PROGRAMM NG MANAGEMENT DATA FOR NAND MEMORI ES Rel at ed
Application(s) This patent application clains priority

whewedytsod rom U. S. Application No. 11/698, 455 PCT/882088000804
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January 2007 which is incorporated herein by

reference. Technical Field Various enbodi nents

descri bed herein relate generally to non-volatile
menory devi ces including error correction used in
conjunction with non-volatile nenory devi ces.

Bac kBROGRAMNENG MANAGEMENT OAJEA HRNAND MENIORIES
devi ce which perforns a process of detecting and
correcting errors to ensure the accuracy and integrity

of data during a data gélaramipslication§ypi cally, in
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was mwltten to the nenory. Menory devices can be
categorized in two broad areas: volatile and non

vol atile. Volatile menor Feeusalddeldequi re povver to

i Nt al gk domBilih AUt bt Dfame
of maintainng data 1 n th sence o r supp
ANnexRY Hevmés iaclnding eviok admré(morrmnm n dosjunbaor[i iwammon volatile
menory that stores information in a sem conductor
deTACERTWEHEW t he need for power to maintain the
information in the chip. Flash nmenory can be built

using either NOR or NAND devices. NAND fl ash can be

ei t her of si ngI e- | evel ceBackglo@hdor nulti-|evel cell

M.C c r tion. flash. allo for, a
E. oher SRRt Ciristiing Yoo KEEE) Hrgfis iR VbuPerumes
? e@%@@ﬁ:@tlhé atl EtVeetihf err6isab afir&fhetaoburaty s @itegrity of
a bits in each nenory cell. Wth the use of
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neﬁdﬁd)yahb ebntERRE Quhd @E‘eaﬂfopéfaaoﬁ)ltcameﬁ@@ dnidgieerectlerrors that

|IIustrates a bl ock diagram of a nmenory system
0 acE@y #pygo¢cyrred since the data was written to the memory.

Memory devices can be categorized in two broad areas: volatile and non-
volatile. Volatile memory devices require power to maintain data, while non
volatile memories are capable of maintaining data in the absence of a power
supply. An example of a non-volatile memory is the flash memory that stores
information in a semiconductor device without the need for power to maintain
the information in the chip.

Flash memory can be built using either NOR or NAND devices. NAND
flash can be either of single-level cell (SLC) or multi-level cell (MLC)
configuration. MLC NAND flash allows for a higher density memory device in
comparison to SLC NAND flash because it allows the storage of two or more
data bits in each memory cell. With the use of multiple levels to increase the

memory density, more errors can occur during programming of the MLC NAND

and an efficient error correction scheme is needed.



various enbodi nents of the invention. Figure 2
illustrates a schematic di agram showi ng the

woe@anysad i on of arrays of nmenory cells in a nMeEDUF2008/000804
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system according to various enbodi ments of the
invention. Figure 3 illustrates _a schematic diagram of

a NAND fl ash rrermr%ﬂ%frl?e&ﬁ”l’ﬁ%ﬁ the-Brawings, i ous
enbodi Mef 9. Pfllldsﬁﬁtek gl i Icﬁ{%raxﬁ'cglérrﬁerﬂoﬂg} éﬁlbﬁﬁ{ @&%?dlﬁg to

di agr am show ng t he 1on of thr vol t ageés
of varimlsrmiuod*meuebfﬂnehmve@wc) array shown in Fi gure 3,
ts of the invent

accordi ri ous enpbodi ne

oo o Bfurd 2 RIRHR 2 TSR i sho y e BE fliapRRtion of

S h%ﬁ%f@ﬁbxﬁér&%ll@ﬁ{ 4 ﬁ%HoPﬁs)%%@ra@&&& 'gas GafihEnbdliments
var.i ous enbodi nments of the i'nvention. Figure 6

i | plihennrenton f| ow d| agr am showi ng a net hod of

progra ash

PL oL Rt 2RRtekd S dhhR did S dFRTRAND AERIELOY array
7Badcbotdifg f(ﬁ%ﬁ‘ldﬁ@%ﬂlb&ﬂinl}@ﬁmﬁﬁe fveati@gage showi ng ECC
conbi ned with four sectors and bl ock managenent data,

accor di ﬁ@uﬁeﬂ Vkstratgs a diagsun seowiagdhe élﬁ@,ﬂbiu genf fheeshold

sl AT PR 1 MOl BBt

rmmagﬁmembodﬁmmts aibt;hemmengoﬁo vari ous errbodi ment s of

t he |nvent|on Fi gure ustrates a flow di agram
showi ngFiguFfe? HB’&“@‘F%@? Aﬁ%@n@rfﬁéwsterarsg@wgow §FPTa

NANRrdctiR QP onmg yacc&‘aﬁ%rtg 'veao&soerff@adn%as orRRdhiERoR. of

the I nvent Figure l'ustrates a flow di agram
show ngFmuneé Hbdtrates pflofiodiagnam showomg a:metl@cltqfqmogrmmmmg a

e A R

I 1 {nvehdtigit €es a bl ock di agram of a nenory system 100,
according to various enbodinents of the invention. In
var i ousFigntsoth and 7B, illusiratedata sfouctures of a page showing ECC

combined with four sectors and block management data, according to various
embodiments of the invention. _

Figure 7C illustrates a data structure of a page showing ECC combined
with eight sectors and block management data, according to various
embodiments of the invention.

Figure 8 illustrates a flow diagram showing a method of performing error
correction in a NAND flash memory, according to various embodiments of the
invention.

Figure 9 illustrates a flow diagram showing a method of performing error
correction in a NAND flash memory, according to various embodiments of the

invention.

Detailed Description
Figure 1 illustrates a block diagram of a memory system 100, according
to various embodiments of the invention. In various embodiments, system 100

includes an integrated circuit memory 120 and a controller 110. Memory 120
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includes an integrated circuit nmenory 120 and a
controller 110. Menory 120i ncl udes an array of

woensvelsai i | e floating gate nmenory cells 122, BCOU&288/000804
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circuitry 124, control circuit 126, Input/Qutput (I/C»
circuitry 128, and erraq or.rection ste 0.
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conmuni catl on S| processi n clrcultr
or OWEY mpmﬁrsbecgg@glﬁ kﬁ@@arégcesgpaa}eé%wowrfaypf@@ T ¥i6us
enaﬁgﬁgﬂlen{so app F $20 H}égtb'e <6RP1Ed 1Y £ 1%§§§§Bxs(nog§“cﬁvn) and may

swtc I cat1on-specific dul es 1 ncl udi'ng
mufadrinl payteof, anmlddtionohdystenn dﬁeemve&pﬂarmmmrdaaya@mmd various

o SO meD S e sPranisgiaaglor b RS et SRR RtaR Y used in
t ehighlspedd ommiRérs L&o%nhﬁmmom%igxﬁemeé@lnmube %§1gle or
(e.g., laptop cgnputers deskt op conputers,” hand

ule

C ompltt-erosesspamo s.chale er mult@tl@er)ibe f pEQCEEI06h snultl -core

( ﬁgﬁog%ﬁorﬁi %ﬁ}% t%eﬁd d éij 8%b0[r)1 SRé%lf% ngL ({}H?'S 1§§\{P gmg multilayer,

P! AMRI-&Rip nv&muésl Such Apgtraab afleystenss rﬁ@y irthehBalircluded as
nmoni tor, blood pressure nonitor, etc.), set top boxes,

anwboqqm@entsowﬂn@myéa@tmﬁtebcmc|SM%1=maesuah AtItRRASigHS,

7 SR sl TR pErSnb R O flop Bl 5953

c ogdnimlteracieambbelt @otripatens nabist campaerd, 2&. )y warkstattans) radios,
12 A '
8: {llégql tg]é%ra g.lﬁiéo g]?i}ef%g I(%gt, M.%Be&grt?ornyhgtrurrg %x;:)l'ezrtzs érsoup, Audio

Layer 3) players), vehicles, medical devices (e.g., heart monitor, blood pressure

monitor, etc.), set top boxes, and others. Some embodiments may include a
number of methods.

Memory 120 receives control signals across I/O lines 132 from a
processor in controller 110 to control access to the memory array 122 via control
circuitry 126. Access to the memory array 122 is directed to one or more target
memory cells in response to address signals received across I/O lines 132. Once
the array 122 is accessed in response to the control signals and the address
signals, data can be written to or read from the memory cells across I/O lines

132.



menory cells in response to address signals received
across I/Olines 132. Once the array 122 is accessed

WO poosesonse to the control signals and t he adPeEES2008/000804
signals, data can be witten to or read fromthe

menory cells across |/O |inesl 11| be appreci ated b
t hose  skiWillhe %Pﬁr%cv?éefgw thtoﬁ%\fk‘h@m"tt}‘sﬁ%{ltm@ upmlwrgﬂ ry
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can sStore a bf f'set oc¢ati on
of additor=(oCGhe aypz dHBCS umlslgcnhabexdruuet hergut cagrectnasystéiel 30

system 100, in sone_enbo rrse a .

prB@esg%rsran(aéefe%w&aﬁyetcaﬂ%ni%apena the ?&f@gmﬁﬁ)@ri%@swated

W {8 %?1% tyw@anscei ver. The nmenory array(s) 122 incl uded

int ngrmry 120 may al so be operatively coupled to

the pr o?fhs system |1 0,90 lseme rhbgdmeents mayhongyst eprd@ssargyot
' a.lens and an [

15 PR oRiER ek fisplay Spil B A S ies an R s noh by apay()
be 1 usRf1dded P eindry 0D rEaAPAILY BilorRkart ey belpod tNARY

vari ati ons are possi For exanple, in sone
enpodéssent s, the system 100 may conprise a cellular

:ﬁlee\?mh?& soglgec?eri)l\?;%e él&]é?@ hg S}'Sﬁe &gr o n pr% ratcla re]:F]aC)fmcludmg
sys1eagadden it pRhE Scﬁcdfple’:lﬂabCH ﬂocé&bﬁeoﬂheqmagmg plane may be
mul ti-media player, including a set of nmedia playback

20 cowsedde secwedtgh paptyrgd pdhgleBtessor . Any of the _
Common Ry ML pHSRAL BN A R
Sosyistear 0emagdormprisesa cellular telephone receiver (not shown) forming a

portion of the wireless transceiver. In some embodiments, the system 100 may
comprise an audio, video, or multi-media player, including a set of media

25  playback controls to couple to the processor.

Any of the components previously described may be implemented in a
number of ways, including embodiments in software. Software embodiments
may be used in a simulation system, and the output of such a system may be
used to operate various portions of the memory 129 and system 100 described

30  herein.

ECC techniques are well known in the art and are not listed or described

in detail herein. It will be understood that embodiments of the invention can be

implemented without limitation to a specific ECC code(s). If an error is
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may be used in a sinmulation system and the output of
such a system nay be used to operate various portions
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techni ques are well known in the art and are not

i sted r descri n det It will i
unBEpeeddhe fwafolghgb@%ﬁ%@ﬂ@f A, omﬁb%wmwég‘ﬁl%%abuffer
' ”Bf @@%ehﬁguéeﬂ bt dd BEER be%ﬂoﬁ ® GorsdReH féncorE&fa write the
an error |Isdetected, the controll
camrrmﬁtﬂdduebmt&txatofmcmptyhb?mermry 120 into a buffer of

the or 1 BTG aPRles SR e e UL S aslB T gion of
neamys ok 4flem&rlyHRI18 irPmenbHBd r\,rs@hf:@o@ a8&8INBItb GallbiRgr am

showi'ng the organi zation of arrays of menory cells in

meembgdimentsarfitRomyentiano remgrit ysieay ZQQJ@CW'QM plask282. 0 data
t he inv t|on 0]

a R CPar BERN MCh Ry 20 658 R H e
20812 andpplafie 31 £aTRE fhermor s 3euni 0@ Ay 0chpais@ Ba,n:a)rZMEC

The nmenory system 200 may conprise SLC or MLC nenory

i nErEeogIrndnelafing NANR meynorrh dhe dota age Bansterred f@rarnéefrom

to I : Y

RN N SO0 e I I s
ZO&chEh@aaCI% gl @t:leer reg36er 209 ntey Bedoedtediclobess &SI/OtcOntrol
I/Qcontrol circuits géfacts a data buffer for t

| / e and qpls apa datary th%&ésqa&s WHSEaTENF ¢Rda FqEiE. 04
t oL Be RIER Yo rrﬁ%méﬁ%rﬁgftaﬁd A8tsds dahd tmffefr %{mg% [Hse'}g)eratlon

t he Operation o D flash nenory. In vari
enbibtiie NAND, flash endnenyt fin véridstcambadpeer28hé Bngdfdfriath asa

a . e e nenory is programred and read in
paﬁ@%ﬁgﬂe‘gﬁﬁ #M386ns, and is erased in bl ock-based
oper at | YRS meRIYry RrB FAR LR /NS pagBDaSRE Ghedifbns afldgs
regi sters may be tied together and act as a single

r egfasdan bl@lrhased ema\teorxsp Suaingpage opérationst thealath awlcdaghe

AR R S RSO LSP ch R

Fi gperftiohs)mhy dor aad &Bﬂ&&égl@feriﬂn@ﬁ kperafe ipdgRAdertBAb increase
bl ock may be conposed of 16, 32, or 64 pages. In

vaqlthgo'&%a. ments, each page may have 512 bytes (216

wor ds) KNS q?c@lﬂ t

words) 1n spar %@{élr%glggg% ea\gsérg?gc\){ﬁme nﬁ&ﬁlzﬁe@%§' ge composed
of blocks of pages. Each block may be composed of 16, 32, or 64 pages. In

various embodiments, each page may have 512 bytes (216 words) in data area
208 and an extra 16 bytes (8 words) in spare area 210. In various embodiments,
each page may have 2048 bytes (1024 words) in data area 208 and 64 bytes (32
words) in spare area 210. Spare area 210 may be used to stores bits used for
marking invalid blocks during the production process. Additionally, spare area
210 may be used to store ECC check bits. Marking invalid blocks can be
performed by software operating on a set of bits contained within the block
management data. In various embodiments, this software may also provide the
ECC code if the processor does not include ECC hardware.

In various embodiments of SLC NAND memory, the data in the spare

area can be programmed with the host sectors or separately. For example,
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each page may have 2048 bytes (1024 words) in data
area 208 and 64 bytes (32 words) in spare area 210.

wEpaseoEsea 210 may be used to stores bits usebPlCT/U82008/000804
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mar ki ng i nvalid bl ocks during the production process.

Addj tignally, spare area.210 be used t.o_.store E
A e R e TN el

S ofsﬁég?rb?ts %&tﬂrﬁ aftiinéll ﬁl%%] b&@brelthé 8at AR TR MetHdsh

the bl ock agenent data hi various enbodinents, this
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processor es not include ECC hardware. |In various
enﬁ%@ﬁi’@ﬁtt‘g‘?aof SLC NAND nenory, the data in the spare

area cafh Paidek @EIb3aTHERGht b £ ML ANTS nchiREy,AhS spire area data
separately. For exanpl e, allocation managenent

i nfiestle progragimes] Wdke sammdmaes the hosodaiat Additignallyz@cvhole

B T L P (LT T

f odetbginedBéfarethy hbst sectoy Rereedivet at HbufaiButtragenétbe
the host data. |n various enbodi ments of M.C NAND

nePogiaRMmedurty the host datads prograamed e Inyseygriah smbedigientsy the

; 8. |
~olgh HERAEA S A0Sk 8t Ol Ol g2l o
mathageieant EC@ circuinbefoee thethestrdared pbedrammet litohbs memory.

sectors are rec&é.v.ed at a buffer, but rray not be
pr bEnseAnetily, Re Addifinral{gag is pepessiry cpmpgred dpaeparately

S eN&FGHiFIT08H (Rt Gon Fd??h%l@%lknﬂﬁ%%ﬁ?éﬁ?ﬂ&taﬁ s added to

one of the host sectors as the sectors are streams_d
t hr oughlmavarie@Cembopdmantedf the eemtoay hystem 360 ahdwen in Figure 2,

rogra into the nory. .Con ntly, no .
DR EPETARN ArPirim Periobgutos s kAt e o) 4 s basis (g 8. 528
Pep§ted M ateme hs pposed tLEbiteBr vokd bires thhOiS heTBMREEIEBIOR flash
data. In various enbodi nents of the nenory system 200

s hmgrorias)FiAylditeonzlly: the erasadperationpiabgs plavopres atockasis. In
SRS eSSBS BRSSP PGy T KBl s

at 'a e or Wor

pebyjted ivRens farrdiDRofl Msmoneints ihesihta régidict foroakput, In BPage
erase operation takes _place on a, block basis. In
opRIPETATLPPET#HAT: ARage pherd Peds spEieaineihe Aalg segigaand then
e . r.0
e E G eIy o, RS Blokk 3PSt Bpbiaol sHRoup of
pr aosenutivp pagdsinuay, baenpsaglan afsifg?8ofmyratemn. i s witten into

Lhe dat g Lo Shor and Lheh, Drogrammed 1R 40F AEt0I.
300, according to various embodiments of the invention. Memory array 300
does not show all of the elements typically used in a memory array. For
example, only three bit-lines are shown (BL1, BL2 and BL32) while the number
of bit-lines employed actually depends on the memory density. The bit-lines are
subsequently referred to as (BL1-BL32).

The NAND memory includes an array 300 of floating gate memory cells
301 arranged in series of strings 304, 305. Each of the floating gate memory
cells 301 may be coupled drain to source in each series string 304, 305. A word
line (WL0O-WL31) that spans across multiple series strings 304, 305 is coupled to

the control gates of every floating gate cell in a row in order to control their
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consecutive pages may be erased in a single operation.
Figure 3 illustrates a schematic diagram of a NAND

wo b@shorsemory array 300, according to vari ous PCT/US2008/000804
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enbodi ments of the invention. Menory array 300 does

ronBrgtan -y S BReEIHSBES Dot HPantrallyagip e deRg puplitiers
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cells 301 may be coupled drain to source in each
seB0&in spassirosghimodes Eagh senies stringS 04y W ofiflomyfing igate

spans. acrgss. nul t| e ser S

c oH’ﬁP’é’&y t:(%? S8, 80%% 05 sog%l e§“6§d6 b\yga so%??e’ sefe%ﬁsitg 336@ 317 and
celd ar idividuaiwitine (BE1 - BI§B29©5?tard3hmtsbl%blrgaDeBm i308. Tﬁbeource
bit-lines (BL1-BL32) are eventually coupled to_ sens

arrﬁﬁlwt igates 3{hiGtl 7%9\?ﬂtr°tuﬁﬁtb>'@éplé’€9? Selkel SHesentol TBRSR(S)
:’ec?&&) ed tB t QFE fﬂ‘? @?ﬁ ek, h?he\!\@rraﬂl L Qe Satkys P2 %?Ja}ei %ontrolled

e|n|V| oatln gate nory
sebyaslrzahsazla:g&oﬁﬁdl llrﬁs(?EI}aD)aIMare to be vvrl tten to or
read fr man atethererralnln floatin
R

gat
menory E&fh e aﬁogémeé sy SEIE B BT esgBalGRTepits per cell.
pagECtahlB% poéﬁ’r?iﬁnn%@ I%Qﬁiﬁe?réﬂ rdnﬂg\dﬁ@ﬂ’allg\g%ré’érammmg

oatlnggte menor s 1Is coupe to a source line
SOﬁluhwlabssopmccells Elaelccel@atheempm vltege ¥id determames the data that

{32%' SY o3¢ 1N Phtﬁjlé}glé %E@L gséggeyblgaeérc%g frﬁlitlegt%%e 9"{} of 1V
CORfigH lihd6htbX p?o%ﬂﬁfn%& cSRWaGlk a0RLT - COMIBRI inlichR 2AGRkd

318 coupled to their control gates. The drain select

gaedk Emnu@iqyehmlsd@nc more Ban fiyo ¥« aviadawss epcdcindicating a

Coélllffe né st'gpe E&D}ak%]aﬁv?rﬁgé otctﬁ% anaqgngﬁfﬁogpagt%'ﬂ%%l A3sh

Pr el ByTasipging Sbibghteeriid a E}%’mﬁ‘o‘ﬂ'dltagai’dhghﬂs@@ecﬂbﬂl (4 cell. This
programm ng nmultiple bits per cell. Each cell’
t hteehnplegy mmtaglae terage aEER oF THEKS btlﬁepea s¢lh d@h%nd%on the

Ceﬁl]{a%gt}t g%lges E@{g’lg?(%'&e”' n a single bit per

arc |tec ure, m ght indicate a
pr ogr anfexkexaeiple, atvell enay bdassigned four mfgeinentlvndtagna's/e an

BB i L oS U 50BN, LT

]E lﬁlﬁg@&ﬁ@ﬁ@g@ep@&tfbh%f@w R0. 5ty ERikd @etwe@diehérpval
distribution range as well. This separation zone between the V; distributions is
established so that the multi V, distributions do not overlap causing logic errors.
During verification, if the voltage stored on the cell is sensed to be within the 01
high V; distribution, then the cell is storing a 01. If the voltage is within the 00
second highest distribution, the cell is storing a 00. This continues for as many
ranges (levels) as are used for the cell.

During a programming operation, the selected word line (WL) for the

flash memory cell to be programmed is supplied with a train of high voltage

programming pulses. The high voltage programming pulses typically start at
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cell by assigning a bit pattern to a specific voltage

range stored on the cell. This technology permts the
wGet@sagsIof two or nore bits per cell, dependi PQI/os20081@0804

quantity of voltage ranges assigned to the cell. For

exa a cell y_.be assigne di fferent voltage
Ur TRV b insatmepian OCmoresveniy & 108 i Beresispiibg. ek Biree
209um/1s is 4p1iLebh MuRERAGIWPIY s, @ separation of 0.3V
assi gned between each V1 distribution range

as vvel I ToThhubltse]peﬂedtt:cltmfrqmmeogjemm@om thee setected WLs, in one

ai ErbpSTenb A iAot R =A e Falscbuird Ha By bitine (BL)

5 Dupy, applyrﬁ{gliv mbh@ﬁb BLf mfiﬁogﬁaints@&eteatc@nesn e deliRtcaewiL,
IS Senseéd be with he 01 high Vt distribution,
t htre qhh@nfﬂeﬂ grousdesittg rOiVn@u@uthe BL. {Tihe lugp pa@etlalsfomled

st %? ﬁ&ng’ (fglamﬁi ad gb% ?gmg%erdtt cgﬁr:sg tﬁgll;el 105 rggllam 4 the

(| 9yef &k dadicamall itseehst as higher froftamnip | lp[lE;e@are applied.
progranm ng operation, the selected word line (W) for

the fl akhvmﬁwb@élmem% bylevasp Gy erPRRETaMENIBE pise-<
10 W' (/{lh alﬁ ﬁ” Has%fls Eér@&nye%l t §Weﬁ9i{:§tﬂm s%wc&:%SWLTchvvered

progranm ng es typi y start at
and) (i)Vi ahe [Iﬁsrtlledtem WIs\ré Weem?tthSJ aAd 1B\ktates of the selected cells

non-i ncrene ng. . high volt is. appl on. t he
undE1SERTEd IE@@ ol wr%maswe@g%g ad bl slep tb%h the 0V o the
Pr @ ﬁg@r?nﬂgg iffhct Eg RO|RS 86hdlEs ’thé devRSs 859Gk BB be

the ¢ of t inhibited céll is decoupled from
t hprolg'raxnm&adleO(le)/lsbytha pell is qmgsmieﬂ:d &vboerasdrkartd the To

15 P BB RSO A iSIGH P oRES e pBlrieo e Selpite WL
f Oag’ﬁﬁ' 'bﬁ’%%&@sé f3epsAranglil aimdelbdied YWiisits be g%ﬁ&ﬁﬁheﬂchave

cause the cell to programand the Vt of th evi ce
Wi mde¢¢1bqeeaasegramnmdgher pr ogr anmmi ng pul ses are

applie rrf?ltlxg YR é&%@ﬁ”ﬁ??\ay ;%1 Hse Af]l%%?c%] dgesY T The 64 logical

progra a ver N erfo

Dupageg ca€bé fdrﬁﬁtl iwdith 32 pteysioal Batse (Ea\ﬂi WE niawwhwﬂn 12 Qogical
OV, the unsel ected W.s are |owered to 5V, and

20 stpagss Bor ereple|there syl 4kdibgells o aoW Y. Qﬁtht:weﬂéém may be
¢ rPREEITIRS sl 1t Bueqfbe HEE MIE WEN e pRBy e T1e
deww;ewl!slsamad;lmkemm Vodlbmbptlongteazahfadde ﬂibh arWwiseith thee
D eseriel G N Y DA B BJS<d B OnRAR P BF Bk O prfkone of
selnged Bhe¥ls being programmed, the second page on the same WL will

25  experience a disturb condition even though it is inhibited. Therefore pages with

shared WLs can experience programming disturb. The programming disturb
caused on the shared WL will shift the V, distribution of cells that are previously
programmed in the second page that is on the same WL and make their
distribution wider. For non-volatile memory devices that use two levels per cell

30 this may not be a major problem, since the separation zone between the two

distributions may be large enough to prevent the distributions from overlapping
due to the disturb condition. However, for MLC operations, where a single cell

is used to represent 2 bits or 4 levels per physical single cell, the separation zone

8



again. This process is repeated until all selected
cells to be programmed have i ndeed been programmed. A

wao ypsogdsonenory bl ock may conprise 64 | ogi cal PEmEs2008/000804
The 64 | ogi cal pages can be formed with 32 physica

BB B B (B IsE R Desp iR esrebindB iy

be f&%@ﬁ@@t&ﬁnwl&ﬁ%&ﬁeeeruaatngsdnmﬁnghe same V\L Wi th

another 2Kbi t page. every is used in a nmulti

Vt di st Figum 4 dtustrekcela dmgzianﬁﬁ@ rsh@wmg the dlhtrtblutson of threshold
des rlbed on Wi | | g es h

2 KEPages af thg dsh enibyrerifod Eay B deo R ] various

spr @ﬂb@dmﬁﬂts df rﬂl@e BOEMIth. PRRAdiffibhiéh sRARsMId Woltbges in diagram
experience a disturb condition even though it is

| nfd®shosts. thatiraele memory agjéstords o Hia pEdatgynamely, four data states.

;
B B B T, B85 B RO, B n i
di 804 hbuig ourved 406@ |408 41llvaindamn e rﬂ)’r%ehﬁﬂg me lpglegrlave‘mdm a

in the second page that is on the sa

t hestemogy &gl | Gurve 4RO wrraesentsithe disibutign af Fheéh’i’?él?ﬁiii ;}evels Viof
de t

10 7 HieEef bl 4434, 12005010 3) BAL pRh e Raae Behett
t woegatise threshbldvaitagey Qarveard(8 aaddi@ aretshopneév espresehe

di gtributions from over ing . due to. the disturb
comsho g AGEIOPES PR tf ph 00 S el g o
Cel&'ddfti%nh’iﬁe Quf;v‘g 408 9§ S&%En 8VRinH S VOindeurfy 81 Gis @)%fween 1V and

physical si'ngle cell, the separation zoneis reduced
anEIV r €ahred 4 shhwscﬂhesdlatribuuom df céllsrihds dheverbeenduegrantmesl to the

SOOI B (R

sh;a;\gg 1hen Y1/ d| st ribution of threshold voltages of the

NAND fl ash menory array of Figure 3, according to
vari ousEesiefdherve Bitnstoreddn aringta memoryredl, as deseribed inghe

of at; %%ﬂ’rﬂ)l@ %éq{'otn"i‘g%ﬁfér ntﬂéggélaﬂggg.g?h%tg s g/ P%E)rf ﬂ%%o bits

st ab&a in BhchgheambAOe1li daedissdediffareyit Rgical g4 addpsse fent thag
t hreshaol d vol tage and an x-axis 404 having curves 406,
20 4o@ther4 Tihedayennageiithewain Epgrre Ads acsgissd Whep pa c¥en pags

he h ssgﬁ'i 4, U fs%cllﬁe%%"de @ﬁéﬁ#bﬁhg h&\ééée@%&% an

shol d [eve S in array 122
( smki pdg&addiess (aB, ar.e. [N2th é])és mgecktal dh@rdlmrltm grovmde
ative, t hol t.age Curves 408, an
oyed! religiige mdlwﬁ IS A R earai ek ereviding
St@%ht@ﬁrea&%arﬁﬁg 00", respectively.

25 In a read operation, the word line of a target (selected) memory cell can

be maintained at a low voltage level. All unselected cell word lines can be
coupled to a voltage sufficiently high to activate the unselected cells regardless
of their floating gate charges. If the selected cell has an uncharged floating gate,
it is activated. The bit line and source line are then coupled through the series of
30 memory cells in the array. If the selected cell has a charged floating gate, it will
not activate. The bit line and source lines in that case are not coupled through

the series of memory cells.



Additionally, curve 408 is between OV and |V and curve
410 is between IV and 2V. Curve 412 shows the

wale@soitsai i on of cells that have been programedr/us2o0$ie0804
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"01" state as being in the highest threshold voltage

| evel set t e_than 2V and. | ess than 4 5\
t he two°BM¢ fg{l‘)fbr ?‘l,rﬂergorgl yices mpym&lé‘ lPad lﬁga(s Wla'lln the

deffehld? drrh (ﬂlb&)am@e t%aamk@ ’mdysbefrlhgme@ aslbid By aft

| ogi cal " page. That is, each bit of the two bits stored
| nmaagfactueerpingdicatihg thed thelyshowld giof bensedtin Iamg Pys¢mpage

P graepanS The a8l ie e YR 0 SulddBYpe e n

4, more bad Doéks betng £éheéf3éPalrin rﬁlﬁp&’évuﬁ'&%rélidn iMoreover, bit
accessed when an odd page address (1, 3,

[ Negors cah pegus dnUéngB flash dewe@ppqr@tlcm @rvdtty@gu Ippg peréasts of
| t dyal {
UYL o SR PLALR Y0 R o

OpEOﬂfeamretof@smrditdmr@qoj a target (sel ect ed) rrermry
cell can be nmaintained at a | ow vol tage | evel ,
unsel ecNEYNRd]ash msmpry maydnelyde grasiorgee tprmgd ; aSRPB? 5@ eon

S ugzgdhm ggt hy dHo8 eﬁﬁ]p?ﬁﬁén‘{sa'i %?l;e %ﬁiﬂcﬁﬁ%@@? B?ﬂhé 16 bytes

regar €s of their oat I n rges
S ebedlécby&etdctdr}ashmmns hmbgdadqehtsoﬁielspgregmaes us¢d tosstore

cotsp AR ity i emEions Thfment dpp yssch ¥ floring bad
ar Bﬁ\fk 1ﬂf6nﬁ£iﬁ)nsa§1|dei§éa? Gevefihl of! ﬁ}%uﬁl ?ch?l B blRRMAPYing.

gat e, not acti vate. ne and source
i Mmrﬂlewehhgtncttabe trandating a kogwpl @dnlom addyesstth élfﬁfafcmtes

f : N NAND. f d
PR Py BIEERE P b & R BTOP APy (EPBaRYI TS,
ThgsieaddadiA RIDORAH m@oRecelBisk @derathe Bitikedn the memory array,
manuf acturer, indicating that they shoul d not be used

i ntherapysgueliging weedifiallghameyory pellsnapbhelping estend he life of the

gﬁgé‘ageebel nom%onorgl%%hh o%ki%rerdeﬁlﬂl ﬁ'ntpﬂagnén[ge(fw £c g:lll er

g  gener uring normaf devi ce “opéra

Moegmeeted tdile NMANDY Sashafieradgideviddr i ng NAND f | ash
devi ce gperation or during.|long periods of .inactivity.
ConsequEtrs? IusEakpRbIGakLaer B P systeRy OB Shpy Bagi eagparatus

W} eRdr E&%Jtl%ﬂt é&@r(ﬁﬁ% dt%%w'oﬁs dab&difeh&WYrithe 13v§ﬁm System

flash nenory may inc e extra storage terne spare
ar 8@0 inoludesig hogi 32, a bufferhOd parsereorirodicntzort systenn 81§ pahiesct

ar gl%mlorrl}g LC%%ESSCO?IU'OHXI' 6)51\45%}928 yin(? a flash memory 522. Error correction
system 518 includes an error correction check bits generator 506, a block
management data block 508, a first multiplexer 510, a syndrome generator 512,
an error correcting module 514, and a second multiplexer 516. In various
embodiments, system 500 comprises a NAND flash memory controller
implemented in software, hardware or a combination of the two. The controller
of system 500 may be similar to or identical to the control circuit 126 of FIG. 1
In various embodiments, buffer 504 is coupled to host 502 through a multi-
media card interface (not shown). In various embodiments, error correction
system 518 is implemented in a NAND flash controller hardware (not shown).

Error correction can be performed in hardware or software. The error correction
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per 512 byte sector). In various enbodi nents, the
spare area is used to store informati on such as the

wEaesandIbl ock managenent data used for stori nRCHES2008/000804
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bl ock information and wear-1|eveli ng or

| ogi cal -t 0- physi ¢al. bl ock, mappin Wear -1 evel i n

i neYstrae S 18 maydhesmigy 9 qrequn&,laﬁ T SAHFED ygtem 130 of
di £fgrent physical nmenory addresses each tinme a file

i s programed. War-leveling spreads NAND fl ash

menor y- édslshowsén Bwe §.Hesesl s eoupled ® wiffar504 madbMA 520 is

o RTEeS g B BGrond sne bie S cSiigifea o

OP§dratdndRedBiVe Bfa BRI AT SO0 ARCNAARh &N r@éf)e@tlvely In
controller connected to the NAND flash nenory device.

Fi g@ricelsEmuoﬂusmtattws@r bf datk taddnlfrermhost 2sandflashymemory

Shoys NI SR ERAAALYR of 8 or 96 bﬁt\?\%ﬁ?%t%recgygzﬁ%%g Output

I nsfmv& 584 hosdupdifio the iphisIf eRBAcorpdttiag mfduws TE£eiben
system 518, a direct nenory access controller DMA)

52@@?@03 ch@céssmtSr@neqagpré,@Q angtfipss mudtaplexerti18n Quputerhfirst
uitgﬁ% %%o AN Subledto 4R dﬁa:%%%gpgaé *Sgggo‘& ésl.ﬁ of PATARDs

nmanagenent rst
rrul:ddpmédem&he mplits of sgydrdmergengarne 5&2, dlodklRanagenent todule 508
correctlewg nodul e 514, and a second nul ti pl exer 516.

my %ﬁeﬁéﬁ?s syst em 500 conprises a NAND

flash NERAYSeRb &’iltﬁe%fs iRk AHRAEGHkr: ovild YO Sores

hardware or a co |nat| on o two. The control
of msfgmtaelnn 5egardmy bbé biicks (invaliddblocks) arehthendbcations wethin the

contr ol rcu .vari ous enbodi

b s e o layalif BUGT ke Gt toril S BB BGRITS. FAIEY: Inberent
eghivalid Blodkd, Ah& bl @R Rd (ARl dVISNR) InHeFen\f ‘%\}a‘ﬁﬁ%locks arise during
enbodi ment's,’ error correction system5

i nqblleemmuf@@mng rropesBIDf fhHedSANDodrvias! 1Qn thhaxtlmmaed (agquired

o PO bEFkS A B LREB 0T B8 riiaR Sk e Fiecks et

Si ¢listoMiertsite @ airékaitofeddar.t Woﬁ'ﬁl@uﬁlﬁlbélfs &0 hiaeiedd RnSRL i no
130 of FIG 1, As shown in Figure 5, host 502 is

c olepg%rcncwssefbffft@re spRithen a blowk ese of 3 pagriprostrn fikresh

s(il}{n{:f%an RUIBRYL & uaﬁ?%ﬁﬁ%io%géq AL g? fl? A ih gt Rd

recel ve da rom ash
neinwilyd bld2ks. eBloek triaviegement datadiooki)8asrbapledtat aror correcting
om host 502 an flash

tsrzlgg é‘gr it @Bﬁ? et %ﬁ?%ﬂgﬁiéwkéms.g@nereﬁor 260 19 tengjagd receive

bi gits 86t QPG cottet hPM8dulPst BYhd error correction check bits generator
506. Output of second multiplexer 516 is coupled to an input of buffer 504.

In various embodiments, when a data word from host 502 is to be written

into flash memory 522, the word is initially stored in buffer 504 as part of a
page. In various embodiments, a page contains a series of sectors that has
information from host 502 that is stored as bits of information. In various
embodiments, when an instruction is received from a controller (not shown) to
program the page into flash memory 522, error correction check bits are

generated at error correction check bits generator 506 for each of the sectors

contained within the page (except perhaps for the last sector of the page). The
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of buffer 504 is coupled to the inputs of error

correcting nodule 514, error correction check bits
w@emsogtser 506 and first nultiplexer 510. Qut peXT/U82008/000804

first nmultiplexer 510 is coupled to an input of DVA

520. Qut put, of DVA 520 is couple Q, f he inputs of

sy Hat ssktor gk Herpags mayq be conbiel %‘%&E"eh’@ﬁ'ﬁ MAsAgiRes gata

angro3fded ' PrhBdulk508 %Y firf a HIRARUTRALS: E

bl E:OEI man gﬂgar)ru'elﬁtn%n%g{eg 5ggust or esﬁjlr nf%r naﬁygn rror

r eganrabitiog cheak hitsark ger{arated Fardhdmodife) sactdr. t Hled series of sectors

S 3 et 5w D e 9
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bl ocks arise during the manufacturing process o
NASD devi ce. On the other hand, acquired invalid
bl ocks are not identified by t fact.ory - these
bl ocks B gTonacRoRRinen syistardhfy BLEFeha bat 3R fash

WelemoY¥ 522, Ak stbtcdEfor 36 @edidnlcheciasits in \Rd ﬁ@e&iﬁ@rd&@mputed
| onger accessed if there is either a block erase or a

pagfid gamepprethiorthe steres ety gaiteedtpn eheelk bis tead dtosn Hash memory
I k in.t t : i _
10 7§k Rt ks B Rt o e O TS I, e o

er iérrériak @curiegl. Miglresulbdfsuahd compatisonds c&ltdd D8yndhdedand
bits generator 506 to send _and receive data fromerror

colsresBeRicd ahddrams ganespalgr &k 4-off itis fpwnd: thafrthe padeonp isszero,
e : f Itk 6 :

OCl sRin el B ROUGIR IR AR oo, i
enmayl beresddsto iddreify svhiltt datavbitsiof EGGbiits ate ifiG2ror,sortto dbtermine

witten into flash no 522, the word i.s.initjal
15 Gt bR e ob nsPTSAP g KA epORRRDTS, G Sypdsgiae s non-

en?éi‘&,i iBAH 5o ustd RSBl QKL RS d@ersiihé %iéﬁfbiﬁea% r e?rc}rh"l‘ﬁ
has information from host 502 that is stored as bits

of variofus emboiliorents, thiy tabilolockemitagh wamplementedrindardware and in
instruction is received frama controller (not shown)

t coBPegpagipRs i35 Inplemsnied i foftds: y 522, err or

corr ect eveaBEKboiinenf! eIPMNEs RdrRA catre@ion@odes implemented
correction check bits generator 506 for each of the

20 sewtddhe cxtent ofiaved pigtetion reauirqsdga gestcwptenpdapsagson Be type
th { ;
A5k RO a0l o Gp PR AT PR LR ecf gf 8L

pribwagieds bryib&diarktsiriiheapeieoiredtingWodeHiiBd htnyfiacld@any one or
nodi fied sector. Error correction check bits are

geRereridtpsedrhapdurirblocayaghemdBoH), Red-Selomog (86), Hamming,
SoP B R AR g TSRSl Sty AR b tliment,

25  eight single bit errors may be corrected in any given sector using error correction
codes. In various embodiments, sixteen single bit errors may be corrected in any
given sector using error correction codes.

Figure 6 shows a flow chart of a method of programming a page in a
NAND flash memory, according to various embodiments. Method 600 begins at

30  block 602 to program a page. Referring now to FIGs. 5 and 6, it can be seen that

method 600 may include at block 604 sending a program command along with a

page address to flash memory 522. Method 600 may include at block 606
transferring one sector from host 502 to buffer 504. Method 600 may include at
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correction bits are stored as a page in flash nenory
522 as shown in Figures 7AC. In various enbodi nents,

wob@s/ogisdat a word i s read back from fl ash nenopgT/B2208/000804
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the stored error correction check bits in the page are

reconputed and conpared to the stqre rror correctiqn

c he@&nﬁ 608 gw%awnsptﬁwqcm HOFFgﬁBiy?féégo“e pe g a ime through the
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this indicates that an error has occurred. The result
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gener.at ed at ndr o enerator,512. |f it is, found
e 1o estgnef BRneRs s BEGECRE Riagtkriinedde b fheiaet har then
t NReEMR6E pRRe&IstO bfock 6141 NEthe Y65 Betefmitied ndeiobe thé last
may be used to identify which data bits or ECC hits

ar eectar then the meghod progeeds basknte tlock 6 k2nwhese thy ECE bytes for the
uncorrectable. . In _various ' S, <»f the syndronme
CERERBEAREE Saqpdriy REhIECTR BEM Ry 53 | 0, oY

det er m Meethdd 600 Mhy inclide at Bloek 604 clocRing®lockitfanagement data
enbodi nents, this table |ookup st azqf i s inplenmented in

hathaougheE@Rdogin apd fen te ABBUMABANGS4: Msthodi908mar ispludpat
O )

PR NG L ATRRELAS Ty chy AR R oo

pr aidethe iblorkmeaaigementi datatodflagk mesiys S22 d dpethats6@hmbp énclude

type .of data to be stored_and the ty of NAND sh
t ettetkoRhP sradine pLparay copfioy copmapdtd dash wemoRY fngorder to

th et '
ol SREL ARG GREE, R IR Y R At Bl

( R)nfiridestatun fomGshyneney 201 | er, Goppa, and

Denni st an codes. ver al odi nent ei-ght singl e
ot o 1 B QY ind B PR e R SineE 18D 120 o
er feQpectiQblyRabWHE KOdRReck Blts\RM bR @itk @slir¥BEtb S and block
Si Xt een S|ngle bit errors nay be corrected in an

gi Menagsaenbeatasicagrdingrtorvadony enbedimenisd s, shpwgum %i@re 7A,
Shoys Dol aiiahnds Ah-AJTHAAd 768 RLOHEI Ak B R34
Y, I ous

according to’ var
engxetbirsestt SininlRiabiosits0 Felde 903)508] 707 k7 BQdriespdndag BOT
a page._Referrin%ﬁnOMIto FIGs. 5 and 6, it can be_seen
t heheckbithgenesued Farpestars) 19de 704, 706 aak 7884espsatiysly Kield 710
PT 81,384 &1 Eﬁ'mgﬂ oL ﬁcﬁﬁ ] teR1ds 2N 704, 7
rrem)ruy ggsgg t ﬁ%ég&)@gg%na%] iaarl}c u%gﬁ%tq rgﬁg%k&é%%ﬁﬁ’ 04, 706
t r andsT08rqolllactivehecarah datafto bmtiaasferréd frohohdst 502 to B,
Met hod 6 y i.nclud t bl oc 0 rans ri t.h
SRR SHor B arifos Pt Brigs 0200 0 1 BligRCkes!2
E%ESO(QB gggdrﬂlaﬁéﬁ.oﬁl LQEREEhbANNRHE! RO 183,1705! 1@B4hd 709
menory .
include 13 bytes of ECC check codes. In various embodiments, block
management data 710 includes 12 bytes of block management information.
As shown in Figure 7B, page 720 includes fields 722-730. Fields 722,
724, 726 and 728 represent sectors containing data bits. Fields 723, 725, 727
and 729 correspond to ECC check bits generated for sectors 722, 724, 726 and
728, respectively. Field 730 includes block management data. In various
embodiments, fields 722, 724, 726 and 728 collectively contain data transferred

from host device 502 into flash memory 522. In various embodiments, fields

722,724, 726 and 728 include 512 bytes of information. In several
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Met hod 600 may include at bl ock 610 determ ning
whet her the sector is the last sector of the page. If
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10 M4

15

20

25

30

the met hod proceeds to block 614. If the sector is
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70&&@%@&% inGl NﬂNIﬁﬂ_@sMélﬁﬁ gofacdoﬂilﬁg RV drfdus ehfbodiments.
several enbodi nents, fields 703, 705, 707 and 709

i Miethed 808 npay inelude adlgdock B genctrtiag ermor coraeqtionslata for each

g;@%ﬁhg@ﬂwof L%g%%%%%%or rmr}% ozjng)origgll ﬁg& §ec]fgrs in the

Figigee I\/YdﬂnodOmIEmZ? thaludzl dt BRek 808 kcdmbifitize 7 Bldck lﬁhz&iag&nent

722, 724 and 728 represent sectors contai nin
dadat wrtbéhe rqleé‘rfaisse?@g(s tpogpnetatera modifiedgeetgr. r%wﬁi%qodnay
E Y/

2o l0ek SR i it Fo R A Rta I e O AL SRl
dat a. IMeﬂwdr%Osnaermomdnahblsck 80&¢aisbing, thd pliralit 6 f sgvtors,

72t§e gror!)rl gocr}elc ion %ata?‘nrt gaic o? ﬂ}eaphtlrra?Py ftesectors other than the
selected sectors, the block management data and the error correction data for the
modified sector.

Figure 9 illustrates a flow diagram showing a method 900 to perform
error correction in a NAND flash memory, according to various embodiments.
Method 900 may include at block 902 storing a plurality of data sectors and a
block management data in a multi-level cell flash memory.

Method 900 may include at block 904 combining the block management
data with at least one of a plurality of data sectors to generate a combined block

management data sector.
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from host device 502 into flash nmenory 522. In various
enbodi nents, fields 722, 724, 726 and 728 include 512

wWh 08891390 | nf ormati on. I n several enbodi ments, PCEUSR08/000804
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723, 725, 727 and 729 include 13 bytes of ECC check

codes. |n varjous enbodj nenpts | ock managenent data

730 " ncMrsiad 409 gy el abblsck 9&@&5@%@& HFGreREEr i data

FI g44Te8e &F tHﬁn‘%ﬁtgtog%aﬁ sHabR hdriRdnhe aPleafld®8 of R plurality
onmbl hed wth bl ock

the
showi ng ECC el ght sectors and

maofdpgareevtorsl aseal, to genenatti theycorobinad blwgk nemmbgeinend diata settor.

the inveptio sho in Fi 7C, _page 740

i ncl ud egfqﬂ?qglrboo@Ar;M}“c at bf.‘:).cg %g .ge‘?ﬁr%tf)rléa ‘_;/oﬂl,)m%EIOCk

- mm%&r?eﬂ[ 836 HorRB 661 fta FOHh@Lothbicd BlRk hdndgerhéfl &
751, 2 ...758 correspond to ECC check bits generated

f osect@ct ors 741, 742 ...748, respectively. Field 759

i ncl ude I nmanageent t n vario .

embodi miRst DYTREF HEER gL 358 910 Bl pruraiy of date
COokdcszs,itheblycle Hahagdinéht datal tha REbE Esresttibh dmalfos tacefitiee
502 into flash mermrX 522. I n various enbodi nents, i

s epluraly ofidata seppors and theombiegd Rleck managspeaterggr correction
in{}@ mation. In several enbodinents, fields 751, 752 .

.. i ncludes 26 bytes of ECC check bits. In various
enbodi nEnplemeitied the apparatus]) sysemsléhdayitthed odesbribakherein may

management information. Eigure 8 jllustrat | ow .

di @an%am_ % PRI RPORCATERCHER WEyoR a%&%ﬁm@_rﬁﬁ#ﬁs{l memories.

CORR&tbhAL, &Hkr@nﬂ?‘lﬂ@ ak/tﬁ:%ﬁbmfnﬁg irPhE Wnt 39 efrBr correction
nts. thod 800

vari ous eribodi ne may include at block
80@pegatimar aandimemenyrused fwrerme comectwat a f or each of a

pl urali of sectars of .a e.except for e of nore
Sel et el trepBiPenyine £ el B R ot ehseafahor nky Haw of
atjRbeslon3Rd nePoPIimitAGorR sPEPEKeBORARIR M whidiAthwishibect
the sel ected sector&s) to generate a nodified sector.

Vemhider rea0bepipcticed! Udie eatbodinrrits Blostrajedh areadeisergpedrin gufficient
correction a for, t.he nodjfied.s or. .Met hod .80 .
e s e Ble B R bl e T Eleps Pl R S hecein
S eOthef embbditheffsihiy bOntileRt 200 ddatal therefroat Bud thhh@ructural
plurality of sectors other than the se| ected sectars,

t Rnddpgich! suhstiyuonsnd ehanges ey htamede withew depating from the
daécgpé of ﬂﬁé"cﬁsélﬁs%é.' ’?ﬁsﬁife‘fz{i%g A)eggg;&{gog] aqelr%fgfésisrtﬂ)tt gcfb@taken

fl ow diragram show ng a ne pertormerr
c oinradahitmg semsepardAND s€dpesdf varomy smbadimentdiindefined only by the

AT N A YA (TN
entitled.

Such embodiments of the inventive subject matter may be referred to
herein individually or collectively by the term “invention” merely for
convenience and without intending to voluntarily limit the scope of this
application to any single invention or inventive concept, if more than one is in
fact disclosed. Thus, although specific embodiments have been illustrated and
described herein, any arrangement calculated fo achieve the same purpose may
be substituted for the specific embodiments shown. This disclosure is intended
to cover any and all adaptations or variations of various embodiments.

Combinations of the above embodiments and other embodiments not specifically
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bl ock managenent data in a nulti-level cell flash
menory. Method 900 may include at bl ock 904 conbi ni ng

wo b@siodisek nmanagenment data with at | east one OPCHUS2008/000804
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plurality of data sectors to generate a conbi ned bl ock
managenent data sector. Met hod 900 nay j ncl ude at . bl.oc
godessehed %@rpwg’v%’ee%ppeqenbfertﬁ%ﬁqfahﬂﬁaﬁée fIHPLERY YIS fhe
th@bcfvelﬂ'eﬁéri&t nof data sectors other than the at |east
one of the plurality of data sectors used to generate

t he conbottege mbguikudes fargdowehlogitasi gnadeatdothighHb gic i@t are

L b S5 RS By M FEIRLL Bl
bl g ti%@@ﬂ%@ﬁﬁd fadifveeatages. aboShPa8wmMaygit Bighhld@re

at bl ock 910 conbining the plurality of data sectors
t hdefiredainlyren thgisrelationsiimto areenethenin represertingdnnaryvalues.

for. ea of..the pl.ural ity of data sectaor ng .

colgr Rl B el it fes oL T ATk Boler Ry hAE han o

| MGGt Bignhl) 6r RPESVAL $18nal S:51HRVE a diffeteMBIAIAGLS or negative
described herein may result in a better error

copoladtyi than therbigho 51gpehi Anthose skalled\ianthe art ekl yadsestandsin
Addi ti her. i ' Dt
b bk 5ol ke BE0A UL AR 0 sl nd
f opotenitif) iwheatherldtive “loWiElogivoabqean yépresetted wiyrapsegatiad voltage

forma, part hereof show, by way of illustration and
noPotentidlinfeferencsfo & 1 i ¢ enbodi ments in which the
subj ect TRk Y tRDREBSrE f:55 ‘Eé@tcﬁéﬂhgﬂ' RGN $7 C.F.R.

il lust rg?gd%gtr&aeﬁgescrilbed irn su??li cl ent e?ai I to
endbl2(b) hameingkan dbstra¢trihdtivallatlbwitbe pradert togmidkiheascertain the

teachin dj scl.osed herein,. Q her, enbodi nment . b :
e PATSGR taAS ER Fne o 0t s HP SR e (QE PSR hat it
angill A&t yealse® \‘;H%Eér?x‘ét bOitAREscopa BERTaniBY oP theBMifhs. In the
wi t hout departing fromthe scope of this disclosure.

ThiosegoengDetailedPssaripsion oyarioup &alifres are greupedttogeshdsen a single

taken i.n a limting sens nd the e_ofvari gus
orapdilieftor PelpuPbbd ST 3Rariing I ABRe rHiF hledof,
t h@isélgédre isang €o BE ietpieta ©REGuiteomvR foltufdd tharCdraieRBresl e
entitled. Such enbodinents of the inventive subject

refecided inespch lairas Bpathen inventiae subieqt meatter mpy beyfopd in less than
Co}a]i Feﬁfdré/se(J)tVa sl%{glg AR cloSEdembSMfRA. CFhusTRd Fdl%wfiﬁé claims are

hereby incorporated into the Detailed Description, with each claim standing on

its own as a separate embodiment.

CONCLUSION
Various embodiments have been described here as a mechanism for
programming system management data in a memory device. The programming
may be conducted internally using an error correction module coupled between a
buffer and a direct memory access. In various embodiments, the memory device

includes an MLC NAND device.
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conveni ence and without intending to voluntarily [imt
the scope of this application to any single invention
W@eooBNYESNE | ve concept, if nmore than one is in PEDUS2008/000804
di scl osed. Thus, although specific enbodi nents have
been illustrated and descrge rein, any arrangenent
cal cul ated to achi eve the *&ngr pose may be
SUiaak tsigieheldqs: t he specific enbodi ments shown. This
di sclosure is intended to cover any and all
adapt ations or variations of various enbodi nents.
|na5A Qt%og ortnggsﬁgove enbodi ments and ot her
odi nent € Rot eci Pical l ydescri bed herein will be

5 appar ent to ghsstiny erfdfidotrettion duta for teachpeia pslavciley\bﬂgactors
t he above description. Vol tage magnitudes for "l ow'
| ogi ¢ sPhhBRES exeEPt fﬁrgﬁaﬂrcwgr ae%qrgﬁéhespagre nor mal | y
not defined SLibmiddobcit Aindihfn?dta Wi e BhriichlaRbdclét to
val ues |nclu I'ng negative v tages an posi t
vol t agegenetdte gmiodified Sdcawl’ | ogi ¢ signals are defined
only by their relatlonshl t o ope anqgther .i.n )
repr esent i ng8HIHENE ?féﬂﬁ?@ twﬁq%ﬁr ghe godified sectpr; gpd

10 Si gnal “has acarl%ﬁaggethte%rtesmyrofraattaetmalerrtar a&%cubh@ata%r

"l ow' logic signal,” or the "l ow' signal may have a

di f f er esachpditise pltxyalxby ofisegtors oeptbhm thetpartidvdar sepfor, the block

“hi gh" signal t ho ski | in t rt, wel .
undor t SdEtiert S A3 dreceisy epapiion iy e Pogified sector
val ue may even be represent ed by a ground potenti al
when the relative "l ow' |logic value is represented by
a Aegat Themgthodadelaiat lo gomarising: r ef erence to ground.
The Abstract _of. r co
15 0 a7 ¢ . 100l B RRLOSHE ol Shitf Biac SRl rom
al h msnidrge coasiRE. t 0 qui ckly ascertain the nature of
the technical disclosure. It is submtted with the
understanding that it wll not be used to interpret or
|t “Fﬁe%%%ﬁo?rl alnicg Hgmghe clainms. In the
f oregoi ng Detali l séri pPI on, various features are
g r ou ped t ogetriesferringahesplogility efivotbirsvamnt the btockheanagement
ose of strea ining the disclo Thi s met hod of
20 G &fF So R e o T BRI FORFSEBBINS requir e mor e
features than are expressly recited in each claim
Rat her, inventive subject natter may be found in |ess
t hén al Theé matheded ctimal, gomgnemau scl osed enbodi ment .

Thus t he foIIovvln cl.ai i ncor pqr at

(he Dot ai | ec BB A AR SHErOE R n et i o sen

|t &f tA¥PluaAit] of S§bis8 i€ tHRIPage biNthan the particular sector, the block
25 management data, and the error correction data for the modified sector onto a

multi-level cell (MLC) NAND flash memory.

5. The method of claim 4, including storing the plurality of sectors in a data
area of the multi-level cell (MLC) NAND flash memory and storing the error
30  correction data in a spare area of the multi-level cell (MLC) NAND flash

memory.
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CONCLUSI ON Vari ous enbodi nents have been descri bed
here as a nechani sm for progranm ng system nmanagenent

W@l 2008/09139@ nenory device. The programm ng nmay PET/US2008/000804
conducted internally using an error correction nodul e

coupl ed_bet ween uffer and a djrect access.
mbvar | 306 MM A YIS FEREbY e PF Ot B g i lata
M.Gi %Xﬁlﬁxese%_'ix'}@ud@yé%tri'eﬁng'tﬁé BIBEk h%hagemeﬁt BBk Rsh

conprisihg: generating error correction data for each
of the sphreraa¢d efithe mudteddvel sclbMBCpNPNIR flaspmemory.a
particul ar sector in the page; conbining bl ock
managenent data with the particular sector to generate

s a nodi f T nRREddUf el ARNE Wk 1B sRFHNE theEPuFaiey bPskctbad cludes
for the nodified sector; and conbining the plurality,
of stodung 612 bytenef data eorrespondiog itopachf she pluradisic of ssetorhia the
pl ér@llity of sectors other than the particul ar sector,
t hé"Bf'ock managenent data and the error correction
data for the nodified sector. 2. The method of claim
1, conprising: storing the plurality of sectors in a
buffer Bhe wﬂm of claigiu gtherqip generstitigdhy ceeheqrEctian chepk
The. . et i _
10 (16 Efer 38, ¥ bRl or GG il sbAGARIERE ol K it
I nfo? the plagilisy of sestdrdiofa papgeatared ircihe baffer coupihaictoltlee mdilti-

The nethod of clajm.1, conprising: storing the

pl lﬁ”ﬁ’l‘ieﬂﬂ\@fé)s@é@ Hash Mem@FY or correction data for
each of the plurality of sectors in the page other

than the particular sector, the block nanagenent data,
ang. t heThe nethodarficédmi o whetatim cérobinirgethablickineahagerventrdata

5 A A B b TRy o
of w861 9b$tes Bf Batddh theabicu®dr seétgr.mul ti -1 evel cell
(M.C) NAND flash nmenory and storing the error
10. A method comprising:
storing a plurality of data sectors and block management data in a
20 - flash memory;
combining the block management data with at least one of a
plurality of data sectors to generate a combined block management data
sector;
generating error correction data for each of the plurality of data
25 sectors other than the at least one of the plurality of data sectors used to
generate the combined block management data sector;
generating combined block management error correction data for
the combined block management data sector; and
combining the plurality of data sectors, the block management
30 data, the error correction data for each of the plurality of data sectors, and

the combined block management error correction data.

11.  The method of claim 10, comprising:
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correction data in a spare area of the nmulti-|evel
cell (M.C) NAND flash nenory. 6. The nethod of claimb5,

wobk@sedrsoconbi ni ng the bl ock nanagenent data wdTUs1ve8/000804

5

10

15

20

25

30

particul ar sector includes retrieving the bl ock
nanagenent data fromthe spare, a of the nul I -1evel
cel | ( MREHfOrRpRE™R Fraehcqvéeﬁsglg/ code (S SRETAIGR SBrdaia Ut 2
LéhediREI ng the plurality of sectors includes
storlng?512 bytes of data corresponding to each of the

plurality of sectors in the buffer. 8. The method of

bi 141 oThEmeiagror it T g el i SRE and
genférb%dkl}aauugem%ﬁ1r191&1ua&ess?tifnx?pgt fnS da@4 afeB 8 RvNA1édeY c8lf (MLC)

sectors of a page stored in the buffer coupled to the
muNAIND élash memiory.(MLC) NAND flash nmenory. 9. The

nmet hod of claim6, wherein conbining the bl ock
managenent data with the particular sector includes
comdi ni The M2tHdtcTFeldih 12, Atkreiegagenpgterdatarrvétion dal
bytes of data in the partlcular sector. 10. A nethaod
cottshudss pigring therarreg carrpetiandata ip the sraae area o& thsrM LenJAND
bl %1 ment data in a flash nenory; conbining the
bl ock managénent data with at | east one of a plurality
of data sectors to generate a conbi ned bl ock

dal e f ofhe %oﬁfoft%&ér%[ﬁ By Cosr g BEROHE Sb R sectors,
t hﬁae bidi&k dndgEieht RRE oy e&&%oﬁiewcﬁi ddry ttfeallpb Pthe %ﬁlr&’l'it«? of

used to generate t he 'conbi ned bl ock rranagerrent dat a
s eddtossctaremaddhé ogmbiord bloek ntﬁnag«ne:mlmgen@mctlen rdata includes

correction dat i ned bl ock managenent data
se%%’?gagﬁ%e 'Eéﬁ%mqym%gg%%moﬁf of data sectors,
the bl ock managenent data, the error correction data

for each of the plurality of data sectors, and the
cohbi nedhdmetieded ekedanidnwhereiostorieg theprgo mcdilea storing a page

conprising: performng an error
gli’arvé'l%%}g%asggodléd?%éﬁékgoper ation on data using a

16.  The method of claim 15, wherein storing the page having at least four

data sectors includes storing data sectors having at least 512 bytes of data.

17.  The method of claim 8 or 13, wherein generating error correction data

includes generating 13 bytes of error correction check bits.

18. The method of claim 8 or 13, wherein generating error correction data

includes generating 26 bytes of error correction check bits.

19.  The method of claim 12, wherein storing the block management data
includes storing at least 10 bytes of block management data in the spare area of

the MLC NAND flash memory.

20. An apparatus comprising:
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menory controller. 12. The nethod of claim 10, wherein
storing the plurality of data sectors and the bl ock

woracvagersent i ncl udes storing in a data area of P@I/US2008/000804
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mul ti-level cell (M.C) NAND flash menmory. 13. The
met hod of. claim 12, where enerat n rror
correct PgﬁStd%QIHp\%ﬁEq ‘i?dl'Bkd '?q"f g{“sﬁplr&@r‘?%@?’iy&?cess

d aE@nti‘(ﬂ' chrBit, SRRk &n @l‘ieeﬂrsf)ﬁquitmm#@r &Mﬂgltfake@%ﬂﬂtam Ybuffer to

The met hod of claim 11 erein conbining t
pI theadurd:qrntdimimaacsecd)rﬁrcﬂ cirtlig bl ock rranagerrent dat a,
the error_corre n data, f r eac i of
ot seBeBEod TP RRe Dflst Hetvasn Jur P g A fres) fogftory
coa&&ﬁ whRrdimtR s'eE&{d&ﬂﬁﬁlﬁﬁéx@f 1srts cé‘mﬂﬁﬁﬁ:a_teﬂi;iti"ﬁoMJcﬁe direct
NAND flash nmenory. 15 met hod of claim 14, wherein
stmnwgyamsqo@gbebwﬁfemdes storing a page havi ng at
| east four _data s 16. The, net h cl-ai,m )
wher ei nSLpAPTIsirRigh Sk S meretfiol EpUE) gt ity Rdprexer
sect or Sah BEbrEIRfecth® friodgletdupled @6 tHel secdiRvin ilipddxet &@bthe

512 bytes of data. 17. The nethod of claim@8 or 13,
whbulderh generating error correction data includes

generatjn (% Q#E&F{?ﬁ- c 1@19([ b%%’ééﬁﬁlte'e%r cO8&Hin g rltlg‘dule and

18. The rein gener
er therdireot thembiyoavcesst avhered thed agndremergeherar %toh;etﬁs thef

error correction check bit 19.. The nethod of claim
12Preganse of At leash ong giterer 1 datk recgivag 3&%@6@5@% NERPERASESS;

stgfd ng at least 10 bytes of block managenent data in
the spare area of the MLC NAND flash nenory. 20. An
appar at abloch mqwmag¢mgltancﬁduicstouplﬁdttpph@mr o@ogpliamcheck bits

o BeTator itehrist ottt podiFuih R BAES ool Ak dife
dafm@mbohPABcass) WheRin e Blotk ﬂhﬁa%%heﬂﬂﬂ@ﬂﬁde A eRhcaf Yy §@bf

circuit: a second multipl exer coupled between the
bublpek managenteat dataect menory access, wherein the
second multiplexer is to communi cate data fromthe
direct nenory access to the buffer; an error

cogr.ect Tﬂéla}fﬂ'a%lks bf d18inQ RO\ eVt €ih tlmuf&cemehmry Becekd fsoupled

mul tiple
toa mult1 Ievel cell (MLC) NAND flash memory.

22.  The apparatus of claim 21, wherein the syndrome generator
communicates the detected error to the error correcting module and the
syndrome generator is to generate a syndrome based on the detected errors in

data communicated from the direct memory access to the buffer.

23. The apparatus of claim 22, wherein the block management module is to
provide block management data for each page of data communicated from the
buffer to the direct memory access, and the block management data is combined
with a last sector of each page of data communicated from the buffer to the

direct memory access.
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an error correcting nodule coupled to the second
mul ti pl exer and the buffer; a syndrone generator

w@eouphedobet ween the error correcting nodul e apdI/Ukm®o8/000804

direct menory access, wherein the syndrone gener at or

b, S8 B R HESR, e RIS SRBb g

bl gRidulEas aggsRite m%rec&&ldﬁbﬁéodeqof B&hSITHIN sectors of each
correction check bits generator, the error correcting

ropegecexcentdor thedast pestari qficasiepagend t he direct nenory
access, wherein the bl ock managenent nodule is to
generate a set of block managenent data. 21. The

5 appsir at Tae appazhtas of ABim dBewkdreinttheeon @etectiemtiiegk bits

access is coupled to a nulti-Ievel

f | B uledfrify GENCERSC amTREOTARSTEFHeR SOqSH | foE i o bggEmnt e
t h&(ﬁ%gqgﬁg&t&%%@h%‘ég‘ommm cates the detected error
tot

e error correcting nodul e and the syndrone
generator is to generate a syndrome based on the

oL 0 B B A ST AL AT e

10 ¢! phdm laaudl\f@eaﬁﬂaﬂahfm se!:te% cHBNGIRIFEDA dﬁﬂa%'ﬂ éachdriie
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provi de bl o€k managenment data for each %e of data
c oplumality ef ssgtdrs exnephior ppaftinularseetpr agd tl@dz o¢lemanagement data

d h
2Rt fror 3 frob iy R ot FERRAEMEN ket Bmbhe IPLASAI,
t hghaRadehfint B4tat he direct menory access.24. The

apparatus of claim 23, wherein the error correction
check bits nodule is to generate an error correction -

Co% f o c% &ut&fre%cﬂl%l rﬁgalg{nshaQ'g’gSQ(?gd Qt?eggoneﬁ( SB5rh&lire

the 'l as appara us o
claon‘ipni’s"mg,v\herel n the error correction check bits

nodul e is to generate an_error cgrreglon code for the
bl ock nAfEyd O"éaé’t‘légérf&s‘tﬁl’?étolré flatabisor for each

page. 29 sechlig ﬁ%Rp&fn@atlHiﬁé Qffirsd @t 5F GPor c%%&t%lpblttsr@erfv'eﬁ $om

mul'tiplexer 1s to recelvVe a page Including a plurality
of thedr$tdiedd; error correction data for each-of the

plurallt 6%@ ctors.exc % a | ar sector,
0 Bnd ¢ hea VBLATERTRIE Gapd Sectdt dIald il
a fourth field containing a set of block management bits; and
a fifth field containing a second set of error correction bits derived from

the third field and the fourth field.

28. A system, including:

a processor;

a display to couple to the processor;

a wireless transceiver to couple to the processor; and

a memory operatively coupled to the processor; wherein the memory is to
generate error correction data for each of a plurality of sectors of a page except
for a particular sector in the page, combine block management data with the
particular sector to generate a modified sector, generate error correction data for

the modified sector, and combine the plurality of sectors, the error correction

21



and error correction data for the particul ar sector
conbi ned wth the bl ock managenent data. 27. A

W@ 0vp9sre r eadabl e medi um havi ng stored t her eOPCHUSD&000804
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structure conprising: a first field containing a first

segtor. of da bits:. a second field containjng a first

S CHatg forckaeh ot s AL SEFDE Qe T BE Perchlss Sedor i Block
f i glaflagetenflifid ahi Bleckrf?RbAbARIdNMat ff SR HodEeH REctSH.

data bits; a fourth field

contai ning a set of block
managenent bits; and a fifth field containing a second
seé of erro% co rect'hgnc bi tn%. derived fromthe third

fi ?‘d 1antli’fblsyts &P ﬂ?ltnh iRMETE A system including: a
pr ocesgrhs; anddi splay to couple to the processor; a

Wi rel ess transceiver to couple to the processor; and a
nenor yaroimagtts planstoceuplede theapreerssess Bredmaging planstairgeeive
th j nerate error correction data for
eaféﬁﬂ%@@lﬁ%g’?il y of sectors of a page except for a
particul ar sector in the page, conbine bl ock

mapagenent data with the particular sector to generate

a Hdi Fhetyseat ohlainy s ConmpES®E; or correction data for
he g A . : '
B i e
plurality of sectors other than the particul ar sector,

t he, bl.gck mana nt.data and the error correction
da!tf]a f@?‘e %Yﬁ?"h‘gﬁ“rq?‘% $BEPEF'"829. The system of claim
28, COfR¥ bPhfedia RaytRABR cotffls AcdufRGb Mk PlodéiBof. © coupl e
to the processor, the imagi ng plane to receive |ight -
captured by the lens. 30. The system of claim 28,
conprising: a cellular tel ephone receiver formng a
portion of the wreless transceiver. 31. The system of

claim 28, conprising: a set of nedia playback controls
to couple to the processor.

22



