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METHOD AND APPARATUS FOR CORRECTI NG A MULTI LEVEL CELL MEMORY BY USI NG
| NTERLEAVI NG FI ELD OF THE | NVENTI ON The present

i nvention relates to the field of nenory devices. Mre particul arly,
this invention relates to correcting an error in a nmultilevel cell

menory devi ce. BACKGROUND OF THE | NVENTI.ON A mltilevel

cell menory device is conprised of nmultil evell cel | s, each of which is

able to store rrulti}goe charge states, or |evels. Each of the charge states
i s associ at ed VWIET BBAND)/ABPAMUSMOleQBRECTINGAMULTIIFE@Eﬂ.e .1 shows

a represent at'%PLMWGWE? (i (o | tL ARg; stored in a prior

art nmultilevel Figure 1 ovvs a evel cell capable of storing
four charge states: levels 3 - 0. The charge states decrease in the anount

of char ge HEDDOF JHBEINVENTIORVEl 3 down to |evel O.
Wthin a multilevel ,gell menpry arr evel cell.s nt ai ning a
gi ven charge state wiTIPTFEHETY ‘H‘}Ogtaﬁﬁﬁt“?gﬁrpjlﬂlé9 PERgE %WS%Fhl n a

vol t age I pageutsho diigineehtivntrblatdsad coieting asteaorin A/muitiese] eell t age

regi ons separ at & ‘ﬁ[‘&g evice. charge states fromone another. A voltage region
V[err] separatés dI lf and | evel _ 3. A voltage region V[err]

separ at es | evelBACK JNP OB THi dI®Nge region V[err] separ at es
llevel 0 and |evel 1Amulnlevel cell mehﬂ)r‘f‘Qé\ﬁécms%Hﬂm&&foﬁﬁ@%vepéel&h@d’cﬂ%fst or ed

ina mltilevel he age maintain n I'tilevel cell is
onpar ed agai né’fhléh’rslagifs °rSE’F%F’é‘ﬁB’é AL YRICHJE e"°ih‘ eéafgf’glhescr\%}'&crﬁ“’dcsvol t age

regi on V23 andis assomeuddtumhsaapamat)eeléxavmlbxﬁpattcm fromlevel 2. Thus, for

exanple, if a nultil | ntain |.t age vV - Vref2 .then it
is at the charge stg?%‘%el%ﬁ veﬁ?yéwgﬁ‘ﬁf’g&?sﬁ%@ ﬁFaﬁcsS%zfttc%gelst@&d I

Vierr] and is @asprbrtast wojidevat ecll. dhigure2 showmalrmeniglevel cellicapatge nfibtorihgvel cel |
mai ntains a fo&%hﬁ@%téz&vﬁlvel‘ﬁ’@' -GN Tlﬁ: dhia E's'iat%‘| re\éﬁc,e{n]thp'dltnolaﬁw t han

Vref2, the mult]l evel mai ntaj ns t arge state of level 2. VrefO
falls within vSh?&@é‘OFeé’gg%?ﬁf&f’@r gyel difvingo level lsed to separate level 1 from
| evel 0. Witlsia a mibldlegel Gllaheémbiganay, masmﬂnwveutenemﬁmmi@rmnt bi t

ggtsgglr gt ego\rM ?ﬁwle cg?ggggéa?e”»%ﬁlt I?a:[ve% d1sthunon rR/QYtage l%gels wx&un a Bglttzgg%r n 'S

range associated with that charge state. Various voltage regions separate the

charge states from one another. A voltage region V,, separates level 2 and level
3. A voltage region V, separates level 1 and level 2, and a voltage region V,,
separates level 0 and level 1.

In determining the amount of cha.rgc stored in a multilevel cell, the
voltage maintained in the multilevel cell is compared against various reference
voltages. Vref2 falls within voltage region V23' and is used to separate level 3

_from level 2. Thus, for example, if a multilevel cell maintains a voltage above

) Vref2, then it is at the charge state of level 3. Vref1 falls within voltage region
V,, and is used to separate level 2 from level 1. If the multilevel cell maintains a
voltage level which is higher than Vrefl but lower than Vref2, the multilevel cell
maintains the charge state of level 2. VrefO falls within voltage region V,, and is

used to separate level I from level 0.

Each charge state has an associated memory element bit pattern. For one

- implementation, the memory element bit pattern ‘00’ is associated with level 3,



-2- the nenory elenent bit pattern '10' is associated with Ievel ,' the’
menory el qig8sndAbd pattern 01' is associated with level 1,, QEenory
element bit pattern '11' is associated with level O. I t I evel
cell menory is able to store two or nore bits of data dependent upon the
nunber of charge states that it can store. For exanple, a multilevel cell
menory that can store four charge states can store two bits of data; a
multilevel cell nmenory that can store eight charge states can store three
bits of data; a nultilevel cell nenory that2-can store sixteen charge states
can store four bits of data. For each of the n-bit nmultilevel cell

menori es, varpﬁ ea&gﬁﬁ%@h&h%ﬂ%@ :?.?"ﬁoﬁeaéswa&dqgm Qeermeefﬁ@mo to be

associ ated w erent charge e exanpl e
of a nultil evelemenl bit pasiesn 017 is assaciatedwithiley lsandia@m%elemcmsbusas

at it edh"Gap;atgo,qlrng 1§&rsoc5}at%”uﬁﬂg|l@%¢b Cel | Menory Syst em; b%

ri stopherson et sued to the commpn assij e of this
application. The ' 36"9 lé‘iqvéh‘fﬁ‘(fég@ﬂyb‘éé&ﬁﬁ%sﬁoff‘pﬁw g’icetﬁ'ﬁ ofAad ultil evel
cell nenory. #8égendémupbn d&Hun‘[bEﬁEfd:lﬂSg&Sﬂle‘bfhdUﬁeﬂh storeDyHoaekempiepglom Access
Menory ( DRAM r S an
Erasabl e Pr og’l@#ﬂm‘ﬁ?cagﬁgg ﬁ@%‘ rf@?rél q?@lyﬁééxs%és C@f’mf“égaﬁﬁgoér asabl e
Progr anmabl e &uac Oaltjevedeel} vlC(HEBPIF!@Man starel efghbear e sisigbran persghreanabl e

Read- Onl'y Nenﬂrté’ot(d‘akﬁ%hmﬁla R cell memory tﬁdtg:ﬂﬁ @to?e §Q@¥\§cl?ar§é si9fes 8hd
representation of a processor_100 and nul til el | nmemory device 104. A

processor 100StPE feutbitserf dag. é:%GéCthth%ﬁ‘d’“t‘H’ém Fr]o?e)} HEMPEES: YBUOUSThe nenory

devi ce 104 copkaioRselemehrBiepdires canbt impleafenfedno dBdssacimddivitieysdh orel |
menory array €h50 e‘l;hg“g‘r eﬁ or 100 is coupled via the bus 102 to the
I nterface con Fojlqu P08 ESTH processor 100 is al so coupled via the bus 102
to the nultilevel ©stkxamploofamulitlgvelsell npmory it dastribed indhBr BatemrNA.05

provi des the ﬂQS@SéﬁrchnHE}P"‘@Fa&@bﬂxﬁgofoFQMJlﬁievéf@elm&dd&SgémEl@*IB menory
array 150. For, one enbodi nent he 1 nterface control %ﬁgﬂ 5.and mul til evel
t

cel | nenory aph’éVOH*!?@S%reé a}. o"é‘&t‘%ﬂe%ﬁ’ € SPRHIOB ASHERTST applicatiop. dj e.

The ‘363 patent describes one implementation of a multilevel cell memory.
Multilevel cell memories can be used in Dynamic Random Access Memory
(DRAM) and various types of Read-Only Memory (ROM), such as an Erasable
Programmable Read-Only Memory (EPROM), an Electrically Erasable
Programmable Read-Only Memory (EEPROM), and flash Erasable
Programmable Read-Only Memory (flash EPROM).

Figure 2 shows a prior art representation of a processor 100 and
multilevel cell memory device 104. A processor 100 is coupled to a bus 102 and
the memory device 104. The memory device 104 contains an interface
controller 105 and a multilevel cell memory array 150. The processor 100 is

" coupled via the bus 102 to the interface controller 105. The processor 100 is
also coupled via the bus 102 to the multilevel cell memory array 150. The
interface controller 105 provides the necessary operations to control the
multilevel cell memory array 150. For one embodiment, the interface controller
105 and multilevel cell memory array 150 are located on a single integrated
circuit dxc




- 3- Error correction Codes ) In the prior art, data words stored in
a menory arwenssae4Sprocessed through an encoder to gener at e PETUSH7/15607
correction codes. The error correction codes are stored such that they can
be retrieved with their associated data word. Wen the data words are
retrieved fromthe nmenory array, error decoding circuitry uses the

previ ousl y-saved error correction codes associated with the data words for
.locating, detecting, and/or correcting errors found in the data words as
read fromthe nenory array, as is wel I - knowrt3rn t he prior art.

. There are different types of error correction codes. One conmon error
correction cod&ncs carrtlaiom @miesode. A Hamm ng code is useful for correcting

a single bit error i A Hamm.ng_code can_al so detect doubl e
bit errors in a dat e{n\ﬁ%rp&,?otr%ﬁ?ﬁ{[?wgﬁsrt%?m%'? ?&WO%W%%R%?F%# S.

Soime error cor thwougloen enseder targenerbiceran careasionicodesatlhehertririconkctiodat a wor d
i S incorrect. SQFR J?¢ EBFedGRER ﬁﬁ%{gpggﬁﬁsﬁetﬁm Gﬁgﬁ.@ﬁagwcméu Gat? WorEr 101 s.

Det ection codes, on_ the other harlll_ et ect vvhgt an error occurred, but
cannot correct Y& 1Bf gl Wik aptrigved fiamdhe memory Ry, CERTAPERE] for

| ocating, deteeirtuigyaneh the preRtduslydsa®Ed efrér corfelrioPESdeR labsochtedow iR the
correction COd§ are ae%i red. %ach .bit gzgan error corgﬂtflcal.or}1 C(Pde, t hough,
adds to the si J82J¥RIYS 1% IXcatng qefRetipgAndir COMECHREASTAYS 1aupdyn thedata;

desirabl e to mwords aeeddizomuhdeemoty birdys aofs well-known icderpeior aan code used

to correct errors. i fngeBOREk-GeW of%ﬁﬁcggnrﬁﬁﬁ: %g:yg@?r\#" er’freo%ry. EA\S

met hod and apparatus for correcti ﬁ%?errors n ]
descri bed. A nf®Hstiepepdeisia Hammingcads. doHpmmiegicede isubafhl foveprreatings, ~ each

capabl e of st.Okinp® HivérdRlin HERR WrHS AOHafgliRe cAetanaol deYecPhowht gitbi ts i's

received by the nultilevel cell .menory. The plurality of data bits are
sorted into t\/\f)rr%rrs']%rdétd%qra’%r"d‘sa.“" F%‘Efﬁ'rb b B‘Tﬁgréodes are gener at ed

for each of the twoSomegooecatadcaiomoods.ardabie imdsterehiaeramichibit ommtterg i's
f d that j ' .of t fa rds. A
or e net CORBK 85598 Bnd EAR RED ] o2 b Rt PRI e

charge state assoclate red in
one of the nul Prieeien cadsp. on the other harg), detectfwhatheras czmod oeeiveed: beferanndt t he

present i nventégieciitlelerd® @@@aamptmé §iBilict R reQERIRAR Ydr8c g Widiegingnd from
t he detailed destI‘I tion that foll OY;B btel OW. ) ,

and cortecting errors, the more bits of error correction code are required. Each

bit of an error correction code, though, adds to the size and, thus, to the cost of

the memory array. It is desirable to minimize the number of bits of an error

correction code used to correct errors in a memory device.

SUMMARY OF THE INVENTION

A method and apparatus for correcting errors in a multilevel cell memory

is described. A multilevel cell memory is comprised of multilevel cells, each
capable of storing two or more bits of data. A 151 urality of data bits is received
by the multilevel cell memery. The plurality of data bits are sorted into two or
more data words. Error correction codes are generated for each of the two or
more data words. A memory element bit pattern is formed that comprises one
bit from each of the two or more data words. A charge state associated with the
memory element bit pattern is stored in one of the multilevel cells.

Other features and advantages of the present invention will be apparent
from the accompanying drawings and from the detailed description that follows
below.



-4- BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 shoms a
represent avoesnefzst he charge states that can be stored in ﬁ.f..,% ﬁhs& t

mul til evel cell. Figure 2 shows a prior art representation
processor and nultilevel cell nenory device. Figure 3 shoms a
representation of a processor and nultilevel cell nmenory device.

Figure 4 shows a representation of the error encoding circuitry of a 2-bit
mul tilevel cell configuration. Figure 5 shows a representation of
the error encoding circuitry of the error eérrection circuitry and
corresponding nenory array for a 3-bit multilevel cell configuration.
Figure 6 is a flomchart shomﬁng the steps taken when data bits are witten
to the multil . Figure 7 shows representative decode
circuitry wtf BRAWINGS o readi ng back data froma

2-bit nultilevel c'e‘igurmsmys zﬂfelpfe,écntatlon of thEti#pEstBres MAVEarPte @5ie@%H ment  of

t he decodi ng ¢i | correction circuitry 260 that uses a single
data buffer. gﬂr%'l’a}tlﬂul? °V§19°eﬂs a flowhart showi ng the steps taken in

decodi ng dat a readegruersthqur antreprelsentationoxflal proeesworiand multilevelFi gure 10
shows an enbogi|nBehoff ddvi@. €rror correction circuitry 260 that shares
circuitry for both_erncodi ng and decoding error correction codes.

Fi gures 11-13 showF} SRS aTepteserianasy of drPregsiand omldievelgellr y 260 t hat
don't use a dm‘emob,u:ﬂé\&dse Figure 11 shows circuitry for encodi ng Figure 12

shows circuitry fo ur WS Circu for bgt h encodi ng
and decodi ng. DETA llgﬂﬁ %%g&%ﬁﬁp%vnmnon ° c?@?rlﬁ’}&o‘il 8<-tor
correcti ng ermohdevehcall cardfigutasioel cel|l nmenory is descri bed The

applicants have o R t, | | | ry.arr IS nore
likely that a si nbf% eeffis}%lte%\feljle&c :{F}Hotn 4f?l\éegé%éigoﬁ%d;§u%”9 %?ﬁﬁ‘ nore bits
. error correcnon circuitry and corresponding memory array for a 3-bit multilevel

cell configuration.

Figure 6 is a flowchart showing the steps taken when data bits are written
to the multilevel cell memory.

Figure 7 shows representative decode circuitry within error correction
circuitry for reading back data from a 2-bit multilevel cell memory array.

Figure 8 shows an embodiment of the decoding circuitry of error
correction circuitry 260 that uses a single data buffer.

| Figure 9 is a flowchart showing the steps taken in decoding data read

from the N-bit multilevel cell memory.

Figure 10 shows an embodiment of the error correction circuitry 260 that
shares circuitry for both encoding and decoding error correction codes.

Figures 11-13 show embodiments of the error correction circuitry 260
that don’t use a data buffer. Figure 11 shows circuitry for encoding. Figure 12
shows circuitry for decoding. Figure 13 shows circuitry for both encoding and
decoding.
DETAILED DESCRIPTION

A method and apparatus for correcting errors in a multilevel cell memory
is described.

The applicants have observed that in a multilevel cell memory array, it is
more likely that a single multilevel cell will be erroneous by two or more bits



- 5- than |t is for two nultilevel cells to each be erroneous by a single
bit. I'n ordwOe8n0ddPitalize on this observation, an interl eaRCRIGSHINSION er
is used to separate the nenory el enent bit patterns associated with each

multilevel cell into nmultiple data words. Each data word conprises only one
bit fromthe nmenory elenent bit pattern associated with a given nultilevel
cell, and each data word has its own error correction code associated with
it. Inthis manner, a nultiple bit error in a_single nultilevel cell is

converted into nmultiple single-bit errors in “Ful ti pl e data words, each of
whi ch can be corrected with the error correction code associated with the
mul'tipl e data wianstis for two mulfileyelrcells ietawivbe armosprusdyra s gle bitofin arder tecessor

200 ang tult} | e¥ibitafifd bn HIBHYARNL, 68 @Qf}eavmggg&?&%sm tgg%akéc%Upl ed to

a bus 202. The Menory devi ce Ises an I nterface
control | er 205, mgmefy elemepigtit n@lemsmmn@te@wrtayaczsmultéml &1} o pwitipde t i on

circuitry 260. &'Awwomseréa%ﬁaaﬁ%ra@bingﬁse%%u §n&auﬁbﬁﬁh&me&5&yle%énbe

necessary operations to contr,ol arrﬁ 250 and

the error corr it PR Pf%?&ﬁa{cﬁy”‘%@g“’%ffﬁmﬂlﬁ Eicﬁﬁe"rnflefé%hngﬁgt“foéﬂi 905 and
the error corr eevh effotidreddtion YodtGRsaised oithlie dnttiss tlanea nﬁ.ﬂﬁplc'ﬂil&.rror

Circui try 260, RS CRURYeISeD i rf SRy o SR RREM SR bty o
reads data frondath wommaoy of exhichecap(bg.corrected withi the eroricastestign gode

representation Qk,difed ¥ithQhe RRGE 88a Gorgui try of a 2-bit nmultilevel cell
configuration. Error_correction circuitry 260 corrprl ses errqr_encoders 310

and 312, interleave Gi8HEGDIhods a(rswemmqn&i@d}r?cesa(s 0Hard myiitiexsleed 20 and

322, input mul tmeﬂnexyeac»(xcmon 3% prevassor 200s aﬂg&db@lﬁfbas 302%4%@1%1:36\2@1
The i nput nux 33 IS _cou

us 202 vi S a3 I x 330
is coupled to €& Hnﬁq’oﬁyh‘gcvﬁzﬁtzggﬁﬂ?‘?ﬁ? a9 IptedAce ??%OUFI ugé%ul%%g l;%gu 336.
Dat a buffers 320cmondy 828 2H0carcberpiredrrectigr oncuitey 26t dlteantehfacecomrollencoder s
310 and 312 vi . led to
provi de data thdtgﬁg‘Eérﬁri Pgﬂg‘éﬁgﬁ‘r?tro ﬁ%a&gffgt@flg%bt@ggl @% L%% gp The
error encoders fBﬁfB‘)‘a/rﬁi"Q’lzé #Pg the TP SqTTeRtiqnarcaitin#6Qs Jth g intarfacg 40 and
342 via buses ?o@ﬂtr@nél' ﬁﬁ&ndTmeredrrcaﬁeemﬁcmmi:BeZ@) &éeo@;ﬂéd /e ds 202Up! ed

tothelnterle (1) The i.nterl eave
cont ol | r 315 ME BT BRI PAPIED bf G irPregton i)
260 The processor 200 writes data to the memory device 204 and reads data
from the memory device 204.
Figure 4 shows a representation of the error encoding circuitry of a 2-bit
multilevel cell configuration. Error correction circuitry 260 comprises error
encoders 310 and 312, interleave controller (or interleavor) 315, data buffers 320
and 322, input multiplexer (mux) 330, and error code buffers 340 and 342.
The input mux 330 is coupled to the bus 202 via bus 332. The input
 mux 3301is éoupled to each of the data buffers 320 and 322 via buses 334 and
336. Data buffers 320 and 322 are coupled to provide data to the error encoders
310 and 312 via buses 350 and 352. Data buffers 320 and 322 are coupled to
provide data to the interleave controller 315 via buses 360 and 362. The error
- encoders 310 and 312 are coupled to the error code buffers 340 and 342 via
buses 364 and 366. The error code buffers 340 and 342 are coupled to the
interleave controller 315 via buses 370 and 372. The interleave controller 315 is
coupled to the memory array 250 via bus 390.



- 6- . The interleave controller 315 and ‘the input nux 330 receive '
control siwpakhoa80 and 382 originating fromthe i nterface goORE§Mhk 205.
The copgrol signal 382 controls whether bus 202 is coupled to provide data
to data buffer 320 or to data buffer 322. The control signal 380 controls
the routing of data bits fromthe data buffers 320 and 322 and the error
code buffers 340 and 342 to the nenory array 250. The nmenory array
250 is shown with representative 2-bit multilevel cells that interleave the
data fromthe data buffers 320 and 322. For-6exanple, a first multilevel

cell holds a voltage that is associated with a nenDry el ement bit pattern

conprised of bits @pg 'iﬁkegea\fercgmrél:f]@ 3494LAd méflfa Lﬁg@}(ﬁ@gm@ggonu%l subsequent

mul til evel cel] 'S assoc nenory el ement

ol
bit pattern cé’rﬂﬁﬂséga agg 3 g? pagipaypgrom th B’rﬁﬁ‘fﬂ‘fé ‘f@l‘&f‘&l%aﬁ efhe gurohnd 322,

and so forth. signal 382 doptrolnEhedind? ®als Mis,c ed & ?r@ﬂnd‘éQﬁfdﬁtéfdhﬁrbtﬁfég%O ?r 3
a volta soci at e

al so |nterleaved 33t [til veI

with a nenory éfoe E[S?rt Zgatﬁgrcﬁmé ‘Eﬂ‘“"@ € IRTEngergata b s ot her
mul til evel celfﬂonhmlcaﬂataabuffdrs mﬂﬁamdtmmrtcbdabmwo ehdBaENio the t
pattern corrpr ? Efg pand ECC1l', and so forth. I n anot her
enbodi nent , e error Frection codes are stored in a separate nenory
array fromt hat of Thpanemaery array dSGrisshown with repres¢rdativetZebit gwltddvel cells

Figure 6 is atﬁakﬂmsdr@% tSe el ﬂgmtth@dﬂ%@ﬁeﬁs@&@an&@ﬁ" ﬁ@}leia Eteésgﬁ& witten

to the multilev I e flowhart starts at from
whi ch operati HW?‘&IBH"? cﬁU@Q@t“ ‘19!“6%‘?(‘}‘5@2 assge1ajed Jyigh ’56’2"“0@6918"‘5!"( Bt are
recei ved by t peterhikombayel oftsits|0 4760 fipn/tha dbMSbu&%& I0chntig2] mput nux 330.

At bl ock 504, rted,.int re.data words. For the
e bt 11 6o etk My fer BE nGIAE b SEehddt Banit BosBlinllB W B mR) “Tno dnt &
wor ds, and eaelemgat bit pettern pgmnnmdeﬂ blltm@nélofmtrmae dun bufferfs30xnd 302.and 322.

I n an al ternahgd @fepdti ment, however, is possible for conbinatorial |ogic
to be used to genepate error code@‘edynam cally such that the data buffers
can be el ininat ed, F95ORG $mbasiimagnts |CHQHCW§°H°P§§‘ER§@F 1lep integlpaned such1 3,

Qper at i on conthanaesulievél el koG, voRhgedissdiated vixh a&ﬁéxﬁ@@tdlé?ﬂerﬁ%ﬁes are
generated for pﬁ%rp cc?r;zpnpe% fvl\ét‘(% an%écg’atﬁncy\ﬁ rrdrgulnlevg"l cell ho{dscaovrorlg(g:é on

codes
: associated with a memory element bit pattern comprised of ECC1 and ECC1’,

and so forth.

In another embodiment, the error correction codes are stored in a separate
memory array from that of the data, and may or may not be interleaved.

Figure 6 is a flowchart showing the steps taken when data bits are written
to the multilevel cell memory. The flowchart starts at block 500, from which
operation continues at block 502. At block 502, data bits are received by the

- multilevel cell memory via bus 332 and the input mux 330. Atblock 504, the
data bits are sorted into two or more data words. For the 2-bit multilevel cell of
Figure 4, the data bits are sorted into two data words, and each data word is
stored in one of the data buffers 320 and 322. In an alternate embodiment,

- however, it is possible for combinatorial logic to be used to generate error codes
dynamically such that the data buffers can be eliminated, as will be described
with respect to Figures 11-13.

Operation continues at block 506, at which error correction codes are
generated for each of the two or more data words. The error correction codes



-7- nay b rovided directly to the interleave controller 315 or they
my be te 3919495 held in error code buffers such as 340 arRETASY7/15687
shown in Figure 4. Al though the nunber of bits of error correction code
vary dependent upon the inplenentation, for one enbodinent, the data
buffer 320 includes 64 bits of data (0,1,2, ..., 63), and the error code
buffer 340 includes 8 bits of error correction code (ECCO, ECC1L, ...,
ECC7). For this enbodi nent, the data buffer 3;2 al so- includes 64 bits of
data (O, 1', 2, ..., 63") and the error code buffer 342 includes 8 bits
of error correction code (ECCO', ECC1', 7' ). At bl ock 508,
the data bits fmgmbepeovidas dzﬁcafbk%thgamtarlmmgnmlprﬁﬂé @rthey mgpbeect | on

codes fromthe f%H;bearH?ﬂ@ldQHEFerf &d@rh%fﬂafs%\ﬁbﬁi§§34@arﬁf342“5§§ﬂo%%% Fi%ﬂ’er ol | er
which forns rrengr&’g mgea;)tter each %%0 8 rlseo bi t
from each of th the n §"°‘A?°rfﬂ°88'l?<° Vary gepeadent upen the
rrFm)r y elbement implemed tags) $or @e@hmbgﬁnaﬂ,abEdasfobﬂﬁhmanuﬂfbsl 6418?]5!1@!!%3/

el ement bit pat i s,.stor into a mulktileve oW
terninates at b{og{dz 512 | Bldfife cmrl’—‘fogﬁrbghtgr% o’\ﬂglu %BV e'?ﬂoéftcf)gﬁc Tt he
error encodi ng eddedBCGOyEELC11 heE€ECT prFerohiseattiodimaitytbeidatapugfen32halso
correspondi ng ”ﬁ%ﬁ)!s@ibﬁé’of?:ﬁ& (borl 32'3 bbﬁ)%hﬁﬂc‘&fﬁ?'oo&@q\gf&%? HcTLiBﬁ’és' on.

The error COI’I’eCtIOI’l circulrtry c | €S error encod eave

control l er 415, aﬁwfrﬁjmrcmpqqoplcesieml%xﬁcﬂlé ~dBE€&7Buf fers 420, 422, and

424, and error code Rublogk SO& b dABBits #6& HSdwo or rmore dati”?@rcﬁ%h@&h&&fdrea I on
C|rcu|try wor ks _subst ant A.third data

buf fer 424 and FfH ?'Hc%Jrngrox'béﬁgnﬂg{a‘?%%ui Et”ﬁ?@“ﬁ'é%lé LPG"WHFH“&’Ct hird set
of data whi ch ientreler whichfigmsmerherylzldsenobittpagerBs Hath nbwbich celnprisait bi t

patterns Store%&%xéﬁ?&n@ﬂéﬁbﬂzﬁ&/%o Szfllnbhomt rdd! %ﬁ%l%ci}?jflggg‘? 25@4 tb ave

controller 415 interl eaves the e dat a and
424, and the ermemoemienwfbntmagcmw chagge, statn @sspgistedovigh Beinrmerstelementt he

menory array 23 pattern lS stcﬁbcﬂiﬁ&a RuRevs c@ll MERI RS edhaAlbEnate Dhdb1saK 12 evel
cell nmenory array 23_0 Zst I nterl eaves cLatafromthe data buffers 420,
dRYe f

422, and 424. For SQW’F%?""W“F‘\“P@\?@ CEATOr CREUHRECICUNEY PLME i n t he
char ge state asswricatrectionicidouiaryrPS0mng cotrespendinpintenpay taertip 260 figard 3it of bits

0, 0", and 0" L 0mape AL ATRAS STAZrordarec kAR SARASRLLEH Y- A

subsequent nultl a vo
encoder 410, interleave controller 415, an input multiplexer (mux) 418, data

buffers 420, 422, and 424, and error code buffers 430, 432, and 434.

The error correction circuitry works substantially similar to that of Figure
4. A third data buffer 424 and a third error code buffer 434 are used to hold a
third set of data which is used as one of the bits of the 3-bit memory element bit
patterns stored to the multilevel cell memory array 250. The interleave
controller 415 interleaves the inputs from the data buffers 420, 422, and 424, and
the error code buffers 430, 432, and 434 to provide data to the memory array
250. '

-

Figure 5 shows a representative 3-bit multilevel cell memory array 250
that interleaves the data from the data buffers 420, 422, and 424. For example, a
first multilevel cell stores a voltage in the charge state associated with a memory
element bit pattern comprised of bits 0, 0°, and 0” from the data buffers 420,
422, and 424, respectively. A subsequent multilevel cell stores a voltage in the



-8- charge state associated with a nmenory elenent bit pattern conpﬂised'of
bits 1, lwoadbeds fromthe data buffers 420, 422, and 424pchangfdshy el Y,
and so forth. For one enbodi nent, the error correction codes are -

al so interleaved such that a nmultilevel cell stores a voltage in the charge
state associated with a nenory el enent bit pattern conprised of ECCO,

ECCO', and ECC0". Another multilevel cell stores a voltage in the charge
state associated with a nenory el enent bit pattern conprised of ECCL,

ECC1', and ECC1". Figure 5 shows thd a single error encoder 410 can
be used by all three data buffers 420, 422, and 424 to produce the error

correction bidhardeditateasdaciatedtvwien ﬂﬂkﬁwb}lél%ﬁkﬁt bifpdlicin edtaprised|dfibiRk exers (not

20000 ok o et B b e Bl A3hLE8! o o B i b R b

enpl oyed. Hropone emboldiment,rihperearanvtztiiorecaies arbalso intemieaved sack hi n
Lt evel eCt:;h?Pa &hhﬁé‘ve‘l el Zx&%i\a% u§§ﬂﬂ :ﬁegcrl%?géfs[zﬂéta?sofcﬁféa‘ »télélf? ggfmr ) 610

recei ves t he mpempry ﬂemmybnenaetmonmrtse@afE@CﬁsEECBmanﬁEG@?orﬁnmay 250
via bus 612. JhRidvei eai aaeéed%n&g’cqhwch@ﬂg% 4t§te§é%6@i|a%‘é vith PrRYiAE the first

bit of each nenory el enent 620. The 1 nterl eave
controller 61ﬁem§“‘&iﬁﬂ“€H‘QQ9’$FS£Pé§CEI¥eE§ (l,oﬁﬁ E of each nmenory el ement
bit patter nI to datBightef S Qfow@Zi?e;tamngleberrcﬁldﬁbbcw’rﬁ)‘m caihbe hs&tiefylﬂlamreecolnt roller
610 i s couple t bit of each err el ement
it pattern (i Rt faftag a it pRdye® e S e Hon BRE TR V) e 10
i's coupl ed tcﬂap;r buffere. Aldditioeddonultipliexers{nasabower may alsoterequirody el ement bi t
pattern to t @{5’55@] Oﬁg%pgh'éf or @r?t%dcr asso aatea_ BendatiRoPHE lisla diffd2nd the

error code bu re coupled to provide an 1nput to the error encoder
and decoder (£Epf2%20d 42heoydbs empiaved. 622 and the error code buffer 632

are coupled to prdmigde 'BsfhowsFﬂ&«l:ireieﬁtahb@d@d’dﬂ@lb1r61ﬂ&9@ﬁfhua6ﬂ01d@ﬁfvdﬁ6n(EED) 641.
The EED 640 is co 620 and error

ff
code buffer 630" %ﬁpfoéﬁeﬁﬁ?géﬁg?g 38 lrﬂl’g‘b%lzg’étrm &cvfeglferllpuf'ﬁgraﬁfag stored in
the data buf fAnidatavesaisiailsr (iniedkavon6 1) reciesabe XM memewy glepedsditused to
i pl ement sucﬂanémfslff&ﬁ umnerﬁbfg‘akfa& k%0 vx.fm]s%@ f‘rﬁg m&w&eeb&%ﬁ& 6ROV de

signals 644 to data uffer error code signal s 644
are used for HBOHRISH Iprovide H!ftfé{s%,lllb?féﬂch ey 6'§F§“bh‘f P%‘Fer%@da‘?:or one

buffer 620. The interleave controller 610 is coupled to provide the second bit of

each memory element bit pattern to data buffer 622.

Similarly, the interleave controller 610 is coupled to provide the first bit
of each error code memory element bit pattern to the error code buffer 630, and
the interleave controller 610 is coupled to provide the second bit of each error

- code memory element bit pattern to the error code buffer 632.

The data buffer 620 and the error code buffer 630 are coupled to provide
a7 input to the error encoder and decoder (EED) 640. The data buffer 622 and
the error code buffer 632 are coupled to provide an input to the error encoder
and decoder (EED) 641. The EED 640 is coupled to provide signals 642 to data
buffer 620 and error code buffer 630. The signals 642 are used for modifying
the data stored in the data buffer 620. Combinational logic such as XOR gates
may be used to implement such a function. Similarly, the EED 641 is coupled to
provide signals 644 to data buffer 622 and error code buffer 632. The signals
644 are used for modifying the data stored in the data buffer 622. For one



-9- .enbodi nent, the signals 642 are additionally able to nodify, or
correct, theydag/geazstored in the error code buffer 630, and tkergsensds 644
are able to nodify the data stored in the error code buffer 632.

The data buffers 620 and 622 are coupled to provide data to an out put

mul tipl exer (nmux) 650 via buses 652 and 654. The output nux 650 is coupled
to provide data to the bus 202 via bus 660. The interface
controller 205 provides signals 670 and 672 to the interleave controller
610 and the output nux 650, respectively. The9control signals 670 and 672
are used to synchroni ze reading of the nenory array. The signal 670 to the

i nterl eave contémbddimehitl theCspitals@42 aw@ddlﬁbﬁanrygabwtodaécﬂf lok 8orkdc®the HAE
code  but fers A r%%ﬁ%ér%“@a%?ﬁﬁpb”” AER T N R
buffer 620 or dini stoludfihelie &2 code B&ﬂ&rrl&ad to the bus 202 via bus 660. :
cifouttry 260 that  ubdcodlE bt 20 Ed 2R Hulteh i hlotae e biafionl °F ' "
froma 2-bit munultipbaxer (med)65Hwirobusenb’Zagnd Gie Tomutpit rsu:g@ﬁé] ist@apléd wm t he

interface contrghlge dggqoqmlfsqbgvﬁmsldgoerl eave controller 710 for
providing data to b he control sjgnal 770 signals the interl eave

controller to return LLhéF ’é‘é"crfaﬁé C‘Hﬁ’foélc’( 805 HrOVEjeb signalgéfgangp@Pothe ) at one
point in time. ﬁtﬂﬁl&@wmtﬂoner 6]|(DQmﬁQIﬁH 6xﬁbut&h@:ﬂ650 Hs@:e&ﬁ@lﬂy’ﬂ Thd thﬁn:l*o![‘t erl eave

controller 710 Lo 0 set ECCO'
ECC ', . . SIE s&ﬁta}{@@ 'i’sr?gﬁ?s %ﬁné{ﬁrga%n%ggé’: tIB?FB%IP'af‘Im’P’nt 8F| eavi ng
so that only orsegrdhﬁaO mmeemenl@vceqmalbdﬂﬂ) porerplathe eputint geofataeobitsfieorh, t he

i nterl eave conttaeidtaﬁeazé@oﬁmepm@esttﬁgqstq mga&wﬁaw aaglnl\éré%&rg%&# || evel

cell, where N |s én inte ure

that one buf f erbufises @342 gnﬂh6§éﬁF‘?lélﬁi’dl @730%%’%‘{"55%?&@‘9&%@@@0
correction codeiaki buffer®23 ePaupled z@ﬂfcqmscz@d&ubbﬁsfwo need not be enpl oyed.

An error encoder and..decqd 740 to receive the data bits and
the error correctio 5‘1"1"'% S‘I’%‘PB'Fnd? A B‘E‘f‘f‘%? °g% deﬁ‘?ﬁﬁ“%‘??‘&?‘%ﬂ a8 and
decoder 740 pr cerdasomstignatys260Batiseka singlerdatdmffferr 1o/ s Ea3e, thodarads i ng bits

in the buffer z(ﬁﬂn a P, Hi‘dﬁl@\rel Zépﬁkﬁxo wéfeﬁnet&m%ﬂlg&é 7\?b?rc?t?xt('§1e750

Figure 9 is a hart s aread from
the N-bit mult iptesfage Q?@Ppll?fe%%rcymmﬁé ﬂn@%‘:ﬁm eovgtoélﬁtzl(éformr@edms@eta from

to buffer 720. The control signal 770 signals the interleave controller to return a
setof data (0, 1, 2,.. ., ECCO, ECCI, . . .) at one point in time. Subsequently,
the control signal 770 signals the interleave controller 710 to provide a second
set of data (0, 1", 2°,..., ECCO’, ECC1’, .. .). Thus, the embodiment of Figure
8 uses temporal interleaving so that only one data buffer is required. In an
alternate embodiment, the interleave controller 710 can be extended to interleave
an N-bit multilevel cell, where N is an integer iarger than 1. Additionally,
, Figure 8 shows thet-one tuffer 720 can be employed to hold both data bits and

error correction code bits; a separate error code buffer need not be employed.

An error encoder and decoder 740 is coupled to receive the data bits and
the error correction bits from the buffer 720. The error encoder and decoder 740
provides signals 732 back to the buffer 720 for correcting bits in the buffer 720.
The buffer 720 is provided to bus 202 via bus 750.

Figure 9 is a flowchart showing the steps taken in decoding data read
from the N-bit multilevel cell memory. The flowchart starts at block 900, from



-10- which operation continues at block 901. At block 901 nenory el ement

bi t patt [ugz sretrieved fromthe multilevel cell MENDr ypaf @@%ﬂ%?(ﬂl .The
menory. eI enment bit patterns correspond to charge states store
mul tilevel cell nenory array 250. Qperation continues at bl ock 902,

at which the nenory el enent bit patterns are sorted into N data words. Each
of the N data words contains one bit fromeach nenory elenent bit pattern
of the multilevel cell nenory array 250. At bl ock 903, error
correction codes associated with each of ti® data words is retrieved. For
one enbodi nent, the error correction codes are also stored in the
multilevel c r I e sorted by
the interl eaygbd?g pro U%Jen%?él %S%QbIO-EF@O?ré?%%?r%g?ﬁég%}!%%%t% an

al ternat e eripatiemmsare retrivyed fiopy the srlélevel 6all enparary array 25Qr Ele memeryi f f er ent
MEMDry arr ay eldficht BYpaBmIRYmERbnd R dhal;g%rsltaeeéw&eamn theMbitiicveN&d) cel | menory
array. Operation _continues at block 4, at which the error
correction cOUERO ALY to | ocate, detect, and/or correct errors in their

associ ated data wcmpkiauo%cd@hﬁ@ds a9 6fock DB, a@W&Cﬂh@%dﬁ&irﬁcl&ﬁfe@leﬂre provi ded

at an output of the . ey rrectron i S no ossi bl e,
Rppropr 1 ate PP ATCHEN SR GG Pl EREN bt i 1Y Bk Siokd bl ip ISR AERC. ' 2
embodi ment  offranh eacir memoryoelerseritibirpagemafithe yulievel belt metmarearrai 2¥ui try for

bot h di d
egamﬁgcgf'ggzagl tA;img %, 1&5%@9&6#8&@99535&%% will %Egﬁ)tf éPal?é)Ws an

t put
mul ti pl exer (Words WLIS’(‘)“GQS‘@) %@F@F@Omhékc ga@rd:oggf:qug}ccglg@a@ral@at a buffer

922 receives sanrékﬁinamb&nnmewmmlm&]dwsﬂa ZSO/I'PhéJéﬁorQﬁﬂ‘cctUhGCddé%X 930 al so
control s whet herq}gata bu fer 922 rovj des data to the

ta b
bus 202 via BEEEGRpthe mteﬂeavoflﬁ%pr&a‘ﬁ%?qgﬁ?tfg ”@rz‘i?r%?ﬁﬁ €% 8 Bbupl ed to the
error encoderltamdtedactaidmsnt( BEEspr Skcionl c8ded avd gtotedses dFRtemnd 926,
respectively, f 1Rvd y hoI d the
Gata i nput 1 Eery R SR A nIE e AR 18 BRI CET iy
gener at ed by 3fTRE EEDs 910 and 912. The EEDs 910 and 912 are coupl ed to

erlior code buf f er OR44tichdbnBes\at Block 904, at which the error correction codes are

used to locate, detect, and/or correct errors in their associated data words. At
block 905, the corrected data words are provided at an output of the multilevel
cell memory. If correction is not possxblc appropriate error flagging procedures
arc taken.

Figure 10 shows an embodiment of the error correction circuitry 260 that
shares circuitry for both encoding and decoding error correction codes. Figure
10 shows an example of a 2-bit multilevel cell memory.

An input/output multiplexer (I/O mux) 930 controls whether data buffer
920 or data buffer 922 receives a data input from the bus 202 via bus 932. The
I/0 mux 930 also controls whether data buffer 920 or data buffer 922 provides
data to the bus 202 via bus 932.

The data buffers 920 and 922 are coupled to the error encoder and
decoders (EEDs) 910 and 912 via buses 924 and 926, respectively. The data
buffers 920 and 922 are used to temporarily hold the data input from the I/0
mux 930 so that error correction codes may be generated by the EEDs 910 and
912. The EEDs 910 and 912 are coupled to error code buffers 940 and 942 via



buses 964 and 966. The EEDs 910 and 912 provide error correction codes to
the error WOPB4025ffers 940 and 942. The dat a buf f ePETARG7/E860T 922
are coupled to interleave controller 915 via b#éses 960 and 962. The error
code buffers 940 and 942 are coupled to the interleave controller 915 via
buses 970 and 972. The interleave controller 915 is also coupled to the
menory array 250 via bus 968. The control signals 980 and 982 are
used to synchroni ze programm ng and readi ng of the nmenory array. For one
enbodi ment, the control signals 980 from t Rkli nterface controller 205
control whether the nmenory array 250 provides data to the data buffer 920
and error code bbsesi96r apd @66+ The EERs X 8taad Bi2 pevide2@roranodreetianocodenaethbuf f er
942. The contr ntrols whether the data buffer 920 and
error code buf?gPﬁb&ﬂ§b§H%§®4gaﬁegggffer 922 and error code buffer 942

provide .data to the legsBrapubfers20ang 922 are coupledgip intgdeasteironiraliend S via

previ ougl y des @nie@@go aflang2. $h@@ﬁéxeéade%uﬁ*etscy4otatadbaaraﬁh &{uglé'd%%émt of the
menory devi ce on us ori s in array
250, however, e 88?‘?"@@1" gélg M %”2 9%31 ﬁ@ﬁﬂ‘&ﬂ?%ﬁpnﬁﬁﬁef 15is

mul tilevel cel hlsaemipslyd tddhen&moipaﬁuﬁ 250 ktaidueweB. cell (or cells) is updated
with the corrected Q | exi sonme _nenory. devi ces,
however, nakes corr g?%?%nﬂ]ﬁ @QQ gtgp a%l?gs%ergi%ﬁpl eyyr“cﬂr OnLZeAraSi] Pr%

enbodi ment, gefed eeatling of thesmemnpry dayc Fonont amhedigrent theecomtra signals 980 der to

rewite data t froth M'xﬂtéﬁﬁié@onﬁ@ilér m%nﬂélswmtﬁéf'tﬁé’ﬁleho?y Eﬁﬁﬁ%sq)fr%md it t en.

In a variation,on the abov nmbodi ments, the pro

error in one ofd ‘?I‘Fé?’ﬂéj@&" tBEfCFgi@d’@:‘bﬁmé"echééﬂfféW‘l%ort‘Héhfp@ﬂ“hbuﬁﬁ?r

cﬂeckl ng thalt st @rdricotie buffero4al rvescontrdl KN 1wﬁmahsdraﬂﬁr_o@sfwﬁéth&lty@r: atiloln,
the nmenory ele tt.erns ass e 2- tilevel ce
are as shgwn |H£E'|E R&Ig?%aanﬁcf mﬂﬁﬁ?i ﬁf%?ﬁg\?f f“ﬁ@%‘é‘ffﬁ??béﬁgﬁém’f #de
patterns are cluffar %ééd’f@ﬂd%ldﬁthEcstthmmorBlatra@ZSQnd a second bit, Bit 0'. In
readi ng the charge pgahe e%bﬂﬁhﬁn&eﬂeh%ﬁ?@c%rﬂ%& 1fs'cbﬁ¥cfi%7i éx?!nj to the

vol tage stored mthe&gltll | S’ conpare agalns
det er mi nes whebHRs Pigvidegout g 'éle “EPm‘HV dﬁv’cimmﬂk‘ﬁg@aug‘ht’ P?gmﬁh‘éﬂt%'éiptedge

stored in the imthé ety aggy D50, hoGRVEalsadt aaRéoied. RirtthQiearf 2 or VrefO

rmne wh Bi
|( gegengengr Uporr_nl_bo r%cx?tuof d multqevel?cell me>mory, erzgg'gneo%s gneu eleggl cgll (orec;[el ) 't o
-12- is updated with the corrected data. The additional complexity in some memory

devices, however, makes correction infeasible. For example, for a flash memory
embodiment, generally, an entire block would have to be erased in order to
rewrite data to a multilevel cell that has previously already been written.

In a variation on the above described embodiments, the probability of an
error in one of the data buffers can be reduced to the point.of not checking that
data buffer for errors. In one embodiment of this variation, the memory element
’_bit patterns associated with the 2-bit multilével cell are as shown in Figure 1 and
Table 1, below. The memory element bit patterns are comprised of a first bit,
Bit 0, and a second bit, Bit 0°. In reading the chai-gc state maintained in the 2-bit |
multilevel cell, the voltage stored in the multilevel cell is compared against
Vrefl. This determines whether Bit 0’ is a ‘0’ or a ‘1°. Subsequently, the
voltage stored in the multilevel cell is compared against either Vref2 or Vref0
(dependent upor the outcome of Bit 0°) in order to determine whether Bit O is a

- 7 ‘0O’ora‘l’.



Table 1 BITO BIT 0" LEVEL 3 0 0 LEVEL2 °

1 ’ ‘ 0 1 LEVELO 1  For
this enbo&’ﬁ@fﬁ“%he probability of the 2-bit multilevel ¢ hml'se?i'”ll?‘% by

transitioning fromlevel 2 to level 1 is nade very snall conpared to the
probabilities of the transitions fromlevel 3 to level 2 and fromlevel 1
to level 0. For exanple, this may result if V[err] is made | arge conpared

to V[err] and V[err] In this case, the probability of Bit 0' failing
conpared to Bit O failing is very small. I#2another multilevel cell,
simlarly, the probability of Bit 1' failing conpared to Bit 1 failing is
very smal | . Referring back to Figure 7, for this enbodi nent, the

data word retrieved into data buffer 622 conprises the second bit of each
mul til evel ce'll“able_Ekecause the second bit of each nmultilevel cell has a | ow

probability pf—fett-tre mer cking on the data word stored in data
buffer 622 chn be elinhated.. us._iln the Figure 7, error encoder and
decoder 641 FBEVEZ &l njthat ed. (Addi tijonal Iy, error code buffer 632 can be
el i m nat ed. +eetterr—eoddqs for the data word conprised of the
second bits eveh be deheratdd in this enbodi nent. Thi s
variation fof LERE®ICI Ng Byrors {Iin certlain data words can be extended to

ot her N-bit | el st redudi ng the probability of certain

transitions pEEXELD chafhe stdtles. Fi gures 11-13 show enbodi ments of
the error corTetTrom Crreurtry 200 that don't use a data buffer. Figure 11
shows circuitry for encoding, data for stora i n .the no ray 250.
Figure 12 shows ci F‘é’l}ihtsr%mqog}m%ébﬁpﬁi?a %gf'@f’ ET@R/‘@H@?‘@%‘E@ BReRt y array
250. Figure I13amshivmngfromutved 2 16 vebbisimakoedy ngalhoshpredd thg data to and

f rlgfn the ”emﬁr%b%ifiﬁé(s &We wansitions from level 3 to level 2 and from level 1 to level 0.

For example, this may result if V,, is made large compared to V,; and V,,,

In this case, the probability of Bit 0’ failing compared to Bit O failing is
very small. In another multilevel cell, similarly, the probability of Bit 1’ failing
compared to Bit | failing is very small.

Referring back to Figure 7, for this embodiment, the data word retrieved
into data buffer 622 comprises the second bit of each multilevel cell. Because
the second bit of each multilevel cell has a low probability of failure, the error
checking on the data word stored in data buffer 622 can be eliminated. Thus, in
the Figure 7, error encoder and decoder 641 can be eliminated. Additionally,
error code buffer 632 can be eliminated. The error correction codes for the data
word comprised of the second bits need not even be generated in this
embodiment. '

This variation for reducing errors in certain data words can be extended
0 other N-bit multilevel cells by reducing the probability of certain transitions
between charge states.

Figures 11-13 show embodiments of the error correction circuitry 260
that don’t use a data buffer. Figure 11 shows circuitry for encoding data for
storage in the memory array 250. Figure 12 shows circuitry for decoding data
retrieved from the memory array 250. Figure 13 shows circuitry for both
encoding and decoding data to and from the memory array 250.



Referring to Fi gure 11, signal |ines 802a-z which cone fromthe bus 202
provi de dat™OP¥IM432 i nterl eave controll er 800. The signal |iPEYUBYAS60T are
al so coupled to an encoder 806 which provides error correction codes on
signal lines 804a-mto the interleave controller 800. The interleave
controller 800 may wait to receive one or nore data word inputs before
providing interleaved data to the nenory array 250. For one enbodi nent,
the data word inputs are provided sequential3l y intime. Aternatively, for
anot her enbodi nent, nultiple data words can~be witten to the interleave
control l er simultaneously with one or nore encoders providing the
respective error coRckeringp Bguwes! lt sgnldinesB2a-z shich come firem|thg bus 202

Figure 12 ShOWFrdi/iidé?dHté {oVthé SHterflRCOEbAtELIRARA.  Bhe §iEYA Bins OMaLNEreMROr Y array
250. The interl eaye control#egﬂgl .thﬁ&porall intéerleaves the data bits and

the error corrﬁ%‘lﬂ\f‘iﬁf"cﬁ?c@‘g" & QBidgs SOTLAPIsElEen ¢pdss 89 SigBaiNeSset of

dat ahbi ts and 8?)42?1;1 tomhbeinl?rte&vatolngoll%_ﬂﬁ)odsl‘hﬂiit;a:rlea\& doln&om':rr&dﬂﬁ)irhay/waft Fi Igure

8. There is no, buff.er in_ Fiqur . _.L.he t i tS.are. provi 0 i gna

i nee Biom 2 EeasE obd el e iRy S B Brcb bR iR S e 0 e

si gnal |ines S8f@amory aray pibVFaede embedionaieth8d8a woind Tiputseare poodled t he dat a

bits to genera O ' : : .on codes are
{ u@ﬁtﬁa‘?ﬁ' éﬁ Qﬁ"fcﬁ g&slkéé‘%g@%{? Yor aFB&eP@W&:{%ﬁ%BL %ﬂfl{xﬁl?tdfa&

conpared with the sig | i usi ng_an uncti o or exanpl e,
to provide an VWAPIRCap §e yriicase dic igEgeavarongetedimulansousdy &vith gnePrwhet her

any of the datmobd érod€rs ravidiag ERGESpectiRagirdrcometd dodes td @Y @hreg&ive NMEnOry
array. If any corrections are to be nade, the decoder asserts the
appropriate si%‘?{’e{‘io , 'and provides these signals on signal |ines 822a-z. The
signal s 822a-.z are KigRedlholwstcireuitnyi fgr dedodmigghaad morki2d front the pnaworge t he

out put si gnal Sa#%ﬁﬁﬁgi)’lﬁﬁ iﬁfeﬁeﬂe%‘éhgggexldﬁgggghﬁ%%ﬂgé%’Qgrleaves tcljnefdal:ai B a8 13

shows circuitr or encodi ng an ta to an romthe nmenory
array 250. Si gl¥fa|cnpr prRIscctiop cedasdramn theememeryraray 358¢e Prayidd eneuset el das0 t o

the bus 202. Shignald drionesdSsiRan 2 tihd) $irkitard@iR dirtuintheofiFigRe [se aMRrLRMbY ol | er
830 and the encader. §36. r l?;gda Ero%ramo erati.on, ..in ch ta is
stored in the 'Y é%”("a%!z ol R HE SR PEW 198% S 3 b r TR ¥ct i on
codes via si gnaidelbitn @ mwedmtl sighiidirien 8¢44-eaVEhecsigial hhdseB12830are The

oo L pave o bk o Gab18OURIcR b Redlcd Welfaud BlAo!gBndll 4ol Ve date

fromthe nmenory arr ) _ )
-14- correction codes. The new error correction codes are compared with the signal

lines 814a-m, using an XOR function, for example, to provide an input to a
decoder 820. The decoder 820 determines whether any of the data bits were
incorfectly read from the multilevel cell memory array. If any corrections are to
be made, the decoder asserts the appropriate signals, and provides these signals
on signal lines 822a-z. The signals 822a-z are XORed with the original signals
812a-z to provide the output signals 824 which are provided to the bus 202.

_ Figure 13 shows circuitry for both encodin g' and decoding data to and
from the memory array 250. Signal lines 828 couple the error correction
circuitry 260 to the bus 202. Signal lines 832a-z provide data to the interleave
controller 830 and the encoder 836. During a program operation, in which data
s stored in the memory array 250, the encoder 836 provides error correction
codes via signal lines 834a-m to the interleave controller 830. The interleave
controller 830 is coupled to provide data to and receive data from the memory
array 250).



Upon reading data fromthe nenory array 250, the signal lines 832a-z

provi de datvmésr/mas he interl eave controller 830 to the encoq.%l:mﬁggl“%ere
the data is re-encoded. The re-encoded error correction codes are conpared
agai nst the saved error correction codes provided on signal |ines 834a-m

fromthe interleave controller 830 using an XOR function, for exanple. The
out put of the conparison is provided to the decoder 840. The decoder 840

corrects errors it detects by asserting the appropriate signal |ine 842a-z
whi ch nodi fies the signal |ines 832a-z, vialdn XOR function, for exanple,
to provide data to the bus 202 via signal |ines 828. In the

foregoi ng speci fi Can@rE‘reaHﬂ@ d'af&\'f?d}h'tl%}n&f\?rybﬁf'd} %Sﬁ{e sg@q #hds'k3 ggf 2Cr ence to

speci fic exenpl a nbodi ment s t her eof e evi dent that
various nodi fIH&Y%SHgtaafW&hﬁﬁﬁggaW"B@ lepfp0 ‘PN&%F@d%SﬁﬁoWberGé?mrtl ng
from t he broaddaa spesentodedd The ppencdtied E€or dorebiidmEodes afeSdo Eécha iathst he

sppend €1l . o8 SRFSLLSRR B LA o R . (©

regarded in an F P rve'ra
-15- interleave controller 830 using an XQRAhiviionHoT ckﬁnﬁchrITbEBut;ﬁx of the 1.
A met hod of St&ﬁﬁﬁlﬁs&ﬂsgwmlﬁéd qor{h@dépfdh&ﬂ 44@)"%%6%{%[: c?%ﬁ@@grrczﬁpg 59#' filevel

e )

~cell nmenory conprising | ev
nul til evel ce|4eée°6>9a%¥ﬂs‘éfnag t@twmpglatwmr@i lingy B2z whichfmetlifies the isignaiet hod

conpri sing t hdires 893a-8fvia an XOR functiod, 3or éx%ﬁﬁ'lé“t@ﬁro@:dé'd&f@ﬂo'tﬁé’bﬁg d&at a bits;

“(b) sorting the ﬁl urlﬁlltg f data bits into two or nore data wor :
(c) generating y'4Ne % ‘rection code for each of the two or nore

dat a words; In the {aiiggdling specificationg theriyveitaentias bédnt deseriliedrwitlg onpri si ng

one bit from rcfefenCE cftic c&@x%pfa&eﬂhxﬂ?fcﬁts%@ @?f\’\q[ 481 p wgge (e)

storing in one ural i a c¢h Cat e
associ ated w tW‘qeﬁbthﬁbws é]OéFﬁéﬁthlﬂﬂ andighapgesmay be made thereto without

departing from the broader spirit and scope of the invention as set forth in the
appended claims. The specification and drawings are, accordingly, to be
regarded in an illustrative rather than a restrictive sense.



2. The nethod of claim1 further conprising the steps of: (f)
repeating twoss/e@es (d) and (e) for each of the plurality of rEgres®dhkd7

of the two or nore data words. 3. The method of claim2 further
conprising the steps of: (g) storirng the error correction codes
associated with the two or nore data words. 4. The met hod of
claim3 further conprising the steps of: (h) retrieving the two
or nore data words fromthe multilevel cell menory;, (1)
retrieving the error correction codes associdted with the two or nor e
data words; (j) using the error correction codes to check for
errors in the two or nore data WoQUAIMS

-16- 5. ﬁ;@g 81{45@ Gé’,m 4 further conprising the steps of:

(k) using the erro 1A odes to correct errors found in the step
6. A nethod of reading data froma nenory conprised of nultilevel cells,
each of the miltilevel; Gehles §ip5ioRd tzal]b?@%ﬁ a&:‘{ﬁ?zﬂ*&bél%eﬁfméiﬁ&g’ e method
conprising the steps of: Ea etermning a nenory efement bit
pattern associ at ednwlileyekeell memorysemprisingay plwiality ofavedtilayel ¢ellst eashrofther y

el ement Dit pat t erfyIGRNEY defi Bshable of stoﬁngg%%r%c;rg'gi_ts of data, the metdd Storing

each of the N data bits, into N s%parate ata words;
comprising the steps of’

(a) receiving a plurality of data bits;

(b) sorting the plurality of data bits into two or more data words;

(c) generating an error correction code for each of the two or more
data words; |

(d) forming a memory element bit pattern comprising one bit from
each of the two or more data words; -
~ (e) storing in one of the plurality of multilevel cells a charge state
associated with the memory element bit pattern.

2. The method of claim 1 further comprising the steps of:
(f) repeating the steps (d) and (e) for each of the plurality of data bits
of the two or more data words.

3. The method of claim 2 further comprising the steps of:
(g) storing the error correction codes associated with the two or more
.data words .

4. The method of claim 3 further comprising the steps of:
(h) fetrieving the two or more data words from the multilevel cell
memory;
(i) retrieving the error correction codes associated with the two or
more data words;
(3) using the error correction codes to check for emrors in the two or
more data words.

[



(c) repeating steps (a) and (b) for subsequent nultilevel cells until
each of th@oNsﬁ rate data words conprises a predeterm nedy gﬁﬂwzﬁ;,
bits; E retrieving N error correction codes, each of ch is

associ at ed W|th one of the N separate data words; and (e)
using each of the N error correction codes to correct errors inits
associ ated N separate data words. 7. A nethod of checking for errors

in a menory, the nmenory conprising a nenory array conprised of nmenory
cells, each of the nenory cells capable of .ggoring 2[err] charge states,
each of the charge states having an associ ated nenory el enent bit pattern
that is N bits wide, wherein Nis an integer greater than one, the nethod
conprising the steps of: (a) retrieving a plurality of nmenory
el ement bit patternss. a'Elm)mﬁtimédfclalm4fum€trl¢0mppslugéhﬁ gtepseff: menory cel | s;

(b) sorting the plurality &fnng’@ﬁ@‘&ﬁ& SdrfetRBA cOids P Bk&RE Eﬁox‘s%@nd\in%é §tep

wor ds, each of the N data words conprising only a portion, which is ess'
than t he entirety, of Ukach of the plurality of menory el enent bit patterns
wherein a first data word of the N data words has an error correction
code associated wt

-17- 23 éé’f“r‘ﬁ“&/‘?fﬁﬁ*“l‘%d"e‘? fIom & BEMOLY FURPTISSY Of quutlevedcgtswi t n
the first data each of the mnim:l:vel cells storing at legst)iwoditn gf ddte, the methagor r ect i on
code to check for Siﬁ@ kfne first data word. 8. The
met hod of cl ai m('f t data words include a second data word, and
wherein the second data(me@wrmemmyatw&m Biy Pt @fsociqtedrpitbi y

wi thout checking for gahi@iaChuhilevehells eaiéndtdleni@tt Bit pattern compPising I¢i I CUi t
conpri si ng: - data bits;
(b storing each of the N data bits into N separate data words;
 (0) repeating steps (a) and (b) for subsequent multilevel cells until
each of the N separate data words comprises a predetermined number of
bits;
(d) retrieving N error correction codes, each of which is associated
with one of the N separate data words; and
* (e) using each of the N error correction codes to correct errors in its
associated N separate data words.

7. A method of checking for errors in a memory, the memory comprisinga |
memory array comprised of memory cells, each of the memory cells capable of
storing 2" charge states, each of the charge states having an associated memory
element bit pattern that is N bits wide, wherein N is an integer greater than one,

. the method comprising the steps of:

(a) retrieving a plurality of memory element bit patterns associated
with a plurality of memory cells; '

(b) sorting the plurality of memory element bit patterns into N data
words, each of the N data words comprising only a portion, which is less
than the entirety, of each of the plurality of memory element bit patterns,

- wherein a first data word of the N data words has an error correction

code associated with it;



a) a plurality of multilevel cells capable of storing at |least two bits of
dat a each; WO 98/10425 b) an interleavor having an interl eava®CT/ugyaii5607
coupl ed to accept the data and an interleavor output coupled to
provide a first data word and a second data word, the first data
word conprised of a first portion of the data and the second data
word conprised of a second portion of the data, the first portion
of the data conprised of at |east one bit fromeach of a set of
multilevel cells, the second portion of the ddt a conprised of at |east

one bit fromeach of the set of nultilevel cells, the first portion of the
data nutual |y excl usi ve ofc)thigedng dreterizocbiredtionfcoti assdeiated veitdthe first data

c) an error circuit coypled to the interleavor output, the error circuit

having an error code output. . 10. The circuit of claim9 wherein the
error code output is coup{ddsing the esrrricorreetigraande t@thesk ded angerrordn therfinst dat a
wor d. 11. The afaGidg. of claim 10 wherein the error code output is

coupled to the buffer to change individual bits being stored in the buffer.
12. The circuit of claim9 wherein the interleavor output conprises a first

interleavor output ang. Theafeeitd dfidlml ERYereinoHE Pudata words include a second data

-18- . 13. The cirrquit of claim12 wherein,the first interl eavor

out put and second™9 %@FI%&%?%&F?BM%WQF&S@BO‘F&C FQ"BEH“F@% e WHECY he
data buffers are sutphechegking forpatesror on the secangdudatsmiwbed. pl exer t hat provi des
an output to a system bus. 14. The circuit -of claim9 wherein the
first data word is provided at the interleavor output at a different tine

than the second data RoAFHCHItSPHPIiSEE: at t he
- a) a plurality of multilevel cells capable of storing at least two bits of

data each;

b) an interleavor having an interleavor input coupled to accept the
data and an interleavor output coupled to provide a first data word and a
second data word, the first data word comprised of a first portion of the
data and the second data word comprised of a second portion of the data,
the first portion of the data comprised of at least one bit from each of a

- set of multilevel cells, the second portion of the data comprised of at least
one bit from each of the set of multilevel cells, the first portion of the
data mutually exclusive of the second portion of the data; and

¢) an error circuit coupled to the interleavor output, the error circuit
having an error code output.

10. The circuit of claim 9 wherein the error code output is coupled to a
_buffer capable of storing the first data word.

11. The circuit of claim 10 wherein the error code output is coupled to the
buffer to change individual bits being stored in the buffer.

12. The circuit of claim 9 wherein the interleavor output comprises a first
interleavor output and a second interleavor output.

iy



I nterl,eavor output. 15. The circuit of claim9 wherein the ‘error

code out plio /N error correction code associated with t{;ﬁ_g%gﬁtsggata
word are XCR toget her to provide an input to a decoder, ecoder

havi ng an out put coupl ed back to the first data word. 16. Acircuit
conpri si ng: a) an interleavor having an interleavor input
coupled to accept a first data word and a second data word, the
first data word conprised of a first : set of bits, the second data
word conprised of a second set of bits, theg- i nterl eavor providing
an interl eavor output; 'b) a nenory array conprised of

mul tilevel cells capable of storing at | east two bits of data each
wherein the nenory arr is coupled to receive the interl eavor

out put, wherein eachd oT %leﬂuuroépiatfy 13whergin thedfret interleavor outpeit ked saconds one
bit of the firsfygRavel o&pﬁt%r@ﬂ&c@ﬁ?dﬁé Buﬁérstz{?ﬁtﬁéﬁﬁﬁ@uﬁfﬁs a?é coupled as bi t s;
and 21 an error [ rlt %OUIS' to accept the first ta word,
the error inp E?lt?é[}PPtpHFB’\'f URr ST @A PY@F* BHAWPBUOSYStembus. 17 The
circuit of claim16 wherein the error code out put is coupl ed to a second

I nterl eavor i nput o{ t'ﬁ?céx%ﬁ kgﬁvng)g vwfhcreé%géef{rswﬁéa §’8£ fﬁﬁ’?ﬁ"a‘%’%f% | ai m 17.

wherein the error CIrCUIt 'S cou and
the error cir cuinterlepver auput at s difsrant Bmohamtbdecmd;data.word is provided at the
-19- LirerlERGorcduipiidl t of claim 18 wherein each of a second
plurality of nultilevel cells stores one bit fromthe error code output and
one bit fromthe

15. The circuit of claim 9 wherein the error code output and an error

correction code associated with the first data word are XORed together to
provide an input 10 a decoder, the decoder having an output coupled back to the
first data word. i

16. A circuit comprising:

a) an interleavor having an interleavor input coupled to accept a first
data word and a second data word, the first data word comprised of a first
set of bits, the second data word conlpriéed of a second set of bits, the
interleavor providing an interleavor output;

b) a memory array comprised of multilevel cells capable of storing at
least two bits of data each, wherein the memory array is coupled to
receive the interleavor output, wherein each of a plurality of multilevel
cells stores one bit of the first set of bits and one bit of the second set of
bits; and

; ¢) an error circuit coupled to accept the first data word, the error
circuit providing an error code output.

17. The circuit of claim 16 wherein the error code output is coupled to a
second interleavor input of the interleavor.

18. The circuit of claim 17 wherein the error circuit is coupled to accept
the sccond data word, and the error circuit provides a second error code output.

o



second error code out put. 20. The circuit of claim 16 wherein the
interl eavorwexesap42s the first data word at the interl eavor i REUAUSH1SE0T i r st
time, and the interleavor accepts the second data word at the interl eavor

i nput at a second tine. 21. Anmultilevel cell menory conpri sing:

a multilevel cell nmenory array; error correction circuitry
coupled to receive input data to the multilevel cell nmenory, the
error correction circuitry coupled to providz the input data to the
mul tilevel cell menory array, the error corr 2ti on circuitry

conpri sing an interleavor coupled to the nultilevel cel
menory array, an encoder coupled to encode the input

data and provide erro P . L -, ngerl eavor,
and i9'a'nc'iee‘(::l(r)céil ]et rOfé: %atlj%ll @%@%e@&bﬁgﬁ? ﬁ{)%%%gédjgﬁupf}qgi( B{(F:or recting
errors read multilevel cell§ stongs phebitfilor thegaior eede ouipigng oae bigfrom the

22. The mul til evelesaRl bnBEEBYuGfeeCl @i M 21 wherein the error correction
circuitry further conprises: a data buffer, the data
buffer coupled to hold the input data and coupl ed to provide

the input data to the20.nTk¢ tirait®r claim 16 whezéin tHdintariehtor aevegts thelfirstrdaror y  of
an“error code bur PAFC S HE RS B B Sah U B SR e
error correction seded dawndvardapthe dntexdeayoninpdeattasecend tbme.cor r ect i on
codes to the interleavor.
21. A multilevel cell memory comprising:
a multilevel cell memory array; _
error correction circuitry coupled to receive input data to the
multilevel cell memory, the error correction circuitry coupled to provide
the input data to the multilevel cell memory array, the error correction
circuitry comprising
an interleavor coupled to the multilevel cell memory array,
an encoder coupled to encode the input data and provide error
correction codes to the interleavor; and
a decoder coupled to the interleavor for correcting errors read
from the multilevel cell memory array.

22. The muliilevel cell memory of claim 21 wherein the error correction
circuitry further comprises: '
a data buffer, the data buffer coupled to hold the input data
and coupled to provide the input data to the interleavor.

23. The multilevel cell memory of claim 21 wherein the error correction
circuitry further comprises: |
an error code buffer, the error code buffer coupled to hold the
error correction codes and coupled to provide the error correction
codes to the interleavor. |
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