PROGRAMM NG MANAGEMENT DATA FOR NAND MEMORI ES 5Rel at ed Application(s)
This patent application clains priority benefit fromU. S. Application
No. 11/ 698wd2bosfovised 26 January 2007 which is incorpor aaddesebizedy
reference. Technical Field 10Various enbodi ments described herein

rel ate generally to non-volatile nmenory devices including error
correction used in conjunction wth non-volatile menory devices.
Background 15An Error Correcting Code (ECC) engine is a device which
perfornms a process of detecting and correcting errors to ensure the
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In menory systens, a nmenory controller wites data and ECC data to
the nmenory device. The ECC data is used by the controller during a
read operation to identify and cBelatai Applictisngshat 20 nay have
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vol atile nmenories are capable of maintaining data in the absence of a

power supply. An exanple of a non-volatile nenory is the flash nenory
that stores 25 information in a senﬁ&gﬂggﬁﬁgh_device wi t hout the need
for power to maintain the information 1 n the chip. Fl ash nenory
can be builPt usi ng Veriphesmindinents fyssiibadcderaie slatpiapiprallyde nowanlabls
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Background
15 : An Error Correcting Code (ECC) engine is a device which performs a
process of detecting and correcting errors to ensure the accuracy and integrity of
data during a data transmission. Typically, in memory systems, a memory
controller writes data and ECC data to the memory device. The ECC data is
used by the controller during a read operation to identify and correct errors that
20  may have occurred 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

25 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

30 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.



data bits in each nenory cell. Wth the use of nmultiple levels to s
increase the nenory density, nore errors can occur during progranmmi ng
of the M.GvihAbiB/warsdoan efficient error correction schengi 200880604

Brief Description of the Draw ngs Figure 1 illustrates a block

di agram of a mermory system according to various enbodinents of the
i nvention. Figure 2 illustratel Descriptionaf the/PE}¥R8% showi ng t he
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Figure 6 illustrates a flow diagram showing a method of programming a

15  pagein a NAND flash memory, according to various embodiments of the
invention. :

Figure 7A and 7B illustrate data structures of a page showing ECC
combined with four sectors and block management data, according to various
embodiments of the invention. . _

20 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

25  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.

30 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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Figure 9 illustrates a fl ow di agram showi ng a net hod of perform ng
error correction in a NAND flash nmenory, according to various
enbodi nentwoabogtaessd nvent i on. 30Det ai | ed Description  pCruSzhagmoesod
illustrates a bl ock diagramof a nenory system 100, according to

various enbodi.men{s of the_.invention. |n various enfhodjments, system
100 el udes. AR 8B eaRLar B TS Hare IR AT DA PO 110,
Menory 120 i Reehiet9928confrbPircaft 100 InMAlitpdt e/ H} él?éuiitg;glwéfaﬁd BRESOr'y

cells 122, address circuitry 124, control circuit 126, |nput/Qutput
(1/0) circuit cpmgetion sygiemdpspoMesry aey B agsstlembeglerrediserds gn arayf
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bl ocks of nenory are typil ca erase concu I'n a
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a NAND Fl ash nenor.y ar. | n_various enbodi nents, a control
circuit 126 i §°’5‘P8§5 éﬁ%%@@%ﬁ&w operations, such as read,

wite and erase opéi fdricu8emboSinfnR| 2bdiRd] Sedu126 9EroNRIER Fymamgeat i on
performed by the nmenory control circuit 126 10i ncl udes an internal
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the nmenory array 122. _I'n various enbodi ments, nenory 12
coupl ed td0a pradusies soint¢rnaltdatdoore opgrafionmy form part of an el ectronic

sysiem The novel HPDRIAL UseBRthaAKSh SN o0 (B RS JRETDRBIIENL Por™)

conprise and/or beinc I'n roni-c circurtry’used

hi gh- speed cowrthet eresioncomtoilec HO fonacaedingitign@abmpryocaydi20 g hevarous t ry,
single or multi-processor nodyles, single.or nmultiple enbedded

ot ocessor s mETPPOSETE: BrEeBsLtEsy BestpERfT e RgessB o Showns &1 may
appl i cati on- sg&ei parCoMRGIcESnicREtad] THe AdVel hppayis andl/étbms Bf Yarious
nodul es. Such apparatus and systens may further be included as .
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Comput or s, delR o A re O R AR o CRIPYCE el By L L
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lines 132%Yrofit P y Y , as ’
cellular telephones, personal computers (e.g., laptop computers, desktop
computers, handheld computers, tablet computers, etc.), workstations, radios,
video players, audio players (e.g., MP3 (Motion Picture Experts Group, Audio
Layer 3) players), vehicles, medical devices (e.g., heart monitor, blood pressure

25  monitor, efc.), 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

30  memory cells in response to address signals received across 1/0 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.



processor in controller 110 to control access to the nenory array 122
via control circuitry 126. Access to the nenory array 122 is directed

to one or wonewgiget 30nmenory cells in response to addgasss:0ds@odh
received across I/0 lines 132. Once the array 122 is accessed in
response to the control signals and the address signals, data can be

witten to or readltVBHieanBresisiagy theseiskilled itk arttimt pdditienal gpcitry
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devi ce of Fi gibeen simplifediodielpsionpd orf medmbodxhehtp of theusvention.hk will be

enmbodi nent s of ' unders ahove
Gooort pet on oraStEioh@ UGt Gave desipiion 34 MRS haAE & HRkndbfo EPIYE
under st anding acg‘enérhleunmemhmngm the&né]ﬁ(ﬁry&n@ ok @ tempiesadekqiption oohll al |
the el enents features. of a cal menory devi ce. I n
various enbodit ﬂ?@e"%?’r&f%ﬁtf“fﬁ(? IGFHBEMIRY $VISr correction system

130 for storing ECq | i{dk BRbbAMeR{sOWsEA1 IWnA0Ms 20 lch®F cokldltioftysRi
correction system 130 may store an i'ndication of the ECC schere

enpl oyed by t Ha0 f@ stasingESIG svornfagien pxowitsh &y icemtralleg 1 LB E=or gerrection
Reed- Sol onmon %?ﬂ&ﬂ%@hﬁl sofe Qrij‘ilh{chﬁ’é}h né Becls Pe%eoé nﬁ%éi"@elﬂe by the

controller, correction sys can s ore a
of f set, ofl 0t heohtodket, |f01rlemﬁ1pteﬂéarﬁﬁiﬁg;JBCH byRe=sl-&sdsmon added, &ttt fin ar ray

dat a. The syst ris [ oc or
Chor 18 shounpalign ot BaB S BOETRES bR B pralfe of Bairdefid sl 737
The menory ar caytéde ah2ddiest; brislfEstt, Idﬂtl’id‘lecdﬁéﬁ'@fﬂlem aRy bes ssbdated
operatively couEIed to the processor. I n some enbodi nent s,

the system 100" 3y @A3ri se a canera, including a lens and an i magi ng

pl ane to couple tOTﬁe%Fs%??(ﬁP'in solEerh BB B, PhANS niPRi¥e B BrodOids ot O
receive light capture | ens. Many “var i atlons are

possi bl e. 1For S@Faﬁwpépledw adimlaensideti ateineless transcciyps t Bin menonysyray(s)
conprise a Ce'lki’[rﬁfud%&inetﬂg% t5d Pﬁggn%ggé ﬂéﬁﬁ‘%{m 3{%%@1 g Portion

of the wireless transcel ver sorre e sys em 100 may
conpri se an apdicessoni deo, or nulti-nmedia player, including a set of
medi a 25pl ayback Cﬁln;[orm%l esrl‘l’t;[o%irgé)n'fg ltt?e s;[ygte;[nhl%o aglcc%%sp%rse a camera, including
a lens and an imaging plane to couple to a processor. The imaging plane may be
20  used to receive light captured by the lens.

Many variations are possible. For example, in some embodiments, the
system 100 may comprise a cellular telephone receiver (not shown) forming a
portion of the wireless transceiver. In some embodiments, the systemn 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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Any of the conponents previously described nay be inplenented in a
nunber of ways, including enbodinments in software. Software

enbodi mentwormkessesised in a simulation system and theGibisotdsos
such a system nay be used to operate various portions of the nmenory
129 and system 100 descri bed 30herein. ECC techni ques are wel |
known in the detectgddhe eentrpbler | §0sqan geadrtheidate frppmeahe memger B0 inteer uffer | t
wi || be under i i i .
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area 210, 110 ports 212 and a plane 214. The rfrenbry system 200 may

conprise SLC @12 pandapbneiid. Thﬂdh@d@!ﬁqymme maylcompries JLC PhMIdat a are
transferred t f. . i 0 e

t hrough the dgl%eg%r dflélpaél?ig W%W’Hé‘&@gr@%?g‘éﬁ% tgarﬁsg‘%%h?q'%%d %Aa/t&éhe
regi ster 206 mwNABD Dashinednaly Q6@ diytet ty BytéOheaugh tigd datd reglster 204mell thet S
as a data buffer for. the 1 data, whereas the data, regist 204 may
be cl osest t o SRqhe rﬁ%ﬂﬁrr%ma#?ﬁﬁa%‘ﬁ&e%ﬁrsﬁgfﬁ’%ﬁ%mml?%ﬁt t&ﬁfﬁ ?‘Rj'“f’ﬂg
operation of theuifdANPatts aSh 5B BREd for the V& dedd VRO Hemb B gisfeh204
| ength of data area 15208 is defined as a "p " The nenory is

age .
programed an#aydg@lasest futie NrEREY BRIk ACHS ,a%awcbuﬁ@r dyringethe pperation
bl ock-based opefaiN Y- fiaLl e%&ﬁ%%aﬂ@nfsréﬁﬂoﬁﬂﬁem%,% lglgtﬁ‘of"ﬁ'ﬂa %u%gihﬁg

registers may be tied together a act as a single redister.
cache opeiéti 86%is defisedizsta‘pagel’. cache regi sters may operate

i ndependently to i eas ta throughput . NAND f.lash. .menory.
Struttured as showits HEROGGR & o mpos SEISRY biashOBrer BERUST Pisiges
Eﬁg hd bl ock n’ayrabfﬁl iﬂ(bﬂmsﬁdecﬁfpeﬂdﬁpnﬁ Zt))urﬂfg fade ﬁp:g&ﬁongl the \dﬁt&igﬂdil 8ache
enbodi ments, eac age. nma ave 51 tes.(216 wor in ta area
208 and an_ ex{EF BT PECH RGP S EEe heiPro BRnB RS, | ous
embodi nent's, 3fer@in, thadfta ARY c4BBY Fet?d S mily bpsrate ItkpeMRNAS do ilneregl@tl a

area 208 and 64 bytes (32 words) in spare area 210. Spare area 210
may be usé® tdatatlgpeEhpEits used for marking invalid bl ocks during the

produst i on, pr 0cessN ki BABhY Y S09HcA 2L APAG: B 20f R Bet O

ECC check bits. Marking 1nvalid bl ocks can be per of twar e
oper ati ng on of Wetksaif phgass Eaenblackmdy be cdmposehef 11, 32kor 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,
25  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
30  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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30 managenent data. In various enbodi nents, this software may al so
provi de the ECC code if the processor does not include ECC hardware.
I n vari ouswertbgdoent s of SL C NAND nenory, the data | ndig2608060804
area can be programred with the host sectors or separately. For
exanple, allocation rranagerrent i nf.ormati on or bl ock rranagerrent

i nformati on arfogdion aesgemsn wiompatigropleg: BaRBETFiRlorRYasaad B

data arrives fh%&@%ﬁﬁiﬁ%ﬁﬂﬁﬂﬁﬁbkﬁémtﬁgh@%—%s fnSthé REsthost

data nmay be progranme e sane tine as host dat a. 5I n vari ous
enbodi nent s ofAdditOnpNIBGEeheck bits for hegidpte maydw riegrammed @t the same time
programed at tth '%%g]gttlrre as the host data. Additionally, a whole
page may be pr 5’ %t the sane tinme. The bl ock managenent data
can be det6rmi ned beﬁmoasbheommhtsmmmslmﬂemey \ietkpate apedodifts er ,

but may not be ogramed until the host ta (S n
coveral orbod THBhPrOBHEEY it R ME TG Aot S G b e
host sectors agg etrhsy seﬁxbgfamcpatmersaﬁm%et M Witk danEsdmdk H&H ichn be
before the host data is programed into the nenoqr‘:f}{ Consequently, no

addi tional ti rﬁiﬁten%m%b%fwéh?h%ﬁifmf%éretr@peyésatr%lb 8, B pfay et B error
correction fo épﬁarg m of

t he nenory syi’t&m %@g’ﬁg\/\n |nF |gufg@%’, &]'tﬁﬁe?%gge an gﬁ%ﬂgg?%%
oper at i on1pr obbdk megagenient jsladded tomnaof)thgéoﬁaedtsrs(aeﬂg sgcto@@rdstteamedt a
time as oppos

{1 ash- menor | o Broushh R Rty S0k Rt e S ardgfeifer BEER 1 ed¥on o

bl ock basis. mnmemtyg Maddﬂmnangmam&g&smadmpmeﬁad tePhratelly vari ous
enbodi nent s, rgq e of 528 bytes |t3transferredfromnem)ry into the
data regi sterPf ‘EJIRrCOFﬁ‘“%?“ gfbe bleck pgresmepbdatat i on, a page of

528 bytes is wri ttﬁﬂvdd&h?eﬁaﬁ@dlﬂxéﬁ@of&@'ﬁxﬁfry%ﬁ B@G‘sﬂb%%ﬁ@lﬁéjz' nto

the nenmory array. Also, in a erase operation, a group

consecut i V& pHgasadand pb@l’@ﬁ@@é@tlompracgiumjlt&edﬁ@emmge Fasgeme@ 328
illustrates ay f

according to v ?%@Ergﬁ%scuﬁ rre%trﬂsjqct)) the |%§£e5?lsftlh%t§§ *‘r?o%ﬁgﬂiggasﬂoo

memories). Additionally, the erase operation takes place on a block basis. In
operation, during a page read operation in various embodiments, a page of 528
bytes is transferred from memory into the data register for output. In a page
20  program operation, a page of 528 bytes is written into the data register and then
programmed into the memory array. Also, in a block erase operation, a group of
consecutive pages may be erased in a single operation.
Figure 3 illustrates a schematic diagram of a NAND flash memory array
300, according to various embodiments of the invention. Memory array 300
25  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
30 301 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 {(WLO-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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25 does not show all of the elenents typically used in a nmenory
array. For exanple, only three bit-lines are shown (BLI, BL2 and

BL32) whi |wotzoeewsaer of bit-1ines enpl oyed actual | y depandsss@bushye
menory density. The bit-lines are subsequently referred to as

(BL1-BL32). The NAND rrermr[\gnl ncl udes an array 300 of floating %ate
menory cel | s $88@40n FheRi qSﬁBééﬁlé@)aaeegﬁw%scosel&d to3gsnse aoaRif!

the floating Qﬁét%h&%?%héi defebd tﬁe@t@t%d?‘éb(ch%ll%@i‘m ed drain to source in
each series string 3 ) line (W.O-W.31) that spans across

mul tiple series stdn ﬂmatmthemdﬂlse&im SL21p selpes theoindivislualyBeading of
operati on . TheaBipddif st B Rl il 304585 sk afsiPHE RuickP Bl froead o,
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1ot ng. gat o REdbr PEEPEs: Hode sl S5 srse DGt SSUBOEME BiF e (o be
witten to or mid@dfy bEIRT aapibdanalsahte life306eTRd SHuf@ sfeie@@%?itertﬂti &{®and

menory cells in each series str|ng&304 3057 n a pass rou node.

Each series st amigdpodual bobne (BEL-Bh32hy adreia splspiogale Tl BS3. i Ehegguiseed
to a source l'sa@ct%(gé 2{6 %ézggéf&gtréﬁéagya QAR st a?elc%nggﬂl&e%slcg@,) The

i ndi vidual bit-Ti aln sel ect ate
source selléct 3g&cwlaﬂxe the{&icbn&rpbgmsnfl’he dragndsetbact gatendik2c 813wk eontrgletie

control line Ied i T control gates. The drain
sel ect gates §G%%)r%ﬂ§e %"%8‘”@5 IPSISFE% %15 a drain select control line
SG D) 314. E&adh @il can beaprdgeanpnhapisasimtlc vis per cringtigle bité pgeell.or
and M.Co al | oRLorBhaREFEIHIEA DI B 06 tBlrar i Cs Blppugartens
threshol d vol taggp1€ Mid ped @bIEr m&%ntsme%l@va]ﬁgé %ﬁfaé{cﬁheésqﬁe idla Eﬁfase

cell. For exanple, in a sin bit per cell arc ecture

m ght i ndit&at é storgd boiha pete Q§ @Mm}?\lﬁd ina Swglﬂc bityer cel/arehigepture.redV ity an
d 1. | h
erased ce ﬂ?@?t'ﬂﬂlﬁté £ Ef:% . \)LLcPCcseﬂ%‘/lﬁlerﬁﬂv fL Wﬂuél‘ﬁ?né{%e angr?% eac

indicating a erent state dvant age®o
nature of a t celti TheonualkilevelasHs batelmdyy tresvg M mindowsi tacbmdlmtmg'ao a

specific volt Aiferdn? 9. ﬂf&g glkg Qd\;[agteé‘lge 0% t&'le anarilog nature of a traditional flash

cell by assigning a bit pattern to a specific voltage range stored on the cell. This

20 technology permits the storage of two or more bits per cell, depending on the
quantity of voltage ranges assigned to the cell.

For example, a cell may be assigned four different voltage V,
distributions, each having a width of approximately 200 mV. In various
embodiments, a separation of 0.3V to 0.5V is assigned between each V,

25  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

30  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

7



20 technol ogy permts the storage of two or nore bits per cell,
depending on the quantity of voltage ranges assigned to the cell.
For exanplwp 2a0smeido may be assi gned four different vol trgeusdboesicooses
di stributions, each having a width of approximtely 200 nV. In

vari ous enbodi ts, a se tion of 0 5V i s -assi d bet ween
bach V. 55 i SOV e 0 Sy emertr s 0Vam e sR it ERTER ke
the V, distri %Isb%ﬁﬁ)ﬁ]lgdgﬁt}@mngémajmst hat the nmulti W

di stributions do not overlap causing logic errors. Durin

verification, if tHe ipkibitsgected enllsdroghprogamaing op ﬁl@éﬁg@gwles Heone
wi thin the 01 H{bgﬁ.ﬁ%é?;t %éé%g@ 4Gl B3 d.n}?{ delis getbhipid c?ﬁﬁﬁn%éﬁ'i%hﬂe gfgir) | f

the voltage is wt secon est di stribution
storing a 60. byapplyogntli.iNies ted3L.aEo pmg;anﬁsﬁamge:sllz{bxeﬂ'elssl)ecta@\?ﬁre

used for the cgll Dur i rogr 'n eration elected
word | e (ve i pmnshis e iRdraliged ond FEBL HrtiFaE badiia Hedln | o
with a train obtvies thevdainggendthevb g designallosadse tﬂ'élaalhbgﬁ’ogfﬂhfaﬁ@ﬂle
programmi ng pyl sg/fm'td%pl cally start at 16V and i ncrenent in 0.5V

i ncrements. AY0 vicp wilk icFraseap, highey Rrogmmige Pplsesae RPlEAD| i ed on
the unselected Ws Invanous-gﬂlbb@imemst betRESCIES pﬁ@érbﬁn‘flﬁ%’ml% Qgr ammi ng

on the selected W.s, in one enbodi nent, the channel theé i nhibited
cel| is ddBoupesficationphaseds perforimiedeDppny vastigations theisatgcted Vel iaweled

BL. To prerg@lﬁTtﬁSLﬁ&%@d Lg%]tlgﬁeég REA eaqd%s'tét?seoﬁﬂgpebeec ed'c%ns

grounded to arge potentia
channel and the séhselds Ifiths nqjhscbrd)grammaém lndve adklldvet sncbnbmy llmrﬁ\aadt}khe

Vt of the devi will in rarrmn es.are

Nopl et 1 novalE goks non i AR fe e el BHCR AT Behefier S8 18 o
10veri fi cat i opraghas@ed. sSORRMigE, MRdcellBbIEdrdfllertod be Eatddand thdre sel ect ed
W is Iovvered to OV, the unselected Ws are |owered to 5V, and the

states of 1§ he PERgraming rulse height s incrpasediby 9. Viond apeljad tp sheselsgtied Wed t o
have a Vt | evglaisUehisphlss it feptMe®intiRA sWkcHPESIsNObe gﬂ%’r%ﬂn&d"ﬁavgev' ce

to conduct, the device is considered to be programme O herw se, the
cell is consi mﬁgﬂbqe@mwméd and the 15 progranmm ng pul se hei ght

process. o repeat e R RaR S }SrAES) st pBRE The dldofica,

: ndeedI been ppmﬁammdfomed wnthAth}xpmcﬂWVImrEfmcthﬂ.nmlycnmyuncfblasgrcnlse 64
i The .64

we. EachZie RREPecBA S isgh Ay DoBRBAGRs ohay Lo Lliipe 2K e

be 4Kbit cell Sediéhtéd Mbne%géth@ﬁdﬁare?ﬁi@'sﬁﬁe'mywﬁlﬁ aﬁ@tﬂbﬁﬁ(@ﬂpatg@ pne page
t hat shares the same. W. with anot her 2Kbit every cell is

used in a nul eYerygellisdised i amply Y:&mb%aéewh@ﬂdeathwawlp Mﬂtﬂﬂﬁbe
described confiigHhai iR gwahbn Hal Hord mg&%abﬁg hR@ite sy ﬁage PYfheR3EEOF

When one of these pages iIs being pro he second page on the
same W_ wi | | these pages is being programmed, t e 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
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25experience a disturb condition even though it is inhibited.

Therefore pages with shared W.s can experience progranm ng disturb.
The progr angl20@/00isss ur b caused on the shared W. wi | | shidituseiig/odlisoes
distribution of cells that are previously programred in the second
page that is on the same W, and make thejir distrihution w der. For

non-vol ati | e AeTakcedaad redusing thedisfurd copgitivpbesomep desitablelin orler i sy
not be a ngj O'brd%ﬂb\l"?ﬁgmﬁlt{%?% veARFIA hQRimRNe between the two

S

di stributions nay be |arge enounh to prevent the distributions from
over | appi ng due t oFiguee 4ilkustmates a:dmﬁnam A9, shewing ke distfibution of threshold
oper at i ons,

| evel s per pﬁ@gﬁf °§%ﬁg4e CZ1F h% §%§%51 ?? %gigﬁéngmgt$§dﬁé%d and
reduci ng the dm&mmnmmmdxnmt1bﬁcwnedlstilﬁauas:acbﬂ teresholdvaleiged in qu@am nt

Vt distribut f | i hifti

1 st rat o o 300 stpehaseruABRpRG s eh o bRE bf 44 remeb PRSI ates

Vol tages of t ingadnaNR0b frRflles R PRk @rrﬁ%eé%ﬁtugg {UkHsRol@ voRdpe Qh Al i -k
|

vari ous 5enbodi nents of the invention stribution of threshold

vol tages in dié8ghavinzonvesHiOfs4d8n410 eulc 2rrapretoptingiie lagieal layelsupapi t s
of data, namely,f ?ﬂ&elga&ﬁvéa@é I%E ecsjgt@ﬂl'éﬁmn%gﬁfbgfﬁg%&hﬂl&’le@éﬂ %héng

representing thres vol t age an x-axi s avi ng curves
408, 410 aad mxeklemtbm@:mtay ngz (see FIGgi)dldt ateau é’leserasnd atatcfhm‘rgym cell.

Curve 406 repr tr|b |on | evel s VE of
Tothe cells: npepiine frselfidnoBhgdsy Eusfts At HSEOM & el o
state bei ng i threshgRitvonagd disteibtigord fdﬁtérﬂ@,eSlO”ﬁﬂmS ré&Bctavedly. 410 are
shown to represent trreshold val t age dlstrlbutlons far. storin

and "00", respdeitiopRlly uxadpE isdiehr e OVeindiy apdeune 4L inRawees A8 1v
and curve 4102ys Ayl hdVs HedishibutfoHof Belft iar hRASoch Prodfinfinkd Ritht On

of cells that have been progranmned 1" state as bein
t he hi ghed? thQkstase e keang aghe hléb@ttfg@bolddomﬁeéet%mt@momn@amé smtl han
4.5V. Eagl @k, 4lagy two bits stored in a single nenory cell, as

described in {he a%ove exanple, is froma different |ogical page.
That is, each 'bi t Béchtdfe¢he two iststoret mra(-}zihg'lmmemoﬂy qwﬂnasrc;esarﬂzled icteri es

a different i cal ddress. fr g) e
b1t shown i n Ay reeies ERLEE N0 Bei A0 A Ry sl LS 08
... N2) is stefpdes eatl.mebieydplb earripog ifferdnt lo'glcapms aédtesstfiim ez odd
page address (I, . .... [N2 + 1]1). is request In order to
brovi de | Apr bl et nase[’lt S mRigne 4l Sesen T VhFRsaheyFnpase
reduced, ther ﬁﬂlh‘esﬂg@\ﬂ di ng bw)qg}e%ﬁesﬁ&ﬁdrﬂe%?éﬂ(]ﬁge @15lsrhc@es§€%?~dhen an
operation, t he wor | i ne of targ} sel ec nenory can
odd page address (1,3, 5 2+1))is requested In order to prov:de
improved reliability, individual distributions may be reduced, thereby providing
greater read margins.

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.



be maintained at a |low voltage level. Al unselected cell word |lines
can be coupled to a voltage sufficiently high to activate the

unsel ect edwgebhdspoisg@ar dl ess of their floating gate charggqfysabdsnbdafs
sel ected cell has an uncharged floating gate, it is activated. The

bit line and source l'ine are then coupled through the series_ of
30nenory cells in tS@@leéMH? flash memersaviess eentaiaiinitindad flockayyba the

floating gate, n%%or%" Y gbg&ckzc’i‘hééﬁbﬁblw& Q%};Sbéol#'lm(a@%doaﬁ%gtﬁ@ lines in

t hat case are roug e seri nmenor
Sone NAND f | asmnuécorsr, tidicaitrestheictheyashouldiot bavhseld d arph sysk:m within the

menory array ( bl ocks may be marked, a bad t he
manuf act ur er , imcféltw I@?‘W gfhéﬁf °§H§E$fafy%"dﬁ Noi:a B%@’&“F ey g%/glt em
Addi tional by, nidiebhrbibtiedéingeetierated darRgiforaalldse@opekitioh. NBTogdver, bit
resulting in 5 nore bad blocks bei ng generated_during nornmal device

operation. NoeB8FeRn opfyr deringNANDy Hashdetiice gRerAtRR QUANDOE forgPoreds te
operation or Guftif '@&ﬁe hilpdRe RIANDN A n{drh SAMRALd With hire

NAND fl ash nenor rovi'ded wth an ECC feature to ensure dat a
integrity. NAKS f&a@rﬂﬁ@m‘ryd#ayntcg‘mwde extra stor age termed "spare

area’ on'10each paqeudh B MRELONA, SIPAMLIERLS s IS, SRRLE BLERLAEh Udes

64 bytes (16 bytes per e -se nvari I men t he
spare aredQis eudqchg’e Olistapives embadimmedtts,ahe smfﬂ“lareesmblndemmdlﬁbptek

managenent data for bad bl ock ipformation an

ronr P Teal | o b S e Fhtor, dnit e dmbtacts, s SPHTE erepgsroet 8, €9 ng
i ncl udes trangh@ihdibn3uPBi th@ECURNB blocR tehh@SemenPdlh ﬁieﬁrf&’fﬁtoﬂr@ bad
physi cal rrem)riﬁaddresses each time a file 1s programed

Vear - | evel i ng blgskdnfaanaienpnd eanlengingioy lagisal-taplysispbbloghmapning.r
f th
range or the Wémg%g%%ﬂ%lud&m{lﬁ?YnggY@]dﬁlalggmﬂﬁﬁid ss #) diffkfiGe Menory

cells, and helpin Vi Ce IS operation may
be moni t oléd ghysidalpicaenadsgesbys cactcame pdilé spragyemmed.eW eanley HngNAND

flash nmenory deV| Fi il LI ]Les ram of system
500 Showi ng. afPipavAR B Fempry et Eilab e fnits B G S H G AT
enbodi ment s otherdbs eiqiriig 138 of ayﬂfe&mm celis; hnitliedpiag lax:tsﬂid thoife ¢f the
buffer 504, an err correction i rect, menor ccess
cont 1ol Lor ( AR S RS BB ROl IHpferismiet 5 FoPFONE oy ot em
518 incl udes a&,r@%@ioﬁ@wm@f@%ﬁe@,gl@dyﬂ& generator 506, a bl ock
25management data bl ock 508, a first nultiplexer 510, a syndrone

generator 2812, an EigdEr> dlyptrases 4 blackiagpm of syster 500 shoyeipgprjapparatus
nul tipl exer 5}§. enjopcd/r?erchgﬁj ScEITRAE kB oRis C?Mé&]ﬁl@hé QP 1H g%%lhhéx? SgteiND

flash menory control I mpl enented 1 n software ware or
conbi nati on of0Q hehldwoa haosh 802; @rbuffor 5@k al@)ﬁrr@w@trem@mstﬁmﬁlﬁea @Imﬂl ar

to or identi Cﬁ'lemo(gy 5&@55 C%Q{rél?er (]SMJ{:)LSIZE) a;ig g ﬂ?i h rﬁ r(r%bry]SZZ Error correction

system 518 includes an error correction check bits generator 506, a block

25 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

30  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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30 I n various enbodi nents, buffer 504 is coupled to host 502 through
a multi- nmedia card interface (not shown). In various enbodi nents,
error corrwotzudnoRyst em 518 is inplenmented in a NAND f Ipgglusesgbsobd er
har dware (not shown). Error correction can be performed in hardware
or software. The error correction system518 may be simlar to or

i dentical to shgemS§maybesueilar homigenticnl to Yty estor pprzgetipn system 13\ef
shown in Fi guggs5; host 502 is coupled to buffer 504 and DVA 520 is
coupled to flasﬁ menmory 522. Both buffer 504 and DMA 520 are
configured to 5sendsashawn acBigue Sdhost 502 sreohpled todfdfeaftd ind3M Angdfos y

522 respectivel arious e ran dat a

from host 502 8%2‘] 4{1%% ﬁgﬁ{?@g@%%% %?rfsg’ %bﬁ‘?%g églgie‘?% or
| 6-bit-w de bisehd atrecenal datiafrém hust. SODahcpﬂﬁshQﬁermrpfsez r&ﬁébtﬂvslycmxupl ed

to the inputs of er rar corre tlon check

r correct ul e
bits gener at o289 e&%@ diments, tragy ot ‘fﬁ‘%ﬁ%tﬁéﬁ’ al&'ifeomgeitém apd flps rrgﬁm%
mul ti pl exer 53@2 isspé\r@derJeS%rBﬁ)glﬁéh 8-BRWr lgfblmae%wrec%pﬂéta Bhs. hp=20

is coupled to the |%Uts of syndrome generator 512, bl ock managenent
modul e 508 an@fbleﬂf@ 4 iggupled ds the ISP ofj eiYos eqrescting BwBBlEiSHBIA®r bl ock

TENageMen! MO g S0, SAUE bl I 4l SARAILG 5DAIORAFK e

(invalid bl ock ocat1 ons w
I nval i d bll&cksmudtdpietee 5$@)rstoedplmhta)axtimpntgxfmms,52&a@atpynt of Diki2y 821t is

i nval i d bl ocks qU|red invalid blo rent |nv | i ks
b oe duri ng EwRERTRERPHE Cap e Gt S ek HiseppEn mqufa 08

ot her hand, aefdisdgcerld mdltipldxer PiGocks are not identified by the factory
- these bl ocks orlg'lnate at_ a.custoner site as a result of wear.

Wor n-out bl ocks ar & fRyFlabembrdimarts Blerpkaprnagneny modyle P08 stosssed | f

there is eithgffo@ndtoRs a?dnﬁé@a@ﬁloﬁcs%%xﬂl@&(sﬁﬁﬂcﬁ tfibik WeBtiorASHHHIS &€
i nvalid bl ocks are usually marked in the same way as the i nherent

i nval i d blackmenBirpbleckmbvaglihelacksdan e kirtrdints 080 geoupsnainely, inbewnt or
corTecti 19 o Bkt AL GRUNERULAT AREEL L AERALIL 0
correction chéeknbiufetumgeratess of the NAND device. On the other hand, acquired
invalid blocks are not identified by the factory - these blocks originate at a
customer site as a result of wear. Worn-out blocks are marked as invalid and no
20  longer accessed if there is either a block erase or a page program failure.
Acquired invalid blocks are usually marked in the same way as the inherent
invalid blocks. Block management data block 508 is coupled to error correcting
module 514 and error correction check bits generator 506 to send and receive
data from error correcting module 514 and error correction check bits generator
25  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
30  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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25506. Qutput of second mnultiplexer 516 is coupled to an input of

buf fer 504. In various enbodi nents, when a data word from host 502 is
to be witwonosmead | ash nmenory 522, the word is initi @dnwssaso@dod n
buffer 504 as part of a page. In various enbodi nents, a page contains

a series of sector as_information from.host 502 that |s stored
B bite of i it HHEL b e RE AT GECoRY BB HE DS mapREs e

instruction i %rd&!éﬂlﬁy%dkﬁﬁﬁﬁagerﬁ&ﬂfrﬁdaluleeioswQImed}ﬂ@Mlhed SecRirogiam t he
page into flash nenory 522, error correction check bits are generated

at error corr 6eEecHAN checkibits presgegenated forghe Budified secsere Theserase! sedarar
contai ned wi t iy, (A tRAGE éc‘?ﬁrcﬂx%txné&?ﬁgﬂas% of, %%Héﬁ céﬁ'égpoﬁtﬁﬁ%gﬁ' f the
of ¢ he ’co Wech the D

page). The |ast sector page may e I ne ock
managenent 5daterrgation bitearelsiords asckpage irafjeshremntmary 422 as $O8ntin Figoran7z.-
nodi fied sectar. Error correction check bits are generated for the
nodi fied sectof. The series of sectors other than the |ast sector,

the nodified sect oln vatieds ElBbdiments) whdna dhtNgoidis fad Dadlofidrf Elaston bits
are stored as a page |n flash nmenory 522 as shown in Figures 7A-C.

In various enBEHIOREMS thegtaad @T%raioarewhp@ his4n theage pedpsompaiad
menory 522, thgy é&,@ﬁa%h t%rtﬁéjétor‘ég 'éerFédrﬁBn&hﬁﬁEk bitd read RohthsiP AR €

reconput ed and conpared to the stored error correction check bit’s
read froml®l adh2.nkaslisprepamyis faund s diresolt opthecomparisoputhis indicates thatul t

Of e COMPAT b Glor DS 3R Ak BBkuch B eclAocES UL om U

result of such a conparison is ca nerat e
syndrone gene iszgeoera&d Zt syinfirane gesefacurdd2 .t Ifat istthumdslyn dteoayadnomezez@o, | t

may be determined th 8 € No errors t he, syndrone is,

non- zer o, 1t AP esneD IS Pireech sl e SITSOE AT & ar e
in error, or hRydeussdt idendiBi Whaich il bas BOECC Sty At ER6T, ablofictdnfine
vari ous enbodlnents i f the s¥ndrone iS non- zero, it can be used to

i ndex a t &bl ethabthg&frer isiuRerrrasiable- In varigsembrdigientsy if thesypdroms, js non-

erbodi Ment s, _bdthSit Eeust @RS ROR tb SorbMBhCHRI Bls hid iR ffvane and
in other enbodinents it is implemented in software. In severa

enmbodi ment s, v#rwus ppbodifmentsr s takle laskup siageis duplemanpted frelmrdware and in
_other embodiments it is implemented in software.

In several embodiments, the type of error correction codes implemented

20 and the extent of error protection required in a given system depends on the type
of data to be stored and the type of NAND flash technology used (SLC or MLC).
In various embodiments, the error correcting codes used may include any one or
more of Bose-Chaudhuri-Hocquenghem (BCH), Reed-Solomon (RS), Hamming,
Golay, Reed-Muller, Goppa, and Denniston codes. In several embodiments,

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

12



20 and the extent of error protection required in a given system
depends on the type of data to be stored and the type of NAND fl ash
t echnol ogywoges/0fS€C or M.C). I n various enbodi nents, tHOI/ER008000804
correcting codes used may include any one or nore of

moed- o Lo g a0y FRAIETNE e o RS iRe TR o0 4 AT el hes

ei ght singl e WAC RElcAh SrrbRYorReEtiSiPsERET TS tb MlasiMe@MbMesp2sect or  usi ng
error correction es. In various enbodinents, sjxteen single bit

errors may be cor r Mﬂtﬂéfdi 409 rawnglil%ﬁ bleskiad P datsrmiging: Wisthes dis selor B
codes. Fg Ael 1Q%e CRMrGs &fterﬁ‘nﬂgattgggttﬁflas}?%%ﬁﬂgﬂ ng a

page in a NANDf rrermr accordl ng to various enbodi nents. Mt hod
600 begi nsSat tl&()nbthmtkroms tmblpclo@k@rif theseaer. is Retﬁemmcdwg)trﬁ@hp the 18t Gs.

> an_d 6, it Cg Y thahe m r@ée@@s%@&?o 15k 6’ llilqu tl%% ¢¢ Bgtlés E)Q4he

sendi ng a progf connan a page a dr &8s
522. Method GG&rémyndm\g:kmdﬂa&Itrdmlsmﬁ’edﬁi)ﬁashma:m:frylsm.ng one sector from

host 502 to buffer t hod ock 608

transferring the sé&‘ RYERC P%%E‘X‘fc rﬁ(i g’ckﬁ‘ﬁébg’("l‘é"ﬁ“?‘%“?qﬁpﬂﬁgh
the ECC | ogi ctﬁxﬂu@fﬁ@@ 1686 ARChEDR FXR hRMoPL &2 CMEt'h@&hO Eﬁiﬂél&@%t _
Met hod 600 may i nclude at bl ock 610 determ ni ng whet her the sector is

the |ast $@ct 8lockl§ Hansfergas ECC Iﬁw@dgwweslcgrrme@lﬁgm@eﬂw gstarhe
| ast sector t
i ssdetser m nedQﬁ%tthet%%&g%ﬁﬁ%éﬁ?%étﬂtggﬁ%rﬁ r{‘%é&nwtg%e rreﬁ‘l?dc?bo ﬁG&eback
to bl ock 612 uﬁdoek dll&eseﬁimg pyogesn ﬁmﬁimﬂwnmmndesﬁ@shdnergogédﬁmm o@eeto
transferred to f nenor i ncl de at
bl otk 614 ol ot BedereMied sap manincltent Blobh CpdRbris heeh S aBiame
to flash rrermwnfﬁaﬁtathdeirmmaﬁﬂﬁleﬁiayysncl ude at 10bl ock 616

s corresponding to the | ast sector

transferring ECC redundancy
and the bldck nmanabeHEat R(ﬁ‘fjg)ét g‘“?tT"é%@f‘t?r%tﬁ’HWC%of?ag%Q%w B80 may

i nclude at bl ggkedidfly SREWIND BAT QRERBHEIM Ui GRITRP ectds FARSBcTENDr Y
522 in order to programthe page. Method 600 nmay include at bl ock 620

recei vi ng t heMgnagsment davhREandiag ta vasiops embediments mArshgv s Xigurg FAgur es
7A and 7B ill H@e ﬂg%c‘ill?&eéfﬁfd'éb)gﬁ %t?SF@fds%ﬂelOZ%é%qcﬁgPdf gsif?lec'“ vely

showi ng ECC c its conbi ne our ‘sectors an
managenent dasmoramrmdnggam(bltvaFleblaé'Oé,rﬁ@Gd?O?muwwASrr@lpomhtq ECEi gure

TA, page 0 i,nc es fi 704..7
r epr esent @ecflbeclé H@%ﬁ? ff%fdd%r EY oés %&‘ g EA glog Iaﬁ‘g 9(,2}%§esp %ge&] (ﬁquﬂ £6)709
correspond t oincludesfloélembindgeingntgiane rla vedods@mboahdaks fidlds 70X, G4, 7086
and 708, res pgr% ‘}O\éeclo}/lectlve]% contallnodata to be transferred from host 502 to flash
memory 522. In various embodiments, fields 702, 704, 706 and 708 include 512
bytes of information. In several embodiments, fields 703, 705, 707 and 709

25  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 é.nd 728 represent sectors containing data bits. Fields 723, 725, 727
and 729 correspond to ECC check bits generated for sectors 722, 724, 726 and

30 728, 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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includes bl ock managenent data. In various enbodi nents, fields 702,
704, 706 and 708 collectively contain data to be transferred from
host 502 twofzb@soiseenory 522. I n various enbodi nents, fiacal@sSeoéRdusos
704, 706 and 708 include 512 bytes of information. In several

enbodi nents, fi eI ds 703, 705, 707 and 709 25 include 13 b t%of ECC

check codes. FPbodimentssiddnbih deht? 37%3@(‘“%9%&%%0

includes 12 b = No) ol Mas-Y il

Figure 7B, paég&%g{‘lrﬁ{coﬁﬁgrg[sm@ ?%I gea%HZ 733 Fi eﬁt(:j;ngﬁ%%clud%iﬁ'%%g and
728 repr esent ofkloclomenagsment informadert.a bits. Fields 723, 725, 727 and
729 correspond to 724, 726
and 30728, respectF%fE%ﬁiﬁs{P:fg%gﬁ ME%QOF ge%gﬁ%@%@“é%& data I n
various enbodcombined withelghssets anilockiBdnagerdent 218tapadcb&1®ig toelayious

contain data tr erre fr.om host ,device. 502 i

o Var fous. erBBBMHERI of HedmiRioanAS S in Jesiuh AC rosge AL Eck R
bytes of inforgntygen.. 760, sRURBI7AN, 7427004 FPRkent sédtdth Bdntdidmhg dadbits/ 27
and 729 include 13 byt es of ECC check codes. In various erbodi nents,

bl ock managenEifldsdsd a7 5230 75 conrsaendiig BGfi eheckbitpgapsiatoddnsrsiasnt4l,

i nformation. urge’ er./.

showi ng ECC gh%on’%ls Igo‘5 elcm%} W%ég?g%é%gﬁg%ﬁ“ ng#éﬁ%gehneﬁd?m Sat a,
accordi ngl® o vmbodumsnte decidi ﬁelds §4bf742 he748rop8ertively.cotinsdrtanmarisfered gur e
7C, page 740 Fncl ud vcere?bg ot 1 h 742 ryﬁ;27 9. Fi elerctig ﬁljéhts742tors 748
represent sec 2ot & ol FIPGTY 322 M ¥aripey embey STH8

correspond t 0780G4z h.em% ihtidesPa D bk b 6ﬂ1nﬁ'&ﬁ1aﬁ@1ﬁt]§ﬁr38ve?zﬂlile.mb7)ﬁﬂnents 748,
respectively. _Field 759 incl ug % bl j&“ r’r? %g:ement data. I n various
10enbodi ment s 16882 br73% i f Paneiudes 2ppytes of HLg chgek bitsy il &ptowsont aj n
data transf er ggeodimentsmsd 7§tﬁfﬁbraaes5£b2byt&td¥bidcﬁmnﬂgemnyn{f&%mubﬂ

vari ous enbodi nents, sectors 1, 748 includes 512 bytes of
informatibh. In sekignmsl8 @Hﬁtﬁﬂﬁsrﬁeﬂﬁ%dlagﬁ@ tewirga mgthod 800 tpagrions| udes

26 bytes of E%rcclaﬁ?&bop b8 NANDHREL ﬂlléﬁloﬁngt?é%'r&fﬁ osvafgkférghgd?%ents

i ncl udes 10 bytes 0 managerrent rrratl
illustrates aMeﬂrdeSQDagwaml@dmbmkéomeﬂmmng@ﬁot cmmhtbmdata ézrrreach

ti i t
Tothed 500 mmsft RIS aRa IR bl SREA LR o St S SRR et
for each of apggeuMitihddy800fmBeiatiadsatdfiock §0d@Emended blbek m@ilihgeﬁi’egigzr e
oC

Sonbr ni g bR R e IR Seosdr AT et PREIESd petore Metbed BIQ R t o
generate a noRchiies BEK SV6. gelbhfi r&QQoﬁ@aﬁohraﬁiatf&ema&nomf&alse&Qﬁ

generating error correcti on data for the nodified sector.
Method 800 may include at block 808 combmmg the plurality of sectors,

the error correction data for each of the plurality of sectors other than the
selected sectors, the block management data and the error correction data for the
25 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.

30 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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Met hod 800 may include at bl ock 808 conmbining the plurality of
sectors, the error correction data for each of the plurality of

sectors otWwerodshaiseb he sel ected sectors, the bl ock managai@Bhosdalses
and the error correction data for the 25nodi fied sector. Fi gure

9 illustrates a fl ow di agram showi ng a net hod 900 to performerror
correction in a NARfsthe mashipede Ak A0k GBI ANSIST EoRRSHPIERE S |
Met hod 900 maw.d ' ' :
sectors and a5 Aokonle Bl pblomplccCbhith & 4R bl Y P By
menory. 30Met lnddatd6&:toraysddrie kerdeatathelwombined Olbck ordpagament ddte sdztack

managenent data w t ast .one.of lupality. of data tors to
generate a conbi nehfeﬁﬁogfj?%r{’éw&agﬁgﬁt b%c%ﬁégg?eﬁt!ng Wﬁéwﬁgg?f y
i ncl ude at 5bl egdnaQHfeng et cdiredtibnaiatefor e c6Mbined biodk nAdigenicat dfach of
the plurality of data sectors other than the at |east one of the

plurality of Q%Y sectors used to generate the combined bl ock
nmanagenment data segidiod 948 nd0&k Mocﬂ(mb‘dgﬁbﬁﬁngqhé)?l!ﬁrﬁ@)gof dat?

generating a conbi ned bl ock management error correction data for
the conbi ned Becterk theblagemengengnixdata thegumor comrection Nate fy¢adoof they

I ncl ude at bl |0l | t he
bl ock manage n&iﬁalgg? E&Q?%g{bé{]%odﬁ tﬁ% 8‘%1%“8?4 Q%X%@%ga%?%?n@eﬁ@k géliectt lhg
pluralitylof dama sectors and the conbi ned bl ock managenent error
correction 10dat a. | enenting the a rat us, ; syst .and
net hods descri bed mlg?ﬁnt@? TS WSEF“FeEEFdZ"P‘%?% S%ﬁﬂﬁﬁgg’%ef‘b‘ﬁay
function avai kel én 4 BétteNARE? dohr@stion B on s ailabiidiol NANID Fi¥sh h&@6GesiBY

be appreci abl e savi n?s in the tinme for error correction operatjon and
menory used f SAdBiopgEY, HisF BaY o pppraciablesayings ke msJorsrERkCATECtioRat

forma part hgp&afonSa\theny 1ok Bf erkdrl ddfb&ilnl on and not of
limtation, specific enbodihents I n which the subject natter may be

practicedl5 The enb®h¢ aasamparingdrawige thah feemdepacttickrod shaw, dyfWaysifent

detarl L enl g bl o Batt b Sy RERS LS . 8080 ™

t heref rom sunohttétady lsd practicad.aThe embodiments illustrated are described in sufficient
detail to enable those skilled in the art to practice the teachings disclosed herein.
Other embodiments may be utilized and derived therefrom, such that structural

20  and logical substitutions and changes may be made without departing from the
scope of this disclosure. This Detailed Description, therefore, is not to be taken
in a limiting sense, and the scope of various embodiments is defined only by the
appended claims and the full range of equivalents to which such claims are
entitled. '

25 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

30  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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20 and- | ogi cal substitutions and changes may be made w t hout
departing fromthe scope of this disclosure. This Detailed

Descri pti owp20ts¢eePere, is not to be taken in a |imti mETEEAGS/H0ER
t he scope of various enbodinents is defined only by the appended

claimsandth fu.I ange . ui val epts t ch clains

ot tred 25derrbrbbaPRSoe RbtHE ¢ Ross e all 81 P Pel Tl ve
referred to h@b@g&d‘ﬁebﬁqjtl\éhdum ly or collectively by the term
"invention" nerely for convenience and without intending.to

voluntarily limt Nw@a&eweﬂeefﬁr dowp ngicHenabhands highy logic,gjgnals are
i nvention or 'ngffﬁaﬂfyf[ ﬁ‘iﬂfce tHe cm’ﬁfvetamelgrb?rélﬁlﬂemafll%ﬂncludmg

di scl osed. Thus specrflc enbodi nent$ have been il lustrated
and 30 deséri meghtiverveltages aniypagitivaivghagsat “HighCeandatlew” tagicsignalsase t he
sanme purpose u i r.th |f| wn.
Thi s di scl osu ne% n??f %’5 %lgtgocnc%@ ré a'ﬁe %Bﬁl (Iépr%g‘g‘ ?9 gg% 3 sv"%lr]e(3

vari ations of ’[\yﬁanl@g&“&@bmg‘iﬂeﬁgx&l hﬁcemmltagé Iesala)r(pbtehhﬂ hidhev than a
enbodi nent s anﬁ’t t.her enmbodi pept s ,,not s ecific % C.I’I bed herein
Wi I T be appar ol (GEiE SEEE. S KoM SiEalThey tave & FRSHTent o Hoonre
above descri phbRfity than the “hi¢8P §igaa, m@'ﬂisé Gietf8d fnQhe ark Vil uh@&tendii@nal s
and "high" logic signals are normally not defined since they can have
a varietyl8f rsemealdsicesystgmecs gt logie Mejus maygvenle represendrsbyanground
positive volt L by
their relati oﬁgﬁﬁ%altngf "‘gﬂ’e"’ Igfr%g%’%elrgwf hdg?cg%ag%ezlgg%ﬁ?%\%n% nggﬁ}%@ﬁgggmg%
Typi cal |y, a ‘pbiential ui m@erencsrtggaiundhas a voltage | evel or potential

hi herthanalovv ignal.. or the "low:. K siqgnal r a
i Pror et ononari ty Tt Rafact b {188 Disclbpde IS prok b0 bl wiRA MR @
those ski I ed§i.m2@>bleeqarﬁng\mlabstw&demswmmﬂpwi the tdddsraoquicklyi Bcestali thes, a

"hi gh" c val ue even _he represent a..groun otentijal, when
the rel at "‘T"BWC’fIqH feghrycal g’éc Jpgure. oMt sy WE W%@Hé@%{? ng betihge

potential i n el B6teRGRed R iffefidtbr hmlt the SC SONQIQM@%H ®é chalifs. In the
Di sclosure is provided to conply with 37 é requiri an

abstract that fqrpgqmaDpt@mHescrlefaqrewam@sé%ﬁtem gre SEped tigathenia asoiede ur e
of the techni Sakocghéﬁﬁ B?H{e urpobe bﬁﬁ%ﬁhﬁ%%dﬂcﬁ%nfeh%hwgtﬂﬁﬁ gndi ng

that it will not eusdt I'nterpret or scope or neani ng
of the cl ai nsdistlnsurbés tfomtoelgnntegaréledmdeeuird:meterfeqjtmeethamawexrpcﬁssly

of st r oantd ni RGUERS apRepne. Rt e TRt Ry bt bt R TS

be i nter pr et eall faatirexpflarstnglodiecldsd btbedinieh MTHak eheefIowig|cJaidd areeci t ed
in each clai ther, inventive su ct matter may be found in |ess
than all feat 8® ’6‘F°’£°’?f°ﬁ‘d1“8 thg Qelp GSQ’HB‘&)‘H} Wathieachrgigim stppding on

foll owi ng cl ajigBwRbhEa RSy erhbfdhiar ated into the Detail ed
Description, with each claimstanding on its own as a separate

enbodi nent .
25 CONCLUSION

Various embodiments have been described here as a mechanism for
programming system management data in a memory device. The programming
may be conducted internaily using an error correction module coupled between a

buffer and a direct memory access. In various embodiments, the memory device
30  includes an MLC NAND device.
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25CONCLUSI ON Vari ous enbodi nents.have been described here as a
mechani sm for progranm ng system nmanagenent data in a nenory devi ce.
The programm ng may be conducted internally using an error correction
nodul e coupl ed between a buffer and a direct nmenory access. In

vari ous enbodi mnents, the menory device 30 includes an M.C NAND
device. CLAIM5S What is claimed is: 1. A nmethod conprising:
generating error correction data for each of a plurality of sectors
of a page except for a particul ar S@EE&?MSi n the page; conbining bl ock
managenent data with the particul ar=sector to generate a nodified
sector; g‘%ﬁetr.ati ﬂgﬁfr_ror correction data for the nodified sector; and
conbi ni ng"tAL® 5P Pty of sectors, the error correction data for
each of the plurality of sectors other than the particul ar sector,
the bl ock!: feSGeAEATPENRS EERAYIESTY coFectian faa dorgchyah aplpfity ¢fgcctors
nodi fi ed Wfedrage except forpparigulangcior inchapsge) corabipipeibiqckgranggemenhdata he

pl ur al i t ywidh the@ertisplar astca tg ggreeate Hamodidicd secior; gengesing frronsaareaierodaja
cont r ol | efor theznodifird seetot edd edmbininigrthd pluditypefissetor; the eansdoereciiondathe

pl ur al i t yfootachef ttermdurality of kectdyb othkr tham thgeaeittilad sictorj the bloak negagent

Wi t hi n andagr amarthe arsreotrectivnrdacuioethe mbdiflddesesret. hod of cl ai m 1,
conprising: storing the plurality of sectors, the error correction
data for Bahbnethddhd cRimnatddiptisafe: sAhOHS plitalithf RaeRs B S Wiffek Baed bhe

parti cul aerreg@égt%m diémétyQekirsiRpagenent data, and the error
correction data for the nodified sector onto a multi-level cell (MC

NAND '] a5 THE BRi6d of Slairk 1ScATRIAAE: Rhndfbrh M b BGL WAL SLA! hibAILR e
pi ur al i tylﬂmﬁgén@%%ﬁémfﬁrgg%fﬁg%ﬁg}l%Sﬁfnt ﬁégegﬁf& okﬁ&e ettt PR

NAND f I as ry. clarmb, ereln generating the
ti h .bi.ts f ] h.of .th L li f t )
ol udes afs #%&gﬁﬁo £ mgﬁfo&ﬁ%ﬁfsi‘%o s @epﬁﬁt“Isﬁg‘c%f?fa&afr%ﬁfg%%eear s
of @ pagetiia 1F saehio theplumlirof scalors iy B Prgs dh e g ST Thav o)
NAND f | ash® emen; datpand the gisef qofreetfos; dajastor g anqdifisdiseetopPRing ¢ he

error corPRErFE cehMLERNAND Hash e Yof the nulti-level cell (MO
NAND fl ash nenory. 8. The nethod of claim7, wherein conbining the
bl ock manadapsrsthodd glajh ¢hinglvdingstaring gheaplurabsr afsedtors ling data ﬂ@@@?é\?«i ng
t he bl ocknwitireyptrelhtMbE) HAND fathheerspar e area of the nulti-level cell
(M.C) NAND flash nenory. 9. The nmethod of claim8, wherein conbining
t he bl ocks. Thnagdmdnif chiah &, whérhintgeaerping the airar cosiectiar checichitsdeseach of
conbi ni nghd glukatitesf settohy inclkdsvpagetithe eabrechatit bitsSd2thb ylueslitpbf ebatods | n

t he partidfalpage seedo the bhffer ddupledtsd Rdmafi-16lcpieN (LW RARDIgRNEr at i ng
error corh@fédyon check bits for each of the plurality of sectors
i ncl udes generating 13 bytes of error correction check bits.

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

8. The method of claim 7, wherein combining the block management data with the
particular sector includes retrieving the block management data from the spare area of the
multi-level cell (MLC) NAND f{lash memory.

9. The method of claim 8, wherein combining the block management data with the
particular sector includes combining 12 bytes of block management data with 512 bytes

of data in the particular sector.

10. The method of claim 7, wherein generating error correction check bits for each of the
plurality of sectors includes generating 13 bytes of error correction check bits.

11. The method of claim 1, wherein storing the plurality of sectors includes storing 512
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11. The method of claim1l, wherein storing the plurality of sectors

i ncludes storing 512 bytes of data corresponding to each of the
plurality of sectors in the buffer. 12. A method conprising: storing
a plurality of data sectors and bl ock nanagenent data in a flash
menory; conbining the bl ock managenent data with at | east one of a
plurality of data sectors to generate a conbi ned bl ock managenent
dat a sectQf. rat.l r (NeleY . t he

ol ur al 1 €y b GRS BreRBnBhE R0l BEWARNR Rl nfRERR, | 0
plurality.of data,sectors used to er t he combined bl ock
renagerrent AN LA % e LR PG el Rl
correct i off AdHE AP BIOTY KM B E E iU gt&aa a5t QBT RLA Pluca ity
corbi ni ncPltdaE SHHOFAP BERFTYE 2 qamined blogk manggsmept A seRiOR AFBFFAMRS YEi a,
the err orcogi5rtiQicqatnior gaghot sy platshity Qfidatarsectpys wiher thay therat ipastong oé thsr s
and the cOwslied datageronranedierssneraethasontunaddieqkgnanagement data squier;

met hod of geabating sambisehietlsinagpzementfamontornpction date fir thosonddrdddriodode
(ECO) openatagememiatiatetonsitgorbinmguheploahty dldaersectos, thf hlwcket hod of
cl ai m 12, mavagement datapthie mgot trereption ddta for eadh efabeplsmdityorfslaianettudesd
storing ithe aomdbibad Bloelamahagemahd driorkenveltiogdhta. (M.C) NAND fl ash nenory.
15. The nethod of claim 14, wherein storing the block nanagenent data
i ncl udes B Thé RGtHod oRcBRANLE, RIAsRE: iR rMae ANANG: Edrashot®mR(ECC 6.

The et haghepiof ba i heing WSS c8RRAIAt i Ng error correction data
includes storing the error corfection data in the spare area of the

M.C NAND {4 @50 nZRITR'0Y clain] 12, WiferdR S38He Ble phhdti ot ata WSS kit O8th
ST R e T

managenent data i n the spare area 0
The net ho cl ai .. Wherein.stor.in he.bl ock manggenent. dat a
el udes B bt fsfied Oﬁ?ﬁé&%% KR TGl RaE ST AR PCLises AoPEa
of the MBANRENBHFLL VANDSTaShMEMAY-hod of clai m 14, wherein
conbining the plurality of data sectors, the bl ock nanagenent dat a,
the errorl%dps Bethod of glain 1 §.ovheseip genpratingSrior egregclion, dafs inghndgs sednging
and the cOTPHCOELFLURN datlk imEhsapararm of thedLEd¥AlPlaghmgaosy.i ncl udes
storing a page in the MLC NAND fl ash nmenory. 20. The nmethod of claim
19, wher ei7’nTh¢ methed of bleinp dfevhencih seisg dtedrdakgnanapengent Hataiimdndas stodast
f our dat al2dstesaidlocR manTgemanetatech e sgdrabme 30the Mile€ &IANB fflash mgmbtye
page having at | east four data sectors includes storing data sectors
havi ng at18. #hsinethbd obylais 19fwithadia stodidg theodkehdhageridnt dhta lintldids storing
wher ei N gEIB&LHT B CR @k gtk 84th i0Me Giraareh 6f T RELOBNR flafidmdBoRyt €S
of error correction check bits.

19. The method of claim 14, wherein combining the plurality of data sectors, the block

management data, the error correction data for each of the plurality of data sectors, and

the combined block management error correction data includes storing a page in the
MLC NAND flash memory.

20. The method of claim 19, wherein storing the page includes storing a page having at
least four data sectors.

21. The method of claim 20, wherein storing the page having at least four data sectors
includes storing data sectors having at least 512 bytes of data.

22. The method of claim 14, wherein generating error correction data includes generating
13 bytes of error correction check bits.

23. The method of claim 14, wherein generating error correction data includes.generating
26 bytes of error correction check bits.
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23. The nethod of claim 14, wherein generating error correction data
i ncl udes generating 26 bytes of error correction check bits. 24. An
apparatus conprising: a first nultiplexer coupled between a buffer
and a direct nmenory access control circuit, wherein the first

mul ti pl exer conmuni cates data froma buffer to the direct nenory
access control circuit; a second multiplexer coupled between the
buffer and the direct nenory access, wherein the second mul tipl exer

isto CO@H.U% bzﬁ' gl@tc %ﬁﬁ@ ar}ﬁstthﬁlﬁ ex&%gg 1% gg&lggn %ﬁfe}rggd ? q rzzc‘?r

an error Corre

nul tiple emo r?ﬁ%ersF 8°n X ?Ilrcuétt’ Wﬁl é B%‘u Iélc%tssc froma
mul tiple ?ﬂ Guyy agge BFB f‘%rd:O gWethe
error cort E‘t‘ l’échrﬁﬁm?W CEGSHe eWﬁéfrfé’l n the

syndr ome @%%%ﬂ@ﬁ data frpp o discct H{eﬁ@%wgs@sﬁe@e&wﬁ‘aﬁa ap gHe¥ casreatiqn gheck
error in tAesngraieeserptedrte din fiipanytipleger; Ak pmmeogedmgsnodtriconplsd dethe
manage e riecensdotliplesensing dhe nffera sondiomeqsnerator panpledibstkechitheserror

gener at orconegiingenediie et the diréct gnemmdy hesess, bereinrthe syndidmepgaxatoran® t he
di rect nelcythaposeixe ofheleast ond bie edpbrao ldatmae@gedtom tho dirb@ niandrp

gener at e acsefandfa Hibahakammaaage nerduled@upled t2the ertieconfepisradhesk bits cl ai m
24, wher giefertatog, the e12@tcoeitoymedits sise hi:St BaltipleRel 4nd tige dittkt mbavel cel |

(M.C)  NANRcdskasliersi il Block Mnagdiient3RRAIS S gddbratd DdclibRBlochehRmMekthe
syndronme generator conmuni cates the detected error to the error

correcting nodule. 27. The apparatus of claim26, wherein the

oTrors | rogare %htﬁﬁfm’ﬂ% e e gL e
buffer. 5%? ap aFAa us o &Hgl m 27 wherein the bl ock rranagerrent
commun 2‘; %pﬁvé%‘@wo% b Padeng @ b Shsr* eBERBte 6% e

bl ock ma S%FFQF?FOH € Pror @WFW% % a last sector of each page of
data communjcated fromthe buffer to the direct nepory access.  29.
The apparZt 3¢ IPAEITES el 2pnhWPeIF thndrones geRBIRI0E i P GRNIHE @S YRiTPEe
modul e i Dasesl Gethe feteetedprers indate eppmunicead Fewdhe direcememons accpss to the
sectors diufigach page except for the last sector of each page. 30.
The apparatus of claim29, wherein the error correction check bits
modul e | 28 Ehgqrparmseafa:taimQﬁowhm'einrthc:blbolnnmm@mkmtrmmdtée Bltoplovide block
managenentharcigéaecraddtatftvecak b phgesdcitmarcohmundaedd fruagthe bulfdr to Thediagepar at us
of cl ai mmRdmorphetses, and e Hbdksharigbrhémldatads cdmmbihal WilC 8 1a¢éesedtopap@ch

i ncl udi ngpage pf ddt@bdrhuBitatsEGbAIMEe biEdres tHeQire@Ghdrity dadess.f or each of
the plurality of sectors except for a particular sector, and the

bl ock managepe pa%saof@mn%r@ﬁeremﬁ@&%&& R ch&k Blia@n&ﬁrélgwl ar
sect or Coémér‘aﬁ n"é‘hropc& ﬁﬁ%ﬂ% (BRORH S BRk4a5df acgi; & xce%t for the last

conput er -, Fggrgl um having stored thereon a structure
conpri si ng a f| rs ield containing a first sector of data bits; a
second fi cont ai ni set, of error cor t|on erived
From the 1 Jur ARRE % gtp 2py e sEfg S apTaciite Efbdblas 1o
data  bi tENETAEARSFORCqToslion el T Rlpok nivgp “bii"d% BHENE 1%i ¢ s;
and a fif@H P d contai ni ng a second set of error correctl on bits
derived fromthe t hi rd f| eld and the fourth field. 33. A system

i ncl udi ng? E%R?@%M clagmditsywhergingthe Gstipubiplaser iséo peoizes sage ingluding
Wi rel ess atpl Jveifseqtonscerpng gpirection detadopragk e§thepluraity obsestompexgept for a
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36. The system of claim 33, conprising: a set of nmedia playback
controls to couple to the processor.

bits; 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.

33. 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
data for each of the plurality of sectors other than the particular sector, the block
management data and the error correction data for the modified sector.

34. The system of claim 33, comprlsmg a lens; and an imaging plane to couple to the
processor, the imaging plane to receive light captured by the lens.

35. The system of claim 33, comprising: a cellular telephone receiver forming a portion
of the wireless transceiver.

36. The system of claim 33, comprising: a set of media playback controls to couple to the
Processor.
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