re eoupfpsito chamel 2kh Aementioned, fewer or
mord Hhf Eslg.ﬁ'q}f&go aggeﬂ{b?gs gﬁ‘@l&){né% Ea{gn h memory

asse ies t ave onhe 14 ‘per nodul e and
mherein the system has only one nenory assenbly per

th dvantage is that the inventions can
C. ﬁ&#@%@%ﬁﬁt %ig%ﬁﬁgvyﬁgﬁﬁgﬁg@ﬁﬁ]ﬂﬂiﬁﬁéﬂzdatg Section
{ 4l f
32‘3} R o bR RA Bl (R RS hBRalioR SRR Sughy systems
may értonbldea)mrqn ineyre eethka pathgme! micdise. Olﬁortelﬁgmﬁﬁar@l@ alQSeillu?(trates a

S systens with two data sections per ran
systef ?ﬂaj PPEF ¢h isRy ﬁntgﬁ%avpg m;rrg@gl memory system. System 230 includes a
memory controller 232 coupled to channels 96 and 98. Memory assemblies M1-1 and

MI1-2, each have one rank per memory assembly and are coupled to channels 96 and 98,
respectively. As an example, data sections DA1 and DB1’ are stored in M1-1 and data

sections DB1 and DA1” are stored in M1-2. The order within the ranks is not necessarily
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THAN TWO DATA SECTI ONS PER MEMORY ASSEMBLY |n sone
wepiwedi4atent s, there are nore than two data secPCDNS2003/034439
stored in a nenory 15 assenbly. For exanple, FIG 17
illustrates a system 240, which is an interl eaved

. 1.0 [0 ry system t.em 240 incl udes. a nory
GO o 1 5o ¥ e T B ockedenh Rl o ghammnel dontrol
couMebmylenaaitbl i es M2-1 and M2-2 are coupled to
channels 116 and 118. As an exanple, data sections
DAIAD pylyantapp of using tvOBHa seotions penreuk asindB6o § isthaahirevan be
VP- ta, sections DA2,. DB2, DA2' d ' are
an i o AL RS S Rg Vi e ionprsapu Bl B duve ooty one rank
per @todnReind Wireid BRS§st8RYhal @n[HR Rémbi§S8sehitdy V\Pl %ﬁr’]@xﬁeﬂi?émlpr %Qﬁother

assenblies per channel. FIG 17 is”shown
advangage (thas sheriaventions candbdsnpbementethsar thatgmsts i b yprimabyitiata section

e TN 0 O b RS AT R PED (B e
in difeéntQRs exdBpllsSadjRREt) FERRILY ok #ReAMifage. Charts 3 and 4

show 25 exanpl es of which data sections are stored in
eadixappine of sysserahwith e datasselivns per fihke withrroere tidn drteerank per
I e Lthin the ranks is not necessarily
asse%?&éﬁ?%ﬁ)gééﬁgé‘@ﬁ@ , rank R: DA, DBl' M-2, rank R :

DB1, DA1" M-1, rank R2: DA2, DB2' M-2, rank R2:

DB2,. DA2' Chart 3 M2-1, rank Rl1: DAl, DB2' M-2, rank
D. R EXgEYIPLERWITHMQRE THANFDW ODAATACSEGTIONS PER MEMORY
ASIRA; 2, DA1l' Chart 4 13 WD 2004/ 044752

2003/ 034439 FIG 18 illustrates a system 250,
while bora@ einbodifefBY dretiré IREEThaABN® Bita S¥HoBTStoAHn a memory

i ncl udes a nenq&¥ control l er 252 coupled to channels
asse@g‘/ - exampleshiy. drhiliugrates a systren 24Ps whivhdgen interégaved mirrored

L [ - d
o395 SPUBEO RN MRS 4o BRORTD S5lfo i bt 11
and AtRli Meomay assemnbliss MS el Ve aﬁ‘@yogﬁ?@t@%ﬂnnel@l 6 and 118. As

EXANPLES OF SYSTEM DETAILS FIG 1 [lustrates details
an e%s?fm%les‘i%% wetions MALARAS, RBADepd DR prs stened 3pmemaypassembly
I \I Al not required. Meno
T A A A e L e

are adapleditdelthninal 11181 I hdfeslﬁbps@ﬁﬁre%lqeés&héﬂ“ﬁdd&ﬁ%o@%s@&ﬁﬁlies per
circuitry 320. 10 Exanples of circuitry 320 incl ude

h of
changelenpry control ler hub (MCH), processor, or disc
FIG. 17 is shown with memory assemiblies have two ranks per memory assembly,

but could have only one or more than two ranks per memory assembly. There are various
orders for the data sections, ranks, and memory assemblies. Charts 3 and 4 show
examples of which data sections are stored in each rank in each memory assembly. The

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

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

13



10

15

20

25

30

drive controller. In sone enbodi nents, the processor

menory controller, and nmenory nmay be stacked. ECC
w@Reoeu476 324 provi des ECC control for nenoryPCT/US2003/034439

controller 322 and may be part of menmory controller

322 or separate fromit. ECC control is optional.
re 326

5 / h f
o ob Rt St S S, B B e B BP I meary system,
andT)iE’théH d MembR) @on%‘éfl&ﬁ’ﬁzecoﬁgféﬁ Q«gél'éa‘f‘ﬂﬂg 418 nd WS %‘;sttéx%f 250 is

applied to menory control rough vario
like gystem240 exceptdhat spstemy250 Fadlhdes endnmoty amembges:MZG?U afid W2-4 to

Vi i ndj catl of certain failures in the
sto rr‘?é’ﬁﬁ @Lf%%@?@?ﬁs R %Pe %loPﬂén?%?W@F%"n? 165 Bpyibggdded.
cirCU|try 328 include circuitry that sends a nessage

to a display indicating the failure of a 20 nenory
E. assBXOMPIEROES W -EMEETAIL ui try that controls a

LL?@?} 39 iR SrBIT bFYsvslep b Shkbaen G conaplierig2 may be
RSush tH@%g 'dEt%ﬁs areho? RRIre ORI L Shtro ggﬁﬁ‘zfﬁg}élflﬂs various

fal lures of the nenory subsystem-are tecte
merp@montroﬂw desgribed @l thisaliscdonee ofd is helwedos pam sf eindilitre 320.

shut down n o odi ment s,
e G FARRR G et e Pifingr by (] geecsasoreor disc
drivéSeohtraifer MiM Yithé ¥mb&SIR¥ES, 1R cess%?'nlléfﬁ(ﬁ?r BG83 memory
circuitry 328 and power con circurtry 330 are not

Hmybmﬂﬁ@@d O her techni ques nay be used for instead.

i BV o Py R T el By aaery Bl oz gid may be

arthfTrﬁdihd Yomidbller 3RY oPgepafith f8Glit. tITE Hlith i
P |nternég|gte é?rcu?tsphFlGF 26 |Ilugggg¥gibdet§% Op%?hng

syste@teSe sd/ar ﬁtbm @ft@farm@%ﬁ;mvxdo rsoftwhﬂemonti%@ﬁfor Heemey c@froller

32209 358 BRSO 55 Sk TP S T3 ot

322 NBI0EY vALHE SSeRIMAtO birt B8V CF38Be Yﬁ&&dhng eﬁ&h%%z% %?&{h&& an
and writi n%@betvveen the nmenory control'l er ahd

indiggtipnraf casiaia atiluressin the wemony subsymm 1EXM@1290ﬂﬂ164‘ahYtﬁa indicating

B T
menidi® asdentbty hieHyethanhdlr @ix@ﬂltﬂ?&l‘i?ﬁrcﬁnﬁ@lgﬁ llgﬁ’éémﬁﬁné Hl’%ﬁcc(s)

operates in a non-interl eaved node as di scussed
(LEPﬁﬁ)EISdiﬁQ@Pb@@FTwle FI?Q\@T canigolsdtsuitiy H@mwetles puveerffacths memory

4 bet ween..cont ogic 3
modffil, & ole dub AR EPBrRIARE R B vt susstitpre
detetB8, the @bﬁelemamb@&) all Mbsm{eyofaﬁ@ﬁéﬁm%élﬁbhéswa%h%ﬁ@l may be
sel ects destinations in the menory assenblies for

shuteflgrg. dB ethe parbpdimgatsyps dqsgaquowhwemtaw ﬁi@l@marea@tht@d a user
man'u b Enovg P&\ﬁ&r anﬁﬁre LR 1cat§ & c?ﬁ:tg{élgls &éaaw ¥8‘? grol ggaultry 330

ects el n

are m;ft réquized 2 Qtlen dechaigiues @EE b ﬁ&d&ﬁfjlrﬁﬂﬁd ofhd¢damuRba@difbetween
22 are djscussed below. Failure detection circuitry
memgsy) Cortlict 421 picheiiergdicatinapieyitnns feandmpwes senttilicasuitry 330

mayH2 15@%409&?0%%;@? %’Hl Vﬁi—l—nrne&tdkt&%/cuﬁ 0 al so includes

circultr ‘ure has been
FIG. 20 111ustrates details of some embodiments of memory controller 322. These

details are not required for all embodiments. In the example of FIG. 20, memory
controller 322 includes memory access control logic 336 which controls reading and

writing between the memory controller and the memory assemblies. Along with the
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corrected. A triggering failure is one that causes the

menory controller to change from interleaved mrrored
woretmys7apde to a non-interl eaved node. An exap@i/eSwh3/es4439

triggering failure is when data is |ost where the data

cannot be recovered without obtaining it froma

redundant, nenory.. A correctable fqi lure_is one_that )
memgry Qpéltrgh?r 38 & Blple, TBempLy RS ERSS g%rﬁm l]%gla g%éo@%ly operates in the
. r r.
o P in e feplsyed mode as
dis¢ussad inghis disclostrer Faatvad setandahedhaertenfaces 838 end 240 interface

) : , |
o S T S S o S5 e
are eRABHIRECNEINGS aRcdsh b&ﬂf‘c{lil%g ?56 lect@ééiiﬁﬁgdﬂggn the memory

correct'able failures w e detecte
ass¢mblggydor thg détaiskcetioms to beiwrittan so demnhoaticesroatrokiogie 336

oG ik S i Rt oy P 5 st L Tt b8t afgaisters
3445618 G. DRhAdHeBitd 136 MEIMRAUL ORI SCARI Barddidlaid below.

replacing a nenory assenbly and copying data froma
nonEdikir¢ detectioneirguiiyS3disletectshidgganingl faihoes imemement assenalslies.

Faifyi $96e o B 5P Aagg oy St Qelft B g has been
corfbledl PAHrigBérindBNGIAP e H8f Sfbed e ﬁwm%?g E%I}t%ﬁ@% gg’g%ﬁén%e from

_extrene noi se, and sone soft errors
intefleavadimairtoréd mempryampdgtotdmoneiptarigtvesimode. shmexample of a

. enbodi t. f .inter) ed, mrrored nenory, system
e TR v A A S R S 8 B S
obt&lhinghefr M BLredEddRSGEMBEI A 85iPddhtAe RiliRLis bh&Ha€6ad B corrected

these details. In other enbodinents, sone of the

withacopyisg d4ta fiem fedindani mgmoes cA icptredable errbt Bay 28 comseted, for

be, used LLe ot hers the features are not. 30
exafipie PFp e RaCRp a8 Sifond lentbe b et Bt S i sate. As
des@@e@HRIdve $n 8b1Be Embbdifdchi, scVBRAI B8rtddehbl GRS iy theRB%e memory

352). I n sone enbodi nents, hardware tracks the

assesaldy caebe mteypretedas agriggeringresror nOndingrilysswrdstaple failures will not
i ngl e-error. caorrectabl e (SEC) .er.rors and doubl e-err.or
be dRLOA s G TR R PR B s st e P e e res may
be tedafedlas thpgeri@ thiRded) eMERRE iy sérh@eMBodines, fkfediotld®Ysome
desi gnate any of a class of detectable but not

failyrgs that argimiobcdstactable withews menlacing @ memory asseppbly and copying data

| et n._.errqgr notification . occyrs int
frotﬁ%%g}nﬁ?% réelg%% agF%tﬁy it%a? g/ﬁl& ootvetre af:dC aéﬁrlggerglg tlgﬁures. Ideally,
therg WROUlEDd A SLichrtd§ERe ICaakes &F tiigetial &”aﬁlt@ésrrﬁzﬁl}ﬁirﬁfﬁe an original or
encountered, but that is not required. The tine-based

developed ¢rfeds in SEEMATY 83ssmbly ehiseraheeikes dnd gemea seoft grrors.

ELS oy MO T R B o 14

inteHeaved nAirfdRIIhYmoR g tteth £AA6 B B&cAbédMrYindHAvever, the
redundant data or both. The channel containing a
opefagion of thestemy dpssaibpdhersinrase aotrlispitedtodkesg detagls i other

: t I i+ h a.fai nor
emiFRARNE <0082 edSh EEBERE bl WerRof ot S AR Be oca
whiterdthige ot 1hg féaidesin® ros. det ected (box 354), for exanple

because an . . .
Reterring 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-error
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uncorrectable ECC error is encountered, a read is
re-issued to the correspondi ng nenory assenbly or
w@s®endi7ses. Hardware in nenory control |l er 322PCT/US2003/034439
re-assenbles the data in the proper order when reads
are issued to the non-failed nmenory assenblies.
nory assenbl

rd ntify the y
dotflof IBERN fors na R ndeReptiBiii iAokt | DED Srayi nps designate any of o
clads@F At bleue YO Bealabl b3 idr tORbinda 61?5 S %ﬁlboﬂllnietﬁ?s an
victimremain or become redundant data section
errqrawti§sation ocdessiig tiwtsystamdf a DEDrmrgr 18 agcauatbkt) anif apeetdefined

o PSR SHE e SR e
couh£6EFRT eftoRimdyie éHeb%eafg‘aﬁth afﬁikésﬁf)l% Q/ﬁfc'hfrhé;?tgé VIIH‘B ammable.
eri i B R

software may place sone sort of call for
AULEs(soaese refersiie haudwaredetenting fy etrtne Adaihira matyhmm a memory

oo b U RS SO i
melf@@/)(m&ﬁﬁé is refefledltd Boa VoBmIMaANE! TRO Hﬁh@f( &iaﬂﬁelt Qfﬁhifﬁtcat falfed

menory assenbly. Configuration wite
mel@@ﬂytm@d@e a&calbd tl@&m%mdtmméan@ﬂle i nventi ons are not
u3|n hIS re control
i ST 8 e dBpR BBl B ctabed i 380 M SRR behseieme
uncdﬁ&dablé‘lﬁ(ﬁ)/\ﬁf& iyehdoufRFHICN R DR -k6HRATH Eﬂe%rﬁeﬁfﬁ?i'ding memory
interleaved mrrored nenory state 25 operati to
assegiily peassprhhies Hasdwpretin mwyeqorapéheaﬁzzare -asserables thg data in the

dth
S e A
iderBdy th&aTV@thﬂ@l&er}Ca%@élﬁlﬂkf lr@porsBle Wbl the glf%%rlﬁé ?ﬁfurré qally

isolate the victimchannel; disablin cl ocki'ng,
recogiiguierdynaminelly guehthnidata seqtiemnsfin dles @p@mbmamsufoemeredundam

C t.h .t he. basehoard ment control |
do G, T80 Sl BB B AR G BB Y i
are $vodpipbd eschithet the pRofireddaad dtindth dbe§ hotthelnadnrlvilias.

been i sol ated, and conmunicates the |ocation of the

vi RO rRespEPY OBQ@éﬁageymgfw@rp setifi¢ation ofoftwiaee miag plage some sort
of céﬁg gﬂ?r %,(rv?c%f Elgpécsé § Xrﬂ%a? %%tti&éﬁ()f : V\ﬁlégelﬂ{f?é(ﬂgtgswap e%ent 18

1mnﬁ’1€EHt USR@&ﬁt\@a'iéﬁ&ﬂme MEDir&duRst fgim@@em% s I@&Mnﬁ%ﬁhbﬁ (box
22 or associ ated ci rcwtry f or exanpl e
356)«/\&%9@1@6 thinsharnelivontairing the vessimmemoay esseinhbyl. (Smfiguration write

th di
(Crg R S oS RE TR BREE, he b ifioniel n B e i
type(d:f seftiviue)coneble ridarti@atearr dRE /pasl bOsiHw e botroddblld e vk&l.
traffic _on the 5 channel to conplete through

WaTE Nl feqignes the &i@@@tlﬁ)lh@omn@rlpmdop@mmd WAOTY state

L e I -

lost, (md ¢hat ke ahlaagmml mérasrylvesfigiraibdeathifsdavisB i, cohﬁbﬁtlble
t echpj ci an may 2 out the failed nmenory assenbly
softwargn B)qurﬁ capiolisr 42 vikk thenyelegtricalislisodate e vietim charachel

dlsaﬂ)lﬁnf Aegb ailet ?{ah}gg'éft?lnﬂglt 1hIeh%§e ?gﬁrzﬁ%ysg nztlr%%lo}n?’r{umcates

rou a con on access
with the baseboard management controller to remove power from the victim channel.

Software notifies the technician that the victim channel has been isolated, and
communicates the location of the victim memory assembly. The location of the victim

memory assembly may.be exposed to software through, for example, the configuration
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bringi ng the victimchannel back on-1ine, and
communi cates wth the baseboard controller to

WO 200893451 | sh power to the victimchannel. ThiBCT/US2003/034439
sequence of events allows the menory controller to

prepare for channel power-up by renDV|ng t he reqU|red
edance

rogls; SEASE P A TEOTG CuAlEE 474 Ot idediv (BR exiiiie an MCED,
Wagmne&/ﬁ@}i ¢his hﬁy%@ ORFRINRARATHITBMN $gr it ngxl‘égé?fta‘:tfgél s@%t to the

I's responSible for driving cloc S use
displiys omreheseposidptrolenacess ta Muminaemen LERX es t hat

i AP UEr BT Fbtaa O d Rtz eall Ry the attic o the

chafitd1 @6 Boiglet tﬁﬁﬁ B el tRGHRILhiROR c@aﬁ’éé}ﬂig%ﬁgﬁﬁé g&%ﬁ%ﬁqntended for

| ocked loop (DLL) circuitry in the “nenor
the mgmiony. Rssemppips langelied eparatiohs | mag be mdssu(e& oo thB3 Gidh- vw%tm channel.
seri al

t hi 20
pr E‘é‘é‘pﬁ% 81&1188(1“ A PeghShle y(’P wibe tffqila%wtnﬁeasomn QHt the
failéd @kfoRf BserABR oAt J*bthél%&%lfyea%&erﬁtﬁf‘eg kg Y:Raﬂnfel if

t he swapped-in devices not precCisely match

destr@i:hnology in use on the channel still in use, the
der of.the sequenc uce spuri ous
oS pRlggs e SEREIg R 8PS rtgnjageess i begin

brmtgh% the Gﬁﬁhﬁélﬁﬁnélhﬂbk ofhNige %H'cﬁ%tﬁ'ic%téé %FH {h8Bh&bo@d controller
well as precisely what is wong with them 25 P tware

to re-pablish\pewentmibe yictionehaohéle T hEEunemce of teents allows the memory
st ate, and zes jinter

confg 028 bl Bl ien 2o o atrmd FGE PR VB iprtuce sgnals from
tri- me(tﬁgh BAgddah®Y) fldetiv Sr%)thé ﬁ&}%ssa&'}'ﬂ S0&- ﬁl?ﬂﬁ’t%%nﬁﬁﬁ@ loface. In

on the vi cti m channel hIS stage i ncl udes
somg pnbor ipan ey dontraeng22 alrﬁmoaslbbrfor duining elchsigoals used

h | 0, 21, d
by té%m‘é Hélb@?setél g%n‘rg lsg%ff v ﬁ% haﬁ%&“%a%as VE&Spect | velag
Fl Goftdhreweisar @ﬁir?irﬁﬁ@m@vaﬁ 48 powed 16 BHabilité4nd fok Gy 22

shows a rel%l ster 348 on a nenory nodul e 160. Regi sters

subegdimatephgse skWalpm Rl )owdfor delaped lonkdédoop MRELpeircuithyGR the

merfigey 06 & B oe ridafika it Eisatanti ok S5 e s paiy Software

mayanilize Ithe3‘4a8r1ﬂqztesbﬁcé@t@&ﬂﬂkgﬁﬁ%ﬁto%ﬁﬁ% O A3 3ts e

| ost. That information could be retrieved fromthe
popylaied ddthdhe argesi dsehnalioe dif femevapped-i desiiess doinot pragisely match

t ndLor 348 read on
e 25 1960 GOV B L PR (50 SRR e
produba@tpurivhis revalis.on \Will&lbb m@lbteefomﬁwa&e td Hlfétﬁgth%tt&!hﬁlc%Gchat
nd/or 348 of the newy inserted nenory assenblies.

the ¢yiees arsamppigablenas meH s braciselyawhat uqawmg with themat ed,

ooy R B R HERBRYr, CRRLAR 8 tnd 3 ey e nd
utilinds 1ntnmxbcqnﬂgmtﬂlohh€g1§tbﬁmedses fGksteicnte b?&aﬁ{érﬁl tdPister setljt]mgs

Menory asse box 368 Har dwar e det ect
in the agee@ xﬁ@n echigtim shasmek (hax 36k Buwege mhlées any

1mpécleh€é’ érﬁiatﬁﬁm?%aflﬁ%ﬁ@ﬁ qluﬂ%(c} gllrl(g%f) ?191?%\1,}‘% lt%ﬁ élc%%%eiylcfeg FIGS.

Har dware w aut oma
20, Zloamd 22 mcludldTeXiftensrBda) $)6) and 348, respectively. FIG. 21 shows registers

346 in a chip 164. FIG. 22 shows a register 348 on a memory module 160. Registers 346
and 348 may hold configuration information. FIGS. 21 and 22 may be alternatives or

complementary. When there is a failure, the information in registers 346 and/or 348 may
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and dynam cal |y sequence itself back to interleaved
mrrored nenory state operation with read and wite
wopeiati7ens once again interl eaved across bot hpCiraswes/e34439
(box 370, AUTQ(traffic), and box 352). As nentioned,
the inventions are not restricted to the details of
FI 23.. 15 There are different, types of.. .
be logbhahBipTRMiREFoskCedetiovet EERRp T PR ding poy-{1sd premory.
Howeldeld ds%ﬂYeec%sést ﬁrfe% i50R MeGhidy SHRRHAS e irSadciip! Bl tRAtkase,
Shut "down &6t hat T he systemis no "longer mrrored,
register Jddse i@, 20 ey mohideitleat inforhatiomevhicly pambawritien tornggisters 346

data sections .and for racti cal purposes, they are
and/gy i‘&t?fé]g? BV énﬁﬁemog%?sge@%@?ﬁ‘ons. When power is
I e§nek At ViQim thSn¥l Bbhék SR @Hlibrdt&te se@ areingoved Ricatbry
into Its menory assenblies and the pri ryarf/ and 20
contredn A2t itsmhemnory why wiate mpersdt wilb astomstieadlyebiplipate sk of .
In a tially .nan-interl.eaved state he vi
menfis AFBIhe Py BB AR AR Eeraey nisr ol gely Tardware

will Q%Eta&l'lliEﬁ cBAtmEPYad @E vicheh sukRithaR thd OB dagSinRBAYE i @dstored by

assenblies). In that case, the data sections of the
the aoppopyratiassenbl y in the non-victi m channel that

corresponds..to, the failed no assemnbl r A ]

or HerRgE vl ey Dol SRR iG APRE Rty el ATAD tebmpete)),
and Qﬁr{diﬁgélﬁﬁseqhéhc% B BAKAS imBdedved Afrr6RAEN @AY dtatesesation with

the fail'ure may be corrected by nmerely copyl ng data

readfand mrith operetionseanse aghin interdaavediidress batlpiapngls £aibi i, t o

fail ed N . i i al |
AU et 24 A BrHRa R RRgnulh el ysBRleio v
detall@¥EFI® 28 shut down as it is in FIG 23. It may turn

out, however, that nenory assenbly has to be repl aced.
VarTihatei ave diffenént tynes of hersingertoppedsstates. nBer-axample, dhd By non-

. tates be used. In. sone ' Sin 41 0, :

el Relf s e Eappils BRRISER SR B o oy mo

long¥E il dreds S BRkNcel the MBAVRAInEEhanRe] coftiasisdlbilib dataisactions and for
non-failed nmenory assenblies on the victim and/ or

practionl-peiesesntiedyaain el trgpted ps primanydaeeiionsg Mben power is restored to

PCT/ US2003/ 034439t he .fai. j 1 hi
the Vi FRateG Lot auep gt S SRS Rl ooty and
redun@hhtWiRud & HQh6SGEEEhns s reAINILTEKIIALN b WNeRNR TbolihtéfEaved state,
EMBODI MENTS 5 I n each system shown in a figure, the

the vigtimropaweh epd pememertasseahiies shaeinfremainoperabing exgpk for the

. b t I :
e RO SRR, BRI e
assefﬂ?%%' {rothk @bnRatink Ehdnhethitl cerrespouditd the lfidiled nobinidrg meseinbly

mpl enentations and work_w th sone orc\%a;el)éir of the .
remeipsh enehange mpBmarysizny wed theckailyse 1 gergecied. 18 ggme cases and in

channel bt ' t .
som AR lnierts O sl e iR Bty cDyinRRiatror the
corré{RnaRly nRAdaiMdd Bbmbsy edrisid t@atlrdaitaiineharnyndh these cases, in this
arbitrary. The various nenory ﬂ assen‘oLi es i

partiﬁé]mq.ogtjn@rle@,gﬁgtsm, ﬁlaengténicg@me dogs nof wertpggéﬁltlt don as it is in
FIGg§§ .?kcln’?ay fofh ﬁfglﬁ«g{r&%g;tha{t %e‘ﬂ{br# %@e%‘ﬁa@ttb BB rQlaced 2FRi8tions

e Irnven erence
of these basic types of non-interleaved states may be used. In some embodiments, in

response to a failure, redundant memory for a failed memory assembly is recreated and

distributed in non-failed memory assemblies on the victim and/or non-victim channel until
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the specification to "an enbodi nent," "one

enbodi nent," "sone enbodi nents," or "other
wepdvemi4ent s* neans that a particul ar feature, PCT/US2003/034439

structure, or characteristic described in 15

connection with the enbodi nents is included in ?t

st.sone enbodi pents, but not necessarily a
the &*ﬁ%w@ﬁ@g@d ofn ke skt pastiguesrigde rafyngaal memory until the
failRREBSAQE&LS “an enbodinent, " "one enbodi ment, " or
sone enbodi nents" are not necessarily all referring
to the sane enbodi nents. If the specification states a

v SORB N bt SSRGS Chis
L R A B S o s

refesg@ee nfimbat focnggest thatthmnteafory soriteolleas’ repfesentailcoﬂdl Béfﬁﬂ‘fe,rent
t hat does not nEﬁn there_ is only gne of the e

Hoyevey, i?emglﬁlg)éy sqnirgtlergrape flexible spOvghy tehaye difigrent 1mplementat1ons
8 ST LA s 0GR P RLHERFAY, TSy

chanmlrsasitawmm the ﬁgures mapbé thecsaaﬂ ot diffdrentp dvhiclke vheds referred to as a
tails i d herej .those skllled in the
frstitnel gni %ﬂfﬁlel A eoiyid el df Byt & warrous memory

asseAHe8 ¢ §b§1‘tl‘éﬁ‘l§f' SyFSRAY |, iBe 'idgnﬁ@ﬁl'o?tdif?e@ént i 88ty

foregoi ng descri‘ption and draw ngs may be na e mnthln
t heAss cmbedmfent is Iae ipplesentation weevtam;ﬂs of the dovediiogy, WReférence in

o N R U S T bt e
embORABQRLY [A4HhE %t 8%&%@%@ Q34003 %gmr%hﬁ@act% d§§cfr1bed in

claimed is: 1. A'nmenory controller conprising: I rst
conggetion edthrilie nmhmh;nentsam meluded ireatflease sgymeerdbodiments ybut not

access co roI i tr n,% nd first and second
necgsSany Al 2 P iprtings. T argHg e GHEc SHar y

em%ﬁﬁﬂélﬁ b "oh@érﬁﬁécﬁﬁ@ﬁt " JreINaE Eﬁlﬁ@éh)hen%n dreSf ‘ﬂeéésgazﬁ}/ af geferrmg

second redundant dafa sections to t he second
to thvsaameypmblﬂlmmﬁmnel interfaces, respectively, V\,her ein

r edbTan e o RO TR e, S gHP. SEdispRpeistic “may”,

mlglit" g %olat Be BRAIdONBat ﬂaﬁ%‘ﬁﬁtcb ?bﬁfent Zreathfte sHRIREYor

controller of claim1, wherein the nenory access
chargefgristisl is net yequired tp lerin¢ludiss IF thekspeaifieationmm ctaumwﬁetsrty "a" or

ran' e g Bl 0 Bl B B Y 9P o e Sinkehtn e gpeifisation or
claitvh esfer 1 "aR 8dditio®dl" lEmBRY dhatl@ded not preclude there being more than one
of the additional element.

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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section and second redundant data section are intended
for the sanme rank. 3. The nenory controller of claim
wdaomer’si n t he nenory access control  circui tPEI/US2003/034439
i ncludes rank selection circuitry to sel ect nenory
assenbly ranks to which the primary and redundant
data sections are intende& wherein the first
primary data 20 section a " ond redundant data
Whiek cladfedfse | ntended for different ranks. 4. The
menory controller of claim1, wherein the nenory
access control «circuitry includes rank sel ection

circuitry to sel ect [Tem)r .assenbly ranks to which the

pritary HﬁmWE&ﬁWHEHGISQW ¥B&tions are intended, and

whefigi shd 6orld h&hod1aRS ARG dREI ARr Y data sections

are intended for the same rank. 25 5. The menory

cornemplysrccess contadlwirtyititer ei n t he menory access

control. circuitry.includes rank selectiop circuitry

C o b By Shl oy HutoBRLAS PoshiRes odbciitpd seeond Mernapy channel
intedfabest RApHRELN,, it @ sections are intended, and wherein

the first and second primary data sections are

i ntsend &iost fnd seched didihdane detasections tdthe Semndmnd fiyst memory
chacqpt&o%ler of c}ahn11, wherei n the nmenory access

%‘bﬁt‘f}iﬁ ACHIWCF Y ry i ncl udes rank sel ection .

Ci rehbréinhe frsbflEetonERBINAB &R M Yioh oK §ecﬁﬁ‘1@amﬁ?fet§pect to

the primary and redundant data sections to be sent a
the et endsfcand primersy dataesedtipem tesnectivalyt he  ranks sel ect ed.

20 MO quf/044752 PCTHS2003/ 34439, 7. The menr y

corft r ol | g1° BEOUY FORrqller g Ciap | WREFCHHE PP mary ageess control

circGRIYt ihELd&s rhAlbdIEioALirb Ll 16 PEERRndr) adRnibl} Bk RV EHich the
.mrrored nmenory node and at other timmes in-a
pringasy; apchtesipndany defa setions are iMeadere mad wheroint the (firg primfary data

' further c rising failure detection.5
sectftolfseo 0 BBb SRRk B o Benioof e e Py
f ai3. ur estheanémheoRirél1dr HE cHRAD! WheeHAAS medRIM h&less control
circuitry is to ordinarily operate in an interl eaved

circyitiyripeladesrampiorelection sirewitry itpiseleas sppome assombbt woks trwiith the

e BB R S TR B e
sectiommmd YedoadgeduddantHabr deblicH 416 dverlsdTeeditRrbnffdngE.

correction of the tri ?gerl ng failure, the menory
acdess dastemoryicegigelter pf eletnyd nwhereintthe memory teneheeonil

- LT 9 he mory controller. of .

i R0 ek AP o FO SRR BBl whin e

prinfagy it @doedaeddt® Bectiohs shietifiténded, shel WBérefn'th@ G8% bA®second
failures in the nmenory assenblies and in response to

Primypgy detp Semtiops arg ipten f thg spmErake, the nenory

controll ' r data. sections froma

o f ai 18 sy o idien pf e 1. WRer in e meRidpy ety ptrol
circuiapliededestrittk seldbtib@tir@diriredsylect araRMPhdbembly ranks to which the

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 to be sent at particular times are dependent on the

ranks selected.
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10. The nenory controller of claim1, further

conprising failure detection circuitry to detect
woreomoys7assenbl y triggering failures and wher ePeT/UR®03/034439

menory controller initiates corrective action in

response thereto. 11. The nenory controller of claim

10, _wheregjn the corrective action includes 20
i ni (i at | ?{’af memary epndrollagpicdaimnly whetin e memorymggess control

cirdBPAMihOBHE) %Jgés fil anqgteglle?\%en@gﬁgli?rm%ﬁ%@/ m%?&e SR £ 3Gk ¥i§'fes ina

I
actlion i nclu initia anne renoval .

nonFinterteanat modont rol [ er of claim 10, wherein the nenory

conérol Iféefurther i ncludes reqi sters and wherein the

cor Pect i V&° BEMPBRCNYAl leiaeielagpol, iterthey cewRtising Saibre detection
. . ; e
R A U
contdoatineuiidy wstie pedinarilj@peate iachiinverleased atrrbred| mielRsry mode and in
i denti ‘itlF\éi n, oge ?’];?nt wo chapnels that is associated,
TESRATSH 1 HFECHIRN O SN A 2L erng {pine, He By acesse copfte] circuitry

swik@ied 8 Jnﬁﬁfé}l%ﬁ\%d%i%?eafﬁ@ﬁg ma&dto%ml-iﬁjce?lg Jd¥node and after
recel ved at |east one data section to the rdentitied
corsietiomef the Biggbbing Thbireghomgmogniaceds| centrolf cimluitiynteturns to the

. further,. conprising additional channel interfaces
1nte6§%q IQOSQQ{)WS‘T‘H@E@P €-access control circuitry. 21 WO
2004/ O44‘fl§ezmg&&lt}rl§%%ﬁélaif&ﬁgl 1, There ﬁle!ﬂfﬁém&%/ controllerr includes

controller of claim1, ereln’in addition the nenory
failaxsatetstion cintuiy tedeteatittiggering faihressianhk meforysissemblies and in

addi tional. grqup.of pri.nar ata sections to the first
resmf%ﬁ%wgﬂﬁ of 2 rigge gé%r@%ﬁge HOTBBGARPTALE fapiAFe of more
dat5RUBn L rofal M[ﬁil%@m%ﬁpﬁsbaﬂﬁl%att@a%ﬁ ﬁ%ﬁbﬁffﬁf %Bﬁices the

_channel interface, and send a first additional” grou
failed memognataemblyat a sections to the second nmenory

ch el j,nterface and.a secon ddi tional. .grqup of ,

Fedlhdant iR nSSaaRREHE F5TRG. Attt cOmary Shusdiipetion
cirdu fRERt mehehPARerhbS thibktingadilibd AR LEEAURe Rlemory

redundant data ‘sections are redundant with 10 respect
controllertigitiaies sprrectivietactiorain gsppupe therepe.i nary dat a

sectj on and the second di tional .group of. .

 ccbhdant AR GSERONE AP dge Nl SR esiypeetion ieludes
initlafifig aeﬁﬁﬁgirﬂ%ﬁh% atddaggr oup of prinary data sections.

17. A menory controller conprising: first and second

menry cHermemoryraoatrdBerenf claamd 0, wheneirtbe gomew e siction includes
initcﬁnt rlgl circuit rrﬁ to: (a) select first destinations

WS SEEBRPOEE LT HAd ons each i ncl udi ng a rank

13. The memory controller of claim 10, 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.

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

interfaces coupled to the memory access control circuitry.
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identification, and send first and second primary data
sections to the first and second nenory channel
WO nioe0i4I6ESs, respectively, to be sent to the fPEBHUS2003/034439
destinations and second destinations, respectively;
and 20 (b) select third destinations and fourth
destj nati.on each incl Hdi a rank identjfication, and
sentf fi r S1° BAYODBHAlped g, Whstein Weadditinnsthe semesy access
conf8FARGRNE thi rst  menory channel interfaces,
respectively, to be sent to the fourth and third
deswehdatfirgrdditionslsgreas ofeinyary dhtarsettions e tHei first mémbry channel
nted cond redun(g%ﬂ{i.da a sectians are redundant with
m eFégep%‘E‘ta TGOS ecqIfna graup of RHMEBCAARS§sHIPRRIo the agegnd memory
chafi®g idt&¥fisoe, REPectively. 18. The nenmory controller of
claim17, wherein the rank of the first destinations
i s sehda dasteddisiopdlezrogndd redurtdaet dat sedticiesstbithesdcond meAdry
The. ry controller.of claim]7, erein the rank of
chag i lFPREonl 3 3p o e ¢ IR e sasEionsiaRp Tt
merth®§ chivdetl ifi§$ddenat i ons. 30 20. The menory controller
of ‘claim 17, wherein the rank of the first
deswheein itlonirst addithenat groep af radoadana dkta géctione akaedimdiant with

destimnations.. .22 WD 2004/.044752 PCT/ US2003/ 034439 = 21.
ross R0 (A0 ARI ) 61ouP o8priBvs dha ¥ctinpe Rad HierReoncapdkitignal
group6f redundiantR$d s0BLALHE récﬁlrzlgdrft f\l_xﬁﬂ'éler@n%oe[:mrlhé Eb%oﬁﬁ?ﬁéfdi&gr%al group

the second desti nations. nory controller
of peimunndaty seofilds.ei n each of the ranks of the first,
seclgnd, third and fq(ﬁgrth desti nations are the same. 5

23." 'The WW EUNEOIST PURPIHANG | ai m 17, wherein the

r amks a@ll sédvRdinhdrddry cBARRMMerfdcld; hgand fourth
destinations are each different fromthe other ranks.

24 mepEy pegess gorgwhciralitrgto:of cl aim 17, wherein the

menpry acgc cont.rol circuit i.s further to: (a

colBky PRpsrERbrhons Sl iethid deohBataReihhior g ank
idensificattoah, idhdend Firbtd@asbdon@ phin@AF datd ﬁ&tfﬁﬁ@% {hb iﬁg& aftd gecgnd

fourth primary data sections to the first and secon
memsyshapnghiataatices, respedtivelys to bessspriotthy fitsy destinatienssamdtsed¢and

[ nd sixth destinations, respectively; (b)
deStfsngﬁ%lgst ICLSE%CEIH?W’ and ei ght h destinations each including

seqond seiait thidaetinkiialn@ RuritARGiRRIA bl 1 g rank
nd an

.. faourth redundant data sections to the seco I rst
identifjcationping send dinwsiang second sessdant datesettions ity thetsocdyel andirst

e P e P A R B b
respédtigelyedundant with respect to

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.

22



10

15

20

25

30

the third and fourth primary data secti ons,
respectively. 25. A nmenory controller conprising: 20
wo aoiongsdet ection circuitry to detect nmenory BEHERINNY034439
triggering failures; and nenory access control
ci rcuitry to ordinarily operate in an interl eaved

ore mermr node..an nse to detection of
suc ?T]il Cqﬂgﬁf’llﬁfr% 8t“Pi‘e1 ng’g‘ﬁ‘rey‘ the sedsof the first ol

destihdtfonb rsrdrffel\@nr ﬁﬂﬁ%hefrraﬂl%iat'ﬂe ls&gﬁa 'd‘é‘ﬁiﬁ%ﬁoﬁ@ rrored nmenory
node to a non-interl eaved e an ter correction

of Z%he tTFheygembrygcdngiollerda claime 7ywirerein each@$ sheaerilts dfithe first,
ciyouifr OtZS é turns to the interleaved mrrored
?}ﬁ»,@}‘&ffq%l gurt esn?ﬁtéoq‘?é‘ﬁﬁhﬁ SBGftrol I er of claim 25,

whergi n TRemBRBRY! bont8i  dFl a% 17I %Eﬂefﬂt‘ﬁ% i o?fl{ t?’ ?t second,

action in response thereto. e nmenory con
third fing foairtin d2Gtinatioes enemaclhétffemnt ﬁom the othet tamks.i ncl udes

|n| |at| a failur ndi.cat i ssag 30 28. The
ﬂ%t%‘rlf“éfr Bfef 1&%‘1 qgmrr‘}grrérrht £ MSMQBY peress qaatrol
cmaﬁltyl 1§Ifu14t}{}§|téjdes initiating channel power renoval. 23

WD 2004/ 044752 PCT/ US2003/ 034439 29. The nenory

corfg} ol IS@I@Cbﬁfth nd sixthGiestiagions eachhirclnding sgcondmirkol | er
rrective

. d h
idengffleblifts, wEF i et 6] bl BRbedRIE S SHopHe oy B Srhgond
merh&ytdﬁ@mféﬂ ﬁﬂ&%ceb %@'ef:ﬁsfeﬂr‘yr@@ BO Eén@i@@le‘ﬂffhrbnlﬁré%(th d?St%]]a%?nr%

identified channel he nmenory controller o
TGSITEGUVQI\Iher ei n t he correct ive action includes 5

| fy| one WO els tha SSOCI at ed
ot () ¢ sl R and SRp RO MR oat St jadludizg aoqse Fank
1derﬁ@?éhﬂ1(ﬁﬁ AdOdenll g r PAdieOuSR AN BHAR Ak SERRINY k& e sB&n ang first
recei ved at | east one data section to the gen tifie

meragyyshenmel gierfagesnwespestivelinte be seat tmtbﬂ]sc\reutmgxd dighth testingtions,
menory channel interfaces; and 10 nenory access
reSp%gt%%@gl circuitry to ordinarily send primry and

r e@&l’fw@ﬂ theiird and GSilrthd8durddant ddea delctisits A8 bRREN Vith r rgspect to

nory channel interfaces in an interleaved mrrore

the Wﬁﬁl@ﬂQ forstepringeny data sectiens, tespespiveliite in a
32. The menory controller of

Qlogrslmng%{h’% ?%%?”Qm FIRTRYE ai | ure det ecti on

Ci igilliré Eytettiordaicaaty mmaﬁ@ﬁmkémwtﬂg%rriﬂgqaﬂures and
failures and wherein the nmenory accessS contr ol

ci MREPRATY RcenRf eQHES clrewiry ttherdinaribr ormtem an iteyteaded mirrored

n Lnterl e ved onse to
X &tﬁlegﬁgg }e‘QB&ﬁS fo ?&%}Fcélgg rof ﬁléc rrlggeréng %gureq— fccess
contedl mﬁlﬁ@rkﬂyGSWV1ﬂﬁe§ﬂr@hlﬁh31¥terl¥W€d giiftofed endiBO® Mo o8 b mBhliftericaved
initiates corrective action in response to det ecti on

modgfng gen qoin@g'@orp plthe Higegriag failure, the memory access control circuitry
returns to the interleaved mirrored memory mode.

26.  The memory controller of claim 25, wherein 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 message.

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

initiating channel power removal.
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34. The nenory controller of claim33, wherein the
corrective action includes 20 initiating a failure

w0 p@itoat7sng nessage. 35. The menory control | erpOf/USI083/084439
33, wherein the corrective action includes initiating
channel power renoval. 36. The nenory controller of

wherein th . Lier furth
2L edhe o Parther AT 76 OHE b Heaniy capirplsy further
mclddeﬁég?s%és eﬁ@%éﬂeﬂgthe OBYr&vE abfior ilﬂsmaés Pré9idaigedontdng dihBe

channel 1 nterface associated with the identified
reglatdfratm'élle ch@hel e fave pesogiatednvitiothie édentificd chdnmeB3,

eln he correcti ti.on | ude i denti f
¢ " e et et SRR S B oyt includes
1denﬁﬁz'nllg161’?e SMeolchafiey the 1§Essb&§§td wif e $AhRe BREieLENinl20 MBast
he ot her channel and supplying the received at |east

one dm seftion frogetheiogher chanmakanddwnplyingatie cdeaived bt legd opg data
section to the identified channel.

31. A memory controller comprising:

first and second memory channel 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-interleaved mode.

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

36.  The memory controller of claim 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.

37.  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.

24



